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monitor or on a TV receiver fitted with an
inexpensive RF-modulator that will convert
the composite-video signal into one that can
be received on an unused VHF or UHF
TV-channel.

You’ll also probably need a device from
your local phone company to couple the
Picture Phone to their lines.

The exception to the video-camera rule is
due to the fact that, since what is being
transmitted is a series of audio tones, none
higher in frequency than 2300 Hz, pictures
can be recorded on a standard audio-
cassette. If you know what you want to
send, and can borrow a camera, the pictures
can be put on tape ahead of time and the tape
played when you’re ready. Pictures re-
ceived via the Picture Phone can also be
saved on cassette for future reference.

Oh yes, you’ll need a telephone, too.

How it's used

How do you carry on a video conversa-
tion using the Picture Phone? You start out
just as you would any telephone conversa-
tion, speaking with the party at the other end
of the line.

When the time comes, though, to illus-
trate a point (or, perhaps, to show off a
brand new addition to the family) you turn
the MoDE switch to TRANsmiT, push the
VIDEO button, and a picture will be transmit-
ted to the Picture Phone at the other end of
the line. The picture can be ‘‘set up’’ ahead
of time and stored in the Picture Phone’s
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memory or can be transmitted ‘‘live.”” The
same frame can be repeated over and over or
anew one can be ‘‘snatched’” and sent every
eight seconds. As you become more famil-
iar with them, the capabilities of the Picture
Phone will prove it to be an extremely ver-
satile instrument.

At the other end, when video is ready to
be received, the MoDE switch is put into the
RECEIVE position, the viDEo button de-
pressed, and, over a period of eight
seconds, a still picture will appear from top
to bottom on the screen of the monitor or TV
set. The picture can be stored in the Picture
Phone’s memory and viewed even after the
transmission is over and you are back in the
voIcE mode. As was mentioned earlier, the
pictures can be stored on audio cassettes for
replay later.

The system used by the Picture Phone is
described elsewhere in this article but, be-
fore we present instructions for building the
device, we’ll describe in some detail how it
works. Not only will that help you to un-
derstand what’s going on, but you will also
receive something of an education in how
digital circuitry works.

In must be mentioned that the construc-
tion of this project is not for beginners—the
circuit uses nearly 100 IC’s on a tightly
packed double-sided PC board—but for
those with previous construction experi-
ence, it should not prove difficult. Assem-
bly is straightforward, and troubleshooting
hints will be presented. Before we get to

that, though, let’s see what’s needed to
make the Picture Phone system function,
and look at the circuit section by section.

Signal conditioning

Refer to Figs. 1 and 2 as we discuss how
the Picture Phone operates. Signals from a
fast-scan source such as a video camera or
VCR are applied to J8, camera IN. The
signals are attenuated by R305 and AC-
coupled to the video-input amplifier. DC
bias is added to the signal by R307.

The video-input amplifier consists of
transistors Q4 and Q5. Its first stage has a
gain of 10 and its second stage is an emitter
follower whose low output-impedance
drives the A/D converter.

Slow-scan signals (see box copy) are in-
put through either the TapE v jack, J6, or
from the telephone line. The incoming sig-
nal drives a limiter made from op-amp
IC90-b. Following that limiter are two ac-
tive bandpass filters with full-wave rectifi-
ers at their outputs. The output of the recti-
fier is combined by IC91-b. That filter/
rectifier/combiner network forms a tuned
FM-discriminator having an *‘S’’-shaped
transfer function. Modulation ripple is re-
moved from the demodulated FM by a 4-
pole Butterworth low-pass filter made from
sections of IC92 and IC93.

The recovered slow-scan video is then
attenuated by R313 and DC-biased by
R323. From there it is fed to the same ampli-
fier used for fast scan. A section of switch
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FIG. 1—LOGIC AND TIMING portions of Picture Phone circuit are shown at bottom of block diagram;
video-processing blocks are at top.



HISTORY OF SSTV

Slow-scan television (SSTV) was de-
veloped during the 1960’s by amateur
radio operators to allow them to send pic-
tures within the narrow (3-kHz) bandwidth
permitted them by the FCC for transmis-
sions on frequencies below 440 MHz.

Fast-scan television—the kind you're
accustomed to watching in your living
room—uses a bandwidth of about four
MHz, so SSTV required a completely dif-
ferent technique to meet its restrictions.

SSTV uses a frame consisting of 128
lines, instead of the 525 used com-
mercially. The horizontal-line rate is 1/15
of a second (as opposed to 1/15,734-
second for fast scan), which means that it
takes eight seconds to send—or re-
ceive—one slow-scan picture.

Audio tones are used to send the video
and sync information—SSTV is frequen-
cy-modulated, unlike fast-scan TV, which
is amplitude modulated. A frequency of
2300 Hz represents white, 1500-Hz
represents black, and 1200-Hz is used for
sync.

In the early days of SSTV, the output of
a fast-scan camera was sampled over a
period of eight seconds and converted
into the tones required to transmit the
video over the air. That means that, if a
live subject was used, he had to sit still for
that length of time.

At the receiving end, the image was
viewed on a P7 (long-persistence) phos-
phor CRT of the sort used in radar dis-
plays. The picture started at the top and,
eight seconds later, finished at the bot-
tom. The top portion of the CRT was still
glowing faintly at that point, and picture
could be made out. There was no easy
way, though to keep the image on the
screen after it had been sent, so a lot of
imagination was required.

The first scan converters were analog.

S2 selects either fast- or slow-scan video for
input to the memory.

Slow-scan sync signals are derived from
the composite slow-scan signal by a low-
pass filter made from IC93-b. An auto-
matic-threshold sync separator, QI, strips
the sync from the video. Horizontal and
vertical sync signals are separately filtered
by non-linear filters Q3 and Q2. The filtered
sync signals are converted to fast-rise-time
logic signals by Schmitt trigger IC63. (The
legend ““ESH’’ stands for External Slow-
scan Horizontal sync, and ‘‘ESV”’ for Ex-
ternal Slow-scan Vertical sync. A bar above
the legend indicates that the signal goes to a
logic-low state when sync is present.)

Fast-scan sync is derived from the input
video by automatic-threshold sync sepa-
rator Q7. The horizontal and vertical sync
signals are separated by the differentiator/
integrator formed by Q8 and Q9. The sync
signals are inverted and buffered by IC61-c
and IC61-d. (The legend *‘EFV’’ stands for
External Fast-scan Vertical sync and
“EFH’’ for External Fast-scan Horizontal
sync.)

FiG. 1

They used surplus (blemished) video
storage-tubes that, if new and perfect,
would have cost about $50,000. With
them, fast-scan video could be written
onto the tube quickly and read out slowly,
meaning that you could “snatch” a fast-
scan picture in a 60th of a second and
then read it out slowly for slow-scan con-
version. Similarly, a slow-scan picture
could be received and written onto the
surface inside the storage tube and then
read out quickly—and repeatedly. That
allowed the image to be reproduced on a
black-and-white monitor or TV set and
viewed until all the details had been
absorbed.

In the second half of the 1970’s another
technique for scan conversion was de-
veloped using digital IC's to store the
video information. One of the earliest
used 64 shift registers going around and
around to store the data. Current scan
converters, like the one described in this
article, use RAM (Random-Access Mem-
ory) IC's—the same sort used in com-
puters—to hold the data representing the
picture.

One of the most impressive uses of
SSTV has been made by the Jet Propul-

A/D conversion

The analog video signal is continuously
digitized into a series of 4-bit nybbles (half-
bytes). A 4-bit nybble can represent 16
shades of gray, which has been found to be
sufficient to display an intelligible black-
and-white image without either using ex-
cessive memory, as would be the case if a
larger word-size were used, or inducing ex-
cessive contouring (abrupt transitions from
one gray-shade to the next), as would be the
case if a smaller word-size were used.

A voltage divider (R60-R75) with equal-
ly-spaced taps establishes the 16 amplitude
levels representing the gray shades. Each
tap is connected to a comparator (IC73-
IC80), that outputs a signal indicating
whether the amplitude (gray shade) of the
video at its position is greater or less than
that established by the voltage-divider
chain.

The comparator outputs are combined by
logic gates IC88 and IC57-a and IC57-b to
form a 4-bit nybble representing the in-
stantaneous luminance value of the video
signal. The whole forms what’s known as a

sion Laboratories Radio Club, W6VI0, in
Pasadena, CA. During the Viking mis-
sions to Mars, and the Voyager space
probe encounters with the outer planets,
the club station has retransmitted pictures
from space on SSTV to amateur radio
operators all over the world. (Figure 1
shows a view of Saturn’s rings. The
“spokes™ can be clearly seen.) Many of
those pictures were seen before they
were reproduced on television or in the
papers, and some of the material that was
sent never even made it to the media.

Your use for SSTV will probably be
more mundane (pun intended). The audio
frequencies used for slow scan fit nicely
into the bandwidth that can be carried on
an ordinary telephone line, which means
that you do not need radio equipment to
send or receive pictures—you can do itby
telephone.

For a number of years the Bell System
has offered a very limited Picturephone
service, which requires that you go to a
special center—one of a very few, and
only in large cities—to see and talk with
someone at another similarly equipped
center. That service is not cheap, and, as
you can imagine, it has not been too con-
venient, either.

Now, using SSTV, you can exchange
video with anyone, anywhere, as long as
you both have a telephone. You can
transmit and receive pictures for busi-
ness—of the people involved in long-
distance negotiations, for example, or of
portions of schematics, charts, or photo-
graphs that might take days to get from
coast to coast by conventional means.

On a more personal note, you can chat
with—and see—far-away friends and
family whenever you like. Allyou needis a
telephone, TV camera, and the Picture
Phone. What's more, siow-scan video,
because it's transmitted as a series of
tones, can be stored on an ordinary audio
cassette and replayed whenever you like.
Top that, Ma Bell! R-E

flash converter.

This type of A/D conversion has certain
disadvantages, namely that the transition
from one gray shade to another may involve
changing the state of more than one bit of
the 4-bit nybble. If several bits change at
once, voltage spikes may occur, and be read
as part of the video data. To avoid that,
before the data is entered into memory it is
converted from a straight binary number
into one expressed in Gray code. In the Gray
code, it is possible to go from any 4-bit
value to the next one without changing more
than a single bit, which tends to eliminate
the glitches we want to avoid. Binary-to-
Gray code conversion is shown in Table 2.

Memory

The heart of the digital scan-converter is
its memory. It consists of 16 nPD411D
(MM5280) 4K X 1 dynamic RAM’s. (See
Fig. 3) The memory is organized so the LSB
(Least Significant Bit) of each nybble is
stored in IC1-IC4. Higher-order bits are
stored in succeeding rows in the same order
as they occur in the nybble. The memory is

¢86l 1sSnNony

[
o



* - <
/11
10K -V
1%
€3 bR o1 AN A
Ro2 3K e | D2 INg14 R17
———P— R12 10K
os woa| 30N * 5
$ m
3 ¢ 3 q panseo
013 & 1 ~ N 5
o4 94 08 L 03 ™ 3 Jicen - )
A D14 W .
y o 4L B Lo 112 1458 162 y
1N914 = 2k P b 3 fierad
022 o5 [ AW 22810 12
914 | e, N4 14 % 5V
SIGNAL 15 &—— A
RETURN 1 = Pt 4 b :‘u‘x m -
R202 og mes| 3 2 5
e s S P ] St
® W % = 2 -
_L_5 W » A54 156
20 SSTVIN 226102 3 jIC74- 7818175 {10 13 7
= g hm 15 0] s
SNATCH |5 10}
P [ AL8157
ENABLE 28 $210 —z 12
MEMORY 56_ 26 1% | 5]
REVERSE hae s 2 ] \
MODULATOR g & o AA 3612 1C75.8 il
POWER R R25 " — 71t
TOGAAY g3 &« 9k O a2K » RE7 & 10 vE
SCaLE 2619 5 175> B
FROM GRAY 15 & % Y =
SCALE Ik , nm
* R68
34 s 20 3 ere
AAA—+ MY 1K 224 1%
sv A146 | /147 . A9 = - 4 nm
“
3 KR ke 3 e T o0t 2 § %k
1.0 M A% I T o 112 1458 4 |ice3s E I AT
>j|z“F pl oo = 5 1 15
00K R70 10
12781813
- o 1+ gm0 " T L
104F % R148 2 A3 ' % Y ’ 4700F
100K ¥ 150K 12 P
1 — 3hiersd
R28 01 = 8 s L - -
470K W4124 - 12 | 183 ESV :;ﬁ‘m A lam . 14|'.:s 2 =
VIDED 5 ¢ j 3 5 .
LEVEL _L y 2781813 pez icre? .
DISPLAY 26 <—— = 3B ] — ,;
= % o
FSTVOUT § &—— X 2 2 = 1 7 #0010
5V
-5V 3<— =
16 741504 f P
BND 36 <—— 1/6 741520 A
= z R74
B BLACK 4 2510 2 5
RI3B & o) A $ 4 %
-12v 17 1K MM X v +5V 1C30 10166
FHB
@ s A140 @ (e 12 !
GND 1 &y 2K 10K WHITE  R75 18L574
= L — 610 39 8 3 P
v 15 €—— = 12 ™ BV EnABLe
g 10K = 1574508 TEHB 12V cOL NO.
RCV 31 SV
BAT | LI () 1[5 115 s
ne I I | s af IR Y
SNATCH Ao 1l cess r 16
1nE<— g1 172 M s
; 1| 741564 |8 1 10
How ¢ < ‘
DISPLAY < T 33':'?
SOURCE 32 m v w6 |y
8800 [0 s [°
< r WA
FSTVIN & RaD R ey cLocK B s 2 5 " s
% 1K . 330: 1 | 1650 v 7 2
R41 25 RS2 & c30 o] 16324 ——1 i Y L. A~
680K = a5 LR 7 L 0 172 78L8107] MR .
15K o 13 1c61:3 CLocK 4] 10602 Sanz
a2 2 . $
17274 $won [3 iz 13
1K 1/6 741504 Jie - 2SI O—3
XTALT = 5V
6791.08 - €28 = & nss | 100eF = A _
= b kHz Fa A
ha3 I A53 ] 1
22K 027 = CH9 = 12
470pF 22K
33F T 4700 : ws i
7415163 —>D
R4 I
4K 7
15 +5V |
R4S
22K
» "
V4128 .
W 16 74LS04  1/6 7ALSOA @H—' 1] 131 ¢
12
o Ic42a o
B pr 3 172 TALS20 L8163 |11
%3 2 1o
1—»45V
15 .
|1
12| 10322
3 1 > A 2
TS L8 s
Il [FR IFHS
CFo> T 8 %. . 16745102 X
. 1FY 6 1c23
>4 | msies [ " | Y
Co———Hmsn VETALSIE  nap e 3 1
3 2 ?
COUNTER > +5v 13
843 @ (. ) ] 15 4 2 S
oS 1 1 e i
WIDTH 3 7415163
1 o "
2 LA

tion prior to

& RADIO-ELECTRONICS

scan conversion.

FIG. 2—HEART OF THE PICTUREPHONE is its memory, sixteen 4K-bit IC’s that store video informa-
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FIG. 3—PINOUT OF MEMORY IC shows destina-
tion of some of the signals generated by the
Picture Phone’s clocking and logic circuits.

TABLE 2

Shade Binary Gray
code code

White 0000* 0000*
0001 0001
0010 0011
0011 0010
0100 0110
0101* 0111*
0110 0101
0111 0100
1000 1100
1001 1101
1010* 1111*
1011 1110
1100 1010
1101 1011
1110 1001

Black 1111 1000*

* Values used for gray scale

multiplexed to increase its speed by operat-
ing IC1, IC2, IC3, and IC4 (and back to
IC1) in overlapping fashion. Thus the active
IC’s shift from column to column as the
picture goes from pixel to pixel. Memory
organization is shown in Fig. 4.

