


B.2.2 Problems Encountered During Communications

Another set of problems can follow establishment of a data connection. These may range from loss of carrier to
data loss. The sections below discuss these situations.

B.2.2.1 Data Loss or Corruption

A typical complaint regarding connections is that of lost or corrupted data. A number of factors can affect the
transmission of data.

Modem Settings

“Garbled,” or otherwise faulty data can occur from the time the connection is made or just a momentary problem.
If all the data that comes across is incorrect, or if the modems handshake with each other successfully but not data
can be transferred, suspect an error in the setting of some communications parameter. For example, both systems
must use the same asynchronous character format or synchronous framing and clocking scheme. Even if the local
system is operating properly, if the remote system uses a different format, the garbled data may be exactly what is
sent and not the result of any modem or transmission error.

Line Noise

Occasional garbling or loss may be the result of noise or otherwise poor quality of the telephone line. If a dial-up
connection is too noisy, the connection should be broken, and the connection re-attempted; you get a different
circuit each time. One that is acceptable for voice may not be for data. With a leased line, the circuit is always the
same. If you experience line noise or line drops, you should contact (or the software should recommend that the
user contact) the vendor of the leased line.

Transmit and Receive Levels

Other factors that affect both leased and dial-up lines are the transmit and receive levels. These settings determine
the signal levels used by the modem in each direction. Some Hayes modems permit these levels to be adjusted. The
range and availability of these adjustments is in large part controlled by the local telephone system. For example,
the recommended settings and ranges are different for modems sold in the U.K. than for those sold in the U.S. See
the documentation accompanying the modem to determine whether this capability is supported.

DTE Processor Restrictions

Some multi-tasking operating systems can occasionally lose small amounts of data if the computer is heavily
loaded and cannot allocate processing time to the communications task frequently enough. In this case, the data is
corrupted by the DTE itself. This could also cause incomplete data transmission to the remote system. DTE
processor capabilities should be a concern when developing software for data communications when the line
speed is greater than 9600 bps and the modem-to-DTE connection is 19200 bps or higher (for example, when data
compression is used). The modem will provide exact transmission of the data it receives, but if the DTE cannot
“keep up” with the modem because of other tasks or speed restrictions, precautions should be taken when writing
software or when adding modems with extra high speed capabilities into a link.

One way to avoid the problem of data loss caused by the DTE is the use of an upgraded serial port such as Hayes
Enhanced Serial Port™ (ESP™) card. This card replaces the existing serial card, providing two ports, data buffering,
and a communications co-processor to take some of the load off of the DTE processor. For information regarding
this product line, contact Hayes Customer Service.

Buffer Overflow

Hayes V-series System Products provide a data buffer for overflow when the modem is transmitting data to the
DTE faster than it can process it, or vice versa. The upper and lower limits of the buffer can be adjusted with
S-Registers 49 and S50, although the factory settings suit most situations.
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B.2.2.2 Dropped or Lost Connections

Phone line quality or features such as call waiting can cause lost connections. As described above, if the connection
keeps dropping, you might want to contact the telephone company. However, you may first want to try a
connection with another remote system and/or try using the modem from a different phone connection
altogether. In addition to phone line problems, two other things might cause loss of connection.

Call Waiting

The call waiting feature available on some dial-up lines momentarily interrupts a call, causing a click, to inform
voice call users that another call is coming through. This process effectively interrupts the carrier signal and may
cause some modems to drop the connection.

One way around this is to set $10 to a higher value so the modem tolerates a fairly long loss of carrier signal. Data
loss may still occur, but the connection will not drop. Of course, the remote modem must be similarly configured.
When originating the call, a special prefix can be issued as part of the dialing string to disable call waiting for the
duration of the call. The exact procedure varies from area to area; contact the local telephone system for details.

Automatic Timeout

Some Hayes modems offer an automatic timeout feature, to prevent an inactive connection from being
maintained. This inactivity delay can be set or disabled with $30. This “watchdog” feature prevents occurrences
such as undesired long distance charges for a connection that was unintentionally maintained.

System Lock up

There are situations in which systems do lock up, but in many cases it is simply that one or the other of the DTEs
has been “flowed off,” that is, the character that stops data transfer has been inadvertently sent. This can happen
during error-control connections if the wrong kind of local flow control has been selected. For an explanation of
local flow control options, see the &K command definition in Chapter One. In addition, the problem could be the
result of incompatible EIA 232-D/CCITT V.24 signaling. The section below provides some situations and tips that
will help if the communication link seems to lock up.
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B.3 Special Environment Considerations

The charts below provide some hints for custom setups to remedy problems for DTE and telephone line
peculiarities. Because Hayes modems can be configured to suit almost any combination of components in a
communication link, you can adjust to compensate for limitations in almost any computer or telephone system
(within the limits imposed by the local telephone authorities).

B.3.1 Custom Modem Setup for Mainframe or Minicomputer Host

Check the following host symptom/limitation situations for a solution involving modem re-configuration.

Host Limitation

Hayes Solution

Can't control DTR or issue escape sequence

Select &DO : Modem ignores changes in DTR status
(factory setting)

Can reset itself but not the modem

Select &D1 : Modem enters command state when on-to-
off transition of DTR is detected.

DTR timing is not adjustable

Adjust register S25 delay time

Unable to monitor carrier (older IBM Hosts)

Select &S1: Handshake asserted prior to handshake
negotiation

Must see DSR at all times (VAX systems)

Select &S0: DSR always asserted

Timing will not support lengthy handshakes (re-associated
with some high-speed modems)

Select &S2: DSR asserted after handshake negotiation, but
before CONNECT result code is sent to DTE. Also select a
specific negotiation handshake option (N command
option.) which specifically matches the modem
combinations.

Must see CTS to be able to talk to modem

Select &R: ignore RTS; always assume presence of CTS.

RTS/CTS timing not adjustable

Adjust 526 RTS-to-CTS delay time

Not able to recognize FDX modem on 2-wire telephone
line

Adjust S26 RTS-to-CTS delay time

B.3.2 Custom Modem Setup for Telephone System Requirements

Check the following telephone system symptom/limitation situations for a solution involving modem re-

configuration.

Telephone System Limitation or Problem

Hayes Solution

Noise on telephone line causes modem to falsely detect
carrier on line

Increase S9 setting: Carrier Recovery Time

Modem connection broken due to noise spikes on the
telephone line

Increase S10 setting: Lost Carrier -to-Hang-UP Delay

Security problems with incoming calls connecting onto
prior host sessions - indicating that host can't reset soon
enough

Decrease S10 setting; if S10 is set to 255, the modem will
not hang up when carrier is lost.

System needs to be able to originate calls in answer mode
for call-back security

Issue the R command within a dial string (Reverse mode)

Telephone system is too slow to be able to respond to
auto-dial DTMF (tone dialing) pulses

Increase register S11 setting: Tone dialing speed

Business telephones (multi-line key systems) exhibit false
"busy" light indications

Check setting of &) command; use the &)1 setting with R}-
12 and R]13 type phone jacks.

System must be able to call past unattended operator
positions

After accessing the PBX, issue the following dialing
command modifiers: I(*;#)
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B.4 Using AT Commands to Test Modem Circuits

In addition to the powerup tests the modem performs, you can also use AT commands to check the modem’s
functions. This section describes the tests that can be performed, provides a procedure for each test, and the
explains the results that can be expected.

B.4.1 Available Tests

As part of the modem'’s operation, it can be placed in several loopback conditions. These conditions are primarily
for the purpose of testing the digital and analog capabilities of the modem by simulating the activities performed
by these functions during the communication process.

These loopback patterns can serve as diagnostics to help in determining whether the source of a communication
problem is a local modem, a remote modem, or connections in between. Although these tests are oriented toward
problems in a new installation, they are also useful if a previously working modem suddenly fails. Refer to the
troubleshooting information provided in the documentation accompanying the modem(s) for suggestions on
remedying a communications problem.

Failures in a point-to-point communication link, usually characterized by unacceptably high error rates or total
inability to communicate, may be the fault of either the local or remote computer, the local or remote modem, or

the telephone company circuit. The modem's diagnostic and test facilities enable you to determine the source of
the problem:

¢ Local Analog Loopback: Tests the path that includes the local modem and local computer

¢ Local Analog Loopback with Self Test: Checks the operation of the local modem with an internally
generated test pattern

e Remote Digital Loopback: Verifies the path that includes the local computer, local modem, remote modem,
and telephone circuit

* Remote Digital Loopback with Self Test: Tests the path that includes the local modem, remote modem, and
telephone circuit with an internally generated test pattern. This test requires a CCITT compatible modem.

 Local Digital Loopback: Tests the communication link, the local modem, and the remote modem (permits a
non-CCITT compatible, remote modem to engage in a digital loopback test with the local modem)

All digital loopback tests must be performed while the modem is configured for asynchronous operation. Before
beginning, place the modem in the asynchronous mode with the &Q0 command.
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B.4.2 Performing a Test

Tests are performed by issuing AT commands to the modem. Some tests require a connection be established.
Others, like the internal memory diagnostics and analogue loopback tests, check the local modem only and
therefore do not require a link with a remote modem. The procedures below explain how to initiate and terminate
tests.

B.4.2.1 Initiating a Test

All of the diagnostic tests must be initiated from the asynchronous command state (&Q0). To use the loopback
tests:

* establish a connection (except when running Analog Loopback L3 test)), and return to the command state by
issuing the escape sequence (+++), or if the &D1 DTR option is selected, by generating an on-to-off transition
on DTR

¢ issue the appropriate &T command once in the command state.

These tests are performed from the asynchronous command state. The results of these tests may be will help check
out the modem’s function and the quality of the communications link.

