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1 SuperCarrier Specifications
1.1 General
· Small board [1.5"x2.25"] with 4 mounting holes in corners
· Dual-port Digital control: level-shifted serial port [DB9 female] and 3 pin Berg Header TTL [or what do you call CMOS-level for direct control with Basic Stamp or OOPic or Amtel?] configurable via jumper
· Sockets for SpeakJet and other chips
· Green LED for Ready, Yellow LED for Speaking, and Red LED for Buffer Half Full [with Jumper to enable/disable LEDs]
· Limited In-circuit ESD protection for SpeakJet
· Limited Over-voltage protection on SpeakJet input lines
· DS275, DB9, and some jumpers can be omitted for direct control by a microcontroller (Basic Stamp, OOPic, PIC, and Atmel).

1.2 SpeakJet Pin Access

· RCX, OUT2, Gnd via 3 pin Berg Header [see above as 'TTL']
· 6x2 pin Berg Header with Reset Line, M0 Line, M1 Line, and OUT2, OUT1, and OUT0 lines.  These can be manipulated with jumpers, simple NO/NC switches, or logic gates.
· 8x2 pin Berg Header for Event Lines D0 thru D7 [including R0/R1] which can be manipulated with jumpers, simple NO/NC switches, or logic gates.

1.3 Power Supply
· Input supply: ~7v-12v [up to 18v if is LM386N-4 installed; normally use a LM386N-1]. The voltage regulator is optional and can be left off if +5v is supplied.

· Optional on-board 7805 voltage regulator w/LED indicator

· Regulated +5 volt available for off-board use at power connector [4 pin Berg Header].

1.4 Audio Features
· On-board Audio Amp [LM386] w/volume control

· 2 pin Berg Header for PWM out [selectable by jumper]

· 2 pin Berg Header for Line-level Audio out [selectable by jumper]

· 2 pin Berg Header for Speaker [4 ohm-32 ohm, 0.25 watt supported]
· Jumper selection allows support for external filtering which can then be routed back to the on-board amplifier.


2 SuperCarrier Usage

2.1 Selecting Options

The different feature options are selected by moving jumpers on headers on the SuperCarrier.  Like all electronics, these should be moved when the board is not powered up.  Always power the board down before changing the jumpers!  
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Figure 1: SuperCarrier Board with Jumpers and Headers

2.2 Power
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Figure 2: Power Header on upper right

Power is provided to the SuperCarrier at Header H7.  If the voltage regulator is present, the input voltage range is approximately +7 volts up to +12 volts.  The upper end depends on which version of the LM386 is used.  See table below.

	Audio Amp
	Max Input Voltage

	LM386N-1
	12v

	LM386N-3
	12v

	LM386N-4
	18v


Note that while the 7805 voltage regulator can accept input voltage up to 35 volts, anything above the absolute maximum ratings for the installed LM386 would damage the SuperCarrier board.

2.3 Communications
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Figure 3: Serial Communications Jumper and Header
The SuperCarrier can be controlled either by connecting the DB9 to the serial port of a PC or directly by a microcontroller. 

Remember to change BOTH jumpers on J1 –  [i.e. both to left, or both to right; not split one left, one right].   Failing to set these jumpers correctly will result in prevent communications from working. Always check this if you can’t get the PC to talk to the board or the microcontroller to talk to it.  
2.4 Audio Filter
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Figure 4: Filtered vs. Raw (PWM) Audio

With jumper J2 at left, the audio signal goes through the on-board filter.  If you want to use your own filter, move the J2 jumper to the right and connect a cable to header H2.  When you pull the audio (PWM) signal off here, it does not get to the on-board audio amp.  
See the advanced features section “Bringing line-level audio into the board” if you want to use the on-board audio amp to amplify and external signal.
2.5 Audio Amplifier
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Figure 5: Line vs. Amplified Audio

The jumper J3 is to the left, the on-board amplifier is used. When the jumper J3 is to the right, the audio signal is not amplified.