Memory shifting is determined by the ce
(Chip Enable) signal, which will be dis-
cussed later. As the memory shifts, it is
necessary to shift the output from column to
column. That is done by IC22 and IC38—
double-pole, 4-throw multiplexers. Input
signals to memory are connected in parallel
to each IC in any given row.

The memory-control signals are CcE, WE
(Write Enable) and cs (Chip Select). The ce
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signal carries the clocking information. The
wE signal controls whether information will
be fed into a memory IC, or read from it,
depending on whether it is a logic-high or
logic-low. The cs signal determines
whether an IC is available for data transfer
or not.

In the Picture Phone, the cE signal acts as
both the memory clock and as the source of
the fast-scan memory multiplexing. Slow-
scan multiplexing takes place according to
the state of the cs signal.

Display selector

A 4-pole, double-throw multiplexer,
IC55, determines whether the video moni-
tor will display the picture stored in memory
or the live (digitized) picture from the video
source. The selection of the live or stored
picture is made by S2.

D/A conversion

Before the digitized video can be con-
verted back to an analog signal for viewing,
it must be converted from gray-scale values
back to standard binary ones. That conver-
sion is performed by IC85, a 4-section Ex-
CLUSIVE OR gate. By controlling the logic
state of one of the inputs of that EXLCUSIVE
OR gate, inverted video (a negative image)
can be produced.

Weighting resistors connected to the out-
puts of IC85 generate a voltage proportional
to the value of the 4-bit binary word applied
to its inputs. Emitter follower Q13 provides
a low output-impedance to drive the video
monitor. Sync and blanking signals are
combined with the raw video by voltage
shifting produced by transistors Q11 and
Ql2.

Slow-scan generator

In this section, slow-scan picture in-
formation read from memory is latched,
code-converted, converted from digital to
analog form, and used to frequency mod-
ulate an oscillator.

Atthe end of each fast-scan line (every 63
microseconds) the memory-address lines
are connected to the slow-scan address
counter long enought to read one slow-scan
pixel. That piece of the slow-scan picture,
still in digital form, is latched by IC54 and
held until new information is available.
Slow-scan pixels occur at a rate such that a
new one is available every 500 mic-
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FIG. 4—MEMORY IC columns are multiplexed to provide speed needed for fast-scan applications.

roseconds. At the 63-microsecond rate,
each pixel is read about nine times. That
re-reading does not affect performance in
any way.

The latched information is converted
from Gray to binary code by IC86 by the
same process that was used for the fast-scan
information. The same control signal that
was used for black-to-white picture reversal
in the fast-scan section is used for that pur-
pose here. Because of the difference in pic-
ture polarity between fast and slow scan, an
inverter, IC68, is used in the polarity con-
trol-line. Resistors R98-R101, as well as
R103 and R106, are used for the digital-to-
analog conversion.

An electronic analog-switch, IC87, is
used to select either slow-scan video or a
DC sync-signal level for input to the FM
oscillator, IC89. The operation of that
switch is triggered by the horizontal and
vertical sync-pulses.

The FM oscillator, IC89, generates an
audio-frequency triangle wave. That triang-
le wave is later converted to a sine wave by
IC104. The amplitude of the slow-scan au-
dio is controlled by R203.

Fast-scan clocks

All scan-conversion operations that do
not require the fast-scan camera are con-
trolled by clock signals derived from
XTALI1, a 6791.04-kHz crystal. Transistor
Q6 is the oscillator, and a section of IC61
acts as a buffer.

Operations that use the fast-scan camera
use a free-running oscillator synchronized
with the camera’s horizontal-sync pulses. A
synchronized oscillator avoids the horizon-
tal jitter of pixels that would take place if an
asynchronous clock were used. The syn-
chronous oscillator is a section of IC64. The
SNATCH WIDTH trimmer potentiometer,
RS6, controls the oscillator frequency so
that the camera and memory displays will
have the same width.

A 4PDT multiplexer, IC48, selects either
the crystal- or synchronous-oscillator. The
latter is used to ‘‘snatch’’ a field of fast-scan
video and for the camera display; the output
from the crystal-controlled oscillator is used
at all other times.

The clock oscillators operate at 6.791
MHz—twice the frequency of the system
clock. Flip-flop IC32 divides the output of
the oscillator by two to obtain the actual
clock pulse-string, which assures perfect
symmetry of the waveform.

When we continue this article, we’ll con-
clude our discussion of how the Picture
Phone works. We’ll also look at the power
supply for the unit, the telephone interface
circuit, and, space permitting, begin our
discussion of how to build and align the
device. R-E

Due to space restrictions, and the necess-
ity for a lengthy technical discussion of the
Picturephone circuitry, the parts list and
foil patterns for the device will be pre-
sented in a future part of this article. The
wait will be worth it.



P t 2 THE FIRST PART OF THIS
‘ ar article discussed the
theory of operation of a good portion of
the main board of the Picture Phone.
We’ll now complete that discussion; it

will be helpful if you have Part | handy.

Fast-scan counters

The fast-scan counters are 1C6, IC8,
IC23 and IC39. Each IC is a four-stage
binary counter that is cleared to all zeroes
- when pin 1 is taken to
a logic-low state.

When pin 9 is low, the
©counter stages are pre-
set to the value hard-
wired at pins 3-6. Pin
2 receives the clock
pulses, and responds
. to their positive-going
edges. Both clear and
load operations are
synchronous—that is,
they take place only
on the positive-going
edge of the clock
. pulse. When the LoaD
. Or CLEAR pin is taken
low, the counter stops
and retains its value.
If a clock pulse occurs I
while the appropriate
pin is low, the counter
will load or clear.

The fast-scan dot
counters are 1C6 and
IC8 (dots are the pix-

els along a line of  Before you build your Picture Phone, you should know how
the device works. We’'ll conclude our discussion of that topic in

video). The dot coun-
ter is analogous to the

horizontal sweep in
~ the camera and dis-
play. The dot counters
. have two modes, one
for the camera and one
for all other op-
erations.

Let’s consider non-camera operation
first. The crystal oscillator supplies clock
pulses to pin 2 of the dot counters. Note
, thatpin 15 of IC6 is connected to pin 10 of
- IC8. That is the *‘carry’’ from the first IC
to the second, and provides synchronous
operation of both 1C’s.

Figure 5 shows the timing of the dot
counters. The counter CLEAR pulse is pro-
vided by IC10 at a count of 215. That
means that the counter advancesto 215, is
reset to zero, and begins to count again.
. The internal horizontal-sync pulse (IFH)
is produced by counter inputs applied to
© IC42. The clock frequency, divided by
216 (the count from zero to 215), gener-
ates the correct horizontal-sync fre-
quency.

Signal *‘J,”” which is low between the
counts of zero and 127, serves several
purposes. It is delayed by one clock pulse

this part.

to form IFHB, the internal fast-scan
blanking signal, which blanks the display
in all modes. That signal is also applied to
IC28 to control when data can be written
to memory. Memory-write takes place,
and the display is unblanked, when the
counter is between zero and 127.

Now let’s look at the operation of the
dot counter in the ‘*snatch’’ and camera-
display modes. The clocking signal is de-
rived from the synchronous oscillator;

JOSEF BERNARD,
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and IC10, which supplies the CLEAR
pulse, is disabled. The counter advances
until a horizontal-sync pulse from the
camera (EFH) takes the LoaD pin low.
The counter is preset to a value of 217, as
determined by the fixed inputs to pins 3-6
of IC6 and IC8. The counter resumes
counting at a preset value of 217 when
EFH is no longer present. When it reaches
its maximum count of 255, it resets to
zero and starts counting again. The time
spent counting from 217 to 255 represents
blanking of the left-hand edge of the pic-
ture; the time between 128 and EFH is
used for right-hand blanking.

The LoaD pin is controlled by an RS
flip-flop made from IC15-c and IC15-d.
That flip-flop insures that the LoAD pin
remains low until a clock pulse to load the
counter has arrived.

The EFH signal is applied to the CLEAR
pin of IC32 to insure that the clock always

starts with the same polarity.

The fast-scan line counters are 1C23
and IC39. Let’s first look at how they
work during the non-camera mode. Dot-
counter signal **J’’ is used as the clock
pulse, making the line counter advance
one step for each line. Nine count-stages
are needed; the extra stage is supplied by
IC32 and is the least significant bit.

Figure 6 shows that the counter adv-
ances to a count of 262, is cleared, and

starts again at zero.

The clear pulse is sup-

" plied by 1C47, which

is hard-wired with the

eight most-significant

bits of the line coun-

ter. The CLEAR pin is

held inactive when the

. camera is in use by

b connecting it to the

logic-1 present at pin
;” 10 of 1C48.

b The internal fast-

scan vertical sync

(IFV) comes from

IC31.

When the camera
display is viewed, the
CLEAR function is dis-
abled and the line
counter is preset
whenever a vertical-
sync pulse occurs.
When the counter is
preset and the sync
pulse from the camera
is completed, the
counter starts count-
ing. When the count
reaches 511, the next
count, zero, allows
display and writing to
memory to begin. The
time that is spent in
counting from the pre-
set value to zero is used to allow the
camera’s blanking-function to be com-
pleted.

The line counter advances two counts
for each slow-scan line to allow each line
to be displayed twice for an easier-to-
view picture. There are 128 slow-scan
lines, which means that 256 lines-per-
field (or 512 lines-per-frame) will be dis-
played. Since NTSC standards call for
525 lines per frame, a small portion of the
picture at the top and bottom is blanked.

Slow-scan clocks

There are two slow-scan clocks. One is
derived from the master crystal oscillator
and is used for all functions except slow-
scan reception. The second clock is free-
running, and is synchronized to the slow-
scan horizontal-sync pulses. The clocks
are selected by IC13, a 4PDT multi-
plexer.

2861 HIaW31d3S

P
©



RADIO-ELECTRONICS

[24]
o

All resistors s-watt, 5% unless otherwise
noted

R1-R3, R43, R78, R139, R202—22,000
ohms

R4, R201—10 megohms

R5, R6, R8, R9, R50, R80—15,000 ohms

R7—620 ohms

R10, R12, R15, R54, R93-R95, R102, R110,
R209, R211, R714-R716—4700 ohms

R11,R13,R14,R16-R18, R86, R99—10,000
ohms, 1%

R19, R20, R27, R147—39,000 ohms

R21—20,000 ohms

R22, R23—18,000 ohms

R24—8200 ohms

R25, R26, R145, R146—82,000 ohms

R28, R42, R51, R136, R140, R142, R204,
R205, R710, R711—10,000 ohms

R29—470,000 ohms

R30, R47-R49, R53—2200 ohms

R31, R79, R148—100,000 ohms

R32, R108—2700 ohms

R33—150,000 ohms

R34, R40, R52, Ra96, R109, R137, Ri44,
R704, R717—1000 ohms

R35-R39—not used

R41—680,000 ohms

R44—47,000 ohms

R46—33,000 ohms

R55, R76, R112, R707—100 ohms

R56—100 ohms, trimmer potentiometer

R57—3300 ohms

R58, R77, R111—330 ohms

R59, R703, R712, R713—470 ohms

R60—100 ohms, 1%

R61-R75—26.1 ohms, 1%

R81-R84—not used

R85, R98—20,000 ohms, 1%

R87, R100—4990 ohms, 1%

R88, R101—2490 ohms, 1%

R89-R91—not used

R92, R200—680 ohms

R97—47 ohms

R103—820 ohms

R104—2000 ohms, trimmer potentiometer

R105—1200 ohms

R106, R107, R138, R141, R143, R203—
1000 ohms, trimmer potentiometer

F113-R116, R125-R135—33 ohms

R117-R123—not used

R144—68,000 ohms

R149-R199-—not used

R208, R207—220 ohms

R210—560 ohms

R212, R213—33.2 ohms, 1%

R314, R315, R317, R318—0.33 ohms, 2
watts

R316—220 ohms, 2 watts

R601—130 ohms, 2 watts

R701—1000 ohms, panel-mount potentio-
meter

R702—10,000 ohms, panel-mount potentio-
meter :

R706—1 megohm

R708, R703—1800 ohms, 1 watt

All capacitors Mylar or mica unless other-
wise specified

C1-C6—.022uF

C7, C24, C25, C38, C200, C240-C243—.01
pF ceramic disc

C8, C10, C12, C17—.0047 uF

C9—.0068 uF

C11, C207—.018 uF

C13, C15, C18, C19, C23, C263-C266—22
wF, tantalum

PARTS LIST

C14—10 uF, tantalum

C16, C22, C206, C703—.001 uF, monoilithic
or ceramic disc

C20, C201—27 pF, monolithic or ceramic
disc

C21, C28-C31—470 pF

C26—not used

C27—33 pF, monolithic or ceramic disc

C32, C220-C227—0.1 uF, ceramic disc

C33, C41, C208, C317-C320—2.2 uF, tan-
talum

C34, C230-C237, C250-C262, C702—0.1
uF, ceramic disc

C35, €202-C205—100 pF

C37, C39—not used

C40—.047 uF

C309—500 u«F, 12 volts, electrolytic

C310—8200 uF, 15 voits, electrolytic

C311—450 uF, 25 volts, electrolytic

C312—5800 uF, 25 volts, electrolytic

C601—500 wuF, 25 volts, electrolytic

C701—2 uF, tantalum

Semiconductors

1C1-1C4,1C17-1C20, IC33-1C36, 1C49-1C52—
pPD411 (MM5280) 4K x 1 dynamic RAM

IC5, IC13, IC21, IC37, IC46, 1C48, 1C55—
74LS157 quad 2-1 multiplexer

IC6, 1C8, IC9, IC23, IC24, IC38-1C41—
74L.S163 presettable binary counter W/
clear

IC7, 1C26, IC57, IC58, IC61—75LS04 hex
inverter ’

1C10, IC31, IC47—74L.S30 8-input NAND gate

IC11, 1C32—74LS107 dual JK negative-
edge-trigger flip-flop

IC12—4046 CMOS phase-locked loop

IC14, IC15, 1C45—74LS00 quad 2-input
NAND gate

IC16, 1C29, IC65—74LS74 dual D flip-flop

IC22, IC38, IC71, IC72—74L.S153 dual 4-
input multiplexer

1C25, 1C42, IC88—74LS20 dual 4-input NaND
gate

IC27, 1C67, IC68—74LS10 triple 3-unit NAND
gate

1C28, IC43, 1C66—74L525 dual 4-input NOR
gate

IC30-—74L5221 dual one-shot

1C44, 1C62—74L.832 quad 2-input positive
OR gate

IC54, 1C56—74L.5175 quad D flip-flop

IC59—74L.S08 quad 2-input AND gate

IC60, IC63, IC64—74LS13 dual Schmitt trig-
ger

1C66—3245 quad TTL-to-NMOS memory
driver

IC69, IC70—74LS02 quad 2-input NOR gate

{C73-1C80—LM711 dual difference-
comparator

1C81-1C84—not used

1C85, IC86—74L.586 quad EXCLUSIVE-OR gate

1C87—4066 CMOS quad bilateral switch

IC89—566 function generator

1C90-1C94, 1C105—1458 dual 741 op-amp

1C95-1C104—not used

Qt, Q2, Q4, Q5, Q8-Q13—2N4124 or equiv-
atent

Q3, Q6—not used

Q7—2N4126 or equivalent

LED1-LED3—jumbo red LED

D1-D11, D13-D18, D27-D33—1N914 or
1N4148

D12—not used

D19-D26, D601, D602—1N4007

DT601—qgas discharge tube (Joslyn Electro-
nics type 2022-44 or equivalent)

CB1—0.8-amp circuit breaker

T1—dual-secondary type: 1st secondary:
25VCT, 1 amp; 2nd secondary: 12.6VCT,
1.5 amps (see text and below)

T601—phone-line matching transformer
{Microtran type 6112 or equivalent)

S1—4P5T rotary switch

$2-S4—N.0. momentary pushbutton switch
S5—SPDT toggle switch
S6—SPST toggle switch
J1-J2—not used
J3—36/72-pin PC-board edge connector

(36 contacts for each side of board, two
contacts per pin)

J4—socket for modular telephone connector,
panel-mount

J5—DB25-S 25-pin female “date-type” sock-
et, panel-mount

J6, J7—RCA-type phone jack, panel-mount

J8, J9—female coaxial connector, panel-
mount (BNC- or SO230-type)

TB601—miniature 8-terminal barrier strip,
PC-mount

RY601, RY602—4P2T 12-volts, PC-mount
(Potter & Brumfield T10-E2-Z4-12VDC or
equivalent)

Miscellaneous: PC boards, perforated con-
struction board, IC sockets, RG59 cable,
shielded audio cable, 4-conductor telephone
cable w/modular plug, 3-conductor line cord
w/plug, enclosure, hardware, etc.

