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1. INTRODUCTION

The time has come for microcomputer users t0 expand the power of their
systems through the use of the existing telecommunication networks which are
capable of connecting their computers to remote devices such as terminals,

other small computers, or time sharing systems.

The instrument needed to implement these capabilities is a module which is
compatible with the majority of small computer systems that will interface with

common carrier transmission facilities.

This manual describes the 80-103A Data Communications Adapter {DCA} which
15 a module that fills these needs for small computer systems which use the

S-100 bus.

In addition to describing the operation, this manual describes the installation
and programming of this module. A few applications are described in the hape

that they may stimulate ideas for use in your system,
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2. FUNCTIONAL DESCRIPTION

The 80-103A is an S-100 compatible printed circuit module which when
properly installed performs the function of interfacing the $-100 computer bus
to a telco (telephone company} supplied data access arrangement (DAA}., The
computer, using (vendor) supplied or user written software, controls the activity
of the DCA by moving bytes into data and control registers and by sensing the
status of the interface and accepting data from the receiving register. The
address decode and control signals select the board and register and determine
whether the processor is performing a write or read operation on the selected
register. If it is determined that the current operation is a write, the Data Out
Bus (DOO through DO7) is gated to the selected register and saved in that
register. If the decoding logic determines that the operation is a read, the
selected register is gated onto the Date in Bus (DIO through D17) with the

proper timing so that the processor can accept the data,

Once the processor has caused the connection to be established and the DCA is
ready to transfer data, the software should determine whether to transmit or
receive characters on the line, |f transmit is chosen, then the status register
should be checked to see if the transmit holding register {TRE) is empty. The
character to be sent is then written into the transmit holding register, After
this operation is complete, the transmit register is checked automatically to see
if it is empty. When it is found to be empty, the transmit holding register is
loaded into the transmit register; the transmit holding register is marked empty
atlowing the next write. Following this transfer the transmit register and
associated logic sends a start bit. When the start bit is finished, the least
significant bit is transmitted followed by the succeeding bits of the character. If
parity is set in the control register, the appropriate parity is generated followed
by the indicated number of stop bits. Each of the transmitted bits passes

through the modulator where the bit is converted into the appropriate
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80-103A FUNCTIONAL BLOCK DIAGRAM

FIGURE 21

frequency using a digital sine wave generator. The originate and answer modes
use different sets of frequencies allowing the ability to transmit full duplex (in
both directions at the same time). Each set of frequencies consists of two
frequencies with one frequency corresponding to each state of the line, i.e. “1”
or “0”. In all modes the signal is passed through to the telephone line at the
DT and DR pins of the telco Interface. Normally {except for the self test,
described later), the filter prevents the transmitter signal from feeding back into
the receiver and prevents noise or unwanted signals from interfering with the
data reception. The received signal comes through the telco interface, passes
through the precision filter, and is demodulated by the digital demodulation
circuit, Start and stop bits are checked for framing, then stripped off, and the

character is assembled in the receive register, and if parity is called for, the
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parity is checked creating a parity error if it is incorrect. When the character is
completely assembled, the logic checks to see if the receive holding register is
empty. f it is empty, the data is transferred from the receive register and the
status is set to indicate that the receive holding register is full {RRF). If the
logic is unable to transfer the received character to the receive holding register
because the previous data has not been read by the processor, then the

overflow error flag is set in the status register.

The self test mode is _z_a_y_ariation where the filter is switched to the same set of

frequencies as the transmitter so that the receiver gets each character sent by

the transmitter thus checking the modulator and demodulator and all parts of

the circuit except the transformer coupling the circuit to the line and the

connection to the DAA.
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3. INSTALLATION

Careful installation of the 80-103A Data Communication Adapter will prevent

damage to the unit.

NOTE: BE SURE TO TURN THE COMPUTER POWER OFF WHEN INSERT-
ING OR REMOVING THIS CIRCUIT MODULE.

3.1 LINE INTERFACE

The 80-103A is designed to interface to the dial telephone network via a Bell
System 1001D CBT coupler or Data Access Arrangement (DAA). This coupler
ts primarily designed to protect the telephone network from improper signals
which might be generated by foreign (i.e. not supplied by the phone company}
equipment. Its use is required by law in most parts of the US. DAA’s are
usually installed by the phone company which adds a charge to your monthly

phone bill that usually runs between $2.00 and $8.00 per month.
Couplers can also be purchased from independent suppliers at prices which

range from about $100.00 to $200.00.D.C. Hayes Associates, Inc. will be happy

to supply names of suppliers should you choose to purchase your DAA.
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3.2 CONNECTION TO DAA

Currently manufactured Bell System DAA’s measure 5 wide by 7" high by
1-3/4'" thick and are designed 1o be mounted on a wall. They reguire a 24VDC
power supply which s usually also supplied by the phone company. It also
mounts on a wall, is 1.6” by 2.2" by 3.8", and will require an unswitched AC

outlet. A telephone is an optional accessory.