The audio output is dependent on the version of the audio amp chip that is installed and the supply voltage into the board.  See the table below for maximum output audio wattage [typical and minimum].  Please use an appropriate ohm and wattage speaker.

	Audio Amp
	Max Voltage
	Speaker Ohms
	Typical Watts
	Min Watts

	LM386N-1
	12v
	8
	.325
	.250

	LM386N-3
	12v
	8
	.700
	.500

	LM386N-4
	18v
	32
	1.00
	.700


There is a small amount of flexibility in the speaker resistance.  In most cases speakers in the range of 4 – 32 ohms are acceptable, but for the N-4 version, be careful of too low of a resistance.

To use an off-board audio amp, put the jumper J3 to right, and connect a cable to header H3.  If this is your permanent desired option, you can omit the audio components from the board assembly entirely.

2.6 Speaker Connection
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Figure 6: Speaker Header

2.7 SpeakJet I/O Lines
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Figure 7: SpeakJet Mode & OUT# Lines, LED Control

All red dots indicate ground – the green plus indicates a current-limited +5 volts.  Do not assume all pins connect to ground to ‘activate’.

The Reset, M1, and M0 pins are input lines.  These lines are activated by connecting their respective pairs of pins.  Thus, putting a jumper across the M0 lines and the temporarily shorting the Reset pins will put the SpeakJet chip into demo mode.  These lines can be manipulated by jumpers, by switches, or by logic gates (see Advanced Features).

The OUT2, OUT1, OUT0 pins are output pins.  They connect directly to the corresponding pins on the SpeakJet chip.  This allows you to connect other circuitry or LEDs to those pins.  Be aware that the OUT2 line is also used for flow control and that the load or voltage you apply to this line may adversely affect the flow control logic if handled incorrectly.  Likewise, any mishandling of these lines can adversely affect the SpeakJet chip itself.

The right-most pin of this header is the LED enable pin.  The set of on-board LED’s can be enabled by jumpering the two pins on ‘right’ end of header H5, or disabled by removing the jumper.  However, the set of LED’s will draw 25ma of current in the on state (each LED draws 12.5 ma – there are normally 2 LEDs illuminated at a time).  This is on the upper end of the sourcing ability of most logic gates.  Therefore, it is not recommended that the LEDs be enabled/disabled by using a logic gate to control them.  Only use a jumper to manually enable and disable.  Otherwise, you risk burning out the output port on your controller.

2.8 SpeakJet Event Lines
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Figure 8: SpeakJet Event Lines & R/C Event Lines

2.9 Events Lines
Assuming that the SpeakJet chip has been properly programmed to respond to events on the event lines, then attaching switches and making and breaking the contact at the pins of Header H6 will trigger the events.  These pins all have pull-up resistors and do not include any de-bouncing circuitry.

2.10  R/C Event Lines
Assuming that the SpeakJet chip has been properly programmed to respond to R/C events on the R/C event lines, then connecting the ground and signal lines from a radio-controlled receiver from the desired channels will allow the radio transmitter to trigger the R/C events.  These pins all have pull-up resistors which do not interfere with the R/C operation.  You will probably have to wire up an adapter from your receiver/servo connector to the Berg header.

3  Advanced Features Usage

3.1 Power Out
The fourth pin of Header H7 provides regulated +5v out of the SuperCarrier to power other circuits.  The amount of current that this pin can provide is very limited and also depends on the input voltage into the SuperCarrier.

	If you have assembled the SuperCarrier without a voltage regulator, then you will be limited to the current capacity of the regulator that you are using to power the entire SuperCarrier board.


In general, you should be able to draw a minimum of 250ma and a maximum of 400ma.  Drawing more power may result in the 7805 Voltage Regulator to shut down or burn out due to over heating.

While it is possible in theory to be able to draw more current with the addition of a heat sink to the 7805, in practice there is very little room on the SuperCarrier for this and it is not advised.