B.4.2.2 Terminating a Test in Progress — &TO

A test may be terminated from the command state at any time by issuing the &T0 command to the modem. If the
local analogue loopback or remote digital loopback tests are being performed, it is necessary to issue the escape
sequence to return to the command state before sending the &TO command. Commands that follow &TO in a
command line are ignored.

Entering the HO command will terminate a test, leaving the value of $18 at its current value; resetting with the Z
command terminates the test, resetting the value of $18 to 0. A soft reset with the Z command re-configures the
modem with the selected user profile. Both techniques break the connection.

B.4.2.3 Setting the Test Timer — S$18=

The test timer determines the duration of a test. $18, when set to a non-zero value, establishes the duration of the
modem's diagnostic tests. When a test has been active for a period equal to the value chosen for this register (from
1 to 255 seconds), the modem will automatically stop the test and return to the command state.

For example, if the register is set to 10 (ATS18=10<CR>), a test, when initiated, will continue for 10 seconds.

Setting $18 to zero (ATS18=0<CR>) disables the test timer (factory setting). Tests are then terminated with the
&TO0 command or by resetting the modem.
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B.4.3 Testing with Analog Loopback

Use the analog loopback tests if you suspect the modem is causing errors in data transmission. The local analog
loopback test will verify both the local modem and the local data terminal equipment. If this test fails, the data
terminal equipment rather than the modem may be at fault. The local analog loopback with self test will verify the
integrity of the local modem only. If this test fails, the local modem is at fault. If the modem passes both of these
tests, attempt the remote digital loopback with self test to verify the modem-to-modem communication path.

B.4.3.1 Local Analog Loopback L3 — &T1

Use the analog loopback test if you suspect the modem is causing errors in data transmission. The local analog
loopback test will verify both the modem and the local computer. If the local analog loopback test fails, the local
computer may be at fault.

Note: This test may be performed with a V.21, V.22, V.22bis, or V.23 connection.

Local Modem
'b°f§' Transmitter
Analog
Loop Y
Receiver

Set the local computer to echo characters and the local modem to echo commands received from the local
computer (the E1 option selected). Initiate the test with &T1. Type a few sentences; they will be looped back to the
local computer.

If the modem echoes your keyboard input to the screen as you typed it, the modem is operating correctly. If not,
the modem may be faulty. To end the test, enter the command state (+++) and issue the &TO command.
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B.4.3.2  Local Analog Loopback with Self Test — &T8

This test is used to verify the integrity of the local modem's transmit and receive circuits. During this test, an
internally generated test pattern is transmitted from the modem, looped back into the receiver circuit, and
compared with the original pattern for any errors.

Note: This test may be performed with a V.22 or V.22bis connection (&Q0 and BO selected).

Local
DTE

Local Modem

Test .
message Transmitter

inject

Analog
Loop

Error .

counter Receiver

Set the computer to echo characters and the local modem to echo commands received from the computer (the E1
command selected). Initiate the test with &T8. When the test is terminated, with the &T0 command, the modem
will return a three-digit test result (e.g., 000=no errors, 012=12 errors). If the error count reported is 000, the local
modem passed the test. An error count of 255 indicates that 255 or more errors were detected.
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B.4.4 Testing with Digital Loopback

Local digital loopback and remote digital loopback together test all of the components in the communication link,
including the modems. Data sent from one modem is looped back to it by the other modem without going through
the other modem's computer. Local digital loopback tests the communication link from the remote modem;
remote digital loopback tests the communication link from the local modem.

When local and remote digital loopback indicate a modem problem rather than a communication link problem,
both parties should run local analogue loopback to test the modems. If both modems test good but problems
persist, disconnect and place another call. If the problem still exists, the phone line or another component in the
communication link is faulty.

B.4.4.1 Remote Digital Loopback L2 — &T6
Remote digital loopback verifies the operation of both modems, the local computer, and the telephone circuit, by
commanding the remote modem to loop data sent to the remote system back to the local modem.

Note: This test may be performed with a V.22 or V.22bis connection and &Q0 mode selected.

Telephone
Line

Local Modem Remote Modem
%’192' Transmitter Receiver
Digital
oop'
Receiver Transmitter

Before initiating remote digital loopback, establish a connection with a remote modem. Then, enter the command
state and issue the &T6 command to begin the test.

Type a few sentences; they will be looped back to the local computer without appearing on the remote screen. If
the modem echoes your keyboard input to the screen as you typed it, the modem is operating correctly. If the
received data does not match what you typed, one of the modems or the local communication link is not
functioning properly. To end the test, enter the command state and issue the &T0 command.

Note: The local modem requests a digital lcopback with the remote modem through a special CCITT standard
handshake sequence. The remote modem automatically acknowledges the request if it has been conditioned to do
so with the &T4 command. (See the discussions on the &T4 and &T5 commands.) If the remote modem is not
Hayes-compatible, it may not permit this test to be executed from the local modem (response will be ERROR).
However, if the remote user can put the modem into local digital loopback or an equivalent state, the test can be
performed from the local modem.

Appendix B: Troubleshooting Tips B-13



B.4.4.2 Remote Digital Loopback with Self Test — &T7

This test verifies operation of the local modem, the remote modem, and the telephone circuit. The local modem
sends a self test pattern to the remote station. The remote modem, when configured to grant remote digital
loopback (with &T4), loops its receive data stream back to the local system. The local modem examines the
receive pattern and increments an internal error counter each time an error is detected.

Note: This test may be performed with a V.22 or V.22bis connection and &Q0 mode selected.

Telephone
Local Modem Line Remote Modem
meTsesitge Transmitter Receiver
inject
Digital
oop Y
csmtgr Receiver Transmitter

Before beginning the test, establish a connection with a remote modem. Then, enter the command state and
initiate the remote digital loopback by issuing &T7. When the test is terminated with the &T0 command, the
modem will return a three-digit test result (e.g., 000=no errors; 012=12 errors). If the error count reported is 000,
the local and remote modems and the telephone circuit passed the test. If errors were encountered, initiating a
local analogue loopback test will further isolate the source of the problem. An error count of 255 indicates that 255
errors or more errors were detected.
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B.4.43  Local Digital Loopback — &T3

Local digital loopback tests the communication link and the remote modem. During this test, the local modem
loops incoming data directly back to the remote modem.

Telephone
Local Modem Line Remote Modem
Receiver Transmitter
Remote
Digital DTE
y Loop
Transmitter Receiver

To begin local digital loopback, establish a connection with a remote modem, then enter the command state and
issue the &T3 command.

The operator at the remote system should type in a few sentences. They will be looped back to the remote
computer. When the operator at the remote system indicates that the test is complete, issue the &T0 command to
end the test. If the operator at the remote system reports that the data came back without errors, the remote
modem and the communication link are functioning properly.

B.4.4.4 Grant RDL Request from Remote System — &T4

This command configures the local modem to grant a request from the remote modem for a remote digital
loopback test (factory setting).

B.4.4.5 Deny RDL Request from Remote System — &T5

This command prohibits the local modem from granting a request from the remote modem for a remote digital
loopback test.

B.4.5 Testing the Tone Dialer — &T2

This command allows testing of the modem's multi-frequency tone dialer by sending out continuous tones of the
keypad characters (0-9, A-D, *, #).

To generate any tone combination, type: <
AT X1 &T2 DT (followed by one of the keypad characters: 0-9, A-D) <CR>

The modem will transmit a continuous tone pair until the <CR> key is pressed or &T0 is entered to terminate the
test.
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B.5 Testing the Cable

The cable (If used to connect the modem to the DTE, rather than through an internal slot) is an integral part of the
communication link. Even if the DTE, serial card, and modem support all of the signals necessary for full
communications, if the cable supports only transmit and receive signals, communication may be limited.

B.5.1 Cable Quality

High-speed and lengthy distances between the modem and the DTE are two reasons to make sure of characteristics
like shielding that quality of the cable is full pinning should be used according to the EIA232-D/CCITT V.24
standards descriptions at the end of this chapter.

B.5.2 Checking Cable Signals — &T19

The &T19 command was created to provide a way for software to test the capabilities of the cable between the
DTE and the modem, instead of assuming that the RTS/CTS lines (used for hardware local flow control) were
supported in a cable. This command is implemented in Hayes Smartcom Products; when setting up the modem,
one of its initial operations is issuing this command. The command is fully documented in Chapter One. The
signals tested by this command are according to the EIA 232-D/CCITT V.24 standards described in the next
section.

! __________________________________]
B.6 Testing Internal Memory

The various forms of the | command instruct the modem to query its memory for information about itself.
Although the results of these test are most frequently used by Hayes Customer Service, some software also uses the
responses when determining how to set up the modem prior to communication. These tests request information
about the modem's firmware; therefore, it is unnecessary to connect with a remote system before issuing the I
command. The various options for this command are explained fully in Chapter One.
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Appendix C:
Modem-to-DTE Interface

This appendix discusses the requirements and capabilities of the modem’s interfaces to the DTE line. External
modems interface to the DTE according to the EIA 232-D standard. The particulars of this interface for
Smartmodem 300, Smartmodem 1200, Smartmodem 2400, Smartmodem 9600, V-series Smartmodem 2400, and
V-series Smartmodem 9600 are described. Hayes internal modems use the EIA 232-D signals, although the specific
use of these circuits is determined by the bus interface of the computer.

O

C.1 EIA 232-D/CCITT V.24 interfaces

EIA 232-D is the EIA (Electronic Industries Association) definition of the electrical interface used for connections of
data terminal equipment (DTE) to data circuit terminating equipment (DCE). This standard has typically been
referred to as RS 232-C; however, when it became an accepted standard (EIA) rather than a recommended
standard (RS), the Association revised the version “D.”

