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     Main Module - PLL Control System Version 12.1: CHIP connection I.D.

U1: MC68SEC811E2FN or MC68HC711E9FN microcontroller

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pin│ Designation │ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│01 │ VSS         │ System ground                                              │
│02 │ MODB/VSTBY  │ Software download jumper (grounds the pin to load software)│
│03 │ MODA/LIR    │ Grounded to hold unit in single chip mode                  │
│04 │ STRA/AS     │ Throttle Jackscrew turns count input                       │
│05 │ E           │ System clock monitoring output                             │
│06 │ STRB/R/W    │ Overfrequency detect signal out                            │
│07 │ EXTAL       │ Clock crystal signal input                                 │
│08 │ XTAL        │ Clock crystal drive output                                 │
│09 │ PC0/AD0     │ Ballast tank overtemp input, 60 degrees Celsius            │
│10 │ PC1/AD1     │ LCD interface - RS line/overtemp input, 70 degrees Celsius │
│11 │ PC2/AD2     │ LCD interface - R/W line                                   │
│12 │ PC3/AD3     │ LCD interface - E line                                     │
│13 │ PC4/AD4     │ LCD interface - data bit 4                                 │
│14 │ PC5/AD5     │ LCD interface - data bit 5                                 │
│15 │ PC6/AD6     │ LCD interface - data bit 6                                 │
│16 │ PC7/AD7     │ LCD interface - data bit 7                                 │
│17 │ RESET       │ Input from power supply alarm and manual reset button      │
│18 │ XIRQ        │ General purpose interrupt input – non-maskable             │
│19 │ IRQ         │ General purpose interrupt input - maskable                 │
│20 │ PD0/RxD     │ Serial port received data                                  │
│21 │ PD1/TxD     │ Serial port transmitted data                               │
│22 │ PD2/MISO    │ Synchronous serial interface, 16-bit latch clock           │
│23 │ PD3/MOSI    │ Synchronous serial interface, output to shift register     │
│24 │ PD4/SCK     │ Sync line for serial to parallel shift register            │
│25 │ PD5/1SS     │ Parallelling relay control output                          │
│26 │ VDD         │ +5V power supply in                                        │
│27 │ PA7/PAI/OC1 │ Serial load management signal output                       │
│28 │ PA6/OC2/OC1 │ Throttle actuator directional relay control output         │
│29 │ PA5/OC3/OC1 │ Throttle actuator motor drive output                       │
│30 │ PA4/OC4/OC1 │ Bus/Gen. switch for 3 phase direction sensor               │
│31 │ PA3/IC4/OC5/OC1 3 phase direction sensor input for synchronizing         │
│32 │ PA2/IC1     │ Bus zero crossing input                                    │
│33 │ PA1/IC2     │ Generator zero crossing input                              │
│34 │ PA0/IC3     │ Turbine RPM input for belt slippage detect                 │
│35 │ PB7/A15     │ Ballast control bit 4                                      │
│36 │ PB6/A14     │ Ballast control bit 3                                      │
│37 │ PB5/A13     │ Ballast control bit 2                                      │
│38 │ PB4/A12     │ Ballast control bit 1                                      │
│39 │ PB3/A11     │ Ballast control bit 0                                      │
│40 │ PB2/A10     │ Excitation control bit 2                                   │
│41 │ PB1/A9      │ Excitation control bit 1                                   │
│42 │ PB0/A8      │ Excitation control bit 0                                   │
│43 │ PE0/AN0     │ Load current measurement analog input                      │
│44 │ PE4/AN4     │ Damping level potentiometer analog input                   │
│45 │ PE1/AN1     │ Ballast current measurement analog input                   │
│46 │ PE5/AN5     │ Penstock pressure analog input                             │
│47 │ PE2/AN2     │ Generator voltage analog input                             │
│48 │ PE6/AN6     │ Head pond level analog input                               │
│49 │ PE3/AN3     │ Bus voltage analog input                                   │
│50 │ PE7/AN7     │ Plant monitoring - analog and digital                      │
│51 │ VRL         │ System ground for A to D converter = zero reference        │
│52 │ VRH         │ +5V (extra filtration) for A to D = hex FF reference       │
└───┴─────────────┴────────────────────────────────────────────────────────────┘
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U2: 74HC132 quad NAND schmitt trigger 