The actual current requirements of the SuperCarrier will depend on the switches, logic gates, and LED’s you attach to it.  But in default configuration, the SuperCarrier will normally draw less than 50ma through the regulator.  The audio amp will draw additional current depending on the audio volume setting but the current to the audio amp does not go through the voltage regulator.

3.2 Using Your Own Filter
The SuperCarrier is a board for experimenters – therefore you have the option to use your own audio filter if you desire.  One reason to use an external filter would be to determine the effect other filters have on the intelligibility of synthesized speech.

Another reason is that the default filter passes excessive harmonic overtones of the 8 KHz carrier (thank you, Brice H.) which may cause problems.  In any case, you are free to experiment.

3.3 Bringing Line-Level Audio into the Board
However, once you have gone off-board to your own filter, you may be stuck trying to amplify the filtered audio.  The SuperCarrier allows you to bring the filtered PWM (line-level audio) back into the board and amplify it.

To do this, place the J3 jumper on Header H3.  Now, the right-most pin of J3 is ground and the center pin of J3 is the signal for the line-level INPUT.  The potentiometer controls volume as normal.

Be sure to put the jumper back on J3 when you are done with this particular configuration.

3.4 Controlling Modes with a Microcontroller
In order to safely control the M0, M1, and Reset lines with another controller, a current-limiting resistor of 4.7k to 10k should be used in the cable connecting the microcontroller’s output port to the SpeakJet input port through this header connector.  See cable diagram.  Note that the OUT2 line already has a small [1k-2k] series current-limiting resistor on the SuperCarrier board to help prevent burning out the SpeakJet port should the pins on Header H5 be shorted inadvertently.

The Reset, M1, and M0 lines can be controlled with a jumper wire, a normally open/normally closed switch, or with a logic gate.  These pins already have pull-up [or pull-down] resistors to support tri-state logic gates.

3.5 Disabling the LED’s
Since the LED’s draw about 25ma on average, you may find the need to disable them particularly if the SuperCarrier is buried in a robot or other location where the on-board LED’s would not be seen.  The LED’s can be disabled by removing the jumper on Header H5 adjacent to the audio volume pot.

3.6 Construction Options
The SuperCarrier can be constructed in various options.  At a minimum, the SpeakJet chip and the headers H5 and H6 with some support resistors and capacitors are required.  But likely you will also choose to assemble the audio filter and audio amp sections.  The other optional sections are the regulated power supply, the [PC] serial port communications section, and the LEDs.

Refer to the parts list section to see the breakdown of parts by SuperCarrier subsystem parts.  The omission of some sections requires you to insert a wire jumper or two.  These are outlined in the parts section.  [Ken: in the Excel spreadsheet I sent a week or two ago.]

3.7 Constructing Cables
The Header H1 has 3 pins.  One for ground, one for serial in from a microcontroller [Basic Stamp, OOPic, etc], one for flow control out to the microcontroller.  Because the SuperCarrier board usually has its own power regulator, it is possible for there to a small but significant voltage difference between the output of the SpeakJet OUT2 output port and the microcontroller input port.  In order to provide over-voltage protection, you should use a 10k series resistor in your cable connecting the SuperCarrier to the microcontroller.

There is already such a resistor on the SuperCarrier helping to protect your SpeakJet chip from the reverse situation, but you can likewise put one in the input line for maximum protection.

3.8 Power Cord
The power Header H7 has 4 pins.  If the regulated output option is not used, only 2 of those pins are truly required.  However, for safety purposed, to avoid accidental polarity reversal, it is handy to use a 3-pin female connector.  Thus, if the female connector is attached backwards, the power connections mismatch but do not jeopardize the SuperCarrier board components!

Likewise, if the regulated power output option is used, a 4-pin female connector also provides a keyed polarity-reversal protection scheme.