Although not exactly the same, EIA 232-D is compatible with CCITT V.24, V.28, and ISO 152110 standards. This
standard prescribes the interface to the local DTE and normally uses a DB-2S connector with 13 pins in one row
and 12 in the other. EIA 232-D supports speeds up to 20 Kbps at a distance of 50 feet. EIA 232-D falls under layer
one (physical layer) of the OSI (Open Systems Interconnection) model.

EIA 232-D

i
i
]
®

EIA 232-D

DTE Hayes Modem Hayes Modem
(DCE ) (DCE) DTE

Hayes modems support the electrical portion of the EIA 232-D standard completely. However, signal definition
varies from modem to modem.
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C.2 Signals Used in the EIA 232-D Interface

The following signal types are used in the EIA 232-D interface. All of these types are not required for all
communications. Their corresponding CCITT V.24 equivalents are also provided.

Ground signals are present for protection and signal reference. These signals are present on pins 1 and 7 of the
interface. (7 always needed)

Data signals are used to transmit and receive data across the interface. The pins used are 2 for transmit and 3 for
receive. (always needed)

Control signals are used to ensure that both the DTE and DCE are ready before any information is transmitted.
These signals are also used for flow control during the transfer of data. Pins 4, 5, 6, 8, 20, and 22 are control
signals. (need depends on the application)

Timing signals control the rate at which data is transmitted and received across the interface. These signals are
only used for synchronous transmission and are located on pins 15, 17, and 24.

The EIA 232-D signals and their CCITT equivalents are outlined below:

Interchange circuit | CCITT equivalent | Description Pin To DTE To DCE
AA 101 Protective Ground 1

AB 102 Signal Ground 7

BA 103 Transmitted Data 2 o
BB 104 Received Data 3 .

CA 105 Request to Send (RTS) 4 o
CB 106 Clear to Send (CTS) 5 .

cc 107 Data Set Ready (DSR) 6 o

cb 108.2 Data Terminal Ready (DTR) 20 o
CE 125 Ring Indicator (RI) 22 .

CF 109 RLSD (DCD) 8 .

CG 110 Signal Quality Detector 21 .

CH 111 Data Signal Rate Detect DTE 23 .
Cl 112 Data Signal Rate Detect DCE 12 o

DA 113 Transmitter Signal Element 24 J
DB 114 Transmitter Signal Element 15 o

DD 115 Receiver Signal Timing 17 o

SBA 118 Secondary Transmit 14 o
SBB {19 Secondary Receive 16 o

SCA 1120 Secondary RTS 19 .
SCB 121 Secondary CTS 13 .

SCF 122 Secondary DCD 12 o
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C.3 EIA 232-D Signal Definitions

This section provides definitions of the signals used for modem operation. The circuit is first defined according to
EIA 232-D, then its use explained according to the way it is used by Hayes modems.

Protective Ground (pin 1) is connected to the equipment frame. The ground pin is electronically bonded to the
the modem case for external Smartmodem and V-series System Products, and to the computer’s housing through
the particular bus for internal modems. Hayes Personal Modem Products do not use this signal.

Transmit Data (pin 2) is data that is transmitted from the DTE to the DCE device. Data should not be placed on
this pin unless the RTS, CTS, DSR, and DTR signals are on. This is the circuit that carries the data from the attached
computer or terminal to the modem for transmission across the telephone lines.

Receive Data (pin 3) is data that is transmitted from the DCE to DTE. This circuit carries the data from the
modem to the attached computer or terminal.

Request To Send (pin 4) requests the channel for data transmission and is usually ignored during asynchronous
operation. It is also used to control the direction of transmission on a half-duplex link. This signal indicates
whether the attached DTE is ready to receive data. When the modem is operating asynchronously, this signal is
always on, indicating that the modem can send at any time. The circuit functions the same way in error-control
mode, unless the RTS/CTS local flow control method has been selected. In this case, the modem uses this signal to
determine when the DTE is ready to receive data. In synchronous, on-line operation, the modem can be configured
to ignore RTS or respond to RTS by turning on CTS after the delay specified by $26. The modem’s use of this signal
is controlled by the &R command. When in command state, the modem always ignores RTS.

Clear To Send (pin 5) An ON condition of this signal indicates that the modem is ready to transmit data. This
signal comes high after both DSR and DCD go high. This signal indicates whether the modem is ready to accept
data, from the attached DTE for transmission. When the modem is operating asynchronously, this signal is always
on, indicating that the modem can receive data at any time. In error-control mode, the signal is maintained on
unless RTS/CTS local flow control has been selected. In this case, the modem uses this signal to indicate to the DTE
that the modem is ready to receive data. When operating synchronously, but in the asynchronous command state,
the modem also maintains the CTS signal on. The modem turns CTS off immediately upon going off-hook, and
maintains CTS off until both DSR and DCD are on and the modem is fully prepared to transmit and receive
synchronous data. The modem can also be configured to turn CTS on in response to an off-to-on transition of RTS
(see discussion of &R command).

Data Set Ready (pin 6) An ON condition indicates that the modem is off hook and is not in test mode. The signal
normally goes high as soon as a remote carrier is detected. This signal indicates whether the modem is connected
to a communication channel and is ready to exchange control characters to initiate data transmission. In
asynchronous or error-control mode, the modem can be configured to maintain this signal on at all times or have
it reflect the actual state of the DSR circuit.

signal Ground (pin 7) establishes a common ground reference potential for all signal circuits.

Data Carrier Detect — RLSD (pin 8) is turned on when the modem receives a signal from the remote modem
that meets the criteria for demodulation. This signal indicates whether the receiver section of the modem is or is
not accepting transmitted data. In asynchronous or error-control mode, the modem can be configured to maintain
this circuit on at all times, or to track the presence of a data carrier from the remote modem. In synchronous
mode, this circuit always tracks the presence of data carrier. See the discussion of the &C command.

Appendix C: Modem-to-DTE Interface (0X]



Transmitter Clock (pin 15) provides the DTE with bit timing clock in synchronous mode of operation. This
signal synchronizes the local modem transmitter with the receiver of the remote modem receiver. The clocking
for this signal can be sourced from the local modem, the receive carrier, or the attached computer (from pin 24).
Selection is made with the &X command. Regardless of the source of this clock, this signal is applied by the
modem to pin 15 of the RS-232 connector and is used by the DTE to time the transmission of serial data on the TD
circuit (pin 2). This signal pertains to synchronous communications only.

Receive Clock (pin 17) provides the DTE with receive bit timing clock in synchronous mode of operation. This
signal provides the receiver section of the modem with timing information. The modem always derives this signal
from the receive carrier, and applies it to pin 17. This signal is used by the data terminal to time the incoming bit
stream from the local modem (RD — pin 3). This signal pertains to synchronous communications only.

Data Terminal Ready (pin 20) indicates to the DCE that the DTE is ready for transmission. It may also be used
for call termination. This signal prepares and maintains the connection to a remote system. The modem can be
configured for a variety of responses to the DTR signal, as required for the communication mode (asynchronous
versus synchronous) or communication environment (attached DTE or software). See the &D command
discussion.

Ring Indicator (pin 22) gives an indication of a ring being received on the telephone line. This circuit carriers
signal information to indicate the modem is receiving call signals (ring/tones). The modem turns on this signal

whenever an incoming ring is detected. When the modem is configured for AutoSync, this pin carries a signal to
indicate the end of a synchronous frame, and does not monitor incoming rings.

Transmitter Clock (pin 24) provides the modem with transmit signal element timing information (optional). If
the DTE sources the transmit signal element timing on this pin, the modem can be configured to use this clock
signal rather than its own internal clock. This signal pertains to synchronous communications only.

Alternate Rate Select (pins 12 and 23) The modem turns on this signal on either of these pins to indicate the
selection of the current line speed.
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C.4 Modem Interface Connector

External modems typically interface to the attached computer or other DTE through a serial port connector. The
connector used on external Smartmodem Products and V-series System Products as the modem-to-DTE interface,
is a male DB-25 connector. Personal Modem Products use an eight-pin DIN connector. Internal modems interface
according to the bus structure of the computer in which the modem is installed. For specific information on a
particular bus structure, see the owner’s manual or reference guides for that computer.

The diagram below indicates the way Hayes modems with this type of connector use the pins to carry EIA 232-D
and CCITT V.24 signals. The DTE may use certain signals differently, or may not use them at all.
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The physical connector as well as the pin numbers of the end of the cable on the DTE side will vary according to

the DTE's serial port.
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Appendix D:
Modem Application Development

This appendix offers suggestions for developing applications software using the AT command set. The techniques
described apply to Hayes modems in general except where specifically indicated. Although provided here, this
information is intended for experienced programmers who want assistance in modem application development.

D.1 Modem Identification

The initial concern for most communications software is modem identification. Before the software determines
the type of modem (e.g., is it a Hayes modem, a high-speed modem, what features does it support — error-control
or compression?). If the AT command controller portion of the software will be designed to work with a known set
of modems, the controller can be much simpler as the variables it must address are fewer as the predictable
behavior of the modems within the given feature set that will be addressed by the software.

Because the type of modem that will be present, certain assumptions can be made regarding modem
characteristics, such as maximum transmission rate, support of V-series AT commands or specific commands such
as L or X. If a more general application is being designed for an environment about which assumptions cannot be
made regarding type or brand of modem that might be used, the software’s first task should be to identify the
modem.

The 10 and 14 command options make this process simple. In the initial versions of Smartmodem 1200, 10
returned the three digit response: 120. Since then, responses have been extended for several groups identifying
modem supporting 2400 bps, 9600 bps, and other products. The 10 response simply indicates the speed category of
the modem.

The result of the 10 command is a three digit number which identifies the category of modem product. Some
unique 10 values can be used to identify a unique product which has specific behaviors. 960, for example, identifies
a V-series System Product capable of 9600 bps, which has additional commands and behaviors.