The following are available from Robot
Research Inc., 7591 Convoy Court, San
Diego, CA 92111, (714) 279-9430: Assem-
bled & tested Model 535 Picture Phone,
FCC registered for direct connection to
telephone line (KIT-1) (14 Ibs.), $1195.00;
assembled and tested No. 400929C main
PC board (KiT-2) (4 Ibs.), $495.00; assem-
bled and tested Picture Phone chassis,
including telephone adaptor board, but
less main board, (KIT-3) (12 Ibs.), $695.00;
kit of No. 400929C main PC board with all
main-board parts (KIT-4) (5 Ibs.), $295.00;
kit including chassis and chassis parts,
and telephone adaptor board and parts,
but less main board, (KIT-5) (12 Ibs.),
$445.00; telephone adaptor board kit in-
cluding board and parts (KIT-6) (3 Ibs.),
$79.50; etched, drilled, and plated-
through main board (KIT-7) (3 |bs.),
$59.00; etched, drilled, and plated-
through telephone adaptor board (KIT-8)
(2Ibs.), $19.95; T1 (KIT-9) (4 Ibs.), $29.50;
T601 (KIT-10) (2 Ibs.), $24.50; DT1 (KIT-11)
(1 1b.), $8.50; kit of 32 1% resistors for
main board (KIT-12) (1 Ib.), $12.00; in-
dividual 1% resistor (KIT-13) (1 Ib.), $0.35;
Model 535 Picture Phone enclosure kit
with mounting rails for main board and
back plate for controls (KIT-14) (6 Ibs.),
$99.50; kit of front panel parts only, (KIT-
15) (2 Ibs.), $59.50; assembled & tested RF
modutator, less power supply and enclo-
sure (KIT-16) (1 Ib.), $29.00; RF-modulator
kit, less power supply and enclosure (KIT-
17)(11b.), $19.50. For information on other
parts, write to Robot Research.

CA residents please add 6% sales tax.
All prices F.0.B. San Diego—check with
UPS for shipping charges; please add
$0.50 per $100.00 of value above first
$100.00 for insurance. MC and Visa
accepted.
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FIG. 5—FAST-SCAN dot counter has two modes—ais used for memory dispiay, b for frame grabbing

and camera display.
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FIG. 6—FAST-SCAN line counter timing for memory display (a), and camera display (b).

The crystal-derived clock pulses begin
with the 60-Hz *‘U’’ output of the fast-
scan counter. It is divided by four by
IC11. The resulting 15-Hz pulse train is
applied to one input of PLL (Phase-
Locked Loop) IC12. The other input to
that IC is the clock oscillator’s output
divided by 139, making the output of the
PLL 15 X 139, or 2085 Hz. That be-
comes the slow-scan clock. It allows for
128 pixels and 11 sync counts per slow-
scan line.

The synchronized clock pulses are

generated by IC60. Its free-running fre-
quency is controlled by R143. As the
frequency is increased, the counter takes
less time to address 128 memory ‘‘cells’’
and a shorter line is displayed. The clock
is synchronized with the incoming signal
by having the incoming slow-scan -sync
pulses cause the oscillator to stop and
restart in phase with them.

The slow-scan clock is aligned with the
fast-scan system by retiming the leading
and training edges of the clock pulses
with a section of IC16. A control signal,

CAUTION:
FCC regulations prohibit the con-
nection of this device to telephone
lines without the use of an approved
coupling device. The only exception
to this is the assembled and tested
unit available from the suppliers in-
dicated in the Parts List. A coupler
that meets FCC requirements will
be described in the next part of this
article. Do not attempt to connect
the Picture Phone you build without
it—it's illegal to do so.

““Z,”’ controls all the slow-scan func-
tions. It is in operation only for the dura-
tion of the slow-scan memory-write cy-
cle. Its use for retiming the slow-scan
insures that the clock will not change dur-
ing a slow-scan read or write memory
access.

Slow-scan counters

The slow-scan counter is made up of
1C9, IC24, IC40 and IC41. They function
the same way as their counterparts in the
fast-scan circuit.

The slow-scan dot counter uses 1C9
and IC24. It has two modes of op-
eration—one to write slow scan to mem-
ory, and one to read it. Let’s look at the
read-mode first. The clock signal is de-
rived from the crystal oscillator. The
CLEAR signal is derived from IC25; the
LoAD function is inactive. The counter is
cleared at a count of 139 to provide 128
memory ‘‘cells’” per line and 11 sync
counts.

When slow scan information is to be
written to memory, the free-running
clock is used. The cLEAR signal is derived
from a flip-flop formed from IC14-a and
IC14-b. The flip-flop is set by an incom-
ing sync pulse, and reset by a clock pulse.
That is done to make sure that a clock
pulse to clear the counter occurs while the
CLEAR pin is low. The slow-scan sync
pulse is allowed to reset the counter only
after 128 counts (the end of a line) to
insure noise immunity. In other words,
false pulses can’t interrupt a line as it is
being written.

The line counter uses IC40 and IC41. A
clock pulse occurs when each slow-scan
line has been completed. The counter is
reset to zero in the ‘‘read’”” mode at a
count of 127 by the ‘U’ signal. In the
“‘write"’ mode it is cleared by the external
vertical-sync signal applied to an RS flip-
flop made from IC14-c and IC14-d. The
flip-flop is reset by IC43 and IC45-a.

When a picture is grabbed from the
camera, the line counter is set to all ones,
and on the next clock pulse to all zeroes.
That one-line time generates a slow-scan
vertical-sync pulse.

Address selector

The memory address-lines are driven
by the fast-scan counter to generate a
video signal for fast-scan display, and
also by the slow-scan counter to generate
a slow-scan signal. The memory address-

€861 43qW31d3S

[%)]
'y



RADIO-ELECTRONICS

(2]
N

r .

COMPLETED MAIN BOARD of the Picture Phone plugs into 36/72-pin edge connector mounted at front

of enclosure.

lines are connected to the appropriate
counter by an address multiplexer made
up of ICS, IC21 and IC37—4PDT switch-
es, each of which switches four address
lines. Resistors on the leads to the mem-
ory IC’s damp reflections so that the ad-
dress voltages will not ring.

The address lines are in the ‘‘slow
scan’’ mode during time **Z,”’ which
takes place for 16 dots following the
right-hand edge of the fast-scan picture.
[n other words, slow-scan memory access
takes place just after fast-scan access for
the current line is completed. When **Z”’
becomes active, the address multiplexer
switches to slow scan, and the slow-scan
counter is inhibited from changing state.
The **Z”’ signal is generated by IC25-b.

Fast-scan memory multiplex

To obtain the speed required for fast-
scan operation, memory operation is mul-
tiplexed. The multiplexing is done with
the memory ck (Chip Enable) pulse. Fig-
ure 7 shows the ce pattern. Note that
successtve memory columns are over-
lapped by 50%.

The ce signal is formed by a delay
flip-flop, IC65, that uses **B’’ as data and
“*A’" (delayed) as a clock signal. Signal
“*A’" is delayed by an RC circuit that
feeds Schmitt trigger 1C60. The delay is
provided to insure that memory address-
lines are stable before cE goes high.

The cke signal is a zero—to—+ 12-volt
pulse translated from S-volts by 1C66.

Siow-scan memory multiplex
Memory multiplexing is performed by

the two lowest-order bits on the memory

address-lines. In other words, each bit of

¥ e B e O O e B e B
{DELAYED)

B L L L.

COLUMN 3] 1 —

COLUMN G _ T [ 1 [
COLUMN 1 | f 1 | 1 J

coumn2 L ] 1 |

FIG. 7—EACH COLUMN of memory overlaps the
next by 50%. See text for details,

the 4-bit pixel nybble requires four mem-
ory IC’s, arranged in four columns. The
two lowest-order address bits determine
which column is to be addressed. Mem-
ory-speed increase is achieved by over-
lapping the column-select address.

Slow-scan memory addressing must
also be able to select the desired memory
column as part of the complete address.
The two lowest-order bits from the slow-
scan counter, ‘‘a’’ and ‘‘b,”’ are com-
bined into column-select pulses by 1C69.

Each of the 16 memory IC's has a cs
(Chip Select) pin that is used for slow-
scan memory column selections. The cs

~—

—_—

REAR PANEL of Picture Phone. Circuit-breaker
reset is located above line cord at left.

N

pulses come from IC69 and are passed on
by IC70 during the slow-scan access
time. That IC holds all IC’s selected at all
other times.

In addition to addressing the memory
for slow scan, it is necessary to time the
storage of the incoming slow-scan in-
formation. The required timing signal is
generated by IC71, a DP4T switch of
which only one pole is used. The inputs of
IC71 consist of the slow-scan cs pulses
generated by [C69.

The signals used to control IC71 are
X’ and *'Y,”’ the fast-scan cs pulses.
Therefore, when the slow-~ and fast-scan
cs pulses coincide, a *‘read store’’ pulse
will be generated. In other words, when
1C69 has selected column one, and ** X"’
and 'Y’ have also selected column one,
then—and only then—will a *‘read
store’’ pulse be generated.

Multiplexer IC71 is enabled by a con-
trol signal called SSME (Slow-Scan
Memeory Enable), which is active for
exactly four consecutive fast-scan ad-
dresses. That means that SSME is active
just long enough to sample each memory
column once. The SSME signal is gener-
ated by IC27-b. It is a small portion of
““Z,”” which is the time for slow-scan
address to be applied to the memory.
Since SSME takes place later than “*Z,”’
any transients created by the address
switchover from fast- to slow-scan die out
before a read sample is taken.

Write control

The we (Write Enable) signal to the
memory IC’s must also be multiplexed so
that the write and cE inputs to an IC will
coincide.

Write-control signals are formed by
IC67 and IC68-b. Those signals are active
one column at a time in response to the
values of ‘A’ and ‘'B,’’ the lowest-
order bits of the fast-scan counter.

A common control-line to the WE en-
coder determines when writing is to take
place. That control line has two sourses,
one for fast scan and one for slow scan.

The control signals, generated by
IC28, are combined by IC44-b.

Snatch control

When the sNATCH button is pressed, a
one-shot puts out a pulse that lasts for
several fast-scan fields. The pulse is re-
timed by a section of delay {lip-flop IC29
so that the useful sNnaTcH command starts
and ends at the bottom of a TV picture.
That prevents any errors that might result
from the sNaTCH pulse ending in the mid-
dle of a picture. Another section of IC29
retimes display selection so that the
changeover between display memory and
the camera takes place when the picture is
blanked.

In the next part of this article we’ll
discuss the telephone interface and pow-
er-supply circuits. We will also begin to
look at the construction and alignment of
the device. R-E




P t 3 THE FIRST TWO PARTS
ar of this article dis-
cussed the theory of operation of the main
board of the Picture Phone. We’ll now
describe the telephone adaptor board and
power supply. We’ll also begin to look at
the construction of the device. As always,
it will be helpful to have the previous
parts of this article as we proceed.

Telephone adaptor board

The telephone
adaptor board, shown
in Fig. 8, serves two
purposes: it serves as
an interface between
the main board and the
telephone line, and
also allows the user to
switch between VOICE
and picTURE modes.

Transformer T60]
provides impedance
matching between the
main board and the
telephone line’s 600-
ohm requirements. It
also provides electric-
al isolation between
the phone line and the
Picturc Phone. The
transformer contains a
grounded electrostatic
shield (indicated by
the dashed line) to re-
duce hum. Additional
protection to the
phone line is provided
by a static-discharge
device, DT1.

It must be noted
that, while those pre-
cautions should pro-
vide sufficient pro-
tection to satisfy
your telephone com-
pany’s requirements for connecting
non-company equipment to its lines,
the Picture Phone must be used with a
coupling device approved by the phone
company.

The Picture Phone is connected to the
phone line by a standard four-conducter
phone cable terminated in a modular
phone plug. A modular jack on the rear of
the Picture Phone cabinet accepts the plug
from an ordinary telephone. The tele-
phone can be used normally when the
Picture Phone is off or when it is in the
voict mode. Connections between the
modular jack and the adaptor board are
made through an 8-terminal barrier strip.
TB6O1.

The second function of the telephone
adaptor board is to provide switching be-
tween voiCE and PICTURE modes. Two
relays, RY601 and RY602 provide that
function. They are controlled by pushbut-

tons S2 and S3 on the front panel. When
turned on, the Picture Phone ‘‘comes up’’
in the voicE mode and the telephone can
be used normally. When the PICTURE
switch is depressed. though, several
things happen.

First. the telephone is disconnected
from the line. Usually, that would cause
the phone company’s equipment to
“‘think’’ that you had hung up, and dis-

The telephone adaptor board, the power supply, and con-
struction of the device are the topics covered in this month’s
look at the Picture Phone.

JOSEF BERNARD,
TECHNICAL EDITOR

connect you. The Picture Phone. howev-
er, through relay R601. provides a **hold-
ing voltage™" which. as far as the phone-
company equipment is concerned, means
that the phone is still off the hook, and the
connection is maintained.

With the telephone out of the circuit.
audio is routed to and from the main board
of the Picture Phone in the form of a
slow-scan video signal. composed of
tones ranging from 1500 Hz to 2300 Hz
(see Part 1), The mode switch, SI. in the
center of the front panel determines
whether the slow-scan audio will be trans-
mitted or received.

When the pICTURE switch is pushed.
the relays latch. and the Picture Phone
remains in the PICTURE mode until the
VOICE button is pushed.

Associated with those two switches are
LED2 and LED3, which indicate the cur-
rent status of the device.

Power supply

The Picture Phone requires five working
voltages: plus-and-minus five volts DC,
plus-and-minus 12 volts DC, and —20
volts DC. The power-supply schematic is
shown in Fig. 9. While a single transfor-
mer with two secondaries can be used to
obtain all those voltages, it may be di-
fficult to locate; such a transformer is
available from the supplier indicated in
the Parts List (see last
month’s issue).

You may. howev-
er, choose to use two
transformers. Both
should be center-
tapped. The first
should be capable of
supplying about 12.6
volts on each side of

b the center tap, for a
total of about 25 volts
“P at one amp. The
b second transformer

should be capable of

supplying about 6.3

volts on either side of

the center tap, for a

- total of 12.6 volts at
1.5 amps.

