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CIRCUIT DESCRIPTION

A Overview

The Model DM100 Portable Digital Monitor accepts digital input through one of three connectors, FOM1, J6, and J7.  The data, which can be PCM, Dolby Digital, or Dolby E, is received and decoded by IC5 and passed to IC6 (the DSP) for processing.  The DSP can generate digital output data, which is encoded by IC15, and passed simultaneously to connectors FOM2, J9, and J10.  Additionally, the DSP can generate PCM audio data which is sent to the D/A converter (IC2) via the board-to-board connectors (J8, J17), and finally to the headphone amplifier IC4.

An analogue composite NTSC/PAL video reference signal can be received via connector J11 to generate timing information for the DSP and the digital output.

The DM100 contains three switching regulators and several power control circuits to allow precise control of the current consumption of the device.  The power source for the product is either a 6VDC wall transformer or 4 AA batteries in series.  This voltage is converted to the three supply voltages by the converter ICs: IC22 => +5V, IC18 => +3.3V, IC27 => +2.5V.

Additionally, IC23, IC30 and IC28 switch power to other parts of the circuit.

Control and configuration of the DM100 is accomplished by means of front panel momentary switches, status LEDs, and a 2x16 character LCD display.  The DSP (IC6) handles all of the associated tasks, including switch monitoring and front panel LED and LCD display control.
The circuitry of the DM100 is split between two PC boards, which are connected via a 40-pin header and socket (J8, J17).  The breakdown of the various circuit blocks and their board and schematic location is as follows:

Item
Description
Physical location
Schematic page #

1
Digital audio receiver and transmitter
display board
2

2
Video input stage and audio clocks
display board
2

3
Digital signal processor and peripherals
display board
3

4
Power supply and power switching circuitry
display board
4

5
Audio D/A converter and amplifier
keypad board
5

6
LED indicators and control keypad
keypad board
5

Note that page 1 of the schematic shows a block diagram of the circuit, and indicates which signals connect between the various pages of the schematic.

B Digital audio receiver and transmitter

The digital audio input is received through one of three connectors, and decoded by the Crystal CS8415 (IC5), which has a built in multiplexer to select between input signals.  The optical input (from FOM1) is ac-coupled directly to input 1 of the CS8415, while the BNC (J6) and XLR (J7) inputs are transformer coupled (T1 and T2) to inputs 2 and 0 respectively.  The CS8415 is run in master mode which means it is generating all three audio bus signals on pins 16-18 (RX_SCK, RX_FS, RX_DATA), which run to the DSP's ESSI port 0.  The CS8415 also generates a master audio clock (RX_MCK) at 12.288 MHz, which is one of the three clock sources that can be used to drive the audio output.  The CS8415 is configured and controlled by the DSP over a 4 wire serial bus (/CE_AES_RX, SCLK, TXD, RXD).

The digital audio output is generated by the Crystal CS8405 (IC15), and buffered to the three output connectors.  The optical output (FOM2) is driven directly by the CS8405, while IC26 is used to buffer and level shift the outputs for driving the BNC (J10) and the XLR (J9) via their respective transformers (T3 and T4).  The CS8405 is run in master mode, which means that it generates two control signals on pins 13 and 12 (TX_SCK and TX_FS) from the 12.188 MHz master clock input (TX_MCK).  These control signals are wired to the DSP's ESSI port 1, which generates the audio data (TX_DATA) that is fed to the CS8405. The CS8405 is configured controlled by the DSP over a 4 wire serial bus (/CE_AES_TX, SCLK, TXD, RXD).

C Video input stage and audio clocks

The composite NTSC or PAL video reference signal enters the unit at J11, and is internally terminated via R29.  The video signal is ac-coupled to the GS4982 sync separator (IC33) which produces two signals, HSYNC and ODD_EVN_5V, which are the horizontal sync and frame sync signals respectively.  The ODD_EVN_5V signal is level shifted to 3.3v via IC24 and fed to the timer 2 input of the DSP.  The HSYNC signal is fed to the cascaded PLL circuit (IC32 and IC31), which first generates 27 MHz (IC32) and then generates 12.288 MHz from the 27 MHz (IC31).  The 12.288 MHz clock is level shifted to 3.3v with IC24 and fed to the clock multiplexer.