The 14 command option was added when the V-series System Products were introduced. This option provides a
reliable means of communicating specific features and modulation protocols to software . The responses to the 14
command are strings delimited by <CR> and beginning with a lowercase letter and typically followed by a hex-
character bit-map. The 10 and 14 responses currently defined are detailed in the description of the 14 command in
Chapter One. The tables show the decoding of the hex-map returned in the “a” (Smartmodem features), and “b”
(V-series features) bit-mapped strings. If 14 is used to identify features of the modem, consider that new result
strings are periodically defined that may be returned in addition to those expected. Fields once designated as
“reserved” that held a zero may now have values assigned. The strings themselves may also be different of lengths
than previously implemented.
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spite of the modifications to this command necessary to maintain currency with new modems, the 14 command

is the best way for software to determine the modem type and capability, if the guidelines below are considered:

An

10 or 14 commands should be issued at 1200 bps. All Hayes products (including the Smartmodem 300) respond
to AT commands at 1200 bps. Most other brands also respond at 1200 bps. You can switch to a higher
transmission rate once the modem has been identified.

Result codes should be parsed as strings surrounded by <CR><LF>. The string will begin with a lower-case letter
followed by up to 39 additional characters.

After all result strings have been sent, an OK result is returned that obeys the V and Q command settings.

ERROR, OK, or a three digit result in response to the 14 command should be expected. These results may be
returned by products shipped before the 14 command was introduced, or by non-Hayes products.

The length of the strings may be different than anticipated If shorter than expected, empty positions should be
presumed zeros. If longer than expected, extra characters should be ignored.

Some non-Hayes brand modems return unpredictable results in response to 10 or 14 commands. One brand of
modem actually responds with its configuration when the 14 command is sent.

example {4 command and response is shown below:

AT EO V1 QO S0=0 14 <CR>

response:

<CR><LF>a087840C004424<CR><LF>
<CR><LF>bF60410000<CR><LF>
<CR><LF>cUS<CR><LF>
<CR><LF>m0000000001001FFFF<CR><LF>
<CR><LF>0K<CR><LF>

Note: each 14 result is surrounded by <CR><LF>, not all responses are hex-strings, and some responses may not be
expected at all.
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D.2 Resuit Code Recognition

Hayes-compatible modems support verbose and numeric forms of result codes. Unless echo may be a problem and
will be installing the controller in a limited-growth environment, verbose results rather than numeric results are
preferable. Numeric result codes were originally intended to make it easier for software to control the modem,
but there are two primary reasons they should not be used:

Software can be confused by a command echo. For example, if the following command were sent with echo on
(E1) and numeric results (VO0):

AT ... 39=20 <CR>
The resulting data, echoed by the modem, would be followed by the numeric result code zero, meaning OK:
AT ... $9=20<CR>0 <CR>

Software may become confused by seeing a 0<CR> result which is actually part of the command echo, then
another 0<CR> which is the numeric result. A program can become out of synchronization with the command
processor in the modem.

Turning off echo mode (EO) in the initial setup string would solve this problem; however, do not end that
command with any digits (simply E).

Another shortcoming of numeric results is that the software must anticipate all possible responses. This requires

updating of controller software whenever new result codes are added. For example, suppose a CONNECT 115200
result were added with a numeric value of 31. If verbose results were used instead, and the controller directed to
interpret the number after the CONNECT result as simply the connection speed in bits per second, no changes to

the driver are necessitated by the new result code. If, however, numeric result codes were used, the result code 31
must be added to the table, and the controller modified to interpret it appropriately.
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As characters are received, they should be processed through a state machine providing the functionality of the one
outlined below. This state machine recognizes strings surrounded by <CR><LF> characters and store the string in a
character array. <CR><LF> are defined by the $3 and $4 registers.

Sample State Machine
Initialize with: state =1 ;

ch = <next character from the input>
switch( state )
{
case 1: /*-- Scanning for leading CR --*/
if(ch == CR) state=2;
i=0;
break ;
case 2: /*-- Scanning for leading LF --*/
if(ch == LF ) state = 3 ;
else if( ch == CR ) state = 2 ;
else state =1 ;
break ;
case 3: /*-- Buffer result, watch for trailing CR --*/
if(ch == CR) state = 4 ;
else buf[ i++] =ch;
if(i > LIMIT ) state=1;
break ;
case 4: /*-- Scanning for trailing LF --*/
if(ch==LF)state=S5;
else if(ch == CR ) state = 2 ;
else state =1 ;
break ;

if( state ==5)

buf[i ] = 0 ; /* Null terminate buffer */
<process result in 'buf'>
state=1;

}

This state machine can be imbedded within a loop that reads all received data one character at a time, checks for a
timeout, and also checks for user abort. Once a result is recognized, that loop can be exited or continued if
additional results are expected.

Once a result code string is returned, it can be compared against the known result code strings. Some strings may
incorporate wild-card suffixes. For example CONNECT followed by any numeric value indicates a successful
connection at the indicated transmission rate. Even if a result such as CONNECT 38400 is not anticipated, if the
controller has been coded for wild-card recognition, the controller will be capable of interpreting such responses
correctly. This practice also facilitates interpretation of connection failed messages that are preceded by NO
followed by any other character string such as DIALTONE, CARRIER, or ANSWER.
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D.3 Modem Preparation

Once the modem has been identified, the controller can continue to program any registers or user-defined values
into the modem necessary prior to initiating the connection process. Typically, the setup operation is separated
from the connection processing because it is performed independently of whether the call establishment will be in
the originating or answering mode.

Setup commands can be issued at the highest transmission rate the modem supports as determined from the
identification process or it may be fixed at a certain value if the modem is not identified.

D.3.1 Reset

Before issuing any other commands to the modem, it is advisable to issue a Z or &F command to the modem
before the identification or setup process. No specific response should be anticipated. The modem may be setup to
return numeric, or no result codes. If a reset will be used, the following points should be considered:

¢ Even if a recognizable result within 2.6 seconds, the program should continue. (Some modems do a lengthy
reset process before responding with a result; others may be in Q1 or VO mode).

 Following an OK result, an additional 600ms delay should be imposed. Some modems will respond with an OK
then do lengthy reset processing, in which case they are unable to accept additional commands.

After the modem is rest, the first setup string (e.g., verbose rather than numeric result codes) should be issued,
then the identification command.
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D.3.2 Setup

Software should generally provide some modem setup. However, the software can be written to rely on modem
configuration via a stored profile recalled on reset, or by DIP switches set depending on the product. In this case,
any unique settings must have been setup prior to running the software, and all the program does is send the Z
command to recall the the desired profile. Even more basically, software can assume the is in the power-up state.
However, unless the software will be used within a very predictable environment, these assumptions may result in
failures with the controller software.

Some commands will always be overridden by the controller in order to ensure its proper functioning. Other
commands options should either default to the factory setting, or simply act as the “transfer agent” for the
commands specified by the user. Menus and dialogs can be provided to prompt the user for specific activities; the
program can then interpret these requests and configure the modem accordingly, as Hayes Smartcom Products do,
or provide the user opportunity to enter AT command strings.

Commands frequently set by a modem controller:

EO Turn off echo mode to avoid having command echoes pass through the result code scanner
&F Recall the factory profile
Q1 Enable result codes to ensure that commands are being processed, and to synchronize with the

modem command processor (except for synchronous communications where result codes may cause
the DTE confusion)

VO or V1 Use either verbose (recommended) or numeric result codes
$0=0 Disable auto-answer during the setup process to avoid inadvertent disruption by an incoming call
HO Ensure modem is on hook before continuing to the answer or originate step

$12=10 Set the escape guard time to 200ms to hasten the escape for hang-up process. Also reduces the
probability of inadvertent user escapes

$2=* Change the escape character for two reasons: To avoid inadvertent user escapes, and to provide
different escape characters for answer and originate sides. This prevents inadvertent escaping when
data is echoed

$4=" Modify the linefeed character to make the <CR><LF>NO CARRIER<CR><LF> result code more
unique if you scan for it to detect carrier loss

Two typical setup sequences using these recommendations are shown below:

Recommendation for software design based on using pre-existing user settings:
ATE QV S0=0 H $12=10 $2=28 $4=31 $95=60 <CR>

Recommendation for software design based on starting from a known factory setting:
AT &F $2=28 $4=31 $12=10 $95=60

Note: Where the zero suffix is used, it may omitted. Spaces are shown above for readability, but the use of spaces between
commands is not recommended.

Once this setup command has been sent, and the OK response returned, the controller can continue to the
originate or answer processing.

If user-programmed settings are included in additional setup strings, or the user is permitted to enter AT setup
strings, the software should anticipate ERROR result codes. If an ERROR is returned in response to such a
command, the result does not have to be reported to the user, but the controller should not be prevented from
continuing in either case. Many times a connection can be made even though some setting is in error or is
inappropriate for the class of modem being addressed.
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D.4 Connect Processing

Once the setup operation has been completed , the commands to establish the connection can be issued. The
instruction can be either to originate (using the D command), or to answer (using the A or $0 commands).

D.4.1 Originating a Call

If the D command is issued with the desired phone number, several possible result codes can be returned. The list
below outlines some results to expect:

Result Code Meaning

NO CARRIER Connection failed

NO ANSWER No response to '@ dial modifier

NO DIALTONE No dial tone in X4 mode

NO __ Connection failed for some other reason

BUSY Busy signal detected

CONNECT ____ Connection successful; you may need to change DTE speed to the indicated baud rate.
(See Wn and $95)

CARRIER ____ * DCE carrier speed. (See Wn and S95)

PROTOCOL: ___ * Error-correction protocol being used by the modems. (See Wn and S95)

COMPRESSION:____ Compression technique in use by modems. (See Wn and S95)

AUTOSTREAM Autostream technique in use by modems - if selected by user. (See Wn and $95)

Ignore other responses, but continue to wait for CONNECT ___, BUSY, or NO ___ responses.