Standard bridge-
rectifier/capacitor cir-
cuits are used, along
with tab-type regula-
tors to obtain the final
working voltages.
The =20 volts is taken
from the input to the
—12-volt regulator. A
0.6-amp circuit break-
er, CB1, is used for
protection.

The output of the
+5-volt supply is
used to drive LEDI,
the POWER indicator
mounted on the front panel.

Front-panel controls

The functions of some of the front-panel
controls have already been explained; this
is what the others do:

Snatch button (unlabelled), S4. is used
when you wish to “‘grab™” a frame of
video to be transmitted. It is active only
when S5, the MANUAL/AUTOMATIC
switch is in the MANUAL position. When
S5 is in the AUTOMATIC position, a new
frame will be snatched automatically ev-
ery eight seconds.

The BRIGHTNESS and CONTRAST con-
trols, R307 and R305, control the quality
of the image that you are transmitting.
(There will be more about them in the
section on using the Picture Phone.) It is
assumed that the party with whom you are
exchanging video is sending a good quali-
ty picture, so no external controls are
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want to be able to look at a received image
while discussing it in the voicE modec.

Finally, the function of the RECEIVE
position should be obvious—it loads
video into the Picture Phone’s memory
for display on your monitor.

There is one connector on the rear of
the cabinet that should be explained. That
is a 25-pin DB25-S socket of the type
used on computer equipment. It can be
used for the connection of remote switch-
es for SNATCH, VOICE/PICTURE, etc.

Construction

Construction of the Picture Phone can
be divided into two parts—the three
boards (main, phone adaptor, and power
supply)—and chassis wiring. It’s prob-
ably best to complete the first two boards
first, and then combine the power-supply
board and chassis wiring.

Because of the large size and complex-
ity of the double-sided main board
(almost 10 x 12 inches) it is impractical
to reproduce foil patterns for it here with
clarity. If you want to try to make your
own board (it’s available from the sup-
plier indicated in the Parts List), full-
sized printed (not film) positives can be
obtained by sending $1.50—along with a
note indicating that you want the foil pat-
terns for the board and the address to
which they are to be sent—to: Picture
Phone, Radio-Electronics, 200 Park
Avenue South, New York, NY 10003.

The parts-placement diagram for the
main board is shown in Fig. 10; refer also
to Fig. 11. Assembly of the board is
straightforward, and should present little
difficulty as long as you proceed with
care. Don’t rush the job, for that is sure to

l €601
500/25V
f R314
TO CENTER TAP + L 1N4007 3382, 2W | 0
OF 20V WINDING T AT WA 1 71 10100 3 -5V
POWER (SEE TEXT) 330,20 ) 7905
AAA ZZHF +
s1 e L
D20 | 319 €309" _L
FIG. 8—TELEPHONE ADAPTOR BOARD pro- 1N4007 | g7pg/ 500/ = =
vides switching and impedance-matching func- 15V v
tions, and also controls status indicators. cB1 * —< 36
D21 W~ POWER
Kinaoor [ 1 16 9 2200
. . > 'y
provided for RECEIVE adjustments. = illlzw
The final control that needs explaining 1N4007 2 ! 1c101 0 < 35 +6V
is the five-position mode switch. S1. In ¢ L 318 | 7805
its fully-counterclockwise position. 2.2uF
. . 17 3 ‘ﬂ_
GRAY SCALE, it loads a four-level gray VAC L =
scale into memory for calibration pur- 184007 32372‘”
s ) 395 I 0
poses. The next position. CAMERA. 'al- R318§4 AAA-9- 1 1102 17 -12v
!ows you to view a real-time digitzied 23300 €319 7912
image from your camera on your monitor. = Pt AWV 2F T T
That permits both focusing and composi- 13}307 cslzL - -_L- =
tion. as well as allowing you to set the 3530/7 ngg)/‘zsv
BRIGHTNESS and CONTRAST controls for * s <1
4 D25
best results. o A 1n4007
The TRansmiT position is used when
you are in the PICTURE mode to transmit ”“3:0507 .1 0 12V
the video stored in the Picture Phone’s > 10103 s
e . ¢ + 7812
memory. The next position, HOLD freezes €320
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in memory and displays it indefinitely.
regardless of whether ncw video is avail-
able or not. It is particularly useful if you month’s issue) for T1 information.
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FIG. 9—POWER SUPPLY provides * 12 volts, +5 volts, and -20 volts. See text and Parts List (in last
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FIG. 10—ALL IC’s face in the same direction. Note that resistors and diodes are mounted vertically to
conserve board space.

lead to problems, and it will be a long
time before you solve them and have your ¢ |
Picture Phone operating.
It’s best to insert all the [C sockets first
(note that they all face in the same direc-
tion) and make sure that you don’t insert =
14-pin sockets where there should be 16- - N
pin ones. Be sure that all the pins are i
soldered—with that many connections, o
it’s easy to miss one, and you'll spend
hours or days before you discover that one
unsoldered socket-pin is the reason that )
the equipment isn’t functioning. SR
Next install the resistors and diodes. - -
Note that they are all mounted vertically
(standing on end). Be extiemely careful - '
about the polarity of the diodes, and don’t mem T
forget the two short jumpers. Finally, in-
stall the capacitors, again being careful to
observe the polarities of the tantalum
types. Do not insert any IC’s into their
sockets yet. When you're finished with
the main board, set it aside temporarily
and go on to the phone adaptor board.
That double-sided board. whose foil
patterns are shown in Figs. 12 and 13, and
parts-placement diagram in Fig. [4. is h
casy compared to the main board. The

parts should slip right into the holes—just FIG. 11—THIS PHOTO shows how the main board should look when it is correctly assembled. It is
make sure that the clectrolytic capacitor. shown here mounted in the enclosure.

¢861 43890100
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FIG. 13—FOIL PATTERN for bottom of tele-
phone adaptor board.

C601, is oriented properly, and that the
8-terminal barrier strip is inserted so that
the phone wires can be connected from
the outside of the board. Using small PC-
board pin-connectors at positions 1-15
will make it easier to make connections to
the board later.

Most of the power supply, shown in
Fig. 15, can be constructed on a piece of
perforated construction board: the two
large capacitors, C310 and C312, and the
four regulators will be chassis-mounted
and wired to the board. Be sure to allow
for the many ground connections that will
have to be made from that board.

The two off-board capacitors should be
bracket-mounted to the chassis as shown
in Fig. 15, and the regulators secured to
the top side of the bottom of the case. Be
sure that the tabs of the positive regulators
make good electrical contact with the
case, and be sure that the negative regula-
tors are insulated from the case (use nylon
hardware, mica insulators. and silicone
grease).

When the three boards are complete.
you can install the chassis-mounted com-
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FIG. 15—POWER SUPPLY and associated components. Bottom of enclosure is used as heat sink for

regulators.

ponents, such as the power transformer,
switches, jacks. LED’s, the two large
capacitors, etc. It will probably be easier
not to mount the 36/72-pin edge con-
nector for the main board at this point.
because doing so will make it awkward to
make connections to it. You'll find that
the liberal use of terminal strips will make
routing of supply and control voltages
more convenient.

Mount the power-supply board in the

case first, using standoffs. and connect it
to the two large capacitors and to the
regulators. Use *‘spaghetti’” on the leads
of the regulators, as shown in Fig 5. for
safety.

When we continue our look at the Pic-
ture Phone, we will finish up the con-
struction of the device. We'll also look at
how it is aligned as well as how it is used.
Also covered will be how to connect it to
the phone lines. R-E

TO TELEPHONE
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Your Picture Phone should now be nearly complete.
Here’s how to finish it, calibrate it, set it up, and use it.

JOSEF BERNARD
TECHNICAL EDITOR

P t 4 BEFORE YOU CAN PUT
a r your Picture Phone in-
to service. you'll need to buy and install a
telephone coupler. This month we'll look
at those. and show you how to align and
use your Picture Phone. But first, let’s
finish up the construction.

When running lines for the AC vol-
tages. twist wires carrying similar vol-
tages together: that will help reduce 60-
Hz hum in the system. Also try to keep the
wires as close to the chussis as possible.
again to reduce hum.

Next, install the telephone adaptor
board. again using standotfs. You can
now proceed with the chassis wiring,
shown in Fig. 16. It's a good idea to
color-code your wires—red for + 5 volts,
blue for + 12 volts. orange for control
signals, etc. That will make wire-routing
casier and also help you in troubleshoot-
ing, should that be required.

Aside from keeping things neat. per-
haps the most difficult part of the chassis
wiring is the MoDE switch. S1. Make sure
that all the diodes on the switch are
oriented correctly. and be liberal with the
“'spaghetti’’ to prevent shorts. Thinning
the braid of the shiclded cables before

twisting and tinning it may make it easier
for it to fit through the switch lugs.

Note that the use of the DB25-S con-
nector (see Fig. 17) is optional, but it’s a
good idea to install it in case you decide to
use it later. Also. R710 (10K) is intended
for use with tape recorders having a LINE
or aux input. It your recorder has only a
MIC input, usc a much higher value—at
least several hundred kilohms.

Your last step should be to mount the
edge connector tor the PC board. again
ustng standoffs. It should be at a level
where the board can plug into it without
touching the components below it. You
will also have to provide a frame and
bracket to support the sides and rear of the
board. Figure 15 (see last month’s issue)
shows you how that can be done (note the
nylon standoffs into which the board
snaps).

Before plugging the PC board into the
edge connector. turn the unit on and
check to make sure that the right voltages
appear at the right pins. [f everything
checks out, turn the power off, allow a
couple of seconds for the capacitors to
discharge (you can tell by watching the
front-panel LED’s), and then carefully

insert the board into its connector.

Again. tum the power on and. this
time, check for the proper voltages at the
[C-sockets. An ordinary straight pin
makes an ideal probe for the purpose—it
will slip right into the socket hole you're
checking. If everything looks OK, turn
the power off and insert the ICs into their
sockets.

Certain pins on 1C23. IC31, and 1C47
have to be disabled for timing purposes.
That is done as shown in Fig. 18. by
bending the unused pins up until they
stick out at right angles to the others and
cannot fit into the sockets.

An inexpensive coupler

Telephone couplers, sometimes
Known as wiring protectors. are required
to prevent the possibility of damage to
telephone-company equipment by de-
vices (such as the Picture Phone you built)
that have not been approved by. and reg-
istered with. the FCC. Unfortunately,
homebrew equipment—even if built from
a kit—cannot. at least. not casily-——obtain
FCC approval, and an approved coupler
must be used.

There are a number of couplers that
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FIG. 16—WIRING DIAGRAM for chassis-mounted components and for connections to edge con-
nector. Be especially careful in wiring diodes to S1-d.

FIG., 177—REAR PANEL of Picture Phone.
Circuit-breaker reset is located above line cord
at left.

will do the job for us available from var-
ious manufacturers; the one we'll use as
an example is the Elgin Electronics model
EWPI130A Voice Coupler, which costs
about $85 (sce the Parts List for ordering
information).

Figure 19 shows the terminals on the
EWPI30A board, and the connections
that have to be made to the Picture Phone

and the telephone company’s modular

telephone jack. Note that only the 1ip

(green) and ring (red) leads are used.
The coupler is designed to pass audio

signals and to translate the ring signal and
on-hook/off-hook voltages into relay clo-
sures that will supply the appropriate vol-
tages to the telephone equipment on your
side of it. (You can do almost anything on
vour side of the coupler: that's why it’s
used—to protect the equipment on the
telephone-company side from damage.)

The coupler requires two operating
voltages and. if the telephone is going to
be pcrmanently connected to the Picture
Phone, those voltages must ahwavs be
available. Only a few hundred milliamps
are required, and a suitable supply is
shown in Fig. 20. It provides — 24-volts
DC to operate the coupler’s relays, and
117-volts AC at 30 Hz (derived by plac-
ing diode D801 in the AC line) to ring the
telephone’s bell.

The coupler comes with a cord and
modular plug. which is inserted in the
wall jack that your phone would normally
connect to (refer back to Fig. 19.) The
telephone itself is connected to the mod-
ular jack on the rear of the Picture Phone
and the user-side (your side) of the cou-
plertothe T and “'R’" output terminals
on the Picture Phone’s telephone adapter
board.

While the power supply for the coupler
can be mounted inside the Picture Phone
(and the 117-volts AC taken from its line
cord before the power switch), the cou-
pler should be mounted as close as possi-
ble to the wall jack it will be plugged into.

Be sure to notify your telephone com-
pany of the following:

1. The particular line to which you will
be making your connection.

2. The type of jack used (type RJ11W
in the case of modular wall jacks).

3. The FCC registration number of the
coupler.

4. The ringer-equivalence number of
the coupler.

Checkout and adjustment

Now that you know how to connect the
Picture Phone to the phone line in a per-
fectly legal fashion, it’s time to make sure
that it works properly and to calibrate it.
(If you run into problems. skip to the
section on troubleshooting.) Perform the

2 b
1 e 16 1 hd 14 ! h ACE
~ 2] 15 2 13 .2 113
.3 u_ 3 2, 3 2,
. 4 1C23 13 4 1C31 1 - ._ 4 1ca7 11
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FIG. 18—SECTIONS OF IC23, IC31, and IC47 are disabled by bending IC pins up (b). Pins to be bent are

indicated by asterisks in c.
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FIG. 19—CONNECTIONS TO AND FROM THE EWP130A coupler. Details of the power supply will be

found in Fig. 21.

ORDERING INFORMATION

The following are available from Robot
Research Inc., 7591 Convoy Court, San
Diego, CA 92111, (714) 279-9430: Assem-
bled & tested Model 535 Picture Phone,
FCC registered for direct connection to
telephone line (KIT-1) (14 Ibs.), $1195.00;
assembled and tested No. 400929C main
PC board (KIT-2) (4 Ibs.), $495.00; assem-
bled and tested Picture Phone chassis,
including telephone adaptor board, but
less main board, (KIT-3) (12 Ibs.), $695.00;
kit of No. 400929C main PC board with all
main-board parts (KIT-4) (5 Ibs.), $295.00;
kit including chassis and chassis parts,
and telephone adaptor board and parts,
but less main board, (KIT-5) (12 Ibs.),
$445.00; telephone adaptor board kit in-
cluding board and parts (KIT-6) (3 Ibs.),
$79.50; etched, drilled, and plated-
through main board (KIT-7) (3 Ibs.),
$59.00; etched, drilled, and plated-
through telephone adaptor board (KIT-8)
(2 Ibs.), $19.95; T1 (KIT-9) (4 Ibs.), $29.50;
T601 (KIT-10) (2 Ibs.), $24.50; DT1 (KIT-11)
(1 Ib.), $8.50; kit of 32 1% resistors for
main board (KIT-12) (1 Ib.), $12.00; in-
dividual 1% resistor (KIT-13) (1 Ib.), $0.35;
Model 535 Picture Phone enclosure kit
with mounting rails for main board and
back plate for controls (KIT-14) (6 Ibs.),
$99.50; kit of front panel parts only, (KIT-
15)(2Ibs.), $59.50; assembled & tested RF
modulator, less power supply and enclo-
sure (KIT-16) (1 Ib.), $29.00; RF-modulator
kit, less power supply and enclosure (KIT-
17)(11b.), $19.50. For information on other
parts, write to Robot Research.

CA residents please add 6% sales tax.
All prices F.0.B. San Diego—check with
UPS for shipping charges; please add
$0.50 per $100.00 of value above first
$100.00 for insurance. MC and Visa
accepted.

For information on where to obtain the
coupler described in the text write to:
Elgin Electronics, 802 Walnut Street,
Waterford, PA 16441. The price of the
EWP130A coupler is $87.00, ppd.