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pin│ Designation │ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│01 │ A1          │ Tied to VDD to convert NAND to inverting buffer            │
│02 │ B1          │ Generator waveform sample input, biased for 0-xing detect  │
│03 │ Y1          │ Generator zero crossing timing edge output                 │
│04 │ A2          │ HI/LO/OK display bus input bit 1                           │
│05 │ B2          │ HI/LO/OK display bus input bit 0                           │
│06 │ Y2          │ OK lamp decode output                                      │
│07 │ VSS         │ System Ground                                              │
│08 │ Y3          │ Spare NAND B, output                                       │
│09 │ A3          │ Spare NAND B, input 1                                      │
│10 │ B3          │ Spare NAND B, input 2                                      │
│11 │ Y4          │ Spare NAND A, output                                       │
│12 │ A4          │ Spare NAND A, input 1                                      │
│13 │ B4          │ Spare NAND A, input 2                                      │
│14 │ VDD         │ +5V power supply in                                        │
└───┴─────────────┴────────────────────────────────────────────────────────────┘

U3: 7805 voltage regulator

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pin│ Designation │ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│01 │ IN          │ +8 to 13.8 volts unregulated input                         │
│02 │ COM         │ System ground                                              │
│03 │ OUT         │ +5 volts regulated output                                  │
└───┴─────────────┴────────────────────────────────────────────────────────────┘

U4: S-8054HN power supply monitor

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pin│ Designation │ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│01 │ GND         │ System ground                                              │
│02 │ IN          │ Power supply sample/chip power input                       │
│03 │ RESET       │ Low voltage warning output                                 │
└───┴─────────────┴────────────────────────────────────────────────────────────┘

U5: LT1081CN RS-232 communications power supply & data level shifter/inverter

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pin│ Designation │ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│01 │ C1+         │ + Voltage doubler, input capacitor +                       │
│02 │ V+          │ + Voltage doubler, output capacitor +, and +10V output     │
│03 │ C1-         │ + Voltage doubler, input capacitor -                       │
│04 │ C2+         │ - Voltage doubler, input capacitor +                       │
│05 │ C2-         │ - Voltage doubler, input capacitor -                       │
│06 │ V-          │ - Voltage doubler, output capacitor -, and -10V output     │
│07 │ T2OUT       │ RTS output, RS-232                                         │
│08 │ R2IN        │ CTS input, RS-232                                          │
│09 │ R2OUT       │ CTS output, TTL level                                      │
│10 │ T2IN        │ RTS input, TTL level                                       │
│11 │ T1IN        │ TD input, TTL level                                        │
│12 │ R1OUT       │ RD output, TTL level                                       │
│13 │ R1IN        │ RD input, RS-232                                           │
│14 │ T1OUT       │ TD output, RS-232                                          │
│15 │ GND         │ System ground                                              │
│16 │ VCC         │ +5 volts power supply in                                   │
└───┴─────────────┴────────────────────────────────────────────────────────────┘
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U6: MOC3083 Zero-crossing triac drive opto coupler for ballast drive bit 0

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pin│ Designation │ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│01 │ Anode       │ Ballast drive bit 0 input                                  │
│02 │ Cathode     │ Ground                                                     │
│03 │ NC          │ No contact                                                 │
│04 │ MT1         │ Gate drive output for ballast bit 0 triac switch           │
│05 │ Substrate   │ No contact                                                 │
│06 │ MT2         │ Gate drive common, connect to MT2 of the above triac switch│
└───┴─────────────┴────────────────────────────────────────────────────────────┘

U7: MOC3083 Zero-crossing triac drive opto coupler for ballast drive bit 1

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pin│ Designation │ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│01 │ Anode       │ Ballast drive bit 1 input                                  │
│02 │ Cathode     │ Ground                                                     │
│03 │ NC          │ No contact                                                 │
│04 │ MT1         │ Gate drive output for ballast bit 1 triac switch           │
│05 │ Substrate   │ No contact                                                 │
│06 │ MT2         │ Gate drive common, connect to MT2 of the above triac switch│
└───┴─────────────┴────────────────────────────────────────────────────────────┘