The CARRIER and PROTOCOL results are intermediate results and precede either a CONNECT or NO
result. These results are only returned by V-series modems when configured to use an error-correcting protocol.

If you recognize any numeric value for the baud rate after the CONNECT result, you will have a much more robust
controller able to handle many situations.

You can use the PROTOCOL result to determine if the flow control requested by the &K command is in effect for
V-Series System Products.

D.4.2 Answering a Call

The simplest technique for answering an incoming call is to set $0 and wait for a CONNECT ___ result. You may get
several RING results, and possibly a NO CARRIER result if the caller hangs up before connecting. These results
should not cause your controller to abort. Continue to wait for a CONNECT result code.

If you set $0, you may want to set it back to zero after your controller finishes the call to prevent inadvertent
answering when your software is not running.By setting $0 to the number of rings you desire before the modem
answers, you utilize the ring detection technology already built-in to the modem.

You should not use the A command to answer after counting RING results because the command may collide with

another RING result from the modem and be missed. The RING results may be generated in pairs depending on
the ringing cadence of the phone system.
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D.4.3 Using the CD Line

Monitoring the Carrier Detect (CD) line of the EIA 232-D interface is another technique for carrier detection in
answer or originate mode. This assumes that &C1 or the corresponding DIP-switch has been set and the cable is
wired properly. Both are risky assumptions. You will have a more robust controller if you use result code scanning
rather than the EIA 232-D lines.

If you use CD, you do not know when the modem has given up waiting for the carrier, or why. If the line is busy, you
may want to re-try the dial operation. If there is no dial tone, the user needs to know this.

D.4.4 Aborting a Connect Request

Once the D or $0 command has been issued, the modem goes off hook (or may be off hook for $0) and it must be
put back on hook (hang-up) before the abort is completed. To abort an in-progress connect command, send any
character to the modem. This will typically result in a NO CARRIER response. The result code scanner should be
called after the abort character is sent to prevent additional commands from being sent before the controller and
the modem are again in sync.

Smartcom products send AT<CR> to abort an in-progress connect command. This elicits a result code regardless of
whether the modem were off-hook or not. If the modem was off-hook attempting to connect, this will abort the
connect operation and return NO CARRIER. If the modem was on-hook in command mode, this simply returns
<CR><LF>0K<CR><LF>.
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D.5 Carrier Loss Detection

You want your application to be able to detect when the carrier has been lost so you can determine when the
connection is complete. You might be unable to put this part of the code in your controller software, since the
controller is typically running only during the connect or hang-up process. Once the application has detected the
carrier loss event, it can call the modem controller to clean-up.

D.5.1 Using the CD line

If you can be confident of the environment and cabling, and have access to the EIA 232-D signal status, then
monitoring the CD line is the easiest carrier loss detection method to implement. This requires &C1 to be
programmed at setup time, or be stored in the modem as the value recalled on reset or powerup.

However, this is the most restrictive and risky choice. It requires a properly wired cable and support of &C1 by the
modem's command set or proper DIP-switch settings.

D.5.2 Scanning the Incoming Data Stream

In cases where you cannot depend on 100% Hayes compatibility or want to be independent from the cable wiring,
then scanning for the NO CARRIER result is more reliable. It is also more complex to implement.

Typically, at the low-level of the program all received data is retrieved through one subroutine. This subroutine
can be augmented or layered to provide the service needed. As data passes through, the last fourteen characters are
buffered, typically in a circular buffer. If more data passes in each call, only the last fourteen need to be copied. At
a time when the processor is free such as after 100 ms of idle time or the receive routine has returned no data for
30 to 100 calls, then the buffer is compared against the <CR><LF>NO CARRIER<CR><LF> result code. If a match
is found, the carrier lost event is triggered.

By only checking when there is idle time, or after no data has been received for a while, you reduce the CPU
overhead and ensure that the modem is not falsely triggered when the string is imbedded in an actual data stream.

You can also modify the linefeed character by using $4 to a different value such as $4=31 to make the result code
sequence more unique. This action, however, affects other result codes generated by the modem.
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D.6 Escape and Hang Up

When your controller has been instructed to terminate the connection, you must put the modem back in
command state and issue the hang-up (H) command. In addition to hanging-up, you will also want to restore
settings you changed to their factory-set values, or issue an ATZ<CR> to undo the effects of your changes. In any
case, clean up is necessary even if the connection were terminated due to loss of carrier.

D.6.1 Escaping the Modem to Command State

To escape the modem, the controller must first delay the escape guard time (specified by $12), then issue the
escape character three times (specified by $2). then wait for an OK result. Waiting for the result also enforces the
required guard time after the escape sequence. Once the OK result is received, the modem has entered command
state. The controller can then hang-up and restore the modem.

The controller software must be sure to wait the required guard time before sending the escape characters. Your
controller may have been called just after data was transmitted and, without the delay, your characters will just be
sent without triggering the escape recognition process. It is important that the serial transmitter pe permitted to
be idle for the escape guard time, plus a few extra milliseconds to allow for error, before sending characters.

For example, if $12=10 a delay of at least 200 milliseconds is required before sending the escape characters. After
sending the escape characters, the OK result will be received after another 200 millisecond wait. This completes
the escape process in slightly over 400 milliseconds. If $12=50 (factory setting) is used, one full second must pass
before the characters can be sent, then another second delay must transpire prior to the OK result. This completes
the process in slightly over two seconds. For this reason, it is recommended that $12=10 be issued to speed up this
process.

A delay slightly longer than that stored in $12 should be used to allow for errors in the system clock as well as in
the modem clock. 100ms is an adequate safety margin.

D.6.2 Using DTR to Escape or Hang Up

The DTR EIA-232-D signal can be used to escape the modem to command state, or to reset the modem depending
on the &D command set or DIP-switch settings last set. This also requires the cable to be properly wired. Unless the
software will operate in a highly-controlled environment, this technique is discouraged over the escape process
because of the requirements to make it function properly. Leaving a call connected simply because the cable was
not properly wired can be potentially expensive. The escape sequence is reliably in all environments if it is
properly utilized.
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D.7 Modem Re-configuration

When the call has been completed, a “clean-up” command should be issued to return the modem a more known
configuration. For example, if verbose result codes were selected when the modem was reset, and the controller
selected numeric result codes, on completing the session, the controller should reset the modem to re-select
verbose result codes. In the same way, if the linefeed character were changed to suit the software or environment,
the character should be set to its former value. Any other command options that were modified, should be restored
to their factory-set values.

The minimum the controller should do when through with the modem is issuing a Z command option to ensure
the modem is restored to its powerup state.
.|
D.8 Timing Considerations

A modem controller inherently has a sense of time. Usually all that is needed to utilize the timing part of the
controller is access to a time reference. For example, the number of milliseconds since powerup or program

launch, or a “system tick” value can be used.

Under DOS, the INT 1C timer tick produces an interrupt every SS milliseconds. An ISR can be installed on this
interrupt to add 55 to a long integer every time it is called. This will provide a millisecond counter.

On the Macintosh, the “TickCount” function will return the number of vertical-retrace ticks since computer power
up. Each tick represents one sixtieth of a second.
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D.8.1 Programming for Time

The time value is used to determine relative time. For example, if a loop should be executed for only 2 seconds it
could be coded as:

timeout = TickCount() + 120 ; /* 60 tics per second = 2 seconds */
do

{
got_one = Check_Result( ) ;

}
while( ( ! got_one ) && ( SystemTick() < timeout ) ) ;

This code fragment continues to call the Check_Result function until it returns a true value, or until two seconds
have elapsed.

This technique is independent of processor speed. A faster processor may make thousands of trips through the
loop, where a slower one would only make a few hundred. Any anticipated result code would arrive within that
two-second real-time window.

Care should be given to considering when to start the timing loop. If an AT command string is sent, then a loop
executed, the time interval may also include the time required to send the AT command (if data is buffered and
sent by an interrupt service routine).

At 300 bps, where each character takes 33ms just to transmit (10/300), a 40 character AT command would take
over a second to transmit. This means a two second loop spends more than half of its time waiting for the AT
command process to complete, leaving only a fraction of a second for the modem to respond with the result (again
at 33ms per character).

One way to avoid this is to wait until all data has been transmitted by an ISR before entering the result code scan
loop. Alternatively, more time can be provided for loops to process results. Another option is to measure idle time
rather then elapsed time.

D.8.2 When to Consider Time

The use of timing varies from command to command and operation to operation. Some commands take longer to
execute. The guidelines below can be used to determine the best amount of time to wait.

¢ For the Z command, wait two seconds for a response, then wait an additional 600 ms, whether a response were
received or not.

¢ For general setup commands, wait two seconds for the response.

¢ For the hang-up command (H), wait up to 20 seconds for a response. V-Series modems may take longer to hang-
up if data buffered within the modem is still waiting to be transmitted and acknowledged. This time is
controlled by $38.

¢ For dial commands (D or O) wait at least one minute or more. Values set for carrier detect time, tone versus
pulse dialing, commas in the phone number, all can take additional time.

If the software times out, the modem may, in fact, not be connected to the computer, disconnected, or turned off.
If this is the case, enforce a reasonable timeout to the first setup or identification command. That will determine
whether a modem is attached and functioning.

A timeout may also occur when the software receives a result code it does not recognize. The software may
continue to wait until it receives a code it does recognize. If this is the case, the controller should proceed as if an
ERROR response were received. The only instance in which it is not prudent to continue is when a connect (D, A,
or $0) command was issued.
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Before implementing a timeout, the advantages, if any, to this level of program interruption should be considered.
For example, if the program times out from a dial command in one minute when it may take two minutes to
complete the call, the timeout defeats the purpose of the command. The modem always responds with a result
code, whether BUSY, NO CARRIER, or CONNECT, after some length of time.