The clock multiplexer is built around 3/4 of IC20, and can select between the receiver clock, the video clock, and an internal clock generated by oscillator IC10.  The output from the clock multiplexer is used to drive the audio transmitter IC15.

D Digital Signal Processor and peripherals

The only processor in the DM100 is the single Motorola 56307 DSP (IC6), which handles both supervisory and audio processing tasks.  The DSP is connected to a 128K x 24 SRAM (IC12) and a 1M x 8 flash memory (IC11).  The boot method for the DSP is controlled by IC25, which presents a specific bit code to the DSP during the reset period.  The DSP ordinarily boots from the flash memory, but can be configured to boot from the serial port by connecting special circuitry to J4.

The DSP's parallel peripheral expansion is provided by ICs 9, 13, and 14, which are controlled through the logic gates in IC21.  These expansion registers provide logic control lines for various aspects of the DM100, including power management, clock control, and the keypad matrix.

The expansion register IC8 is used to provide an 8-bit write-only data bus for driving the LCD display through connector J5.  Two additional control signals (LCD_EN and LCD_RS) are provided to the LCD from the DSP's host port, and the LCD contrast is controlled by the integrator built around the op-amp IC19.

The MAX3221 (IC7) provides the level shifting necessary for the RS232 serial port.  It can be enabled and disabled by the DSP for power savings as required using the RS232_ON control signal.  This signal is tied to +3.3v using R119 to ensure the serial port is always active before the DSP has booted and taken control of the RS232_ON signal.

Non volatile preset and last-state storage is provided through IC17, a 512 x 8 EEPROM, which is controlled from the DSP by a 4 wire serial bus (/CE_EEROM, SCLK, TXD, RXD).

E Power supply and power switching

Power is provided to the DM100 either from 4 AA type battery cells, or from a standard wall transformer.  Power enters the DM100 from the wall transformer through J12 and from the batteries through J13.  Relay K1 is energised by the wall supply, and is used to provide a fast switchover between the wall and battery supplies.  The resulting supply voltage (VBATT) passes to several regulators which provide the power rails.

The +2.5v and +3.3v supplies are generated from an identical pair of switching regulators (IC27 and IC18).  The control signal for enabling these supplies is tied both to the power switch and to the DSP's host port via a diode 'or' arrangement (D19 and D20), such that when the unit is off, the power switch will directly enable the regulators to bootstrap the unit.  Transistor Q3 and associated components is used to generate a signal to tell the DSP when the power switch is pressed.

The +5v supply is generated from IC22, which is a step up switching regulator and step down linear regulator in one package.  This allows generation of +5v from an input voltage ranging from +3.5v to +11v. The regulator is enabled under software control by a signal from the DSP.  It also provides a low battery detection at 4.2v (nominally) using a built in comparator with hysteresis.  Comparator IC19 provides a dead battery detection at 4.0v (nominally).

A 3.95v supply is generated by linear regulator IC29 to power the LCD backlight.  This supply is enabled under software control by a signal from the DSP.

The system reset is generated from voltage monitor IC16, which also has a manual reset input from S2.

Power is switched to different sections of the unit using IC23, IC30, and IC28, which are all under software control from the DSP.  IC23 provides +5v power to the optical transmitter (FOM2); IC30 provides +5v power to the optical receiver (FOM1) and the video reference circuit; IC28 provides +3.3v power to the audio buffer and DAC (IC3 and IC2), and to the digital audio transmitter (IC15).

