MATH’S NOTES

BY IRWIN MATH, WAZNDM

WHAT'S NEW AND HOW TO USE IT

A Primer on Digital Signal Interfaces

ith the increasing availability of
Wcomputer-contro!labie rigs in the

amateur markeiplace, the use
and understanding of the various digital
protocols used in controlling them—in
particular RS-232, RS-422, and RS-
485—is becoming more and more impor-
tant. As a result, we thought that it would
be a good idea this month to briefly dis-
cuss these protocols and see how they
are related to each other.

To begin with, we all are familiar with
standard “5 volt TTL.” Logic 0 is roughly
equal to anything from 0 to 0.8 volts, and
logic 1 is roughly equal to anything from
2 to 5 volts. These are basic logic levels
and are what the internal "works” of any
rig using this logic protocol want to see.
In addition, the impedance level associ-
ated with this logic family is roughly 3K
ohms. While all of this is fine, transmitting
TTL signals from one piece of equipment
to another over any appreciable distance
and at any appreciable speed is quite dif-
ficult. The worse-case difference between
togic 0 and 1 is only 1.2 volts (2 — 0.8),
and induced noise pulses greater than
this can cause problems. The 3K ohm
impedance doesn't help either (afthough
there are 50 ohm TTL systems), since it
is quite easy to induce QRM on a long 3K
ohm line. This is the main reason for the
development of the various specific trans-
mission protocols to transfer data.

The first, and traditional, “grandfather”
of all signal-transmission protocols is RS-
232, shown graphically in fig. 1. Devel-
oped in vacuum-tube days, this protocol
attempted to eliminate data errors by
transmitting the two logic states as bipo-
lar signals. As stated in the specification,
fogic 1 would be anything greater in ampli-
tude that —3 volts, while a logic 0 would
be anything greater in amplitude than +3
volts. The region between + and -3 volts
is a “no-mans land” and is undetermined.
In reality, the accepted levels are —5 to
—~15 volts for logic 1 and +5 to +15 volts
for logic 0. The 3K ohm (minimum) line im-
pedance still remains. It is interesting to
note that the maximum data rate allowed
by the formal specification is 20 kbps.

The intention behind the bipolar trans-
mission was that positive and negative
voltage levels should be quite easy to dif-
ferentiate even in the presence of noise.
The 10 volt differential between the logic
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Fig. 1- Typical RS-232 waveshape.
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Fig. 2— Input circuit of MC-1489.

levels allowed a great deal of noise immu-
nity, and the wide voltage range took care
of the losses on long, poorly terminated
transmission lines, as well as the uncer-
tainty of the accuracy of the voltage lev-
els at the source. Even the familiar DB-25
connector was specified.

RS-232 was so popular that it is still in
wide use today—uwith some minor varia-
tions. While the logic levels are still held
to the voltages described, in many cases
the reason for the negative voltage has
been done away with. This can be seen
by the input circuit of the popular, widely
used MC1489 RS-232 line receiver (o
TTL) shown in fig. 2. As you clearly can
see, a diode shunts any negative voltage,
which keeps Q1 turned off. A positive
input turns on Q1 (the diode is reverse
biased in this case), and the chip goes on
to produce an output. It is interesting to
note that in many cases a TTL signal will
actually drive this chip as well. Another
variation is in the data rate. While the orig-
inal specification still calls out 20 kbps as
the maximum, data rates of over 115 kbps
are routinely transmitted and RS-232 chip
sets are specified well into the hundreds
of kilobits per second.

RS-422 is an attempt at transmitting
higher data rates than the 20 kbps “limit”
of RS-232. This protocol addresses the
noise issue by providing a balanced, ter-
minated twisted-pair line between the
transmitter and receiver, as shown in fig.
3. Signals are sent differentially, meaning
that for logic 1, conductor A is at +5 volts
with regard 10 conductor B, and for logic
0, conductor B ‘becomes +5 volts with
regard to conductor A. Any noise induced
on the line presents the same polarity on
both conductors and is ignored. Because
of the use of a twisted pair of wires, nom-
inal line impedance of an RS-422 link is
only 110 ohms, which by itself goes a long
way toward increasing noise immunity. in
addition, the data rate for RS-422 is spec-
ified at up to 10 megabits. As in the case
of RS-232, RS-422 is very much with us,
and chips such as the National Semicon-
ductor DS8921 (shown in fig. 4) com-
monly exist to convert this protocol to and
from TTL.