Idle time is the time since data was received. Elapsed time is the time since the software started looking for the
result. Idle time can be measured by resetting the timeout clock each time the software receives a character.
Rather than exiting the loop after two seconds of elapsed time, the logic changes to exit after no further data has
been received for two seconds.

D.8.3 Recovering when “Out Of Sync”

Another disadvantage of timing out is that an early time out can put the software out of sync with the modem
command processor. The controller may be interpreting results sent in response to previous commands as the
response to later commands. To avoid this condition, any pending receive data should be flushed before the next
command is issued.
| || ]
D.9 General Tips and Techniques

The following are tips and techniques that may help in the exchange of information between the software
controller and the modem command processor.

Commands in the command line should be ordered starting with the safest and ending with the most risky. Risk is
defined as the potential to generate an ERROR, causing the remainder of the command line to be ignored.

Any command that may return ERROR should be anticipated. This or other unexpected results can be ignored
unless the command is critical (configuration or call placement).

Send 10 or 14 at 1200 bps, which is supported by the majority of modem products. A modem reset (&F or Z) should
be performed at 1200 bps before sending the identification commands.

Setup processing can be speeded by sending all but the last D or $0 command at the highest DTE rate supported by
the modem. The last command must be sent at the speed at which the connection should be made (except V-Series
System Products which specify this with $37).

Any dependency on proper cabling can be eliminated by avoiding techniques that depend on EIA 232-D signals:

¢ Have the software scan for result codes, rather than depending on the condition of the CD line

¢ Transparent flow control should be used with V-Series System Products rather than with RTS/CTS signals

¢ The escape process and H command should be used to hang-up instead of terminating a connection by dropping
DTR

¢ Any unexpected RING result codes may indicate the last command may not have been processed correctly. The
command should be-issued
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Sample Controller/Modem Exchange

Clock Controller Speed Modem
(1200 bps)
00000 ATZ<CR>
00034 ATZ<CR>
00068 (one second to do reset)
01068 0<CR> (VO stored as default)
01084 (delay additional 600ms)
01684 ATEQV150=0512=10S4=3HI<CR>
01884 ATEQV150=0512=10S4=3HI<CR> (echo)
02084 <CR><LF>960<CR><LF>
02142 <CR><LF>OK<CR><LF>
(19200 bps)
02192 ATMOX4L1512=1052=1&Q5W1536=7537
=9&K5<CR>
02206 <CR><LF>OK<CR><LF>
02209 ATDT9W14045551212<CR>
38000 <CR><LF>CARRIER 2400<CR><LF>
45000 <CR><LF>PROTOCOL: NONE<CR><LF>
45010 <CR><LF>CONNECT 2400<CR><LF>
(2400 bps)
(Connection Established)
(2400 bps)
00000 (delay 300ms, need 200, add 100 for
safety)
00300 (escape char is *A, S2=1)
00313 (waits 200ms)
00513 <CR><LF>OK<CR><LF>
00538 ATHE1S52=43512=50W0&QO0<CR>
00630 <CR><LF>OK<CR><LF>
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Where to Go from Here

With the information provided here, you should be able to configure your modem with AT commands for a variety
of communication environments. If you are just starting out with communications programming, this reference
should provide you with sufficient tips to address the modem’s features through a software program of your own.

If this reference seems more technically oriented than you anticipated, we suggest that you purchase one of Hayes
Smartcom Products. Any of these fine programs will fully control the modem for almost any telecommunication
requirements.

If you are, or would like to become, a registered Hayes Software Developer, you may receive additional technical

material on Hayes products. For information on qualification and registration procedures, contact Hayes
Customer Service.
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Index

Because the primary function of this reference is to provide detailed information about the AT Command Set and
V-series X.25 communications, the following index is primarily a listing of command, S-Register, PAD parameter,
and result codes for quick lookup by name or function.

A
Accept a virtual call (ACQ).......cucuevuvuierrnnseinaniennesnsessissnssessssssssssstssssesssssssssssssssssesssssssnsssasssssassesasnes 2-3,2-4
Adaptive Data Compression (ADC)......ccocuevnenernsnsnsnnnnensssssnssessssnsssessssssesens ..1-25, 1-39
Adaptive Start Up (ASU) - . 1-37
Address an S-Register (Sr) .......ccceveverunens cesseessstesssstassntssssnsessnansessnsaesasss 1-11
Ancillary device CONLIOL.....cireinecinrecrnrnnninenssansseesssssesssssssssssesssessssssssenssssasssnss 2-13
Answer a modem call

automatically (80=n)........c....ccecvrucrrerruerenne teeeeeeesaeessateesnatessesasessaeasessnasesssanseessssasesenaasss 1-28