U8: MOC3083 Zero-crossing triac drive opto coupler for ballast drive bit 2

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pin│ Designation │ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│01 │ Anode       │ Ballast drive bit 2 input                                  │
│02 │ Cathode     │ Ground                                                     │
│03 │ NC          │ No contact                                                 │
│04 │ MT1         │ Gate drive output for ballast bit 2 triac switch           │
│05 │ Substrate   │ No contact                                                 │
│06 │ MT2         │ Gate drive common, connect to MT2 of the above triac switch│
└───┴─────────────┴────────────────────────────────────────────────────────────┘

U9: MOC3083 Zero-crossing triac drive opto coupler for ballast drive bit 3

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pin│ Designation │ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│01 │ Anode       │ Ballast drive bit 3 input                                  │
│02 │ Cathode     │ Ground                                                     │
│03 │ NC          │ No contact                                                 │
│04 │ MT1         │ Gate drive output for ballast bit 3 triac switch           │
│05 │ Substrate   │ No contact                                                 │
│06 │ MT2         │ Gate drive common, connect to MT2 of the above triac switch│
└───┴─────────────┴────────────────────────────────────────────────────────────┘

U10: MOC3083 Zero-crossing triac drive opto coupler for ballast drive bit 4

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pin│ Designation │ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│01 │ Anode       │ Ballast drive bit 4 input                                  │
│02 │ Cathode     │ Ground                                                     │
│03 │ NC          │ No contact                                                 │
│04 │ MT1         │ Gate drive output for ballast bit 4 triac switch           │
│05 │ Substrate   │ No contact                                                 │
│06 │ MT2         │ Gate drive common, connect to MT2 of the above triac switch│
└───┴─────────────┴────────────────────────────────────────────────────────────┘
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U11: MC74HC595A Serial to parallel converting shift register for SPI high byte

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pin│ Designation │ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│01 │ QB          │ 4 pin header, pin 2 - misc. uses                           │
│02 │ QC          │ 4 pin header, pin 3 - misc. uses                           │
│03 │ QD          │ 4 pin header, pin 4 - misc. uses                           │
│04 │ QE          │ Switch - analog bank/digital bank of plant monitor inputs  │
│05 │ QF          │ Out of Phase warning lamp                                  │
│06 │ QG          │ LO-OK-HI-RS lamp driver bus bit 0                          │
│07 │ QH          │ LO-OK-HI-RS lamp driver bus bit 1                          │
│08 │ GND         │ System ground                                              │
│09 │ SQH         │ Cascade output to second shift register                    │
│10 │ RESET       │ Tied to +VDD, no reset required (uses word latch instead)  │
│11 │ SHIFT CLOCK │ Sync input from SPI SCK pin on microcontroller             │
│12 │ LATCH CLOCK │ 16-bit word latch from SPI MISO* pin on microcontroller    │
│13 │ OUTPUT ENABLE Tied to ground to permanently enable latched outputs       │
│14 │ A           │ Serial data input from SPI MOSI* pin on microcontroller    │
│15 │ QA          │ 4 pin header, pin 1 - misc. uses                           │
│16 │ VCC         │ +5 volts power supply in                                   │
└───┴─────────────┴────────────────────────────────────────────────────────────┘