F Audio D/A converter and amplifier

The headphone and speaker are driven via DAC and AMP circuitry fitted to the keypad board.  The DSP provides audio clock and data to the keypad board via connectors J8 and J17.  These are buffered via IC3, which protects the DAC when it is in the power down mode.  The DAC IC2 converts the digital audio to analogue audio on pins 12 and 9 (left and right) and feeds it to the audio amplifier IC4.  The amplified audio is fed to the headphone jack, which has built in switching to route the audio to the speaker when the headphones are removed.  The speaker is driven using both the left and right signals, so the DSP inverts one channel when driving the speaker.  The sense circuit built around Q1 informs the DSP whether the headphones are plugged in or not.

G LED indicators and control keypad

Connectors J8 and J17 route the drive signals for the LED and the keypad matrix signal to the keypad board.  The LCD backlight supply is also routed to the keypad board to drive low intensity back lighting for each key switch.  The keypad is organised as a matrix of 4 columns by 3 rows.  The DSP scans this matrix to determine which keys are pressed.  Each key is isolated from the others using a diode to allow more than one key to be pressed at once.

INTERFACE CONTROL DOCUMENT

H BNC-type Connectors, wired to J6, J10

J6 (Digital Audio Input): AES-3id-1995 unbalanced
J10 (Digital Audio Output): AES-3id-1995 unbalanced
I XLR-type Connectors J7, J9

J7 (Digital Audio Input): AES-3-1992

J9 (Digital Audio Output): AES-3-1992

J Fibre Optic Connectors FOM1, FOM2

FOM1 (Digital Audio Input): EIAJ CP-1201

FOM2 (Digital Audio Output): EIAJ CP-1201

K RCA Phono Connector J11

J11 (Video Reference Input): SMPTE 318M-1999
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8-pin mini-DIN connector J2 (RS-232 Serial Port)

Pin
Function
Description

1
NC


2
NC


3
TX
asynchronous data out

4
Ground


5
RX
asynchronous data in

6
NC


7
NC


8
NC


M J16 1/8-inch female TRS connector (Headphone Output)

Tip
→
Left Channel

Ring
→
Right Channel

Sleeve 
→
Shield

ENGINEERING TEST PROCEDURE

N Test Overview

Board-level testing of the Model DM100 is performed using pre-programmed test routines in the flash memory (IC11) device.  The DSP cycles through a sequence of test states, and test status is reported by the front panel LCD display.  Front panel switch operation is then tested.  The sequence of tests is as follows:

Test Number
Description

1
Low/dead battery and AC adapter detection test.

2
External memory test (IC12)

3
Flash memory test (IC11)

4
EEPROM test (IC17)

5
RS232 circuitry test

6
Video reference circuitry test

7
Digital Audio I/O loopback test

8
Headphone/Speaker DAC and amplifier test

9
Keypad test

10
LED test

If any test fails, an error is generated and the error code is displayed on the LCD screen.  The error codes that are generated from the tests are shown below.  To continue to the next test following an error message, press <ESC>.  To continue to the next test following tests 1, 8, 9 and 10, press <ESC>.  

During Test number 7, the top line of the LCD displays the following: "Testing AES3sXXX", where the letter 's' is either an 'i' or a 'v' to denote the internal or video clock source respectively, and XXX is either "XLR", "OPT", or "BNC" to denote the physical interface in test.

Error Code
Test #
Sample Display Message
Error Code Description

E01
2
E01: 123456
External memory test failed.  The failed memory address is displayed

E02
3
E02
Flash code checksum failed.

E03
3
E03: 01 - 123456
Flash sector could not be erased.  The flash error code and sector address are displayed.

E04
3
E04: 01 - 123456
Some or all of the flash memory did not erase correctly.  The flash error code and address of the un-erased data are displayed.

E05
3
E05: 123456
Flash memory data did not verify against programmed data.  Address where data does not match is displayed.

E06
4
E06: 32   21!=32
EEPROM data did not verify against programmed data.  Address where data does not match, written value and read value are displayed.

