4. Programming Interface


This chapter contains information needed to write custom software drivers for the EXM-5.  Anyone using the EXM-5 with software compatible with standard PC modems can skip reading this chapter.


The EXM-5 defines the following registers in the I/O space.





Bit 7�
Bit 6�
Bit 5�
Bit 4�
Bit 3�
Bit 2�
Bit 1�
Bit 0�
I/O Port�
�
1�
1�
1�
1�
1�
0�
1�
0�
100�
�
Device ID Register�
�
�
�
�
�
�
�
�
�
�
�
�
Interrupt�
�
I/O Base�
�
CDEN�
102�
�
Configuration Option Byte 1 Register�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
xx1�
�
Receiver/Transmitter Buffer / Baud Rate Divisor Latch (LSB)�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
xx2�
�
Interrupt Enable Register / Baud Rate Divisor Latch (MSB)�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
xx3�
�
Interrupt ID Register�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
xx4�
�
Line Control Register�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
xx5�
�
Modem Control Register�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
xx6�
�
Line Status Register�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
xx7�
�
Modem Status Register�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
xx8�
�
Scratch Register�
�
�
�
�
�
�
�
�
�
The I/O port denoted XX0 represents the selected I/O base address for the EXM-5, XX1 represents this address plus one, and so on.





The first two are standard EXM registers for device identification and configuration.  The EXM-5 re�sponds to accesses to these ports only if EXM expansion interface line �-EXMID is as�serted.  An 8-bit read from I/O address 100h returns the value FA, the device ID of the EXM-5.  A read/write configuration register appears at I/O address 102h.  The bit en�codings are defined in the previous chapter.


Interrupt selects the interrupt to be generated.


I/O base selects the place in the I/O space in which the 8-byte I/O port area of EXM-5 appears.


CDEN specifies whether the EXM is disabled or enabled.  If disabled, the EXM will not respond to any I/O or memory addresses and will not assert an interrupt output; it will only respond to reads from I/O port 100h and reads and writes from I/O port 102h, and then only if EXM expansion interface line -EXMID is asserted.


For details on the remaining registers, refer to documentation on any of the many UARTs compatible with the IBM PC architecture (e.g., NS16450, i82050).  �Specifi�cally, the EXM-5 uses the Rockwell RC224AT modem controller.


AT Commands and S Registers


The EXM-5 is always in one of two states: command or online.  When in the command state, the receiver/transmitter buffer register is used to send command and receive responses from the EXM-5.


A sequence of commands (a "command line") must begin with the characters AT and be entered as all upper or lower case characters.  The command line must end with a carriage return and must not exceed 40 characters.  The backspace character deletes the last character in the 40-character buffer.


The EXM-5 responds to commands with result codes, which may be numerical or English-language phrases.  Numerical responses consist of a numerical character fol�lowed by a CR (carriage return) character.  Phrase responses are preceded and followed by a CR/LF character sequence.  The result codes are shown in the following table.


Digit�Code	Word Code	               Meaning





0	OK	Command line executed successfully


1	CONNECT	Connection at 300 bps


2	RING	Ringing signal detected


3	NO CARRIER	Carrier lost or not present


4	ERROR	Invalid command, checksum, command line, or


			command-line length


5	CONNECT 1200	Connection at 1200 bps


6	NO DIALTONE	No dial tone detected


7	BUSY	Busy signal detected


8	NO ANSWER	No silence detected when dialing a system not


			providing a dial tone


10	CONNECT 2400	Connection at 2400 bps


Table 4. Result Codes.


The "AT" command set is summarized below.


AT	Command line prefix.


A	Answer command.  Forces the modem to go off-hook in the answer mode without waiting for a ring.


A/	Re-execute the previous command line.


Bn	Bell/CCITT command.  Sets CCITT mode (B0) or Bell mode (B1) - default.


D	Dial command.  Places the modem in originate mode and then functions as an autodialer.  The command is followed by the telephone number and dial modi�fiers.


En	Off-line command echo.  Disables (E0) or enables (E1) command echo - default.


Hn	Switch hook control.  Places the EXM-5 on-hook (H0) - default, or off-hook (H1).


In	Identification/checksum.  I0 (default) returns a 3-digit product identification code.  I1 returns a 3-digit ROM checksum.  I2 returns the ROM checksum status (OK or ERROR result codes).


On	On-line command.  Puts the EXM-5 in the on-line state (O0) or on-line with equalizer retrain (O1).


Qn	Result code option.  Enables (Q0) - default, or disables (Q1) result codes.


Sn	S register select.  S0-S27 selects an S register.  Until another register is selected, the register can be read with "AT?" and changed with "AT=".


Sn=x	S register write.  Writes the value x (0-255) to S register n (0-27).


Sn?	S register read.  Returns the value in S register n.


Vn	Result code option.  Specifies that result codes are to be digits (V0) or words (V1) - default.


Xn	Result code set and call progress option.  X0 enables blind dial (dialing with�out waiting for dial tone), disables recognition of dial tone and busy signals, and enables result codes 0-4.  X1 enables blind dial, disables recognition of dial tone and busy signals, and enables result codes 0-5 and 10.  X2 disables blind dial, disables recognition of busy signal, and enables result codes 0-6 and 10.  X3 enables blind dial, disables recognition of dial tone, and enables result codes 0-5, 7, and 10.  X4 (default) disables blind dial and enables result codes 0-7 and 10.