Since RS-232 and RS-422 both have
discrete 1’s and 0's and separate trans-
mit and receive paths, converting from
one to the other is done easily. Fig. 5
shows a simple circuit that will do the job
quite well. The only consideration is to be
sure that the data rates are compatible.

Of course, the data communications
industry was not happy with the need to
run three or four wires for a full-duplex link
as with the above two protocols, so RS-
485 was developed.

RS-485 is similar to RS-422 in that the
signal is also differential. The main differ-
ence is that only two wires are used, and
as a result, only half-duplex (one way)
operationis permitted. This allows the two
wires to act either as a transmit line or
receive line. Obviously, this entails a
mode-select (push-to-talk, if you-will) fea-
ture. The best way to illustrate this is to
refer to fig. 6, a schematic of a DS3696,
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Fig. 4— Block diagram of DS-8921.

a typical TTL to RS-485 and RS-485 to
TTL converter chip. As you can see, the
transmitter and receiver sections of the
chip are connected together. The mode
select is then used to determine which
portion is operational. When the transmit
portion is selected, the receiver output is
blocked. When the receive portion is
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selected, the transmit port is pulled to a
high impedance so that it does not load
the receiver. This high-impedance state is
called the “tri-state” condition.
tally, the receiver section’s input always
presents a high impedance; it is its output
that is shut off by the mode control.

The fact that the transmitter can be

placedin atri-state condition allows adata
bus to be implemented fairly easily. Fig. 7
shows how this usually is accomplished.
Asyou can see, any one station (atatime)
can transmit while all other stations re-
ceive. Since all non-transmitting stations
present a high-impedance load (the trans-
mitters are in tri-state), the system works.

Inciden-

CCAX (500HM"LOW LOSS” GROUP)
"FLEXIBLE" 9913 STRD BC CNTR FOIL + 95% BRAID 2.7dB@ 400MHz NC/DB/UY JKT....58/FT
9913 “EQUAL” SOLID BC GNTR FOIL + 95% BRAID 2.7 dB @ 400MHz UV JKT.
LMR 400 SOLID CCA CNTR FOIL + BRAID 2.7dB @ 450MHz WP/UV JKT .......
LMR 400 “ULTRA-FLEX" STRD BC CNTR FOIL + BRAID 3.1dB @ 450 MHz TPE JKT.
LMR 800 (OD.590") SOLID CCA CNTR FOIL + BRAID 1.72dB @ 450 MHz WP/UV JKT
LDF4-50A 1/2” “ANDREWS HELIX" 1.51dB @ 450MHZ.......oococooocc... 25FT/UP v 230FT
COAX (56 OHM "HF" GROUP)

T9FT

RG213/U STRD BC MIL-SPEC NC/DB/UV JACKET 1.2 dB/2500WATTS @ 30MHz ........... 36/FT
RG8/U STRD BC FOAM 95% BRAID UV RESISTANT JKT 0.9dB/1350WATTS @ 30MHz.. .32/FT
RG8 MINI(X)95% BRAID UV RESISTANT JACKET 2.0dB/875 WATTS @ 30MHz. JA5/FT

RG58/U 95% BRAID UV RESISTANT JACKET 2.5dB/400 WATTS@ 30MHz . AB/FT

RG58A/U STRD CENTER 95% TG BRD UV RESISTANT JKT 2.6dB/350 WATTS @ 30MHz 17/FT
COAX (50 OHM "TEFLON" GROUP)

RG142/U SOLID SCCS 2-95% SILVER BRAIDS TEFLON JKT 8.2dB/1100WATTS @ 400MHz......2

COAX (75 CHM GROUP)

TINNED COPPER “FLAT” GROUNDING BRAID
1 INCH WIDE (equivalent to 7ga)
'/, INCH WIDE (equivalent to 10ga)..