U12: MC74HC595A Serial to parallel converting shift register for SPI low byte

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pin│ Designation │ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│01 │ QB          │ Load current measurement source switch bit 1               │
│02 │ QC          │ Load current measurement source switch bit 2               │
│03 │ QD          │ Monitor selector bit 0                                     │
│04 │ QE          │ Monitor selector bit 1                                     │
│05 │ QF          │ Monitor Selector bit 2                                     │
│06 │ QG          │ Serial data switch                                         │
│07 │ QH          │ Proportional/Setback throttle mode indicator lamp driver   │
│08 │ GND         │ System ground                                              │
│09 │ SQH         │ Serial data test point (output of 2nd shift register stage)│
│10 │ RESET       │ Not used, tied to +VDD                                     │
│11 │ SHIFT CLOCK │ Sync input from SCK (serial clock) pin on microcontroller  │
│12 │ LATCH CLOCK │ 16-bit (or more) word latch from microcontroller MISO* pin │
│13 │ OUTPUT ENABLE Tied to ground to permanently enable latched outputs       │
│14 │ A           │ Serial data input from previous shift register stage       │
│15 │ QA          │ Load current measurement source switch bit 0               │
│16 │ VCC         │ +5 volts power supply in                                   │
└───┴─────────────┴────────────────────────────────────────────────────────────┘

    *Note: In this design, the MISO and MOSI pins of the SPI port are used as

     outputs simultaneously to derive a software-dependent word length on a 1-way 

     serial/parallel conversion circuit. The SPI is not used for input.
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Main Module - PLL Control System Version 12.1: BOARD connector I.D.   

     ("Pad" designations refer back to old VPT00006/09 boards for reference). 

HD1: 40 pin header  - Expansion Connector

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pad│Connector/Pin│ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│5V │ HD1  - 1    │ VDD test point/source        (regulated 5 volt output)     │
│   │ HD1  - 2    │ VDD test point/source        (regulated 5 volt output)     │
│SG │ HD1  - 3    │ Signal ground/VSS connection (system ground)               │
│SG │ HD1  - 4    │ Signal ground/VSS connection (system ground)               │
│   │ HD1  - 5    │ 12 volt output, unswitched, from battery or internal supply│
│T  │ HD1  - 6    │ Turbine RPM (for belt slippage detection) (digital input)  │
│TC │ HD1  - 7    │ Signal ground/VSS connection (system ground)               │
│   │ HD1  - 8    │ Throttle jackscrew turns counter          (digital input)  │
│BZ │ HD1  - 9    │ Generator overspeed & misc. shutdown out  (digital output) │
│PH │ HD1  - 10   │ Bus zero-crossing detection               (digital input)  │
│PS │ HD1  - 11   │ Phase direction        (digital input)                     │
│   │ HD1  - 12   │ Phase direction source (digital input)                     │
│PM │ HD1  - 13   │ Powerhouse Monitor (analog input)                          │
│BV │ HD1  - 14   │ Bus Volts          (analog input)                          │
│HP │ HD1  - 15   │ Head Pond level    (analog input)                          │
│GV │ HD1  - 16   │ Generator Volts    (analog input)                          │
│PP │ HD1  - 17   │ Penstock Pressure  (analog input)                          │
│BA │ HD1  - 18   │ Ballast Amps       (analog input)                          │
│LA │ HD1  - 19   │ Generator Amps     (analog input)                          │
│E0 │ HD1  - 20   │ Excitation control bit 0 (digital output)                  │
│E1 │ HD1  - 21   │ Excitation control bit 1 (digital output)                  │
│E2 │ HD1  - 22   │ Excitation control bit 2 (digital output)                  │
│CM0│ HD1  - 23   │ Current measurement switch bit 0 (digital output)          │
│CM1│ HD1  - 24   │ Current measurement switch bit 1 (digital output)          │
│CM2│ HD1  - 25   │ Current measurement switch bit 2 (digital output)          │
│MS0│ HD1  - 26   │ Monitor source bus bit 0 (digital output)                  │
│MS1│ HD1  - 27   │ Monitor source bus bit 1 (digital output)                  │
│MS2│ HD1  - 28   │ Monitor source bus bit 2 (digital output)                  │
│   │ HD1  - 29   │ Serial data - 2 way switch                                 │
│   │ HD1  - 30   │ Throttleback mode (lock confirmed) when asserted           │
│   │ HD1  - 31   │ Used to switch PD7 between analog and digital data sources │
│PR │ HD1  - 32   │ Drive for paralleling relay (digital output)               │
│A  │ HD1  - 33   │ XIRQ                                                       │
│   │ HD1  - 34   │ IRQ                                                        │
│   │ HD1  - 35   │ VDD test point/source                                      │
│L  │ HD1  - 36   │ VDD test point/source                                      │
│T3 │ HD1  - 37   │ Tank overtemp - 70 degrees Celsius                         │
│T2 │ HD1  - 38   │ Tank overtemp – 60 degrees Celsius                         │
│T1 │ HD1  - 39   │ Signal ground/VSS connection (system ground)               │                               │T0 │ HD1  - 40   │ VDD test point/source        (regulated 5 volt output)     │
└───┴─────────────┴────────────────────────────────────────────────────────────┘