T801
18V, 500mA

fully clockwise (Fig. 21 shows the front-
panel controls). With the FRAME GRAB
switch in the MANUAL position push the
FRAME GRAB button to load a frame of
white into memory. Adjust the wiiTg
trimmer potentiometer, R104, until you
get areading of 2300 Hz on your counter.

Finally. with TP2 still grounded, turn
the conTrasT control fully clockwise,
and the BRIGHTNESS control fully coun-
terclockwise. Adjust the BLACK trimmer,
R 106, until your counter reads 1500 Hz,
the frequency used in slow scan to
represent black. That completes the fre-
quency adjustments for slow-scan output
and you can remove the lead from TP2.

The next step is to adjust the brightness
and contrast levels for slow-scan recep-
tion. That will be done by referring to the
four-level (black, two shades of gray, and
white) gray scale generated by the Picture
Phone.

First, set the MODE switch to the GRAY
SCALE position and snatch a gray scale
using the FRAME GRAB button. Do not be

-24V0C

D803 e C801

T, 1000/35V
—O COMMON

’/H
T0
117 VAC 1
0805
1N4004
D801-0804: 184001 P

~0 | 117 vac,
o[ 30Hz

FIG. 20—POWER SUPPLY for use with the EWP130A telephone coupler. It can easily be built on
perforated construction board and mounted inside the Picture Phone enciosure.

calibration withour connecting the device
to the phone line—if you leave it con-
nected while you are working on it, any-
one who tries to call you will get a busy
signal. Instead. temporarily use a small
piece of wire to jumper the contacts on the
PICTURE switch so you are constantly in
the viDEO mode.

To pertform the alignment you’ll need a
frequency counter. cassette recorder. and
a video monitor or a TV set with an RF
modulator (which you’re going to need
anyway when you put the Picture Phone
to use). A TV camera, which, of course,
you'll eventually require. is not needed
for most of the alignment procedure.

The first step is to set the proper
frequencies for slow-scan sync, white
level, and black level. Connect a frequen-
¢y counter to the To TAPE jack and then
temporarily connect TP2 (see Fig. 2 in the
August issue) to +5 volts. Adjust the
syNc trimmer. R107 until you get a read-
ing of 1200 Hz. the slow-scan sync fre-
quency.

Next. ground TP2 and turn the front-
panel conTrRAsT control fully counter-
clockwise and the BRIGHTNESS control

alarmed if, with no TV camera con-
nected, you see a crazy jumble of lines
on the screen in the GRAY SCALE or
cAMERA mode. That is normal, and is
due to the fact that the Picture Phone is
receiving no fast-scan sync signal. The
gray scale can be viewed by putting the
MODE switch into the TRaNsmIT or
HOLD position. You may notice some
slight glitches where one gray shade
meets the next. That, too, is normal, and
will not be obvious when you are viewing
slow-scan pictures.

With a gray scale being displayed from
memory (MODE switch in the HOLD posi-
tion) adjust the CONTRAST control of the
monitor or receiver until the white bar at
the right just begins to ‘*bloom’'—blend
with the next shade of gray. Then adjust
the monitor or TV set’s BRIGHTNESS con-
trol until the black bar on the left matches
the blanked area of the screen. Do not
reduce the brightness below the point
where the raster lines just disappear from
the screen. Your display device should
now be correctly adjusted for slow-scan
viewing.

Now you can adjust the Picture Phone
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FIG. 21—PICTURE PHONE'’S front-panel controls. The FRAME GrRag button is below and to the left of the

five-position mooe switch.

PICTURE PHONE DIRECTORY

Should you build—or purchase—your
own Picture Phone, Radio-Electronics
would like to know about it. We hope to
publish a directory of Picture Phone users
s0, if you're interested in talking to (and
seeing) others, be sure to inciude your
telephone number.

for slow-scan reception. Connect a
shielded audio cable from the TO TAPE
jack of the Picture Phone to the line or
mike input of the cassette recorder and,
with a gray scale being displayed in the
TRANSMIT mode, record about five-
minutes worth. You may have to adjust
the sINE trimmer, R204, to get an accept-
able recording level.

Connect a second shielded cable be-
tween the output or earphone jack of the
recorder and the FROM TAPE jack on the
Picture Phone. Rewind the tape you just
made and set the Picture Phone’s MODE
SWITCH TO THE RECEIVE position. Play
back the gray-scale tape and adjust
trimmers R138 (BLAck) and R1i41
(whiTE) until the rccorded gray scale
matches a frame-grabbed one (viewed in
the TRANSMIT position).

If you are not able to make the recorded
center two gray shades match the ones
viewed directly from the Picture Phone,
R138 is probably not set correctly.
Change its setting slightly. and then try to
match the two gray scales using R141. In
the end. you should be able to make four
distinctly different brightness levels.

The last two adjustments require a TV
camera. A digitized. real-time image can
be viewed with the MODE control in the
CAMERA position. Focus on a round
object—a dinner plate or fisbee.
perhaps—and grab a frame of it. Use the
SNATCH WIDTH trimmer, R56, to adjust
the width of the picture stored in memory
(viewed in the TRANSMIT Or HOLD pOsi-
tion of the MoDE switch) until it is the
same as that of the one obtained directly
from the camera.

Finally. record several minutes worth

First. check for all the things you
would normally ook for if something you
built didn’t work. Check your solder
joints—both on the PC boards and the
chassis wiring— and make sure that all
the wires run to and from the points
they're supposed to. Also make sure that
all the IC’s and other polarized com-
ponents are installed properly and that all
the IC’s are in the sockets theyre sup-
posed to be in. Don’t forget to check for
IC pins that may have gotten bent under
when you were inserting them into their
sockets.

You can tell whether your unit is out-
putting slow scan by grabbing a frame.
setting the MODE switch to TRANSMIT, and
connecting an earphone to the TO TAPE

MONITOR
OR
RF MODULATOR TVSET
(USE ONLY
PICTUREPHONE (REAR) WITHTVSET) |
;
TELEPHONE N e
TELEPHONE -
SET T0
Aeéia To MONITOR v
TELEPHONE F;g:f? FRou a
CAMERA
COUPLER LINE TAPEQ o .
T0 7 !
PHONE I
JACK
ouT) YIN
POWER
SUPPLY CASSETTE
RECORDER

FIG. 22—CONNECTIONS TO AND FROM the Picture Phone. Be sure to use shielded cable to keep

signals clean.

000000PS

In the schematic of the main board of the
Picture Phone (Fig. 2, August 1982), capaci-
tor C208 appeared twice. The C208 with a
value of .001F (near R139) should be om-
itted, as should its ground. In the Parts List
(page 50, September 1982), resistor R81 is
used—its value is 1000 ohms. Resistors
R82—R84 are not used.

of your test picture and then play it back
with the MODE control in the RECEIVE
position. Adjust the wiDTH trimmer,
R143 until the picture just fills the square
display area. It should have the same
height and width as the picture viewed in
the cAMERA mode.

Remove the jumper from the PICTURE
switch and you’ve completed the Picture
Phone calibration, and are ready to put
your unit to use.

Troubleshooting

The preceding assumed that your Pic-
ture Phone operated properly the first
time you turned it on. It is quite
possible—due to the complexity of the
device—that it did not and the following
may help you to set things right.

jack. You should hear a sort of burbling
sound that’s very difficult to describe in
writing but which you’ll soon become
familiar with. If you hear a steady tone,
something’s wrong; start checking back
from the slow-scan audio-output stage.

If everything you’ve built looks all
right, but you're still not getting results.
it’s time to get an oscilloscope and start
signal tracing. It’s not enough to verify
that all the clocking and control signals
are present—they must also be at the
proper logic-levels. In the unit I built, 1
found that an off-value resistor had
caused the biasing of one of the 1458
op-amps to be off, and the logic-level
signals it was passing were shifted to the
extent that the following TTL IC’s could
not recognize them. Use a logic probe, if
necessary. to verify that you are getting
true logic-highs and logic-lows.

While IC’s are normally the last things
you should blame for your problems,
brand-new ones do tend to have an ‘‘in-
fant mortality™ rate of about one percent
and, in a device with as many IC’s as the
Picture Phone has, there is a chance that
one of them is bad. So, if a signal goes
into an IC but doesn’t come out, try

continued on page 112
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continued from page 50

replacing that IC. You may solve your
problem as easily as that.

It you find that you have vertical **bar-
ber pole™ stripes breaking up the picture
that is stored in memory. check IC66. the
3245 memory driver: one of its sections
may be bad. And. finally. it you find that
a picture stored in memory starts to devel-
op ““freckles”—dark or bright pixels
appearing one by one until the overall
quality of the picture starts to deteriorate,
try substituting standard 74157’ in place
of the 'LS™" versions for IC's 5, 21, 37,
and 53.

That covers only a few of the many
things that may keep your Picture Phone
from working the first time you apply
power. but. if you persevere. you'll lo-
cate the problem area(s) and wind up with
a first-class device.

Setup

Figure 22 shows how the Picture Phone is
to be connected to its associated equip-
ment. Remember that the video output of
the unit is intended for use with a monitor;



if youuse a TV receiver you'll need an RF
modulator—those are readily available
from most computer stores, or by mail
from a number of advertisers in Radio-
Electronics.

The most imporant factor in transmitt-
ing a good picture is good lighting; avoid
hot spots and deep shadows. Try not to
use a very light or very dark
background—such a background may
confuse the TV camera’s ALC (Automa-
tic Light Control).

You can put the MODE switch in the
CAMERA position to compose your pic-
ture. watching it on the monitor. The
tfront panel BRIGHTNESS and CONTRAST
controls ‘will help give you the best-
balanced image. To see what you will be
transmitting, grab a frame from the
camera and switch to the TRANSMIT or
HOLD mode (you can grab a frame while
N TRANSMIT).

Use

To use the Picture Phone. first place the
phone call as you normally would to the
other party. The Picture Phone can be on
or off at this time, although you’ll prob-
ably want it on so you can set up your
pictures while you're talking. The until
will come up in the voice mode when you
apply power.

When you’re ready to transmit slow-
scan, grab a frame and inform the party at
the other end of the line that you’rc ready
to send video. Then turn the MODE switch
to TRANSMIT and push the PICTURE but-
ton. That will disconnect the telephone
handset from the line and connect in its
place the output of the Picture Phone (you
don’t want your speech mixing with the
slow-scan audio).

Every eight seconds you'll see the pic-
turc on your video display blink. That
indicates that a frame has been com-
pleted. If you're in the MmaNUAL mode,
the same frame will be repeated; if you’re
in the AuToMATIC mode a new frame will
be grabbed. The best time to switch back
to voice mode is immediately after the
finish of a frame. It's good practice to
send more than one frame of each picture.
Two are good: three may be better under
some conditions.

When it’s time for you to be on the
receiving end, the other party will. of
course, inform you that he or she is about
to transmit video. Set the MODE switch to
RECEIVE and press the PICTURE button.
The slow-scan image will start forming
from top to bottom. and will be complete
in eight seconds. If you want to study a
picture at leisure, use the HOLD position.
If you do that. any further incoming video
will be ignored. and you will be able to
watch the same frame for as long as you
like.

It may take a little practice to get the
hang of using the Picture Phone, but.
once yvou do. your personal and business
telephone conversations will become
tremendously richer. R-E
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P t 2 THE FIRST PART OF THIS
ar article discussed the
theory of operation of a good portion of
the main board of the Picture Phone.
We’ll now complete that discussion; it

will be helpful if you have Part | handy.

Fast-scan counters

The fast-scan counters are 1C6, IC8,
IC23 and IC39. Each IC is a four-stage
binary counter that is cleared to all zeroes
when pin 1 is taken to
a logic-low state.
When pin 9 is low, the
counter stages are pre-
set to the value hard-
wired at pins 3-6. Pin
2 receives the clock
pulses, and responds
to their positive-going

edges. Both clear and il =

load operations are
synchronous—that is,
they take place only
on the positive-going
edge of the clock
pulse. When the LoaD
Or CLEAR pin is taken
low, the counter stops
and retains its value.
If a clock pulse occurs
while the appropriate
pin is low, the counter
will load or clear.

The fast-scan dot
counters are IC6 and
IC8 (dots are the pix-
els along a line of
video). The dot coun-
ter is analogous to the
horizontal sweep in
the camera and dis-
play. The dot counters
have two modes, one
for the camera and one
for all other op-
erations.

Let's consider non-camera operation
first. The crystal oscillator supplies clock
pulses to pin 2 of the dot counters. Note
that pin 15 of IC6 is connected to pin 10 of
IC8. That is the **carry’” from the first IC
to the second, and provides synchronous
operation of both IC’s.

Figure 5 shows the timing of the dot
counters. The counter cLEAR pulse is pro-
vided by IC10 at a count of 215. That
means that the counter advancesto 215, is
reset to zero, and begins to count again.
The internal horizontal-sync pulse (IFH)
is produced by counter inputs applied to
IC42. The clock frequency, divided by
216 (the count from zero to 215), gener-
ates the correct horizontal-sync fre-
quency.

Signal **J,"" which is low between the
counts of zero and 127, serves several
purposes. It is delayed by one clock pulse

this part.

to form IFHB, the internal fast-scan
blanking signal, which blanks the display
in all modes. That signal is also applied to
IC28 to control when data can be written
to memory. Memory-write takes place,
and the display is unblanked, when the
counter is between zero and 127.

Now let's look at the operation of the
dot counter in the *‘snatch’’ and camera-
display modes. The clocking signal is de-
rived from the synchronous oscillator;

Picture Phone
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Before you build your Picture Phone, you should know how
the device works. We'll conclude our discussion of that topic in
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and IC10, which supplies the cLEAR
pulse, is disabled. The counter advances
until a horizontal-sync pulse from the
camera (EFH) takes the LoaD pin low.
The counter is preset to a value of 217, as
determined by the fixed inputs to pins 3-6
of IC6 and IC8. The counter resumes
counting at a preset value of 217 when
EFH is no longer present. When itreaches
its maximum count of 255, it resets to
zero and starts counting again. The time
spent counting from 217 to 255 represents
blanking of the left-hand edge of the pic-
ture; the time between 128 and EFH is
used for right-hand blanking.

The LoaD pin is controlled by an RS
flip-flop made from IC15-c and IC15-d.
That flip-flop insures that the LoAD pin
remains low until a clock pulse to load the
counter has arrived.

The EFH signal is applied to the cLEAR
pin of IC32 to insure that the clock always

starts with the same polarity.

The fast-scan line counters are IC23
and IC39. Let's first look at how they
work during the non-camera mode. Dot-
counter signal **J"" is used as the clock
pulse, making the line counter advance
one step for each line. Nine count-stages
are needed; the extra stage is supplied by
IC32 and is the least significant bit.

Figure 6 shows that the counter adv-
ances to a count of 262, is cleared, and
starts again at zero.
The clear pulse is sup-
plied by IC47, which
is hard-wired with the
eight most-significant
bits of the line coun-
ter. The CLEAR pin is
. held inactive when the
Al camera is in use by

e ) ! connecting it to the
oy /

logic-1 present at pin
10 of IC48.

The internal fast-
scan vertical sync
(IFV) comes from

IC31.

. When the camera
i display is viewed, the

. CLEAR function is dis-
abled and the line
counter is preset
. whenever a vertical-
. sync pulse occurs.
. When the counter is
preset and the sync
pulse from the camera
is completed, the
counter starts count-
ing. When the count
reaches 511, the next
count, zero, allows
display and writing to
memory to begin. The
time that is spent in
counting from the pre-
set value to zero is used to allow the
camera’s blanking-function to be com-
pleted.