MANUALLY (A) ceeerirernnrensnsniniiiiiniesiinnssisnssisnssesssssssssssssasssssssssssssssssssssssssssnssasses 1-1
Answer a Virtual Call (ANS) ......oeicceiiirnricneeeneinsanssseessssssissassssassssssssasssssssssssssssssssnssssssasssssene 1-4
ASB DBUffer lIMits (S8 & $50) .....ccvueruiereeriereiressasssesessnsnsasssessssatesissssassstssesstsstsssssstsstssstssssosssassssessssssssssssssssssssosssassssse 1-33, A-11
Asynchronous communication mode (&QO) ..... cccceeuverereneerenisenesnnesennsesesisssssneresessssssesesesasnssases 1-17, A-S
Asynchronous framing teChnique (AFT) ..ot ssesneseseasssassssssssnssssssasssnsasassssesasess 1-26, 1-30, 1-32
Asynchronous mode with ASB (8IQ6)...........coverererenreisieiniiisierstsssssissessissesesssesssssasssssssssssses . A-11
Asynchronous transmission .........eeesceesseissesnnininessssnninssssssssssssssssnssssssesssssssssnsssssnes A2
AtENtiON COAR (AT) .ecvverrirncenrerenreississersssmsseisensssesesssssssesssssacsassssssassssessssssssssossassssesssassssssssessssssssssaes 1-40
Automatic Retrain (&B).......cceerreereuenne eeseessseesseesatessasenntesaasesratsratesetsteastesatessantsesranesenas e onsasrene 1-13
Automatic speed buffering (ASB).......cccocevveeruererrenrensenseniecstnsenenenenenesaeenesnnnanes 1-17, 1-33, A-11
Automatic timeout reZiSter ($30).......ccceruerurrerisrirsissnssesesnissessnssissesasssnssestsssessssssesssessessasssessssssssssessessssssssssssasessesasssassessons 1-30
Automode V.22/V.22bis Probe Timing........ccviriinisisnniiinsiinsisenesssesesnessssssssssessassessesassassens 1-40
AULOSITCAIM . veeeerareerrneerranecnsaessareesssnsssssssssasssssssssssssassssesssassssessseessssssssasssesssstessssasssseesssnssssssssssnsans ; 1-26
AULOSYINIC (SHQUB) ...ecovvennniriinninirecsir st cnesesecassens e sessssesssesssassensssssssssssssssssssssssssessssessssessstsssensssasns sassssssansssssnssssassensanss 1-17, A9
B
Backspace Character (85).......cceeeuvuermsinesninesesnsssnnsnssssesessssssnsesssessssssssssssssnessssssssssssssssssessans . . 1-28
Break signal duration for X.25 connections (National parameter 73)........ccccceeevrrieenecsnersnesecsanenes 2-19
Break signaling technique ($82)...........cccvureirinerenennntnenenininnnienentsssreessssnissessssnsssssssssssssssesasnes 1-37
BUSTEIS (S & S50) ...cveriiciererrnisissennestisisesiesisssssisssesssssstesessessesstssesstsstssesstessessessesssasssosssssssssssssssasssesassssssssssasssssassas 1-33, A-11
Busy signal result code (BUSY) ......ccuiiniiiniinnieninnnnisnesinneessinnsessesssnssssseessesssssssssasssssessssessessasssenes . 1-24
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Cable requirements.... Loeserrasseesnsnssssssessesesssssasssssssasssssssssssssesssssssssssssssssasssasssssassssss App. C
Call facilities cetetsssstersasrsnsssatessrssssnbenesesarassa eereaarasens 2-6
Call request packet (National parameter 102)........ccecrerseersenersessssssssssssnsessssssnsnsasssssssssssses 2-20
Call request response timer (National parameter 104) seetsstessatsstenessnestbtansssnsnsassrassnsseressanate 2-21
Carriage return CHAaracter (83) .......cocecvcmsieniisesssssssssssesescsensssssasssssssassrssssssessassssessssssssessassasssssssssnsssssnssnsassssssssssssss 1-28, 1-40
Carrier detection (89 & $10)........... . 1-14, 1-25,1-29
CCITT Recommendation V.24 ..........ccovenierennisnnsnnenessessnsassssassnessssssssassssssssasssssssssssnssnsossssssssossssssssssssessssssssesossssssanssses App.C
CCITT simple standard Profile........ceucccveresenisieennrnsesnesessesssnsssssssssssassssssssssssssassssssssssssssasssssassassessesassassesse 2-23
CCITT transparent standard PIOfile..........ccveeuereererenessnsescsnsrsessessessseesssnsssssasnssssasassssssssssssssssssssssssssssssssssasssssssssncas 2-24
Change an S-Register value (Sr=) eresssterasssssesasa e sasRaRese e SRR e SRR RS O R SR SR SR SR RS SR SR BRSSO BRSO R BRSSO RS S S RS RS SR RO SO R SRS SR e en 1-11
Change virtual channel (CHAN) ...........c.covreneieresusucnnnircsnsesnsssssasssaenssesssssnsasssses eeesaeesssesnsesaneesesssesaserssssansseseetssasoses 2-6
Channel allocation parameter (Natlonal parameter J (071) S seetsassesss e asssaasansassssrseassa s sae st saane 221
CRATACLET EIELE..uucreereeerecnerarcrecessarsersassasssessssssssssssonsnsssmssssessssstosssssssssessssesstossesessesssssasstessessssasssasssesssssassssssassessassassnsnssnssnass 2-16
Character echo
COMMANA SEALE (E) .ccreeereersaecseirersserssnsssssrssssnssrsnssssssassassassessssssessessessassassssesasssssssssssassasssasssssssasssssssnsss 1-5
ON-IINIE SEALE (F) cevereerarrercerseecsnssnsassassassasssssssssossssssnsssssassessssesstosesssssssesssssrossssssassssssssssssesssssassssssssssessassnssassssssese 1-5
Character format (AT prefix & National Parameter 71).....c.covceneeiecnmiressenensessesnsnessisssssssssssessassssassassssssssesssssssssss 2-19,A-2
Clear request retransmission counter (National parameter 106).....c..ccereereruenreresuesansacsucsansnssassassassnssssssssessisssssessessessess .2-21
Clear virtual channel (CLR).......ccccceecccniscsaisnsncssscsassssssssassessssssssssssssssssassesas veeseessesaressennsanenssnsssasasnes 2-6
Clock source (&X) seesesssastesssasssesressansesansans reeeteessneessantesssanessnsessentassnesssnnns 1-22
Comma (,) dial modifier.......cccecvinnvervversssssursnesans tetessressaesseesstesatesaneesaeeraneeras e aaeeras e satereteerestesteeestertssrtisrees 1-4
Command mode selector teeteesessesasstesteseeseeneseeseessisestestesestisestNetes st SR SR e NSRS SE S SE SR b SRS SR SRRSO S SR SRR RO RS SRS SRS RS SR SR RSSO RO SRS RS 1-38
Communication modes (8Q) ......ccceceeruerrerrencsecsansnccnsnsssassessessssssssssssasanss eveessssnasns . . A-3
Communication PIOOCOLS (SAB) ........ccvuueeririrnresisesessssssasesesasessssasasasssssesssasssssssssssessssssssassssssssssasssssnsassasssssssasasssrasssssssssase 1-32
Communication standards (B) ....c.ccccccceeeceeeccnesnccrsssassssesssssasssassssssassosssssassass 1-2
Connect messages (CONNECT XXXX)........cccoeeurrnernreresessssssssissssnssessesssssssassesssasasssssssssasssnsssssssssssnssssnssssssassssnsssssssssssasess 1-24
Connect to a packet-switched network................. eeretestsssetste it a e a e b e st s s s s s s ae s bR sae s Rn s ae e sn e snssnsanes 2-25
Connection fallUre CAUSE (SB6).......cccceecrrerrerrnecsenirrsssesssessstsssssosssssssssesssssssssssesssanessassssassssansssssssssassssssssssssssasssssssessasessasss 1-38
CTS (Clear-to-send) OPtiONS (BIR) ........ccccueeirierisunriresecsesessssesessssesesssassesassessesessoserasssssessossonssnsssansossssessessassassssssassasasnassssasses 1-18
D
Data Carrier Detect (DCD) signal (&C) cessersststeb ettt st e s R st ebasR s e R b b eResRaRbeR b sae b s 1-14, App C
Data compression ceerssssnssssasusnssesaans reeetentseestessestbertentsatstestr st stentstssssas et sassss bt Rt Rs st s saseses 1-25
Data forwarding eeeeetsassaesett i ae st st sh bR SN SRR S SR e SR RS SR RS SR SE SRS SR RS SE SRS RS SR RS SRS SR RO SRS RSSO R B SR SRRSO RO SRS SR RS RS SRR R RO sa R0 1-15
Data Set Ready (DSR) 51 AL (BS) c.eeeeeeeecreseeecnsssnistsnesiossnsssssssssssnssssssssstssesssssassssasssssssasestssstentssessnsssnessesassessssasssssessarasness 1-18
Data Terminal Ready (DTR) SIGNAL (BID) ..ocireerininininiinriiinniiirsinsiieiiss s ssassesassasesasssesasasesesassssassaes 1-15
DCE line speed ($3?)..... eteseessressneenaesanesnatesasesenesesesatesestesasesstssssaseretssstasstasess 1-31
Default maximum packet size (Natlonal parameter 100).......ccceveeiericinsnnnssnssnesnssneesessenssessssessesssassasessassssessassnss 2-20
Default maximum window size (National parameter 101) .......... ceeresensessnnasnns 2-20
Delay before forced hangup (S38) ........cccveereririserrinissesnsenissessnisssssnsssssssssssssesssssasssessssssessessessesssssassssssssssssssssassssasessssnss 1-31
Device addressing........coceeceveesersursucesesanens . cesuesetsestete b ss et esass b se s b s sesa st ss s sser R e s seseeasssenanees App.C
Dial command (D)......cccceeeneesencsensssnnossense eeeeseesseratesseeaeesaeesaee et eese e eatsstasssteseaesnaterenserasessetestressssss 1-3
Dial modifiers
delay processing of NEXt CRATACLEL ()).....cocvesrssrcrnsessessisessessssnsssssiussessesacsssssissnssessassasssssssesssssssssssssssnsssesassassssssssssssnasass 1-4
dial dlglts/characters for phone number ©09#*ABC D) ...................................................................................... 1-3
originate call in answer MOde (R).......ccceevrnnrisnisiisininintisssissmsiiieieiiisieiseseiisesisissisisssssessssssssessssssesssssssssasss 1-4
pulse dial (P)..c.ccoeeuvcvsernensenenrersncsierecseesnens creresseesatesstesnntesnatessassrattnaes ateesantesnaseerasseretsesenttesaatesartesaasese 1-3
return to command mode after QIALINEG () cvorrerersnsuecnsnssnsnsenssissssnsssessnsssnssssssssssssnsssssssesssssssrssssssssssssssssssnchossassssssssssens 1-4
timed break recall (1)...c.ccceeereenne ereeearesseesneeraresaaesasessesasaerntesenesnsesesssaassasenase 1-4
tone dial (T). tteerseessanessaeesstesatenetessaesaeenat et e nt e Nt eRt e NNeR LS HeNEs N RN S RNt N NeE ReSHOREt SO RN ae SN et e eas e rseesratsnassrane 1-3
wait for quiet answer (@) Certsteiestebshteas bbb s R s R SRR SRR SRR SO RO OSBRSS RR e SRR e SR SRS SRR SER RS SR SE SR RSSO SRS SR SRS 0000 . 1-4
Wait fOr SECONA QIal tONE (W) ...ucccrieceeeiererenernecnseesancnnssasssasssesssnsnsssssssssssssassssassssassssasssssssssasssssassssesssssssssssssssassssssssssese 1-4
Disable PAD parameters setting by the remote PAD (Natnonal parameter 74) .............. .2-20
Discard output (Parameter 8) eeeratecesareeessneseessesssstassassessantssnnssenasassenseses tersrereesssaneesssnnnasesssannsesesasnsessnsaasassnnnseans 2-13
Disconnect/Hang-up (H) ....ccccecceveeverennnensnsecnens . cesesesstateatesnes et st se s beraesabesbsn s 1-5
Display X.25 PIoOfile (PROF). .......oevivevirnreneerennnsinninmnnsnesmsnssssessssssessessssssesssssssssssssssssessssessessssasssssessssassesssssssassessssassassassessoses 29
DTE interface COMMECHONS. .. .ccieiiiiienieriinitiieiiniaenenissessesssiseseesesassssssessessssssssssssnssnesssssssssssesasssssssasssssssnssnsssnsssassssasanse App. C
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EChO (E & F).ceeveeeeeenerennencsensensnsanes sressesasnssnssaseses 15
Echo mask......coeenrnricsccecssnenccnenan ceseesesessssessstsensssasessssssasessassnns cesssssstessassessansssssnansssssnssenns 1-40
Editing PAD result codes (Parameter 19)........ccceevtrreererrssenresecsesernens crresnenesansnsssnssens 2-17
End-of-line Character (83) .....cccccceecrcrcccrencsssnscnnresnsssascssssssssssssesssessssessssssssasssssssssases 1-40
Enter the AT command state from the PAD on-line sate ceessenesssesnsesssssnntessssnsrsnnesesseses 28
Enter the PAD command state from the AT command state (&0).........cccceeeeuneeneee 1-17
Enter the PAD command state from the PAD on-line state cresssnssassnssaes 2-12
Error-control mode (&QS5).............. reveesaesesanessasressenessasass 1-17, A-10
Escape sequence (+++)...ccceeureece. ceressssessserssansrassnssoses 1-40
Establish a virtual connections (CALL) .......ccccccervcicncencnissnnssssrssnsssasssssanssesssssecssen 2S5
Execute a stored X.25 command (EXEQ) ......cccccoecerseriumnncsanssansanssacssessseesenssassansnens 2.7
ExXit the PAD (EXIT).....ccccersnesercnscnssnosessansacssersassssssessssssessessassossassessassnssssssssssesanssnsssss 28
F

FalIDACK OPHIOMNS .ccirviuiriiiiiirisecnisesisisnisesinnisismssssesssessssssesessssssssssessssssssssessassassssssnssssasssasssssssnssssssssessssensasansssness 1-31, 1-32, 1-33
Feature NEOtiation ......iiveerivecricniiisiniensiencsesssssseesssssssasssssssssssessssssesssssssaessssessssenassenassssassssnsss 1-32, 1-33, 1-37, 1-38, 1-39
Firmware reset (Z) ......cccceersreonens cereessesasesseseestssassssssssesasssases 1-13
Fixed user interface............ cerssestsssnesnesssnssassnsarssnens cevreeesseanens 1-26, 1-30, 1-32
FIAG 101 cuueiuinririeiiitiiiciteecisteis ettt s se st saenssssaenssesens s sssnsasssnasassssssnsaesass ssassssassssassssssnsassass 1-35
G