6
HD2: 14 pin header – LCD Screen Connector              

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pad│Connector/Pin│ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│   │ HD2  - 1    │ VCC (+5 Volts)                                             │
│   │ HD2  - 2    │ VSS (Ground)                                               │
│   │ HD2  - 3    │ RS  (Register Select)                                      │
│   │ HD2  - 4    │ VSS (Ground) – sets contrast                               │
│   │ HD2  - 5    │ E   (Enable)                  Note 1: Even/odd pin numbers │
│   │ HD2  - 6    │ R/W (Read/Write Select)       must be reversed at other    │
│   │ HD2  - 7    │ NC                            end of cable by placing 2X7  │
│   │ HD2  - 8    │ NC                            header plug on SOLDER side   │
│   │ HD2  - 9    │ NC                            of LCD module circuit board. │
│   │ HD2  - 10   │ NC                                                         │
│   │ HD2  - 11   │ DB5 (Data Bit 5)              Note 2: LCD is in 4-bit mode.│
│   │ HD2  - 12   │ DB4 (Data Bit 4)              Upper 4 data pins used for   │
│   │ HD2  - 13   │ DB7 (Data Bit 7)              bits 0 to 3, then bits 4 to 7│
│   │ HD2  - 14   │ DB6 (Data Bit 6)              are sent after, on same pins.│
└───┴─────────────┴────────────────────────────────────────────────────────────┘

HD3: 9 pin header – SPI expansion bus (one way – output only)

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pad│Connector/Pin│ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│   │ HD3  - 1    │ D0 (Data bit 0)                                            │
│   │ HD3  - 2    │ D1 (Data bit 1)                                            │
│   │ HD3  - 3    │ D2 (Data bit 2)                                            │
│   │ HD3  - 4    │ D3 (Data bit 3)                                            │
│   │ HD3  - 5    │ RCLK                                                       │
│   │ HD3  - 6    │ SRCLK                                                      │
│   │ HD3  - 7    │ QH’ (Serial data overflow out)                             │
│   │ HD3  - 8    │ VDD (+5 Volts – same as VCC)                               │
│   │ HD3  - 9    │ VSS (Ground)                                               │
└───┴─────────────┴────────────────────────────────────────────────────────────┘

HD4: 6 pin header – External ballast drive/3 phase adapter drive

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pad│Connector/Pin│ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│   │ HD4  - 1    │ Ballast Drive, Bit 0   Note: at least a 330 ohm resistor   │
│   │ HD4  - 2    │ Ballast Drive, Bit 1   should be placed in each bit line.  │
│   │ HD4  - 3    │ Ballast Drive, Bit 2   Connect an MOC3083 or similar       │
│   │ HD4  - 4    │ Ballast Drive, Bit 3   optocoulper to each bit line.       │
│   │ HD4  - 5    │ Ballast Drive, Bit 4   Cascade desired phases externally   │
│   │ HD4  - 6    │ VSS (Ground)           with more 3083’s off pilot phase.   │
└───┴─────────────┴────────────────────────────────────────────────────────────┘

J1: DB9 RS232C communications connector, female, DTE

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│Pad│Connector/Pin│ Name of intended use in PLL design                         │
├───┼─────────────┼────────────────────────────────────────────────────────────┤

│R  │ DB9  - 1,4,9│ Handshake loopback                                         │
│RD │ DB9  - 2    │ Received data         (RS232C input)                       │
│TD │ DB9  - 3    │ Transmitted data      (RS232C output)                      │
│CG │ DB9  - 5    │ Communications ground (system ground)                      │
│TD │ DB9  - 7,8  │ Handshake loopback                                         │
└───┴─────────────┴────────────────────────────────────────────────────────────┘