The line counter advances two counts
for each slow-scan line to allow each line
to be displayed twice for an easier-to-
view picture. There are 128 slow-scan
lines, which means that 256 lines-per-
field (or 512 lines-per-frame) will be dis-
played. Since NTSC standards call for
525 lines per frame, a small portion of the
picture at the top and bottom is blanked.

Sl i

Slow-scan clocks

There are two slow-scan clocks. One is
derived from the master crystal oscillator
and is used for all functions except slow-
scan reception. The second clock is free-
running, and is synchronized to the slow-
scan horizontal-sync pulses. The clocks
are selected by IC13, a 4PDT multi-
plexer.
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All resistors Va-watt, 5% unless otherwise
noted

R1-R3, R43, R78, R139, R202—22,000
ohms

R4, R201—10 megohms

R5, R6, R8, R9, R50, R80—15,000 ohms

R7—620 ohms

R10, R12, R15, R54, R93-R95, R102, R110,
R209, R211, R714-R716—4700 ohms

R11,R13,R14, R16-R18, R86, R99—10,000
ohms, 1%

R19, R20, R27, R147—39,000 ohms

- R21—20,000 ohms

R22, R23—18,000 ohms

R24—8200 ohms

R25, R26, R145, R146—82,000 ohms

R28, R42, R51, R136, R140, R142, R204,
R205, R710, R711—10,000 ohms

R29—470,000 ohms

R30, R47-R49, R53—2200 ohms

R31, R79, R148—100,000 ohms

R32, R108—2700 ochms

R33—150,000 ohms

R34, R40, R52, R96, R109, R137, Ri144,
R704, R717—1000 ohms

R35-R39—not used

R41—680,000 ohms

R44—47,000 ohms

R46—33,000 ohms

R5&5, R76, R112, R707—100 ohms

R56—100 ohms, trimmer potentiometer

R57—3300 ohms

R58, R77, R111—3830 ohms

R89, R703, R712, R713—470 ohms

R60—100 ohms, 1%

R61-R75—26.1 ohms, 1%

R81-R84—not used

R85, R98—20,000 chms, 1%

R87, R100—4990 ohms, 1%

R88, R101—2490 ohms, 1%

R89-R91—not used

R92, R200—680 ohms

R97—47 ohms

R103—820 ohms

R104—2000 ohms, trimmer potentiometer

R105—1200 ohms

R106, R107, R138, R141, R143, R203—
1000 ohms, trimmer potentiometer

F113-R116, R125-R135—33 ohms

R117-R123—not used

R144—68,000 ohms

R149-R199—not used

R206, R207—220 ohms

R210—560 ohms

R212, R213—33.2 ohms, 1%

R314, R315, R317, R318—0.33 ohms, 2
watts

R316—220 ohms, 2 watts

R601—130 ohms, 2 watts

R701—1000 ohms, panel-mount potentio-
meter

R702—10,000 ohms, panel-mount potentio-
meter

R706—1 megohm

R708, R709—1800 ohms, 1 watt

All capacitors Mylar or mica unless other-
wise specified

C1-C6—.022uF

C7, C24, C25, C38, C200, C240-C243—.01
wF ceramic disc

C8, C10, C12, C17—.0047 uF

C9—.0068 uF

C11, C207—.018 uF

C13, C15, C18, C19, €23, C263-C266—22
uF, tantalum

PARTS LIST

C14—10 pF, tantalum

C16, C22, C206, C703—.001 pF, monolithic
or ceramic disc

C20, C201—27 pF, monolithic or ceramic
disc

C21, C28-C31—470 pF

C26—not used

C27—33 pF, monelithic or ceramic disc

C32, C220-C227—0.1 uF, ceramic disc

C33, C41, C208, C317-C320—2.2 uF, tan-
talum

C34, C230-C237, C250-C262, C702—0.1
wF, ceramic disc

C3a5, C202-C205—100 pF

C37, C39—not used

C40—.047 uF

C309—500 uF, 12 volts, electrolytic

C310—9200 uF, 15 volis, electrolytic

C311—450 pF, 25 volts, electrolytic

C312—5800 uF, 25 volts, electrolytic

C601—500 uF, 25 volts, electrolytic

C701—2 uF, tantalum

Semiconductors

IC1-IC4, IC17-1C20, IC33-IC36, IC49-I1C52—
nPD411 (MM5280) 4K x 1 dynamic RAM

IC5, IC13, IC21, IC37, IC46, IC48, IC55—
74LS157 quad 2-1 multiplexer

IC6, IC8, IC9, IC23, IC24, IC39-1C41—
74L.5163 presettable binary counter W/
clear

IC7, IC26, IC57, IC58, IC61—75LS04 hex
inverter

IC10, IC31, IC47—74LS30 8-input NAND gate

IC11, 1C32—74LS107 dual JK negative-
edge-trigger flip-flop

IC12—4046 CMOS phase-locked loop

IC14, 1C15, IC45—74L.S00 quad 2-input
NAND gate

IC18, IC29, IC65—74L.S74 dual D flip-flop

IC22, IC38, IC71, IC72—74L8153 dual 4-
input multiplexer

IC25, IC42, IC88—74L.S20 dual 4-input NAND
gate

1C27, IC67, IC68—74LS10 triple 3-unit NAND
gate

IC28, IC43, IC66—74LS25 dual 4-input NOR
gate

IC30—74L5221 dual one-shot

IC44, IC62—74LS32 quad 2-input positive
OR gate

IC54, IC56—74L.5175 quad D flip-flop

IC59—74LS08 quad 2-input AND gate

1C60, IC63, IC64—74L.513 dual Schmitt trig-

ger

IC66—3245 quad TTL-to-NMOS memory
driver

IC69, IC70—74LS02 quad 2-input NOR gate

IC73-1C80—LM711 dual difference-
comparator

1C81-1C84—not used

IC85, ICB6—74LSB6 quad ExCLUSIVE-OR gate

IC87—4066 CMOS quad bilateral switch

IC89—566 function generator

IC90-IC94, IC105—1458 dual 741 op-amp

IC95-1C104—not used

Q1, Q2, Q4, Q5, Q8-Q13—2N4124 or equiv-
alent

Q3, Q6—not used

Q7—2N4126 or equivalent

LED1-LED3—jumbao red LED

D1-D11, D13-D18, D27-D33—1N914 or
1N4148

D12—not used

D19-D26, D601, D602—1N4007

DT601—gas discharge tube (Joslyn Electro-
nics type 2022-44 or equivalent)

CB1—0.6-amp circuit breaker

T1—dual-secondary type: 1st secondary:
25VCT, 1 amp; 2nd secondary: 12.6VCT,
1.5 amps (see text and below)

T601—phone-line matching transformer
(Microtran type 6112 or equivalent)

S1—4P5T rotary switch

$2-S4—N.0. momentary pushbutton switch
S5—SPDT toggle switch
S6—SPST toggle switch
J1-J2—not used
J3—36/72-pin PC-board edge connector

(36 contacts for each side of board, two
contacts per pin)

J4—socket for modular telephone connector,
panel-mount

J5—DB25-S 25-pin female ""date-type" sock-
et, panel-mount

J6, J7—RCA-type phone jack, panel-mount

Js, J9—female coaxial connector, panel-
mount (BNC- or SO230-type)

TB601—miniature 8-terminal barrier strip,
PC-mount

RY601, RY602—4P2T 12-volts, PC-mount
(Potter & Brumfield T10-E2-Z4-12VDC or
equivalent)

Miscellaneous: PC boards, perforated con-
struction board, IC sockets, RG59 cable,
shielded audio cable, 4-conductor telephone
cable w/modular plug, 3-conductor line cord
w/plug, enclosure, hardware, etc.

The following are available from Robot
Research Inc., 7591 Convoy Court, San
Diego, CA 92111, (714) 279-9430: Assem-
bled & tested Model 535 Picture Phone,
FCC registered for direct connection to
telephone line (KIT-1) (14 Ibs.), $1195.00;
assembled and tested No. 400929C main
PC board (KIT-2) (4 Ibs.), $495.00; assem-
bled and tested Picture Phone chassis,
including telephone adaptor board, but
less main board, (KIT-3) (12 Ibs.), $695.00;
kit of No. 400929C main PC board with all
main-board parts (KIT-4) (5 Ibs.), $295.00;
kit including chassis and chassis parts,
and telephone adaptor board and parts,
but less main board, (KIT-5) (12 Ibs.),
$445.00; telephone adaptor board kit in-
cluding board and parts (KIT-6) (3 Ibs.),
$79.50; etched, drilled, and plated-
through main board (KIT-7) (3 Ibs.),
$59.00; etched, drilled, and plated-
through telephone adaptor board (KIT-8)
(2 Ibs.), $19.95; T1 (KIT-9) (4 Ibs.), $29.50;
T601 (KIT-10) (2 Ibs.), $24.50; DT1 (KIT-11)
(1 Ib.), $8.50; kit of 32 1% resistors for
main board (KIT-12) (1 Ib.), $12.00; in-
dividual 1% resistor (KIT-13) (1 Ib.), $0.35;
Model 535 Picture Phone enclosure kit
with mounting rails for main board and
back plate for controls (KIT-14) (6 Ibs.),
$99.50; kit of front panel parts only, (KIT-
15) (21bs.), $59.50; assembled & tested RF
modulator, less power supply and enclo-
sure (KIT-16) (1 1b.), $29.00; RF-modulator
kit, less power supply and enclosure (KIT-
17)(11b.), $19.50. For information on other
parts, write to Robot Research.

CA residents please add 6% sales tax.
All prices F.0.B. San Diego—check with
UPS for shipping charges; please add
$0.50 per $100.00 of value above first
$100.00 for insurance. MC and Visa
accepted.



and camera display.

G. 6—FAS e counter ti

The crystal-derived clock pulses begin
with the 60-Hz ““U’” output of the fast-
scan counter. It is divided by four by
IC11. The resulting 15-Hz pulse train is
applied to one input of PLL (Phase-
Locked Loop) IC12. The other input to
that IC is the clock oscillator’s output
divided by 139, making the output of the
PLL 15 x 139, or 2085 Hz. That be-
comes the slow-scan clock. It allows for
128 pixels and 11 sync counts per slow-
scan line.

The synchronized clock pulses are

FIG. 5—FAST-SCAN dot counter has two modes—ais n for memory display, b for frame grabbing

ing for memory display (a), and camera display (b).

generated by IC60. Its free-running fre-
quency is controlled by R143. As the
frequency is increased, the counter takes
less time to address 128 memory ‘‘cells’”
and a shorter line is displayed. The clock
is synchronized with the incoming signal
by having the incoming slow-scan sync
pulses cause the oscillator to stop and
restart in phase with them.

The slow-scan clock is aligned with the
fast-scan system by retiming the leading
and training edges of the clock pulses
with a section of IC16. A control signal,

*“Z,”" controls all the slow-scan func-
tions. It is in operation only for the dura-
tion of the slow-scan memory-write cy-
cle. Its use for retiming the slow-scan
insures that the clock will not change dur-
ing a slow-scan read or write memory
access.

Slow-scan counters

‘The slow-scan counter is made up of
IC9, IC24, IC40 and IC41. They function
the same way as their counterparts in the
fast-scan circuit.

The slow-scan dot counter uses IC9
and IC24. It has two modes of op-
eration—one to write slow scan to mem-
ory, and one to read it. Let’s look at the
read-mode first. The clock signal is de-
rived from the crystal oscillator. The
CLEAR signal is derived from IC25; the
LoAD function is inactive. The counter is
cleared at a count of 139 to provide 128
memory “‘cells’” per line and 11 sync
counts.

When slow scan information is to be
written to memory, the free-running
clock is used. The cLEAR signal is derived
from a flip-flop formed from IC14-a and
IC14-b. The flip-flop is set by an incom-
ing sync pulse, and reset by a clock pulse.
That is done to make sure that a clock
pulse to clear the counter occurs while the
CLEAR pin is low. The slow-scan sync
pulse is allowed to reset the counter only
after 128 counts (the end of a line) to
insure noise immunity. In other words,
false pulses can’t interrupt a line as it is
being written.

The line counter uses IC40 and IC41. A
clock pulse occurs when each slow-scan
line has been completed. The counter is
reset to zero in the *‘read’’ mode at a
count of 127 by the “*U’’ signal. In the
*“write'’ mode it is cleared by the external
vertical-sync signal applied to an RS flip-
flop made from IC14-c and IC14-d. The
flip-flop is reset by IC43 and IC45-a.

When a picture is grabbed from the
camera, the line counter is set to all ones,
and on the next clock pulse to all zeroes.
That one-line time generates a slow-scan
vertical-sync pulse.

Address selector

The memory address-lines are driven
by the fast-scan counter to generate a
video signal for fast-scan display, and
also by the slow-scan counter to generate
a slow-scan signal. The memory address-
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COMPLETED MAIN BOARD of the Picture Phone plugs into 36/72-pin edge connector mounted at front

of enclosure.

lines are connected to the appropriate
counter by an address multiplexer made
up of ICS, IC21 and IC37—4PDT switch-
es, each of which switches four address
lines. Resistors on the leads to the mem-
ory IC’s damp reflections so that the ad-
dress voltages will not ring.

The address lines are in the *‘slow
scan’’ mode during time “*Z,"" which
takes place for 16 dots following the
right-hand edge of the fast-scan picture.
In other words, slow-scan memory access
takes place just after fast-scan access for
the current line is completed. When “*Z""
becomes active, the address multiplexer
switches to slow scan, and the slow-scan
counter is inhibited from changing state.
The **Z"" signal is generated by 1C25-b.

Fast-scan memory multiplex

To obtain the speed required for fast-
scan operation, memory operation is mul-
tiplexed. The multiplexing is done with
the memory ck (Chip Enable) pulse. Fig-
ure 7 shows the ck pattern. Note that
successive memory columns are over-
lapped by 50%.

The ck signal is formed by a delay
flip-flop, IC65, that uses **B’" as data and
“A’ (delayed) as a clock signal. Signal
“*A’ is delayed by an RC circuit that
feeds Schmitt trigger 1C60. The delay is
provided to insure that memory address-
lines are stable before ciE goes high.

The ck signal is a zero—to—+ [2-volt
pulse translated from 5-volts by 1C66.

Slow-scan memory multiplex
Memory multiplexing is performed by

the two lowest-order bits on the memory
address-lines. In other words, each bit of

3% A 5 e U g A g
(DELAYED)
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FIG. 7—EACH COLUMN of memory overlaps the
next by 50%. See text for details.

the 4-bit pixel nybble requires four mem-
ory IC's, arranged in four columns. The
two lowest-order address bits determine
which column is to be addressed. Mem-
ory-speed increase is achieved by over-
lapping the column-select address.
Slow-scan memory addressing must
also be able to select the desired memory
column as part of the complete address.
The two lowest-order bits from the slow-
scan counter, *‘a’’ and *‘b,”’ are com-
bined into column-select pulses by IC69.
Each of the 16 memory IC’s has a cs
(Chip Select) pin that is used for slow-
scan memory column selections. The cs

: . e |
REAR PANEL of Picture Phone. Circuit-breaker
reset is located above line cord at left.

pulses come from IC69 and are passed on
by IC70 during the slow-scan access
time. That IC holds all IC’s selected at all
other times.

In addition to addressing the memory
for slow scan, it is necessary to time the
storage of the incoming slow-scan in-
formation. The required timing signal is
generated by IC71, a DP4T switch of
which only one pole is used. The inputs of
IC71 consist of the slow-scan cs pulses
generated by 1C69.

The signals used to control IC71 are
X" and *'Y,"’ the fast-scan cs pulses.
Therefore, when the slow- and fast-scan
cs pulses coincide, a *‘read store’” pulse
will be generated. In other words, when
[C69 has selected column one, and **X™’
and **Y'" have also selected column one,
then—and only then—will a ‘‘read
store’’ pulse be generated.

