4.  Programming Interface


This chapter contains information needed to write custom software drivers for the EXM-34.  Anyone using the EXM with speech synthesis software other than provided with the product should read this chapter.


Theory of Operations


The EXM-34 uses an 80C188EB13 processor combined with a 512Kx8 EPROM and a 32Kx8 SRAM to process the speech algorithms.  Communication between the host processor and the 80C188EB13 is via a set of two 8-bit registers.  Depending on the speech mode, the processed speech data is sent either to a TSP53C30A speech synthesizer or to a D/A converter, which convert the data to an analog signal.  The analog signal is then filtered and amplified by TL082 op-amps and a TLC2471IP audio amplifier.  


The output of the audio amplifier is connected to a phone jack on the faceplate to provide connection for a speaker. The output of the audio amplifier is also connected to the input of an inductive-loop amplifier.  Its output is connected to a second phone jack on the faceplate.


The architecture of the board can be broken up into several distinct modules:


�symbol 183 \f "Symbol" \s 10 \h��	The on-board registers. These are external registers accessible by the host processor, used to set the base I/O address, enable the board, etc.


�symbol 183 \f "Symbol" \s 10 \h��	The speech  registers. These are registers accessible by the host processor, used to communicate with the 80C188EB13 processor.


�symbol 183 \f "Symbol" \s 10 \h��	The 80C188EB13 Processor, EPROM, and RAM.


�symbol 183 \f "Symbol" \s 10 \h��	The TSP53C50A Speech Synthesizer. This processes speech in LPC mode. 


�symbol 183 \f "Symbol" \s 10 \h��	The TLC7524 D/A Converter. This processes speech in all other modes.





�symbol 183 \f "Symbol" \s 10 \h��	The filters and audio amplifier.


�symbol 183 \f "Symbol" \s 10 \h��	The inductive loop amplifier.
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�symbol 183 \f "Symbol" \s 10 \h��	The external connectors. External connection to the EXM-34 is via two 3.5mm miniature phone jacks:  one for the speaker and one for the inductive loop.  The volume-control potentiometer shaft extends through the faceplate, and has a knob attached.


The following diagram shows the major blocks of the EXM-34 architecture:


Figure 4. EXM-34 Block Diagram.








80C188EB13 Processor, EPROM, and RAM


The EXM-33 (DoubleTalk) board has an onboard 80C188EB20 processor operating at 10 MHz, along with a 256Kx8 EPROM and 32Kx8 SRAM.  It handles the communication between the speech-synthesis hardware and the host processor,  translates incoming commands into speech-synthesizer commands, and feeds speech data to the TSP53C50A speech synthesizer and TLC7524 D/A converter.  The EPROM is a DIP package, and is socketed to allow for future firmware upgrades.


TSP53C30A Speech Synthesizer


The TSP53C30A is a programmed TSP50C41 speech synthesizer that operates as a slave device to the 80C188EB13 processor.  The CMOS device includes an 8-bit microprocessor and an 8K ROM, a 10-pole linear predictive filter, and pulse-width-modulated digital-to-analog output section.  Speech data is stored and controlled by the 80C188EB processor and is passed on the TSP53C30A when using LPC mode.  The TSP53C30A then unpacks the speech data and converts it into analog audio output.  After completing a word or phrase, the TSP53C30A powers down.


For more detail regarding the internal operation of the TSP53C30A, please refer to the TSP53C30 Speech Synthesizer User’s Guide.


TLC7524 D/A Converter


The TLC7524 is used to convert digital speech input from the 80C188EP13 processor into analog audio outut, which is then amplified and filtered. The D/A converter is used  in all speech modes except LPC.


Filter and Audio Amplifier


The TSP53C30A’s push-pull audio output is amplified and filtered by two TL082 op-amp stages and a TLC2471IP audio filtered amplifier.  Volume control is accomplished by a potentiometer at the input of the TLC2471IP, which is driven single-ended.  The TLC2471IP low-pass filters the audio before amplification.  It is capable of supplying 0.5W peak into an 8-ohm speaker.  The output is connected to the faceplate connector, and to the inductive loop driver circuit.