E07
6
E07
No video reference detected

E08
5
E08: 8
Not all RS232 data was received through the loopback connector.  The number of bytes actually read is displayed.

E09
5
E09
The RS232 data that was read does not match the data that was transmitted.

E10
7
E10: 1
A register in the AES receiver (IC5) does not equal the value written to it.  The register number is displayed.

E11
7
E11: 3
A register in the AES transmitter (IC15) does not equal the value written to it.  The register number is displayed.

E12
7
E12: 0
The ID code read from the AES receiver (IC5) is not the correct value.  The actual value read is displayed.  The correct value should be 4.

E13
7
E13: 5
The ID code read from the AES transmitter (IC15) is not the correct value.  The actual value read is displayed.  The correct value should be 6.

E14
7
E14
No data interrupt from AES receiver (IC5).  This tests the ESSI port communications between the DSP (IC6) and IC5 over the RX_FS and RX_SCK lines.

E15
7
E15
No data interrupt from AES transmitter (IC15).  This tests the ESSI port communications between the DSP (IC6) and IC15 over the TX_FS and TX_SCK lines.

E16
7
E16
No IRQ-D interrupt from AES receiver (IC5).  This tests the IRQ-D connection on the DSP (IC6).

E17
7
E17
No IRQ-C interrupt from AES transmitter (IC15).  This tests the IRQ-C connection on the DSP (IC6).

E18
7
E18
The data transmitted using IC15 was not received by IC5.

E19
7
E19: 3
The data received by IC5 does not match the data transmitted by IC15.  The address in the buffer where the data differs is displayed.

E20
6
E20: 1
The video reference frequency does not match any known values.

O Test Setup and Execution

The first-time software download and automatic test procedure is performed as follows (note that where current consumption figures are listed, these are worst case figures and typical figures may be as low as half the specified limit).

1. Unscrew and split the chassis of the DM100, and connect the two halves together using the extender ribbon cable (described in the Appendix).

2. Connect the Boot Box (described in the Appendix) to J4.

3. Connect a +6.0VDC bench power supply in series with a 50μA accurate current meter across J13 (pin 1 = +6.0VDC, pin 2 = GND, pin 1 is marked with a '+' symbol).

4. Measure current consumption and verify that the +6VDC bench supply current does not exceed 100μA.

5. Measure the current consumption with the power button held down and verify the supply current (once stabilised) does not exceed 20mA.  Release the power button and the current consumption should revert back to the level described in (4) above.

6. Connect the serial download cable between the RS232 connector on the DM100 and the COM1 serial port of the download PC
.

7. Hold down the POWER button and run the 'VIRGINLOAD.BAT' batch file from a command prompt on the download PC.  Release the POWER button when the "RELEASE_POWER_BUTTON" message is printed on the PC command prompt screen.  The PC software will display progress and stop if there are any errors.  Shortly after releasing the POWER button, the DM100 will also display progress and/or error messages on the LCD screen.  Verify that the current consumption during this process does not exceed 150mA.  The unit will automatically switch off at the end of the download, if it was successful.

8. Switch off the +6.0VDC bench power supply

9. Remove the Boot Box connection from J4.

10. Remove the serial download cable from the RS232 connector (J2), and jumper pin 3 to pin 5 on this connector.

11. Connect three cables: one from the BNC digital out to the BNC digital in, one from the XLR digital out to the XLR digital in, and one optical cable from the optical digital out to the optical digital in.

12. Connect an external NTSC video reference signal (5ppm frequency stability) to the "V Ref" input connector.

13. Switch on the +6.0VDC bench power supply

14. Hold the ESC and ENTER keys whilst pressing the power button, and release all three when the "Factory Test", "<ENTER> to Start" message is displayed on the LCD.  Current consumption should be no more than 60mA.