Multiplexer IC71 is enabled by a con-
trol signal called SSME (Slow-Scan
Memeory Enable), which is active for
exactly four consecutive fast-scan ad-
dresses. That means that SSME is active
just long enough to sample each memory
column once. The SSME signal is gener-
ated by IC27-b. It is a small portion of
“*Z,”" which is the time for slow-scan
address to be applied to the memory.
Since SSME takes place later than **Z,"’
any transients created by the address
switchover from fast- to slow-scan die out
before a read sample is taken.

Write control

The we (Write Enable) signal to the
memory IC’s must also be multiplexed so
that the write and cE inputs to an IC will
coincide.

Write-control signals are formed by
IC67 and IC68-b. Those signals are active
one column at a time in response to the
values of **A’" and ‘*B,”’ the lowest-
order bits of the fast-scan counter.

A common control-line to the wWe en-
coder determines when writing is to take
place. That control line has two sourses,
one for fast scan and one for slow scan.

The control signals, generated by
IC28, are combined by IC44-b.

Snatch control

When the snaTcH button is pressed, a
one-shot puts out a pulse that lasts for
several fast-scan fields. The pulse is re-
timed by a section of delay ilip-flop 1C29
so that the useful sNaTcH command starts
and ends at the bottom of a TV picture.
That prevents any errors that might result
from the snvaTch pulse ending in the mid-
dle of a picture. Another section of 1C29
retimes display selection so that the
changeover between display memory and
the camera takes place when the picture is
blanked.

In the next part of this article we'll
discuss the telephone interface and pow-
er-supply circuits. We will also begin to
look at the construction and alignment of
the device. R-E
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P t 3 THE FIRST TWO PARTS
ar of this article dis-
cussed the theory of operation of the main
board of the Picture Phone. We'll now
describe the telephone adaptor board and
power supply. We'll also begin to look at
the construction of the device. As always,
it will be helpful to have the previous
parts of this article as we proceed.

Telephone adaptor board

The telephone
adaptor board, shown
in Fig. 8, serves two
purposes: it serves as
an interface between
the main board and the
telephone line, and
also allows the user to
switch between voICE
and picTURE modes.

Transformer T601
provides impedance
matching between the
main board and the
telephone line’s 600-
ohm requirements. It
also provides electric-
al isolation between
the phone line and the
Picture Phone. The
transformer contains a
grounded electrostatic
shield (indicated by
the dashed line) to re-
duce hum. Additional
protection to the
phone line is provided
by a static-discharge
device, DT1.

It must be noted
that, while those pre-
cautions should pro-
vide sufficient pro-
tection to satisfy
your telephone com-
pany’s requirements for connecting
non-company equipment to its lines,
the Picture Phone must be used with a
coupling device approved by the phone
company.

The Picture Phone is connected to the
phone line by a standard four-conducter
phone cable terminated in a modular
phone plug. A modular jack on the rear of
the Picture Phone cabinet accepts the plug
from an ordinary telephone. The tele-
phone can be used normally when the
Picture Phone is off or when it is in the
voicé mode. Connections between the
modular jack and the adaptor board are
made through an 8-terminal barrier strip.
TB6O1.

The second function of the telephone
adaptor board is to provide switching be-
tween voice and picTURE modes. Two
relays, RY601 and RY602 provide that
function. They are controlled by pushbut-

tons 52 and S3 on the front panel. When
turned on. the Picture Phone *‘comes up™
in the voice mode and the telephone can
be used normally. When the picTURE
switch is depressed, though. several
things happen.

First, the telephone is disconnected
from the line. Usually, that would cause
the phone company’s equipment to
“think’" that you had hung up, and dis-

Prefture Phhomnme

The telephone adaptor board, the power supply, and con-
struction of the device are the topics covered in this month’s
look at the Picture Phone.

JOSEF BERNARD,
TECHNICAL EDITOR

connect you. The Picture Phone. howev-
er, through relay R601, provides a **hold-
ing voltage’’ which. as far as the phone-
company equipment is concerned. means
that the phone is still off the hook, and the
connection is maintained.

With the telephone out of the circuit,
audio is routed to and from the main board
of the Picture Phone in the form of a
slow-scan video signal, composed of
tones ranging from 1500 Hz to 2300 Hz
(see Part 1). The mode switch, S1. in the
center of the front panel determines
whether the slow-scan audio will be trans-
mitted or received.

When the picTURE switch is pushed.
the relays latch, and the Picture Phone
remains in the picTure mode until the
voICE button is pushed.

Associated with those two switches are
LED2 and LED3. which indicate the cur-
rent status of the device,

Power supply

The Picture Phone requires five working
voltages: plus-and-minus five volts DC,
plus-and-minus 12 volts DC, and —20
volts DC. The power-supply schematic is
shown in Fig. 9. While a single transfor-
mer with two secondaries can be used to
obtain all those voltages, it may be di-
fficult to locate; such a transformer is
available from the supplier indicated in
the Parts List (see last
month’s issue),

You may, howev-
er. choose to use two
transformers. Both
should be center-
tapped. The first
should be capable of
supplying about 12.6
volts on each side of
the center tap, for a
total of about 25 volts
at one amp. The
second transformer
should be capable of
supplying about 6.3
volts on either side of
the center tap. for a
total of 12.6 volts at
1.5 amps. :

Standard bridge-
rectifier/capacitor cir-
cuits are used. along
with tab-type regula-
tors to obtain the final
working voltages.
The —20 volts is taken
from the input to the
—12-volt regulator. A
0.6-amp circuit break-
er, CBI, is used for
protection.

The output of the
+5-volt supply is
used to drive LEDI,
the powERr indicator
mounted on the front panel.

Front-panel controls

The functions of some of the front-panel
controls have already been explained; this
is what the others do:

Snatch button (unlabelled), S4, is used
when you wish to "‘grab™’ a frame of
video to be transmitted. It is active only
when S5, the MANUAL/AUTOMATIC
switch is in the MANUAL position. When
S5 is in the AUTOMATIC position, a new
frame will be snatched automatically ev-
ery eight seconds.

The BRIGHTNESS and CONTRAST con-
trols. R307 and R305. control the quality
of the image that you are transmitting.
(There will be more about them in the
section on using the Picture Phone.) It is
assumed that the party with whom you are
exchanging video is sending a good quali-
ty picture, so no external controls are

2861 4380100
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FIG. B—TELEPHONE -ADA_P.TOFI BOARD pro-
vides switching and impedance-matching func-
tions, and also controls status indicators.

provided for RECEIVE adjustments.

~ The final control that needs explaining
is the five-position mode switch, S1. In
its fully-counterclockwise position.
GRAY SCALE, it loads a four-level gray
scale into memory for calibration pur-
poses. The next position. CAMERA, al-
lows you to view a real-time digitzied
image from your camera on your monitor.
That permits both focusing and composi-
tion, as well as allowing you to set the
BRIGHTNESS and CONTRAST controls for
best results.

The TRANsMIT position is used when
you are in the PICTURE mode to transmit
the video stored in the Picture Phone’s
memory. The next position. HoLD freezes
a frame of received or transmitted video
in memory and displays it indcﬁnite!y
regardless of whether new video is avail-
able or not. It is particularly useful if you

[=]>[2]>[=]-]=|8

‘want to be able to look at areceived image
while discussing it in the voicE mode

Fmaﬂy. the function of the RECEIVE
position should be obvious—it loads
video into the Picture Phone’s memory
for display on your monitor.

There is one connector on the rear of
the cabinet that should be explained. That
is a 25-pin DB25-S socket of the type
used on computer equipment. It can be

used for the connection of remote switch-

es for SNATCH, VOICE/PICTURE, etc.

Construction
Construction of the Picture Phone can

be divided into two parts—the three

boards (main, phone adaptor, and power
supply)—and chassis wiring. It's prob-
ably best to complete the first two boards
first, and then combine the power-supply
board and chassis wiring.

Because of the large size and complex-
ity of the double-sided  board

(almost 10 x 12 inches) it is impractical

to reproduce foil patterns for it here with
clarity. If you want to try to make your
own board (it’s available from the s
plier indicated in the Parts List), full-
sized printed (not film) positives can
obtained by sending $1.50—along wit
note indicating that you want the foil pat-
terns for the board and the address
which they are to be sent—to: Picture
Phone, Radio-Electronics, 200 Park
Avenue South, New York, NY 10003.
The parts-placement diagram fo
main board is shown in Fig. 10; refer also
to Fig. 11. Assembly of the board is
straightforward, and should present little
difficulty as long as you proceed with
care. Don’t rush the job, for that is sure to

FIG 9—POWER SUPPLY provldes 12 volts. + 5 yolts, and 20 volts. See text and Parts List (in last
month’s issue) for T1 information.
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FIG. 10—ALL IC’s face in the same direction. Note that resistors and diodes are mounted vertically to

conserve board space.

lead to problems, and it will be a long
time before you solve them and have your
Picture Phone operating.

It’s best to insert ail the IC sockets first
(note that they all face in the same direc-
tion) and make sure that you don’t insert
14-pin sockets where there should be 16-
pin ones. Be sure that all the pins are
soldered—with that many connections,
it's easy to miss one, and you’'ll spend
hours or days before you discover that one
unsoldered socket-pin is the reason that
the equipment isn’t functioning.

Next install the resistors and diodes.
Note that they are all mounted vertically
(standing on end). Be extiemely careful
about the polarity of the diodes, and don't
forget the two short jumpers. Finally, in-
stall the capacitors, again being careful to
observe the polarities of the tantalum
types. Do not insert any IC’s into their
sockets yet. When you're finished with
the main board, set it aside temporarily
and go on to the phone adaptor board.

That double-sided board. whose foil
patterns are shown in Figs. 12 and 13, and
parts-placement diagram in Fig. 14. is
easy compared to the main board. The
parts should slip right into the holes—just
make sure that the electrolytic capacitor,

-

FIG. 11—THIS PHOTO shows how the main board should look when it is correctly assembled. It is
shown here mounted in the enclosure.

2861 4380100
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FIG. 12—FOIL PATTERN for top of telephone
adaptor board.
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FIG. 13—FOIL PATTERN for bottom of tele-
phone adaptor board.

C601, is oriented properly, and that the
8-terminal barrier strip is inserted so that
the phone wires can be connected from
the outside of the board. Using small PC-
board pin-connectors at positions 1-15
will make it easier to make connections to
the board later.

Most of the power supply, shown in
Fig. 15, can be constructed on a piece of
perforated construction board; the two
large capacitors, C310 and C312, and the
four regulators will be chassis-mounted
and wired to the board. Be sure to allow
for the many ground connections that will
have to be made from that board.

The two off-board capacitors should be
bracket-mounted to the chassis as shown
in Fig. 15, and the regulators secured to
the top side of the bottom of the case. Be
sure that the tabs of the positive regulators
make good electrical contact with the
case, and be sure that the negative regula-
tors are insulated from the case (use nylon
hardware, mica insulators, and silicone
grease).

When the three boards are complete,
you can install the chassis-mounted com-
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FIG. 14—USE SMALL PC-BOARD pin connectors at posituons 1-15 to make it easier to connect wires to

telephone adaptor board.

FIG. 15—POWER SUPPLY and associated components. Bottom of enclosure is used as heat sink for
regulators.

ponents, such as the power transformer,
switches, jacks, LED’s, the two large
capacitors, etc. It will probably be easier
not to mount the 36/72-pin edge con-
nector for the main board at this point,
because doing so will make it awkward to
make connections to it. You'll find that
the liberal use of terminal strips will make
routing of supply and control voltages
more convenient.

Mount the power-supply board in the

case first, using standoffs, and connect it
to the two large capacitors and to the
regulators. Use *‘spaghetti’” on the leads
of the regulators, as shown in Fig 15, for
safety.

When we continue our look at the Pic-
ture Phone, we will finish up the con-
struction of the device. We'll also look at
how it is aligned as well as how it is used.
Also covered will be how to connect it to
the phone lines. R-E
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signals and to translate the ring signal and
on-hook/off-hook voltages into relay clo-
sures that will supply the appropriate vol-
tages to the telephone equipment on your
side of it. (You can do almost anything on
vour side of the coupler: that's why it’s
used—to protect the equipment on the
telephone-company side from damage.)

The coupler requires two operating
voltages and, if the telephone is going to
be permanently connected to the Picture
Phone, those voltages must always be
available. Only a few hundred milliamps
are required. and a suitable supply is
shown in Fig. 20, It provides —24-volts
DC to operate the coupler’s relays, and
117-volts AC at 30 Hz (derived by plac-
ing diode D801 in the AC line) to ring the
telephone’s bell.

The coupler comes with a cord and
modular plug, which is inserted in the
wall jack that your phone would normally
connect to (refer back to Fig. 19.) The
telephone itself is connected to the mod-
ular jack on the rear of the Picture Phone
and the user-side (your side) of the cou-
plertothe T " and **R"" output terminals
on the Picture Phone’s telephone adapter

! board.
FHONE ARAROH While the power supply for the coupler
can be mounted inside the Picture Phone
(and the 117-volts AC taken from its line
cord before the power switch). the cou-
pler should be mounted as close as possi-
ble to the wall jack it will be plugged into.

Be sure to notify your telephone com-
pany of the following:

1. The particular line to which you will
be making your connection.

2. The type of jack used (type RJ11W
in the case of modular wall jacks).

3. The FCC registration number of the
coupler.

4. The ringer-equivalence number of
the coupler.
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FIG. 16—WIRING DIAGRAM f hassi ted t d f ecti to ed n Gheckautand adiUStment
nector. Be especally careful In wiring diodes to Sted. | Now that you know how to connect the
Picture Phone to the phone line in a per-
and the telephone company’s modular fectly legal fashion, it's time to make sure
telephone jack. Note that only the rip that it works properly and to calibrate it.
(green) and ring (red) leads are used. (If you run into problems, skip to the
The coupler is designed to pass audio section on troubleshooting.) Perform the

— —

FIG. 17—REAR PANEL of Picture Phone.
Circuit-breaker reset is located above line cord
at left.

will do the job for us available from var-
ious manufacturers; the one we’ll use as
an example is the Elgin Electronics model
EWPI30A Voice Coupler, which costs
about $85 (see the Parts List for ordering
information).

Figure 19 shows the terminals on the
EWPI30A board, and the connections

{ FIG. 18—SECTIONS OF IC23, IC31, and IC47 are disabled by bending IC pins up (b). Pins to be bent are
that have to be made to the Picture Phone indicated by asterisks in c.
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FIG. 19—CONNECTIONS TO AND FROM THE EWP130A coupler. Details of the power supply will be

found in Fig. 21.