Inductive Loop Circuit


An inductive loop driver circuit is added to the EXM-34.  The standard audio output is AC-coupled to two amplifier circuits.  Non-inverting and inverting LF442 op-amps followed by LH0002 high-current buffers generate the positive and negative outputs required for the loop.  The outputs connect to a second 3.5mm phone jack on the faceplate.


I/O Address Map


The following I/O addresses are used by the EXM-34.  The Speech Registers are located at offsets from the base address programmed in bits 3-1 of the Option Byte 1 register (102h).  Refer to the Speech Registers section for more detail.





Address�
R/W?�
Port�
Bit(s)�
Function�
�
100�
R-only�
EXM ID�
7-0�
EXM ID = CDh�
�
102�
R/W�
Option Byte 1�
7-4�
Not used---reserved�
�
�
�
�
3-1�
I/O Port Base Address (BA)�
�
�
�
�
0�
Board Enable�
�
103�
R/W�
Option Byte 2�
7-0�
Not used---reserved�
�
BA+0�
W�
LPC Command�
7-0�
LPC commands to speech synthesizer.�
�
BA+0�
R�
LPC Status�
7�
TS---Talk Status�
�
�
�
�
6�
BL---Buffer Low�
�
�
�
�
5�
BE---Buffer Empty�
�
�
�
�
4-0�
Reserved�
�
BA+1�
W�
TTS Command�
7-0�
TTS, PCM, and CVSD commands to speech synthesizer.�
�
BA+1�
R�
TTS Status�
7�
Reserved�
�
�
�
�
6�
SYNC�
�
�
�
�
5�
SYNC2�
�
�
�
�
4�
RDY---Ready�
�
�
�
�
3�
AF---Almost Full�
�
�
�
�
2�
AE---Almost Empty�
�
�
�
�
1-0�
Reserved�
�
Table 5. I/O Address Map.


�
On-Board Registers


The host CPU has access to several on-board registers. These registers are used to enable the board, set the base address of the speech registers, etc., as detailed below.  These registers will be implemented with a CMOS FPGA device.


EXM Configuration Registers (host CPU accessible only):


The configuration registers hold the following information:


I/O port 100h (Device ID Register): This read-only register holds the device ID for the EXM-34, CDh.


ID Register---100h


1�
1�
0�
0�
1�
1�
0�
1�
�
I/O port 102h (Option Byte 1 Register): This register has the board-enable bit (bit 0), and three bits specifying the EXM-34 Speech Registers base address (bits 1-3, choosing I/O address 25Eh, 29Eh, 2DEh, 31Eh, 35Eh, or 39Eh).


Option Byte 1---102h


Reserved�
Reserved�
Reserved�
Reserved�
I/O 2�
I/O 1�
I/O 0�
Enable�
�
	000 - do not use -- address not allowed �	001 - 25Eh�	010 - 29Eh�	011 - 2DEh�	100 - 31Eh�	101 - 35Eh�	110 - 39Eh�	111 - do not use -- address not allowed 


The remaining bits are reserved for future use, and return a '1' when read. A write to these bits has no effect.


I/O port 103h (Option Byte 2 Register): This register is not used on the EXM-34.


All of the bits are reserved for future use, and return a ‘1’ when read.  A write to these bits has no effect.


Speech Registers


From a programmer’s point of view, the speech-synthesis hardware is simply two adjacent eight-bit I/O ports.  One port, called the LPC port, is used exclusively for operating the LPC synthesizer. The second port, called the TTS port, is used for all other functions:  text-to-speech, tone generation, PCM output, etc.  The LPC port is located at the base address set by Option Byte 1, and the TTS port is located at the base address+1.  The board requires no RAM in the PC’s address space, no interrupts, and no DMA. These registers are implemented with the CMOS FPGA device.