15. Press ENTER to begin test #1.  This test measures the low and dead battery signals, and requires help from the operator.  The lower line of the display will show two messages, each within brackets "[]".  The left hand message shows "B:[OK  ]", "B:[LOW ]", or "B:[DEAD]" to indicate the state of the battery voltage detection circuitry.  The right hand message shows "P:[INT]" or "P:[EXT]" to indicate that power is sourced from the internal connector or the external AC adapter connector, respectively.

16. Slowly reduce the voltage on the power supply and note the voltage when the message "B:[LOW]" appears in the left side of line 2 of the display.  Continue to reduce the voltage and note the voltage where the word "B:[DEAD]" appears.  Do not reduce the voltage below +3.5VDC, otherwise the unit will reset, and you will need to restart from step (14).  The low battery condition should occur somewhere between 4.2V and 4.5V (4.35V typically); the dead battery condition should occur somewhere between 4.25V and 3.9V (4.09V typically).  Return the power supply voltage to +6.0V and verify the message changes to "B:[OK  ]".

17. Plug the AC adapter into a 120V receptacle.  Plug the DC connector into the 6VDC jack on the right side of the unit and verify that a) The power remains on, and b) The text on the lower right side of the display changes from "P:[INT]" to "P:[EXT]".  Remove the DC connector from the DM100 and verify that the display changes back to "P:[INT]" and the power remains on.  Press <ESC> to conclude this test.

18. The unit will now perform a series of automatic tests (#2 - #7), and end up on test #8.  The possible error codes and conditions for tests #2 - #7 are listed above.  Should a fault be detected, pressing ESC will continue to the next test in the sequence.

19. Test #8 checks the speaker and headphone outputs.  The LCD display should read "LEFT CHANNEL" and you should be able to hear a tone from the DM100 speaker.  Pressing ENTER will cycle the display between "LEFT CHANNEL", "RIGHT CHANNEL", "BOTH CHANNELS", "MODULATED VOLUME", and "Headphone:[OUT]".  Check that the LEFT and RIGHT modes have similar volume levels and that the BOTH mode sounds louder.  Check the volume level is increasing and decreasing automatically in the MODULATED mode.  

20. Set the display to the "Headphone:[OUT]" mode by pressing ENTER as many times as required.  Plug in a set of headphones to the jack on the left side of the unit and verify the text changes to "Headphone:[IN ]".  Verify the tone can be heard in both headphone channels.  Unplug the headphones and verify the text changes back to "Headphone:[OUT]".  Set the display to "BOTH CHANNELS" before continuing to the next step.

21. Connect a male 1/8-inch TRS connector to the headphone output (J16).  There should be two single-conductor  shielded cables connected to the TRS connector.  The conductor of one cable should connect to the tip and the conductor of the other cable should connect to the ring.  The shields of both should be soldered to the sleeve of the connector.  The other side of each cable should have a dual banana plug terminated by 32 Ω, and should be plugged into the AP analogue inputs.  Note that the same cable assembly for testing the DP572 can be used with a 1/4" female to 1/8" male adapter.
22. Set up the AP analogue monitor to 100k input impedance for both channels.  Verify the input frequency is 700 Hz ± 0.5 Hz.  Verify the input amplitude is 275 mV ± 15 mV.  Verify the THD+N Ratio figure is 1.45% ± 0.1%.  Repeat the measurements for both input channels.

23. Press ESC when done to move to the keypad test (test #9).  The display indicates the key to press: press the indicated key and the display indicates the key should be released.  The display then shows the next key, etc.  When the last key is pressed and released, the system moves to the LED test (test #10).

24. The LEDs and backlight should be flashing alternately.  The LEDs include the 6 status LEDs and the SHIFT key LED.  The backlight includes the LCD backlight and the 12 key backlights.  Press ESC when done to finish the tests.

25. As indicated on the display, press the reset switch located on the underside of the unit.  Verify the unit switches off and the power consumption is not more than 100μA.

26. Turn the unit on by holding the POWER button for 2 seconds and verify the current consumption is not more than 400mA.