Global PAD configuration (853) ......ccceceecveriruererunsernnsessesssnessssesessesssnssssnessssassssssssssssssassnssnnas 1-34
Grant RDL request from remote system (&T4)............ 1-19, B-15
Guard time for escape SEqQUENCE (ST2) ....ccceeerurerursesunserseressesesnesnssessesssnsaeesessessessensssassasnans 1-29, 1-40
H

Handshake Timer $97 — V-32 Automode V.22/V.22bis Probe Timing ........ 1-40
Hanging up (H) ..ot ssssssssessesssssssssssssssssssssssssssssssssssssssssesssssssssssnsansans 1-§
Hayes Synchronous Driver (HSD)......ccooiivuiniernenninnnnnneenscnninnsissnesiessssssssssssssssassenssesssaens A-3,A9
Hayes Synchronous Interface (HSI) .......cocoeeeeenenneneinenenneeentnnntessssssssesenssenesssacsssssssssssnssssnsnss A-3,A9
HOOKFlash (1) dial MOGIFIET ......cceeveeieeceercerneseesnnneanecsassisessssssssssnsssssssssssssssssssssssssssssssesssssesssssssnssessssssssssssssssssassssassesassenes 1-4
|

Internal mMemoOry tests (1) ....cccevernsenisnnseisnnensunsessssesunsesussesssanssesessssnssssasnsssessessansanes 1-6 to 1-9
INEITUPE (INT) vttt sessss s sssssssssssssasssssssesssssssssssssssnsssssnssessanssnsansns 28
INEITUPE PACKEL wcuvrvirirriniicniiniesisniniisneenieesessssesesessssesssessssssssssssssnsssasssssssnssssnesses 2-14, 2-19, 2-21
Interrupt response time.......vverieeeerenererenninsnernseesannnns sressereststseressersestesesressssnesassnssnesssssenarsenass 2-20, 2-24
L

L2aSed 1INE CATTIET LEVEL....ueveneeiecereerereeceeieereereneeesseessesssaeessesssnsssnssssssssnsosnssssansssssssssesssssssssssssssssssesssssssnsesssssessssassanssassssanes 1-35
Line delete.....iineiinciiicniciceencnnnnssnninncccnenesnnes 2-17
Line display......cocooeiveeesrererisenissesesnssesesssnsssssassssnsssssnsnsassssenes 2-17
Line feed ......ccccnuinneinnrnnnnnencsnnsnisnissssssssississssssssssesssessesanee 2-16
LiNE fOlAING ... ceuieenirirurinieisiintiissisnssiinesiinessssessssssssssssssssssssssssassssssssssssssessssssssssssssssssssssessassnassssnssassessansssassnssnsassasaasssssss 2-15
Line SPeed.....cccsrvisersunsesansnnsnrnsuesansnesasanssesnsnesesasassneseonsenns 1-2
Line terminating character (83).........ccccecveuuene. 1-28
Line type SeleCtion (BIL)......ccccccermerieseisuisinsnintenmsnniinissinsisssssesssssssassssssssessessssssossessesssensosnanssass 1-16
Link layer parameter S-RegiSters (S$69-873)........uneririnerisereesnesrerunsessesesseseesssnssnsssssasssessessassssssass 1-35
Link 1ayer timeout (S7T)...cccuuiuiirinensniseisnirnessesaesanssisnsssssnssessessessssnsssssssssessssssssssssssssssssanses 1-3§
Link layer Window SIiZ€ (8$69) .......ccccceverentirininresunsenessiesesesessesassesasssssssnssessssssssssnssesssssssnssssasssssssaasans 1-35
Load factory configuration (8F).........ccceevureeiinnneesunnneseisncsenenenensensesnessessnsseessssnesssessssasssnessasaans . 1-16
Local flow control (&K & Parameter 12)......ccccccccciccnincciseisianscseesssssssassssasssssrsssssssssasssssssssssnssssosssssssssssnsose 1-16, 2-1§
Logical channel nUMDber (LCN)......cc.cocuiiiiinerineirineeeneieeseesseraesassessssassasesssssossessssnsessassssssesassasnes 1-36
Long space diSCONNECE (Y)..ucveiiiinienierieinunsiniesisesesiesnssssessssessssesssssssssessssssessssssssssssssssssessasssnases 1-13
LoOPDACK tStS (BIT) c.ccuivrerrirerinnennireniniesunisesiessssessssessssesssssesasssssssssssssssesnssssnsssssnessonsessanssnsonsssssnsanasns 1-19 to 1-20, B-9 to B1S
Loss of flag idle timeout (§872)........ eeteeesareast et bssbe e sabsane et eabesben s sas st s 1-35
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Mark idle cevesuesstsnsessrsnassstesessesssatesatssstesaassttssassnnessttssasersasasseasas 1-35
Maximum number of retransmissions ($70) 1-3§
MI/MIC options ($92)... eeetesssaceessttssestsssesstssaessessasssssstasssssasesssseassns 1-38
Moving between operating states (++4+ & 0) .ccvcineirererenenennrinrsesesescssniususassssssssssssssssssssiisissssssssssssnees 1--, 1-40
N
National marker........ eeerateseesaresetsetseterasnNesNesEL L LrSOtIReT SRt SRRS SRS SR RRR bR SR bR sE e bR SR ReRRenesas R beesa s 2-12
National PAD parameters setssssstsnssrssesetsntssesasstssssesnsnessestsssesssnsssrasaasasase 2-12, 2-18 to 2-21
Negotiate handshake (N)........ teessesseseesetssteaesnaenteaeesaseanteratesa e aaeRbseat b aeRbT SRR s b asRaTS 1-10
Negotiation failure treatment (536) ceerecsstesessssssasssssessnnessansassasssens 1-31
Network User ID (NUI) cessesesssanessees .- 2-5
No activity timeout (§73) teeteesteeeessressseesantestaeesaseenas atesnatesatesENtes Nt LesNetEIssaat s srsNeesbttessttstenatesesartsessratesessasarssas 1-35
NVM profile... .“ reeesessesssts sttt st sa s sa R SRR R SR RS R S S eSS SR S SR RS SRR SHR S0 R S SR RS R RS SRS SRS SR sH e OSSR e B SRS e R R SRR s 29
o
On-line command (0).. reeseeessntsesantesesaneesaasesensnesnensesratasesnase 1-10
Originating a call in answer mode (R) ...................... teeterssteessseetessateeesanteesessttesesaetttssssantesseststtsssenansssserssssssns 1-4
OULZOING LCN (878, S79).......c.ucumrueeeierenirinnnsssnsnensessssssssssssssssssssssssmsnsssssssssssssssssssssssssssssistsssssstassssstsssssststsssssstssssestasssssssess 1-36
P
packet layer N20 parameter ($80)..........cccevveuree reesestesiae et e bt ea e b s be R b eR s SR s e e R e R R s R s e R s s sa s e aesaRaets 1-36
packet layer T20 parameter (581) ................................................................. 1-37
packet size sessessrsssassnsassassasnssasasansanensansasacs cresesneesseainesaeasessresaeasans e sesnsrssnsensrasanssnares 2-19
PAD command state ceeresssnnessssessansesaees ertessessatensssste b ettt st bt saase Rt esbesRbseerbesRRe s sR e ansnnesansasanes 2-3
PAD commands.......... . eeteeseeeseesseeseessteasatanesseesaeene s eretonsseNieNessNtseNesNL NN SRNs SR NS t I bR SR b erbseRRe e baseb R SR RssRResRRneRRnS 2-3
PAD configuration........ eeesessessatsastes ittt b st sasR e SRR SRR RO SE SR BRSO SR SR SR RS SRS RS SR SR RS SR SRS 008 .- 2-2
PAD PAIAINELETS.....coveucccirsresiessssssesesessssssessssssssssssssssssssssssssssssssesessssssnasssssssssesssssssssssssssssssssssesssssssnsassssssssstsssassssssasssss 2-11, 2-12
PAD profiles teereesesseeseaestaseane s ene s et se e es s R e ss et aRe e s SReSeO Rt Os 0N EEASESSER LSS SRS RS E SOR S SR LSS SR SR E SRR A SRR S SRRSO RSS S SRR R 2-22 to 2-25
PAD PIOINPE (- OF *) cucvuerinrueninnrnnnirmsessesssnsussnesssssssssssssssssssssssessassssssssesssssssnesssenssssssnssssasssssssenssnsssssssssssasassssasassasassssassns 1-34, 2-12
PAD 1€CAIl (PATAINELET 1)...cccrurereeerarsssrcscronessessassssssuesonesesontssesasssessesssssstssesssesssssssssseseesssessasssessssesssssasssssssasssssssssessassasssssessases 2-12
PAD result codes . eeeeseesreneesteneestsaenetertontissrasesresaetensetsEtentRs S RsRs et SRt SR NSRS SR Sh SRS SR et sesebbeR b 08 2-4to 2-11
Page wait (Parameter 22)......ccoceverveeneecercsneesninens . terreeeesssssesssssaneesasasessansasesnnaresssnanesesen 2-17
Parity cseesssasessessassssssessesessassstssonsassss st ntusIU U N RIRI IR RSO SO SR OSSOt e Ba TSR SDSISS RS SOt SbORRR e bR0S 1-40
Parity treatment (Parameter 21)...........ccu..... . ttesesssstesaassateestsatssatesetesarssatssssssansssasrens 2-17
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