ORDERING INFORMATION

The following are available from Robot
Research Inc., 7591 Convoy Court, San
Diego, CA 92111, (714) 279-9430: Assem-

bled & tested Model 535 Picture Phone,

FCC registered for direct connection to

telephone line (KIT-1) (14 Ibs.), $1195.00;

assembled and tested No. 400929C main
PC board (KIT-2) (4 Ibs.), $495.00; assem-
bled and tested Picture Phone chassls.

including telephone adaptor board, but

less main board, (KIT-3) (12 |bs.), $695.00;
kit of No. 400929C main PC board with atl
main-board parts (KIT-4) (5 Ibs.), $295.00;
kit including chassis and chassis parts,
and telephone adaptor board and parts,
but less main board, (KIT-5) (12 Ibs.),
$445.00; telephone adaptor board kit in-
cluding board and parts (KIT-6) (3 Ibs.),
$79.50; etched, drilled, and plated-
through main board (KIT-7) (3 Ibs.),
$59.00; etched, drilled, and plated-
through ta!ephona adaptar board (KIT-8)
(2 Ibs.), $19.95; T1 (KIT-9) (4 Ibs.), $29.50;
T601 (KIT-10) (2 Ibs.), $24.50; DT1 (KIT-11)
(1 Ib.), $8.50; kit of 32 1% reslstors for
main board (KIT-12) (1 Ib.), $12.00; in-
dividual 1% resistor (KIT-13) (1 Ib.), $0 35;
Model 535 Picture Phone enclosure kit
with mounting rails for main board and
back plate for controls (KIT-14) (6 Ibs.),
$99.50; kit of front panel parts only, (KIT-
15) (2 1bs.), $59.50; assembled & tested RF
modulator, less power supply and enclo-
sure (KIT-16) (1 Ib.), $29.00; RF-modulator
Kit, less power supply and enclosure (KIT-
17] (11b.), $19.50. For information on other
parts, write to Robot Research. |
CA residents please add 6% sales tax.
All prices F.0.B. San Diego—check with
UPS for shipping charges; please add
$0.50 per $100.00 of value above first
$100.00 for insurance. MC and Visa
For information on where to obtain the
coupler described in the text write to:
Elgin Electronics, 802 Walnut Street,
Waterford, PA 16441. The price of the
EWP130A coupler is $87.00, ppd.

fully clockwise (Fig. 21 shows the front-
panel controls). With the FRAME GRAB
switch in the MaNUAL position push the
FRAME GRAB button to load a frame of
white into memory. Adjust the wHITE
trimmer potentiometer. R104, until you
getareading of 2300 Hz on your counter.

Finally, with TP2 still grounded, turn
the contrasT control fully clockwise,
and the BRIGHTNEsS control fully coun-
terclockwise. Adjust the BLACK trimmer,
R106, until your counter reads 1500 Hz,
the frequency used in slow scan to
represent black. That completes the fre-
quency adjustments for slow-scan output
and you can remove the lead from TP2.

The next step is to adjust the brightness
and contrast levels for slow-scan recep-
tion. That will be done by referring to the
four-level (black, two shades of gray, and
white) gray scale generated by the Picture
Phone.

First, set the MmopE switch to the GrAY
SCALE position and snatch a gray scale
using the FRAME GRAB button. Do not be

FIG. 20—POWER SUPPLY for use with the EWP130A telephone coupler. It can easily be built on
perforated construction board and mounted inside the Picture Phone enclosure.

calibration withour connecting the device
to the phone line—if you leave it con-
nected while you are working on it, any-
one who tries to call you will get a busy
signal. Instead, temporarily use a small
piece of wire to jumper the contacts on the
PICTURE switch so you are constantly in
the vibEo mode.

To perform the alignment you'll need a
frequency counter, cassette recorder, and
a video monitor or a TV set with an RF
modulator (which you're going to need
anyway when you put the Picture Phone
to use). A TV camera, which, of course,
you'll eventually require. is not needed
for most of the alignment procedure.

The first step is to set the proper
frequencies for slow-scan sync, white
level, and black level. Connect a frequen-
¢y counter to the To TAPE jack and then
temporarily connect TP2 (see Fig. 2 in the
August issue) to +5 volts. Adjust the
syNc trimmer, R107 until you get a read-
ing of 1200 Hz, the slow-scan sync fre-
quency.

Next, ground TP2 and turn the front-
panel contrasT control fully counter-
clockwise and the BRIGHTNESS control

alarmed if, with no TV camera con-
nected, you see a crazy jumble of lines
on the screen in the GRAY SCALE or
CcAMERA mode. That is normal, and is
due to the fact that the Picture Phone is
receiving no fast-scan sync signal. The
gray scale can be viewed by putting the
MODE switch into the TRANsMIT or
HOLD position. You may notice some
slight glitches where one gray shade
meets the next. That, too, is normal, and
will not be obvious when you are viewing
slow-scan pictures.

With a gray scale being displayed from
memory (MODE switch in the HOLD posi-
tion) adjust the conTRAST control of the
monitor or receiver until the white bar at
the right just begins to **bloom’—blend
with the next shade of gray. Then adjust
the monitor or TV set’s BRIGHTNESS con-
trol until the black bar on the left matches
the blanked area of the screen. Do not
reduce the brightness below the point
where the raster lines just disappear from
the screen. Your display device should
now be correctly adjusted for slow-scan
viewing.

Now you can adjust the Picture Phone

& 2861 HIBWIAON
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FIG. 21—PICTURE PHONE'S front-panel controls. The Frame Grag button is below and to the left of the
five-position mooe switch.

PICTURE PHONE DIRECTORY

Should you build—or purchase—your
own Picture Phone, Radio-Electronics
would like to know about it. We hope to
publish a directory of Picture Phone users
so, if you're interested in talking to (and
seeing) others, be sure to include your
telephone number.

for slow-scan reception. Connect a
shielded audio cable from the To TAPE
jack of the Picture Phone to the line or
mike input of the cassette recorder and,
with a gray scale being displayed in the
TRANSMIT mode, record about five-
minutes worth. You may have to adjust
the sINE trimmer, R204, to get an accept-
able recording level.

Connect a second shielded cable be-
tween the output or earphone jack of the
recorder and the FrRoM TAPE jack on the
Picture Phone. Rewind the tape you just
‘made and set the Picture Phone’s MODE
SWITCH TO THE RECEIVE position. Play
back the gray-scale tape and adjust
trimmers R138 (BLAck) and R141
(wHITE) until the recorded gray scale
matches a frame-grabbed one (viewed in
the TRANSMIT position).

If you are not able to make the recorded
center two gray shades match the ones
viewed directly from the Picture Phone,
R138 is probably not set correctly.
Change its setting slightly, and then try to
match the two gray scales using R141. In
the end. you should be able to make four
distinctly different brightness levels.

The last two adjustments require a TV
camera. A digitized. real-time image can
be viewed with the MoDE control in the
CAMERA position. Focus on a round
object—a dinner plate or fisbee,
perhaps—and grab a frame of it. Use the
SNATCH WIDTH trimmer, R56, to adjust
the width of the picture stored in memory
(viewed in the TRANSMIT Or HOLD posi-
tion of the mope switch) until it is the
same as that of the one obtained directly
from the camera.

Finally. record several minutes worth

First. check for all the things you
would normally look for if something you
built didn’t work. Check your solder
joints—both on the PC boards and the
chassis wiring— and make sure that all
the wires run to and from the points
they’re supposed to. Also make sure that
all the IC’s and other polarized com-
ponents are installed properly and that all
the IC’s are in the sockets they're sup-
posed to be in. Don’t forget to check for
[C pins that may have gotten bent under
when you were inserting them into their
sockets.

You can tell whether your unit is out-
putting slow scan by grabbing a frame,
setting the MODE switch to TRANSMIT, and
connecting an earphone to the To TAPE

FROM

TELEPHONE FROM I:AMEHA

FIG. 22—CONNECTIONS TO AND FROM the Picture Phone. Be sure to use shielded cable to keep

signals clean.

000000PS

In the schematic of the main board of the
Picture Phone (Fig. 2, August 1982), capaci-
tor C208 appeared twice. The C208 with a
value of .001uF (near R139) should be om-
itted, as should its ground. In the Parts List
(page 50, September 1982), resistor R81 is
used—its value is 1000 ohms. Resistors
R82—R84 are not used.

of your test picture and then play it back
with the mope control in the RECEIVE
position. Adjust the wiDTH trimmer,
R143. until the picture just fills the square
display area. It should have the same
height and width as the picture viewed in
the caMERA mode.

Remove the jumper from the PICTURE
switch and you've completed the Picture
Phone calibration, and are ready to put
your unit to use.

Troubleshooting

The preceding assumed that your Pic-
ture Phone operated properly the first
time you turned it on. It is quite
possible—due to the complexity of the
device—that it did not and the following
may help you to set things right.

jack. You should hear a sort of burbling
sound that’s very difficult to describe in
writing but which you'll soon become
familiar with. If you hear a steady tone.
something’s wrong: start checking back
from the slow-scan audio-output stage.

If everything you've built looks all
right, but you're still not getting results,
it’s time to get an oscilloscope and start
signal tracing. It's not enough to verify
that all the clocking and control signals
are present—they must also be at the
proper logic-levels. In the unit I built, I
found that an off-value resistor had
caused the biasing of one of the 1458
op-amps to be off, and the logic-level
signals it was passing were shifted to the
extent that the following TTL IC’s could
not recognize them. Use a logic probe, if
necessary, to verify that you are getting
true logic-highs and logic-lows.

While IC’s are normally the last things
you should blame for your problems,
brand-new ones do tend to have an “*in-
fant mortality™" rate of about one percent
and, in a device with as many IC’s as the
Picture Phone has, there is a chance that
one of them is bad. So, if a signal goes
into an IC but doesn’t come out, try

continued on page 112
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Get Serious About

ZX87

Computing

PROFESSIONAL KEYBOARD. Makes your ZXB1 easier lo
use. Enter programs quickly and error-free. Plugs straight in-
to your ZX81 without any soldering. Has 47 keys and a full
space bar. $85.00
32K RAM. Expand the memory capacity of your ZX81 with
this direct-plug-in module. Fully compatible with Sinclair’s
16K RAM (to give your ZX81 system a full 48K). $99.95

64K RAM. Expand your ZX81 memory capacity to its max-

imum. Plugs in directly to your ZX81. $149.95
Software on Cassette
MULTIFILE PLUS. GAMES

Data storage system for 16K to  MAZOGS

B4K systems. Flexible, user- 1AUTEZEG£U\'3”'WE §9.95
defined setup. Includes pro-

gram tape, detailed instruction S}ﬂgﬁ;ﬂ‘ play $9.05
manual, 3 data tapes, storage "Zap the Klingons $9.95
case. $34.95 picTATOR

Political adventure $14.95

CONSTELLATION PROGRAMMERS' AIDS
Turn your ZX81 Into a telescope ZXAS Machine Code Assembler

with this amazing simulation of  7XD8 Dissassembler/Debugger
the night sky. Instructive $9.95 each
booklet included, §14,95 :

Call (716) 874-5510 for Visa, MC Orders.

end
Aml. enclosed
Name
Address
City State Zip

Mall to Gladstone Electronics,
1585 Kenmore Ave., Buffalo N.Y. 14217
Checks or maney orders. No CODs. Add shipping,

COMMUNICATIONS CORNER
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GLADSTONE ™"

CIRCLE 59 ON FREE INFORMATION CARD

OF THE EIGHT MAJOR
CAPACITANCE INSTRUMENTS
MADE, ONLY THE CM- 100...

DETECTS
LEAKAGE

(and at half the price!) ;

Usefulness — Measure capacitors 10pF
—500uF, leakage 1 nA or .005 C.V.,
whichever is greater. Accuracy — To 2%
depending on range. Dependability —
Ruggedized construction; 1 yr. warranty.
Versatility — In circuit measurement of
‘capacitance and leakage. Output signal
proportionate to measurement. Portabil-
ity — 350 Hr. Battery Life.

“To 25,000u F with external voltmeter

Send check, address (NO P.O. BOX) plus $3.50
Handling. CT res. add 7'z % tax.

Phone orders: (203) 423-7840

ANDERS PRECISION INSTRUMENT CO,, INC.
4 Bridge St. Plaza, P. 0. Box 75 Willimantic, CT 06226

112 CIRCLE 60 ON FREE INFORMATION CARD

identification. time and date. Another
key then transmits the calls and a personal
identification from a preloaded buffer. A
third key sends the message | composed
on the screen—with all the errors cor-
rected electronically (I can also transmit
in real time, errors and all), and a fourth
one sends the ending transmission, ter-
minating with the usual NNNN.

If I want to dress up the basic com-
munications system. an external file can
be called up from a disk or tape for
transmission. | can preload up to three
programmed messages. initiate a local
WRU (Who Are You) at the touch of a
single key. single-key control a CQ string
and...well, just about any of the drudgery
can be eliminated by the computer. Es-
sentially, the computer takes care of a lot
of what we used to do when we had to
prepare messages on punched tape, only
now we don’t have all of those little
specks of yellow paper from the punch
holes all over the floor.

My only complaint with computerized
RTTY is that the software seems to have
some sort of automatic slow transmission
when the buffer is almost empty. There's
an explanation for it in the documentation
but it doesn’t quite make sense to me. In
any event, although it sometimes gets
somewhat irritating to watch the letters
crawl onto the screen, that’s a relatively
small price to pay for having the fun put
back in RTTY. R-E

PICTURE PHONE

continued from page 50

replacing that IC. You may solve your
problem as easily as that,

If you find that you have vertical **bar-
ber pole™ stripes breaking up the picture
that is stored in memory, check IC66, the
3245 memory driver; one of its sections
may be bad. And, finally, if you find that
a picture stored in memory starts to devel-
op ‘‘freckles’'—dark or bright pixels
appearing one by one until the overall
quality of the picture starts to deteriorate,
try substituting standard 74157’s in place
of the ""LS"™" versions for IC’s 5, 21, 37,
and 53,

That covers only a few of the many
things that may keep your Picture Phone
from working the first time you apply
power, but. if you persevere, you'll lo-
cate the problem area(s) and wind up with
a first-class device,

Setup

Figure 22 shows how the Picture Phone is
to be connected to its associated equip-
ment. Remember that the video output of
the unit is intended for use with a monitor;

if you use a TV receiver you'll need an RF
modulator—those are readily available
from most computer stores, or by mail
from a number of advertisers in Radio-
Electronics.

The most imporant factor in transmitt-
ing a good picture is good lighting: avoid
hot spots and deep shadows. Try not to
use a very light or very dark
background—such a background may
confuse the TV camera’s ALC (Automa-
tic Light Control).

You can put the MoDE switch in the
CAMERA position to compose your pic-
ture, watching it on the monitor. The
front panel BRIGHTNESS and CONTRAST
controls will help give you the best-
balanced image. To see what you will be
transmitting, grab a frame from the
camera and switch to the TRANSMIT or
HOLD mode (you can grab a frame while
In TRANSMIT).

Use

To use the Picture Phone, first place the
phone call as you normally would to the
other party. The Picture Phone can be on
or off at this time. although you’ll prob-
ably want it on so you can set up your
pictures while you're talking. The until
will come up in the voice mode when you
apply power.

When you're ready to transmit slow-
scan, grab a frame and inform the party at
the other end of the line that you're ready
to send video. Then turn the MODE switch
to TransmiT and push the picTURE but-
ton. That will disconnect the telephone
handset from the line and connect in its
place the output of the Picture Phone (you
don’t want your speech mixing with the
slow-scan audio).

Every eight seconds you'll see the pic-
ture on your video display blink. That
indicates that a frame has been com-
pleted. If you're in the MmaNuAL mode.
the same frame will be repeated; if you're
in the AutomaTic mode a new frame will
be grabbed. The best time to switch back
to voice mode is immediately after the
finish of a frame. It’s good practice to
send more than one frame of each picture.
Two are good; three may be better under
some conditions.

When it’s time for you to be on the
receiving end, the other party will, of
course. inform you that he or she is about
to transmit video. Set the mopE switch to
RECEIVE and press the pICTURE button.
The slow-scan image will start forming
from top to bottom, and will be complete
in eight seconds. If you want to study a
picture at leisure, use the HOLD position.
If you do that, any further incoming video
will be ignored. and you will be able to
watch the same frame for as long as you
like.

It may take a little practice to get the
hang of using the Picture Phone, but,
once you do, your personal and business
telephone conversations will become
tremendously richer. R-E