At the bottom of the DAA is a flip-up plastic cover with 10 screw terminals
under it {see fig. 3.1}). The 24VDC power SUP_F_"\_/__ _is_qu_nected to -V and +V.

The 80-103A connects to DA, QH, DT, DR, Rl, and -V (see fig. 3.4}. The
80-103A does not use terminals SH, SH1, or CCT.

-V +V DA OH DY

O O© O O 0O
O

- SH SHI CCT RI DR

FIGURE 3.1 SCREW TERMINALS ON DAA
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3.3 WHAT TO ORDER FROM THE PHONE COMPANY

A DAA can be installed on its own line or can be added to an existing line as
an extension. It can be ordered with several options (see table 3.2). This table
is not complete -- there are more options, but they are generally not relevant

for the 80-103A, and may not even be available from your phone company.

Option A is the only one which is obvious -- you can get the DAA either with
or without a phone. We recommend the phone because it is useful for testing
among other things and, at least in Georgia, the phone company does not
charge extra for it. The other two options are relevant only if you get the
phone. The exclusion key is a switch which replaces one of the switchhook
buttons {the ones the handset presses on when you hang it up). This switch
transfers control of the telephone line between the phone and the modem.
Option B-3 makes the modem the normal user of the line. To use the phone,
you must lift the handset and pull up on the exclusion key. When the phone is
hung up, control goes back to the modem. B-4 is just the opposite. To use the
modem you must leave the phone off the hook and pull the exclusion key up.
Option C determines whether the bell rings when the modem has control. With

option C-6, the bell rings whether the modem has control or not.

The phone company uses a Uniform Service Order Code (USOCS) to specify
equipment. To order the recommended DAA {(options marked with * in fig.
3.2), you should ask your data marketing representative for USOCS CBT 05.
Without the phone, it's USOCS CBT 02. In Georgia, Southern Bell charges
$5.20 per month and $11.60 installation for the DAA {(this in addition to the

normal charge for the line}.

3.3
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PARTIAL DAA OPTION LIST

A. Telephone Option
"1. With Telephone
2. Without Telephone
B. Telephone Exclusion Key Wiring Option
*3. Coupler Controls Line
4. Telephone Controls Line

C. Telephone Ringer Wiring Option

B, Ringer Connected on Telephone Side of exctusion
key
_ 6. Ringer Connected on Line Side of exclusion
< key

* Recommended Options

FIGURE 3.2

The DAA requires a power supply which is generally included with it, but your

phone company may not include it. You will need to order option CBV,

For more information on DAA's, ask your phone comgpany for a copy of Bell
System Technical Reference '‘Data Couplers CBS and CBT for Automatic
Terminals', PUB 41802.

34
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DCA TO DAA CABLE
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3.4 OUTPUT LEVEL

The output power level of the 80-103A is factory-set to —~9dBm. This nominal
value will normally give adequate service, but in some cases it may be desirable
to adjust this value to compensate for losses in the wiring between the DAA
and the central office. When the DAA. is installed, the installer will measure
this loss and mark the optimum output level on the DAA {on a tag beneath
the flip-up cover}. Should this value be significantly different from —9dBm, you
may adjust the output of the 80-103A by changing R7. Figure 3.3 gives values
of R7? for various output levels. There is no advantage to be gained from
setting the level any higher than the value specified by the phone company
because the DAA contains a protective circuit which will insert sufficient loss

to limit the level on the phone line if the input level exceeds this level. Since

this loss also affects the receiver, it is undesirable to activate this circuit.

OQUTPUT LEVEL R7 VALUE

dBm Ohms

0O .. 1000
- 1.1 e 1100
-22 1300
—-33 .. 1500 = ./
—42 . 1700 _
-54 ... 2000 4L
—6.1 . 2200
-70 ... 2600
-82 ... 3000
-9 3300 2 sienmesz ,
-89 ... .. ... .. ... 3900
11 4700
12 L. 5600

FIGURE 3.5

VALUES OF R7 FOR VARIOUS OUTPUT LEVELS

36



3.5 DIRECT CONNECT

NOTE: Use this type of installation only after determining that it is in
agreement with local and federal regulations in your area. We cannot

be responsible for anyone who misuses this information.