27. Switch off the unit by holding the POWER button for 2 seconds, and then releasing it.  Verify the current consumption is not more than 100μA.

28. Switch off the +6VDC bench power supply.

29. Remove all cables, jumpers and power from the DM100.

30. Re-assemble the two halves and screw together.  Be sure to re-connect the power cable from the battery compartment to J13.

P Functional System Tests 
1. Insert a good set of AA batteries into the DM100.

2. Connect the Main Out of a reference DP571 encoder to the BNC digital audio input of the DM100 under test.

3. Connect an external NTSC video reference signal (5 ppm stability) to the upper Ref Video input of the DP571.

4. Connect the lower Ref Video input of the DP571 to the V Ref input of the DM100.

5. Connect the AP AES/EBU digital audio output to upper DP571 Ch 1/2 input connector.

6. Connect DP571 lower Ch 1/2 input connector to its upper Ch 3/4 input connector.

7. Connect DP571 lower Ch 3/4 input connector to its upper Ch 5/6 input connector.

8. Connect DP571 lower Ch 5/6 input connector to its upper Ch 7/8 input connector.

9. Hold the ENTER key on the DP571 encoder and apply power to it.  Continue to hold the ENTER key until the "Factory Defaults" screen is displayed.  Then press the SETUP key to reset the unit to factory defaults.

10. On the DM100, hold both the POWER and the ENTER keys for 2 seconds to turn it on.  When the "Factory Defaults" screen is displayed, release the POWER and ENTER keys and press the SETUP key to reset the unit to factory defaults.  Following software initialisation, the DM100 LCD should display the message "Dolby E      B" on line 1 and "5.1+2   20bit" on line 2.

11. Apply a -10 dBFS sinewave at 1 kHz from the AP at a 48 kHz sample rate.  Verify the sound can be heard from the DM100 speaker, after checking the DM100 volume level is sufficiently high.

12. Plug the DM100's AC adapter into a wall outlet, and plug the DC connector from it into the DM100 6VDC connection on the side of the unit.  Verify the unit continues to remain powered.  Remove the DC connector from the DM100.

13. Switch off the DM100 and remove the cables and batteries.

14. Done!

APPENDIX

Q Extender Cable

The DM100 extender cable can be made using two cable assemblies.

1. Make up two 40-way ribbon cable assemblies.  The 40-way cable should be cut to 5" lengths, and a female 40-way IDC connector should be attached to each end.

2. Use a DPN 71359 40-way connector to join the female from one cable to the female from the other, ensuring that the pin 1 mark on one cable is at the same side as the pin 1 mark on the other cable.

3. Use a second DPN 71359 40-way connector to convert one of the female connectors into a male.

Note that when inserting the DPN 71359 parts into the female connectors, it may be useful to use a vise to help slide the black plastic spacers down the pins of the part.

Boot Box

The schematic and build instructions for the DM100 boot box is shown below.
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This schematic is used for the one—time baot operation when programming a
virgin flash mernory with the boot loader code. The DM— 100 requires an external
baud rate clack when booting over the SCI part, and this 555—timer based
design provides this. The clock runs at 4800 Hz, whichis 16 times the desired
baud rate of 360 baud. The board also provides two active—low sense lines to
the main DM—10G0 system, so that it knows that the SCI baot board is attached.

The required cable to connect between this board and the DM—1G0 is a
one—to—one 5—way cable (i.e. pin 1 goes o pin 1, pin 2 o pin 2, ste...).
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The cable assernbly is 0 one—ta—ane cable using the colour shown above.
The maxirnum length for the wires is 12 inches, but they may be shorter,
if desired.





Document Change List

The list of changes at each document revision is shown below

REV 2

Added this change list

Corrected errors in the Boot Box schematic and parts list

� The COM2 serial port can be used, but in step � REF _Ref488488678 \n \h ��7�, run "VIRGINLOAD.BAT COM2".