Yn	Long space disconnect option.  Disables (Y0) - default, or enables (Y1) long space dis�connect.


Zn	Recall stored profile.  Recalls stored profile 0 (Z0) or 1 (Z1).  Default is Z0.  Subsequent commands must not be sent for at least two seconds.


+++	Escape code.  Forces the modem to the command state.  To escape, you must not send data for at least one guard time, send the three escape characters with no more than one guard time separating them, and send nothing else for at least one guard time.  The default guard time is one second.


P	Pulse dial (10 pulses per second).


R	Originate call in answer mode.  Places the modem in answer mode after the telephone number has been dialed.


S=n	Dial stored telephone number.  Dials one of four telephone numbers (0-3).


T	Touch tone dial.


W	Wait for dial tone.  Waits for up to the time specified in the S7 register for the dial tone to occur.


;	Return to idle state.  Used at the end of a dial command to force the EXM-5 to remain in the command state.


@	Wait for quiet answer.  Waits for up to the time specified in the S7 register for ringback followed by five seconds of silence.  If a dial tone is detected, the waiting stops.  If a busy signal is detected, the BUSY result code is produced.  This command is typically used to access a system that does not provide a dial tone.


!	Flash hook command.  Causes the EXM-5 to go on-hook for 0.75 seconds.


,	Pause command.  Causes the EXM-5 to pause for the time specified in the S8 register.


&F	Load factory defaults.  Resets all S registers and commands to the default val�ues.


&Gn	Guard tone in CCITT option.  Sets the guard tone to none (&G0) - the default, 550 Hz (&G1), or 1800 Hz (&G2).


&Mn	Communications mode.  Sets the mode to asynchronous (&M0) - the default, or synchronous modes 1-3 (&M1-&M3).


&Pn	Make-to-break ratio.  Selects the pulse make-to-break ratio of 39/61 (&P0) (the default, USA/Canada) or 33/67 (&P1) (UK/HK).


&Qn	Communications mode.  Same as &Mn.


&Tn	Test commands.  &T0 terminates test in progress,  &T1 initiates local analog loopback.  &T3 initiates local digital loopback.  &T4 grants request from remote modem for RDL.  &T5 denies request from remote modem for RDL.  &T6 initiates remote digital loopback.  &T7 initiates remote digital loopback with self test.  &T8 initiates local analog loopback with self test.  


&V	Display profile command.  Produces ASCII text showing the command and S register state and the stored telephone numbers.


&Wn	Store active profile command.  Stores the active profile in the nonvolatile RAM in location 0 (&W0) - the default, or location 1 (&W1).


&Yn	Select stored profile on power up.  Specifies that upon a power up or reset the saved profile 0 (&Y0) - the default, or profile 1 (&Y1) should be selected and used.


&Zn=x	Store telephone number.  Stores x (up to 36 characters) in nonvolatile RAM as saved telephone number n (0-3).


The S registers are defined in the following table.  


Reg	Range	Units	Default	Description


S0	0-255	rings	00	Ring to answer on


S1	0-255	rings	00	Ring count


S2	0-127	ASCII	43	Escape code character


S3	0-127	ASCII	13	Carriage return character


S4	0-127	ASCII	10	Line feed character


S5	0-32,127	ASCII	08	Backspace character


S6	2-255	seconds	02	Wait for dial tone


S7	1-255	seconds	30	Wait time for data carrier


S8	0-255	seconds	02	Pause time for comma


S9	1-255	1/10 sec	06	Carrier detect response time


S10	1-255	1/10 sec	14	Lost carrier to hang-up delay


S11	50-255	ms	95	DTMF dialing speed


S12	0-255	1/50 sec	50	Escape code guard time


S14	see below			AAh	Options


S16	see below			00	Modem test options


S18	0-255	seconds	00	Test timer


S21	see below			00	Options


S22	see below			76h	Options


S23	see below			07	Options


S27	see below			40h	Options


Table 5. S Register.


The defined bits in the options registers are shown in the following table.  Where a bit value denotes an active command state, the active command is shown.





�
Reg	Bit	Value	    Description


S14	1		1			Command echo


	2		1			Result codes disabled


	3		1			Result codes are words


	5		0			Tone dial


			1			Pulse dial


	7		0			Answer


			1			Originate


S15	0		1			&T1


	2		1			&T3


	3		1			&T6


	4		0			Loopback off


			1			Loopback in progress


	5		1			&T7


	6		1			&T8


S21	7		1			Long space disconnect enabled


S22	4-6	000		X0 (result code options)


			100		X4


			101		X5


			110		X6


			111		X7


	7		0			&P0


			1			&P1


S23	0		0			&T5


			1			&T4


	2-1	00		0-300 bps


			10		1200 bps


			11		2400 bps


	5-4	00		Even parity


			01		Space parity


			10		Odd parity


			11		Mark/none parity


	7-6	00		&G0 (guard tones)


			01		&G1


			10		&G2


S27	3,1,0	000		&Q0 (communications mode)


			001		&Q1


			010		&Q2


			011		&Q3


	2		0			Dial-up/leased line option


			1			Leased line


	6		0			B0 (CCITT V.22 bis/V.22


			1			B1 (Bell 212A)


Table 6. Options Registers Bit Definitions.
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