For direct connect only two leads DT and DR pins 1 & 2 of the P1 connector
are required to establish connection to the line. For use on dedicated circuits a
jumper can be inserted across the relay contact to insure continuity at all

times.

36 INSTALLATION IN THE COMPUTER

P

+*2power OFff the computer before any removal or insertion of this circuit

module. ***

Select the slot where the 80-103A is to be placed and insert it in the
connector, checking to be sure that it is fully inserted and aligned in the
connector. Next check the clearance between the line coupling transformer and
any boards adijacent to the top of the transformer to be sure that there is no
chance of shorting signals on the other card. If your system has the connectors
too close to allow a safe margin of air gap, then leave a blank slot between the

80-103A and the adjacent module.

Now plug the 6 pin cable onto the connector on the top of the board 50 that
the brown lead is on pin one, and attach the cable to the line according to the

DCA TO DAA CABLE DIAGRAM (Fig. 3.4).
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3.7 ADDRESS MAPPING

The 80-103A can be }/O or memory mapped by choosing the proper switch
setting. Refer to Table 3.5 for 1/O mapping and Table 3.6 for memory
mapping. 1/0 mapping uses 4 1/O focations and the switch setting determines
the base address. The memory mapped feature uses 1024 bytes of memory
space because of incomplete decoding, so the user should make his own
trade-offs between the space saving of /O and the wusually increased pro-

gramming flexibility of memory mapping.

AMP SWITCH. FIGURE 3.6
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ADR %00 [SWI F |SW2 r JJADR 8000 |SWI r |SW2 &
0400 B F 8400 B B
0800 7 F 8800 7 B
0C00 3 F 8C00 3 B
1000 E F 9000 E B
1400 A F 9400 A B
1500 6 F 9800 6 B
1C00 2 F 9C00 2 B
2000 D F 4000 D B
2400 9 F ALOO 9 B
2800 5 F A800 5 B
2C00 1 F AC00 1 B
3000 C F BOGO C B
3400 8 F B400O 8 B
3800 n F B8OO 4 B
3C00 0 F BCOO 0 B
4000 F 7 c000 F 3
4400 B 7 C400 B 3
4800 7 7 Cc800 7 3
4C00 3 7 CCoo 3 3
5000 E 7 DOGO E 3
5400 A 7 D400 A 3
5800 6 7 D800 6 3
5000 2 7 DCOO 2 3
6000 D 7 E000 D 3
6400 9 7 E400 9 3
6300 5 7 ES00 5 3
6C0O0 1 7 ECO0 3 3
700C c ? F000 C 3
7400 & 7 F400 8 3
7800 b v F800 n 3
7000 0 7 FCOO 0 3

D.C. Hayes Associates, Inc. [TABLE 3.8 MEMORY MAPPED LOCATIONS




3.8 INTERRUPT OPTION

The 80 103A produces three signals which can be connected 1o generate
interrupts. There are several ways that the interrupt options can be installed.
The schematic diagram shows the primary method but this can be varied in

any desired combination.

TRE

)
Py
-l

‘\PlNT -
> (PI-73)

O——
o
5,1

O—-

C

+= FIGURE 3.9

s

This symbol represents a feed thru hole which has not been plated thru. To

install the option insert a wire and solder on both sides.

_©_

For some dedicated on-line applications, it may be desirable for a ring signal to

reset _the CPU. When it is reset, the processor should vector into a

phone-answering program in  ROM. This makes it possible 1o restart the

Tkt S L P Lt e N AW

processor from a remote location if |f(__shoq__lql_lhuaﬂg_”qrm[g§&_p&@£r_:_mgmen1§_r__;iy,ﬁ__

This can be arranged by connecting a wire from point C to pin 75 on the edge

connector. A feed-thru has been provided for this, It is labeled PRST on the

board. /

¥
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3.9 WAIT STATE OPTION

For systems which require 1/Q accesses which respond in less than 500 ns, a
single wait state can be generated by installing the wait state option. The
80-103A is supplied with this option disabled. To install the wait option, locate
the circle with the letter W in it. Insert a wire in the hole in the circle and
solder on both sides. Then trim any excess wire. Removing the wire at a later

time will disable the option.

3.10 CLOCK OPTION {(REV. 2)

For systems with a 2 MHZ clock on pin 49 of the S-100 bus the oscillator is
not required and the clock can be derived from the bus. Install a jumper

between E and F for this option.