4 Assembly Instructions
4.1 Assembly Tips
· Some potentiometers may not fit in the location or hole pattern on the SuperCarrier board.  An alternative – or even may work better in your application anyway – is to solder in a Berg-style header and put the pot off-board.  That way you can bury the board in the robot and still leave the pot knob where you can access it easily.

· Using jumpers to hold Berg headers together [H1/J1a/J1b, JH2/J2, H3/J3, etc.]

· Sometimes it is difficult to hold the single row Berg headers truly vertical while soldering them in.  It is convenient to use the jumpers to hold some of the jumper/header pairs together when soldering.   [Note that the ‘jumpers’ and ‘headers’ are really the same pieces, they are just used differently after they are soldered in.]

· 16 DIP socket instead of 2 8 DIP’s - It is often easier [and cheaper!] to solder in a single 16 DIP socket instead of two 8 DIP sockets for the LM386 and the DS275 chips.  These chips are adjacent on the board and the single socket can be used.  If you use the option, just remember to be very careful about where you insert the chips in the socket!

· Third-hand holder - A ‘third-hand’ tool can be used to hold the SuperCarrier board while soldering the components.  This inexpensive additional to your toolset is well worth the investment.
· Pigtails instead of Berg headers - Consider your application.   For some people, a pigtail of wires with connectors on the ends will work better than the Berg connectors in the SuperCarrier.  The Berg connectors generally provide the most flexibility on what and where your attach things to, but if you don’t need that flexibility, the pigtail approach may say you money and may be easier for you.

4.2 Lowest Profile to Highest Assembly Order
This approach is best performed by someone who has a fine tipped solder iron [or a chisel tip].  But most likely someone with this type of solder iron is a very proficient solderer and needs no advice on how to plan out such a task.  I think just the suggestion is enough to give all the guidance that such a person would need.

4.3 Easiest Solder Tip Access Assembly Order
The SpeakJet SuperCarrier is a dense board and its construction is not for the novice.  Using a pencil type soldering iron with a reasonably pointed and clean tip follow the construction order listed below.  This order leaves room for the solder iron tip and the solder to both reach the joints of the component being soldered.

Full Assembly Order


H6
RN1
R12
18 DIP socket [SpeakJet]
R7
R8
R4
R6
D3 [because in my parts kits, only the yellow LED has standoffs!]
D2
D4
C5
H5
R2
R3
C1
J3/H3 [use jumpers to hold together and solder both at same time for proper spacing!]
R9
R1
R10
J2/H2 [same jumper-trick as above]
C3
C4
C8
C2
J1a/J1b [use jumpers to hold J1a and J1b together]
H1 [use jumpers to hold H1 next to J1]
R11
8 DIP socket [DS275]
8 DIP socket [LM386]
C10
C9
R5
H4
C6
C7
C12
C11
D1
LM7805
H7
COM1 DB9 connector
4.4 Minimum Parts Assembly Order


For min board, the order is the same except for the omitted parts:
H6
RN1
R12
18 DIP socket [SpeakJet]
R7
R8
R4
R6
C5
H5
R2
R3
C1
J3/H3 [use jumpers to hold together and solder both at same time for proper spacing!]
R9
R1
R10
J2/H2 [same jumper-trick as above]
C3
C4
C8
wire from J1a:2 to J1a:3
wire from J1b:2 to J1b:3
H1
8 DIP socket [LM386]
C10
C9
R5
H4
C6
C7
_insulated_ wire from LM7805:1 to LM805:3
H7

5 Test Procedure
Crude outline for board test.   
Assumes access to PhraseAlator or similar s/w to activate events in the SpeakJet chip.

NOTE: Needs to be updated for H5 header re-arrangement and LED disable/enable.


5.1 Begin

· Board orientation
· No chips, no connectors
· identify headers
· jumpers: J1 LEFT (both), J2 LEFT, J3 LEFT.
· "power up" == connector power connector to H7; "power down" disconnect power connector from H7.