Please refer to the DoubleTalk PC/LT Developer’s Tools document for more details regarding the programming of these 8-bit only registers.


LPC Register---I/O port (Base Address + 0)h: This read/write register is used to operate the LPC synthesizer.  It accepts standard LPC-10 speech data, in both 5220 and D6 data formats.  Before sending any LPC data, a Speak command byte must be issued to the LPC synthesizer.  The Speak command determines which LPC format decoding table will be used the hardware (5220 or D6), as well as the speech rate.


LPC Register---Base Address + 0h write


x�
x�
x�
x�
x�
x�
x�
x�
�
	Command	Format	Speed�	60h	5220	normal�	64h	5220	fast�	20h	D6	normal�	24h	D6	fast�


Reading the LPC port yields the following status information.


LPC Register---Base Address + 0h read


TS�
BL�
BE�
1�
1�
1�
1�
1�
�
Bit 7	TS---Talk Status.  When set to 1, it indicates the LPC synthesizer is producing speech.


Bit 6	BL---Buffer Low.  When set to 1, it indicates that the hardware LPC data buffer has less than 30 bytes remaining.  (Total internal buffer size = 4096 bytes.)


Bit 5	BE---Buffer Empty.  When set to 1, it indicates that the LPC data buffer ran out of data (error condition if TS is also 1).


Bits 4-0 	Reserved.  Returns a 1 when read.


TTS Register---I/O port (Base Address + 1)h: This read/write register handles all I/O between an application program and the TTS, PCM, and CVSD synthesizers and tone generators.  Regardless of the operating mode being used, data is written to the TTS port in exactly the same manner, be it text, PCM audio samples, tone generator values, etc.  The DoubleTalk hardware knows how to interpret the data based on a “mode” command that is sent just before the data.  TTS commands that control TTS speech attributes, such as speed and pitch, are also written in the same way, allowing them to be embedded in text for dynamic control of the speech output.


TTS Register---Base Address + 1h write


x�
x�
x�
x�
x�
x�
x�
x�
�
Please refer to the DoubleTalk PC/LT User’s Guide, shipped as a text file on the Utilities diskette, for details regarding the commands which can be written to this register.


Reading the TTS port returns several status flags which indicate when the DoubleTalk hardware is able to accept another data byte, indicate when it is talking, as well as the status of the TTS input buffer.


TTS Register---Base Address + 1h read


0�
SYNC�
SYNC2�
RDY�
AF�
AE�
0�
0�
�
Bit 7	Reserved.  Returns a 0 when read.


Bit 6	SYNC.  When set to 1, it indicates that the TTS synthesizer is talking, the tone generators are playing data, or the PCM or CVSD modes are producing output.  SYNC changes to 0 immediately after output has ceased.


Bit 5	SYNC2---Early SYNC.  This has the same function as SYNC, except it changes to 0 up to 0.5 second earlier when using the TTS synthesizer (only).  This enables a program to send another phrase to the TTS synthesizer just before the current one has completed, improving the response time.


Bit 4 	RDY---Ready.  When set to 1, it indicates the TTS port is ready to accept a byte of data.


Bit 3	AF---Almost Full.  When set to 1, it indicates that less than 300 bytes are available in the TTS input buffer.  AF is always 0 in the PCM, TGN, and CVSD modes.


Bit 2	AE---Almost Empty.  When set to 1, it indicates that less than 300 bytes are remaining in the DoubleTalk input (TTS or PCM) buffer.  AE is always 1 in the TGN and CVSD modes.


Bits 1-0	Reserved.  Returns a 0 when read.


�
Power


Power consumption is compatible with that of the DoubleTalk/PC board, which is 90mA max.  


The EXM-34 uses +5V, +12V, and -12V power suplies, and will operate correctly over the full operating temperature at +/-5% of rated voltage.





�
NOTES
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