For systems having other than a 2MHZ clock on pin 49 of the bus, install a
jumper between D and E. Factory-assembled modems are normally shipped with this

option.

3.11 WESTERN UNION - TWX INTERFACE

TWX stands for teletypewriter exchange and is a nationwide dial-up network
operated by Western Union. It is designed around the model 33 Teletype, and
is widely used for business correspondence, TWX messages having much the
same legal standing as telegrams. The TWX network is also connected to the

international Telex network by Western Union computers.

312



The B0-103A interfaces electrically to the Western Union TWX network in the
same manner as it connects to the telephone network. The TWX coupler is
called a TWX Access Arrangement {TAA) and is available with a monthly
leased line. The front section of the TWX/telex directory gives full information
on the logical interface for sending TWX, telex, mailgram, and international
messages. The software in the back of this manual is usable as the basis for

interfacing to the TWX arrangement when the proper answerback is included.
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4. PROGRAMMING

4.1 OUTPUT (MEMORY WRITES}

The base address determined by SW1 and SW2 fixes the position of the
80-103A. The registers should be thought of as occupying the lowest addresses

available to them, i.e., they are at the bottom of the mapping space.

4.1.1 TRANSMIT REGISTER

The transmit register is the base register. Data written to this register is
converted and transmitted over the line. When 5, 6, or 7 bit characters are
used, the most significant bits are not transmitted and their value has no effect

on the transmitted character.

4.1.2 CONTROL REGISTER 1

Control register 1 sets up the format for the data characters and must be
initialized to insure the desired operation. This register is located at the address
{base + 1}). Example: |f the base address from Table 1 is 40 {Hex}, then control

register 1 is 41 (Hex).

BIT 0 EVEN PARITY ENABLE {EPE)

This bit determines whether odd or even parity is used when PI{(Bit 4) = 0.
When EPE = 0 odd parity is generated and checked. When EPE = 1 even parity

is used.

41



BIT 1 AND BIT 2 LENGTH SELECT (LS1,1S2)

These two bits determine the length of the character transmitted and received

by the 80-103A.

Ls2 LS NUMBER OF BITS
0 0 5
0 1 6
1 0 7
1 1 8

BIT 3 STOP BIT SELECT (SBS}

This bit determines the number of stop bits transmitted or received. When
SBS=0 one {1} stop hit is used, when SBS=1 two (2) stop bits are used, except
for 5 bit data where 1.5 stop bits are used. Note: The 1.5 stop bit

specification varies for some UARTS.

BIT 4 PARITY INHIBIT (Pl}

This bit determines whether parity is generated for transmitted characters and

checked for received characters.
Pi
PI

=> PARITY
=> NO PARITY

1] ]
- O

4.1.3 CONTRUL RESISTER 2

Control register 2 effects the operation of the modem and the telco interface.

This register is located at the address expressed as (Base + 2).

4.2



BIT 0 BIT RATE SELECT (BRS)

This bit selects the bit rate (in this case the baud rate) at which data bits are
transmitted over the line.

BRS = 0 = > selects 110 bits per second (BPS).

BRS = 1 => selects 300 BPS

Note: This is related to character rate Rchar by summing the number of bits in
the character Npjts including the data bits, parity {if used), start and stop bits

and dividing this number into the number of bits per second Rpit.

Example: For an 8 bit character with no parity, one start and one stop bit
there are 10 bits. If a 300 bit rate is selected, then the character rate is 30
characters per second (CPS).

R..:
Rchar = bit = 300 BPS = 30 CPS
Npits 10 BPC

It is possible to modify the baud rate generator to produce other baud rates.
To change the low baud rate from 110 to 75 or 134.5, first cut the traces at
U317 pins 2, 3, 4, and 5 on the top of the board and at 32 pin 2 on the

bottom of the board. Then install the following jumpers:

75 BAUD 1345 BAUD
from to from to
U3l -2 U31-3 U3t -2 uz21-2
U3l-3 u21-2 u3tl-3 Uz21-56
U3t-4 Uz21-13 U3t -4 uz21-4
U31-5 uz21-12 U31-56 U21-13
U3z -2 u21-7 U3t -2 uz21-7

In general, the lower half of U31 decodes the one bits of a count in U21

which is equal to 1,000,000/({32*B)-2) where B is the desired baud rate.
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INPUT REGISTERS