5.2 Power Supply

· Disable OUT# LEDs [remove jumper on H5]

· Power supply LED on?
· Check battery polarity;

· Check LED polarity;

· power down
5.3 Audio Amp

· attach speaker
· insert audio amp - listen for hiss
· power up
· set jumper J2 & J3 to LEFT,  and attach wire to H3 - introduce static.
· Power Down

5.4 SpeakJet Demo

· Reinstall LED jumper on H5

· insert SJ.
· set jumper H5, jumper pins 5-6 [3rd pair from left]  for demo
· power up.
· listen & enjoy
· [may have to reset - temporarily jumper H5 pins 1-2, left most pair]

5.5 SpeakJet Reset

· jumper [screwdriver?] to H5, pins 1-2; reset – restarts
· listen & enjoy again.
· power down
· remove jumpers

5.6 PC Serial Communications

· Power down
· Connect serial cable to PC & BB

· J1 to LEFT

· power up

· Start PhraseAlator
· choose serial port & port test

· "Ready"
· Say phrases in phrase editor

· Make sounds
· power down

5.7 SpeakJet Events

· NOTE: Must use PhraseAlator s/w to program the events in the SpeakJet first.
· power up, jumper or screwdriver or use Normally Open switch on event line.
· hear event messages.
· power down
5.8 BS2/OOPic Control

· Power down
· Disconnect serial cable from BB [can leave connected]
· J1 to RIGHT
· Connect cable from BS2/OOPic to H1.  [see sample code]
· Power up BB & BS2/OOPic.
· Run code on BS2/OOPic.  Enjoy speech.
· Long speech [to test flow control].  Watch red LED come on and green LED go off.
· power down

5.9 Event and Out# Lines


:Event and OUT# lines
  -NOTE: Requires proper cabling* for OUT# lines [4.7k series resistors].
  -Connect event lines to BS2/OOPic
  -Connect OUT# lines to BS2/OOPic with special cable*.
  -Power up
  -Run sample code and monitor event and OUT# lines.
  -power down.

5.10 Change BAUD Rate


:Change BAUD rate.
  -power up
  -jumper M1
  -jumper M0
  -listen for ping, ping, ping,...
  -unjumper both
  -power down
  -Note: can actually change baud rate if you want, but use PhraseAlator.


5.11  Audio Out Options


:Audio Out Options
:PWM Out
  -power down
  -J2 to RIGHT
  -Connector to H2.
  -Other end of connector to filter network [pay attention to ground]
  -power up and make speak.
  -power down

5.12  Line Level Audio Out


:Line Level Audio Out:
  -power down
  -J3 to RIGHT
  -Connector to H3.
  -Other end of connector to audio amp [pay attention to ground]
  -power up and make speak
  -power down

6 Appendix A: Basic Stamp 2 Code
6.1 Example 1

	'SJ_SC1.BS2           Jim Hewitt             21 May 2004

' This is sample code to make the SpeakJet SuperCarrier 'talk'.

' This performs an accelerated 'Demo mode'-like sound generation

' by sending out all of the allophones.  It uses flow control

' so the SpeakJet buffer won't overflow.

' Change line #47 to send allophones in reverse order for variety!

' -----[ I/O Pins ]--------------------------------------------------

blinker    CON 1         ' LED

RCX        CON 2         ' Out line to SpeakJet RCX line

FC         CON 3         ' Flow-control [from OUT2 of SpeakJet]

T9600      CON 84        ' SJ default serial comm settings

                         ' 9600, n, 1, 1

' -----[ Variables ]-------------------------------------------------

i            VAR byte

j            VAR byte

'====  Initialization ==================================================

InitAll:

  GOSUB LEDTest

'====  Main Loop =================================

' Reset SpeakJet to default values; no flow control.

SEROUT RCX,T9600, [31]

MainLoop:

  GOSUB SJDemo             ' SpeakJet Demo [accelerated!]