CONNECTORS
PL 259 SILVER/TEFLON/GOLD TiP.......

Both connectors fit 9913 types and LMR400
10PC $11.00
“N” (2PC) SILVER TEFLON/GOLD T!P...10PC $32.50

CABLE & WIRE CUT TO YOUR SPECIFIC LENGTH » WE STOCK AND INSTALL CONNECTORS T00. 416 Diens Drive, Wheeling, IL 60090

..... 50PC $47.50....
..... 25PC $75.00.....

100FT/UP S00FT

56/FT
AVFT
S7IFT
T8IFT

25/FT  1.22/FT 1.20/FT

100FT/UP 500FT

B4FT
30/FT
J3FT
AS/FT
ASFT

5FT/UP 1

RG303/U SOLID SCCS 1-95% SILVER BRAID TEFLON JKT 8.6dB/1100WATTS @ 400MHz........ 25FT/UP  1.00/FT
100FT/AUP 500FT

RG11/U SOLID BC (VP-78%) 95% BRAID NC/DB/UV JKT 1.1dB/BOOWATTS.... . 4OFT  3BIFT
RG11A/U STRD BC (VP-66%) 95% BRAID NC/DB/UV JKT 1.3dB/1000WATTS A2/FT  A0FT
RG6/U CATV FOAM 18GA CC8 FOIL + 680% ALUM BRAID. J4FT  A2iFT
LADDER LINE GROUP 100FT/UP 500FT

450 OHM 18GA SOLID CCS (POWER: FULL LEGAL LIMIT) A2/FT 10T
“FLEXIBLE" 450 OHM 16GA COMPRESSED STRD CCS(PWR-FULL LEGAL LIMIT+). JBFT ATFT
“FLEXIBLE" 450 OHM 14GA COMPRESSED STRD CCS(PWR-FULL LEGAL LIMIT++)..... IO5IFT  24FT
300 OHM 20GA STRD (POWER: FULL LEGAL LIMIT)... ABFT  A3FT
ROTOR & CONTROL CABLES 100FT/UP 500FT

5971 8/COND (2/18 6/22) BLK UV RES JKT. Recommended up to 125t ... .2 A8FT
1618 8/COND (2/16 6/18) BLK UV RES JKT. Recommended up to 200ft. 35/FT  34/FT
1418 8/COND (2/14 6/18) BLK UV RES JKT. Recommended up to 300ft A7/FT  45/FT
1216 8/COND (2/12 6/16) BLK UV RES JKT. Recommended up to 500ft. T8FT  TAFT
2206 22GA STRD 6/COND PVC JACKET ... J8FT
1806 18GA STRD 6/COND PVC JACKET ... 2UFT
ANTENNA WIRE (UNINSULATED BARE CGPPER) 100FT/UP 500FT

14GA 188 STRD "SUPERFLEX" (great for Quads & Portable set-ups efc.). J2FT 0T
14GA 7 STRD "HARD DRAWN" (perfect for permanent Dipoles etc.).. O7FT
14GA SOLID "COPPERWELD" (for long spans etc.).... . O7/FT
14GA SOLID "SOFT DRAWN?” (for ground radials etc.) OB/FT O7FT
ROPE: 3/16" DOUBLE BRAID “DACRON” 770# TEST WEATHERPHOOF ............................ J2/FT 09/FT

100FT $85.00
100FT $48.00
MADE IN USA
100PC $90.00
50PC $143.75..100PC $275.00

1000FT
54/FT
39/FT
B5/FT
TIFT

1000FT
B2/FT
28/FT
A2/FT
JFT
ABFT

25/FT

1000FT
3B/FT
J38/FT
J0FT

1000FT]
QO/FT
J16/FT
23/FT
A2/FT
1000FT;
16/FT
32/FT
A3/FT
TOFT
A4FT
JA9FT

1000F 7|
08/FT
.06/FT
-06/FT
06/FT
0B/FT

COAX W/SILVER TEFLON PL259's EA END§
(solderad & tested)