RECEIVER REGISTER 7
ADDRESS = BASE DATA

STATUS REGISTER 7
ADDRESS = BASE +1 RI

6 5 4 3 2 1 0
DATA | DATA | DATA | DATA | DATA | DATA | DATA
6 4 3 2 1 1]
CcD OE FE PE TRE RRF

RRF RECEIVER REG. FULL
TRE TRANSMITTER REG. EMPTY

PE PARITY ERROR

FE FRAMING ERBROR

OE OVERFLOW ERBROR
CcD CA

Rl NOT RING INDICATOR

[ QT G R R Y
LI T | B | B |

CHARACTER IN REG.
REGISTER EMPTY
PARITY ERROR
FRAMING ERROR
OVERFLOW ERROR
CARRIER DETECTED
PHONE RINGING

OQUTPUT REGISTERS

TRANSMIT REGISTER 7
ADDRESS = BASE DATA

DATA | DATA | DATA

DATA

DATA

DATA | DATA

CONTROL REG. 1
ADDRESS = BASE +1

4
Pl

SBS

2
L2

1
LS1

9
EPE

1 = EVEN PARITY

FPE EVEN PARITY ENABLE
LS1-182 LENGTH SELECT BITS 00 = 6BITS
01 = 6BITS
10 = 7 BITS
11 = 8BITS
SBS STOP BIT SELECT =
Pl PARITY INHIBIT 1 = I\_IQ PARITY
CONTROL REG. 2 7 5 4 3 2 1 g
ADDRESS = BASE +2 OH N TIE ST BK M%m TXE | 8RS

BRS BIT RATE SELECT 1 = 300 BAUD 0 = 110 BAUD
TXE TRANSMITTER ENABLE 1 = CARRIERON
MSt  MODE SELECT 1 = ORIGINATE 0 = ANSWER
BK BREAK 1 = EXCHANGE MARK & SPACE
ST SELF TEST 1 = SELF TEST MODE
TIE TRANSMIT INTERRUPT ENABLE 1 = ENABLE 0 = DISABLE
OH OFF HOOK 1 = ANSWER 0 = HANG UP PHONE
|+ See text for fuil explanation
D.C. Hayes Associates, Inc. FIGURE 4.1




BIT 1 TRANSMIT ENABLE (TXE)

This bit turns on the transmitter and causes carrier to be output to the line

interfaces. This bit should remain on during entire connect time on most dialed
systems. When the TX register is empty, the idle condition places a mark

frequency on the line.

THIS BIT SHOULD BE TURNED OFF PRIOR TO LOADING THE CONTROL

REGISTER WITH A NEW BYTE WHICH CAUSES THE MODE TO CHANGE.

BIT 2 MODE SELECT/RING INTERRUPT DISABLE {MS/RID}

This bit determines whether the modem will act as an originate or answer modem
and changes the frequencies appropriately. Interrupts from the Ring detector will
also be disabled when the originate mode is selected.

MS=0=> Answer, ring interrupts enabled

MS=1= Criginate, ring interrupts disabled

BIT 3 BREAK (BK)

When this bit is one, the serial data from the UART to the MODEM is
inverted, thus exchanging the mark and the space frequencies. To generate a
break (continuous space frequency}, the program should wait 1 character time
after TRE becomes true to allow the last character to be sent, then set the
break bit for at least 3 character times. The bit should then be reset to return

to normal operation.

Note: On boards serial #405 and earlier, this bit was wired to generate a
CCITT echo suppress tone of 2100 Hz. This function is not needed for

operation within the United States or Canada.
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BIT 4 SELF TEST (ST)

This bit causes the receive side of the data communications adapter to switch
so that it receives the information being sent by the transmitter. A character
goes through all the circuits on the board leaving only the transformer and line
connections for the user to trouble shoot. This feature gives a very high level
of confidence when used with the appropriate software tests. For best results
remove the connector from J1 when running a self test function. o

BIT5 TRANSMITTER INTERRUPT ENABLE (TIE)

This bit enables interrupts from the UART transmitter. When it issettoa 1, an
interrupt will be sent to the CPU or interrupt controller each time the UART
transmitter is empty.

TIE=0 Transmitter interrupts disabled
TIE=1 Transmitter interrupts enabled

BIT 6 - Unused

BIT 7 OFF HOOK (OH)

This bit causes the data communications adapter to take the line into the off
hook condition. It is used to answer the phone and when pulsed at the

appropriate rate by a software routine accomplishes the dialing function. This

bit must be on during data transfers in all cases including self test. Bit off to

hang up.
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