  GOSUB PauseIt

  TOGGLE blinker

GOTO MainLoop

'==================  Speech Support ==============

PauseIt:

  SEROUT RCX\FC, T9600, [3]

  SEROUT RCX\FC, T9600, [3]

RETURN

SJDemo:

  SEROUT RCX\FC, T9600, [31] ' reset to defaults

  FOR i = 128 TO 255

    j = i

'    j = 383 - j    ' enable this line to send in reverse order

    SEROUT RCX\FC, T9600, [j]

'    PAUSE 300     ' enable this line to slow down

  NEXT

RETURN

'================ M I S C   S U P P O R T =========

LEDtest:

  ' give LED indication that we are alive...

  FOR i = 1 TO 6

    TOGGLE 1  ' blink an LED.

    PAUSE 100

  NEXT

RETURN


6.2 Example 2

	'SJ_SC2.BS2           Jim Hewitt             21 May 2004

' This is sample code to make the SpeakJet SuperCarrier talk.

' This sends out strings in a buffer with flow control using a

' busy wait in SEROUT.

' -----[ I/O Pins ]-------------------------------

blinker    CON 1         ' LED

RCX        CON 2         ' Out line to SpeakJet RCX line

FC         CON 3         ' Flow-control [from OUT2 of SpeakJet]

T9600      CON 84        ' SJ default serial comm settings

                         ' 9600, n, 1, 1

' -----[ Variables ]------------------------------

TextPtr      VAR byte   ' Pointer to speech data stored in EEPROM

SpeechData   VAR word   ' Word for single allophone

i            VAR byte

'====  Initialization ==================================================

InitAll:

  GOSUB LEDTest

'====  Main Loop =================================

' Reset SpeakJet to default values; no flow control.

SEROUT RCX,T9600, [31]

MainLoop:

  TextPtr = Welcome

  GOSUB SpeakStr

  GOSUB PauseIt

  TextPtr = SpeechChips

  GOSUB SpeakStr

  GOSUB PauseIt

  TOGGLE blinker

GOTO MainLoop

'==================  Speech Support ==============

PauseIt:

  TextPtr = Pauser

  GOSUB SpeakStr

RETURN

SpeakStr:

' Speaks a string in TextPtr

  SEROUT RCX\FC, T9600, [31]  ' reset to defaults

SpeakAllophone:

  READ TextPtr, SpeechData

  IF SpeechData = $FF THEN SpeakDone

  SEROUT RCX\FC, T9600, [SpeechData]

  TextPtr = TextPtr + 1

  GOTO SpeakAllophone

SpeakDone:

RETURN

'================ M I S C   S U P P O R T ==========

LEDtest:

  ' give LED indication that we are alive...

  FOR i = 1 TO 6

    TOGGLE 1  ' blink an LED.

    PAUSE 100

  NEXT ' i

RETURN

' -----[ Speech Data ]------------------------------

Welcome     DATA 147, 131, 145, 4, 195, 136, 140, 255

SpeechChips  DATA 20, 96, 21, 114, 22, 88, 23, 5, 8, 169, 8, 128

SpeechChips2 DATA 1, 187, 198, 8, 128, 196, 165, 131, 191, 1, 8

SpeechChips3 DATA 187, 8, 139, 198, 7, 148, 1, 196, 7, 150, 8, 128

SpeechChips4 DATA 7, 148, 2, 154, 128, 1, 187, 198, 128, 182, 1

SpeechShips5 DATA 182, 129, 198, 187, 1, 175, 8, 136, 191, 1, 195

SpeechChips6 DATA 136, 136, 140, 1, 131, 194, 187, 8, 195, 7, 145

SpeechChips7 DATA 8, 139, 187, 129, 7, 166, 6, 2, 253, 0, 255

Pauser       DATA 3, 3, 255


7 Appendix B: Sample OOPic Code
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