69.95/EA

100FT “FLEXIBLE" 9913 FOIL+95% BRAID 2.7dB @ 400MHz

75FT "FLEXIBLE"9913 FOIL+95% BRAID 2.7dB @ 400MHz.... 54 95/EA
50FT "FLEXIBLE”9913 FOIL+95% BRAID 2.7dB @ 400MHz.. 39.85/EA
25FT "FLEXIBLE"9913 FOIL+95% BRAID 2.7dB @ 400MHz, 24 95/EA
6FT “FLEXIBLE"9913 FOIL+95% BRAID 2.7dB @ 400 MHz. 12.95/EA
3FT "FLEXIBLE"9913 FOIL +95% BRAID 2.7dB @ 400 MHz.... 11.95/EA
100FT RG213/U MIL-SPEC DIRECT BURIAL JKT 1.5dB @ 50 49 95/EA
75FT RG213/U MIL-SPEC DIRECT BURIAL JKT 1.5dB @ 50MHz.... 39.85/EA
50FT RG213/U MIL-SPEC DIRECT BURIAL JKT 1.5 dB @ 50MHz 29 85/EA
25FT RG213/U MIL-SPEC DIRECT BURIAL JKT 1.5 dB @ 50MHz 19.95/EA
6FT RG213/U MIL-SPEC DIRECT BURIAL JKT 1.5 dB @ 50MHz. 11.95/EA
3FT RG213/U MIL-SPEC DIRECT BURIAL JKT 1.5dB @ 50MHz. 9.95/EA
100FT RG8MINI(X) 95% BRD UV RES JKT 2.5dB @ 50MHz.. 24 95/EA
50FT RG8MINI(X) 95% BRD UV RES JKT 2.5dB @ 50MHz.. 15.95/EA

FLEXIBLE 2/COND RED/BLK DC POWER “ZIP” CORD
8GA (rated:40 amps) 50FT $31.00... .. 100FT $60.00
10GA (rated:30 amps) ... ....5OFT $19.00. .. 100FT $36.00
12GA (rated:20 amps) SOFT $14.00 ..100FT $26.00
14GA (rated:15 amps} ......c...... 25FT $6.00...............50FT $10.00.... . 100FT $18.00

Jake had to lay-down
and think about the
March 98 SPECIAL #tincludes:

500ft RG8X-MIN! 95% BRAID U.V. RESISTANT JACKET.
10 PL259 CONNECTORS (USA MADE)

- (SILVER TEFLON, GOLD PIN).

10 UG176 REDUCERS and 2 packages of "COAX SEAL".

TOTAL PRICE: $84.95

ON THIS SPECIAL ONLY: Shipping included within the 48 states.
ILLINOIS RESIDENTS ADD 8.25% SALES TAX.

ORDERS ONLY:

~25FT $8.00

“JAKE”
(Is a Smooth Fox Terrier)

{Sorry NO COD's)
(MINIMUM ORDERS: $20.00)

TECH INFO: 847-520-3003

FAX: 847-520-3444 22 Cony
hitp:/fwww.cablexperts.com/ A%

o, Ma//g .fEIow
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Turn your excess Ham
Radios and related items
into a tax break for you
and learning tool for
Kkids.

Donate your radio or related
gear to an IRS approved
501 (c)(3) charity. Get the tax
credit and help a worthy cause.

Equipment picked up
anywhere or shipping
arranged. Radios you can
write off - kids you can’t.

THE RADIO CLUB OF
JUNIOR HIGH SCHOOL 22
P.O. Box 1052
New York, NY 10002
2? . ; CZ . ‘ &1
Education Since 1950
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Fig. 7— RS-485 data bus transmission system.

The only “extra” information other than
data that is needed is the determination
when to switch a station from transmit to
receive (via the mode control), and that is
done with the system software.

I hope the above is useful to you, and
that the various protocols you encounter
in your investigations are ‘a bit less
confusing.

73, Irwin, WA2NDM

CIRCLE 67 ON READER SERVICE GARD
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