7
TB1: 4 position screw terminal bank, AC power in 

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│ACA│ TB1  - 1    │ Power transformer T1, pin 1 (120/240 volt input)           │
│ACB│ TB1  - 2    │ Power transformer T1, pin 2 (120/240 volt input)           │
│ACC│ TB1  - 3    │ Power transformer T1, pin 4 (120/240 volt input)           │
│ACD│ TB1  - 4    │ Power transformer T1, pin 3 (120/240 volt input)           │
└───┴─────────────┴────────────────────────────────────────────────────────────┘

TB2: 10 position screw terminal bank, ballast control triac drivers 

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│B0A│ TB2 - 1     │ Ballast bit 0 Gate     (120/240V output)   Gate MT2 MT1    │
│B0B│ TB2 - 2     │ Ballast bit 0 MT2      (120/240V output)      o  O  O      │
│B1A│ TB2 - 3     │ Ballast bit 1 Gate     (120/240V output)      |  |  |      │
│B1B│ TB2 - 4     │ Ballast bit 1 MT2      (120/240V output)      -------      │
│B2A│ TB2 - 5     │ Ballast bit 2 Gate     (120/240V output)     |Triac -|     │
│B2B│ TB2 - 6     │ Ballast bit 2 MT2      (120/240V output)     |Sol.St.|     │
│B3A│ TB2 - 7     │ Ballast bit 3 Gate     (120/240V output)     |Switch.|     │
│B3B│ TB2 - 8     │ Ballast bit 3 MT2      (120/240V output)      -------      │
│B4A│ TB2 - 9     │ Ballast bit 4 Gate     (120/240V output)      \     /      │
│B4B│ TB2 - 10    │ Ballast bit 4 MT2      (120/240V output)       \ O /       │
└───┴─────────────┴────────────────────────────────────────────────────────────┘

TB3: 5-position screw terminal bank, low voltage DC 

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│MG │ TB3 - 1     │ Motor/battery ground terminal (system ground)              │
│   │ TB3 - 2     │ Load management serial out (8 to 13 VDC digital output)    │
│KD │ TB3 - 3     │ Drive for external motor dir. relay (low-side switch O/P)  │
│MD │ TB3 - 4     │ Direct motor drive for ext. dir sw. (low-side switch O/P)  │
│MS │ TB3 - 5     │ 12 volt battery in (external in-line fuse required)        │
└───┴─────────────┴────────────────────────────────────────────────────────────┘

TP1: 1-pin test point for internal MCU clock          

┌───┬─────────────┬────────────────────────────────────────────────────────────┐

│TP1│ TP1         │ MCU E Clock output, 2 Mhz                                  │
└───┴─────────────┴────────────────────────────────────────────────────────────┘
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This file requires Microsoft’s TrueType font “MS LineDraw” in order to reproduce code page 437 line drawing characters used in the above tables. Caution: if you erase the font information from the above pages, you cannot get it back without extreme measures (like: converting the file to text, loading it into Windows 3.1 Write, adding the MS LineDraw font back in (it can be applied to the whole file) and re-saving. Then load it back into Microsoft Word and it will be restored – but with all the color and font size info gone. You’ll have to put that back manually. No, you don’t have to have Windows 3.1 in your computer – you just need Write.exe itself. It runs just fine in newer versions of Windows. And unlike the newer and more crippled WordPad, Write can work with page breaks and repaginate documents.

The apparent reason: MS LineDraw is not like other TrueType fonts. Microsoft Word recognizes it internally and displays and prints it correctly, but shows it as Courier New in the font window. You cannot see MS LineDraw in Word’s font lists even if it is there. All this appears to be part of a war against Code Page 437 on the part of Microsoft, who would like to see Code Page 437 go away. Forever. They provided MS LineDraw so millions of people could load their old DOS files (like this one) into Word , print them and see them properly. But they seem to have provided this font very reluctantly. It looks as if they’ve put some sort of clever little sabotage tricks into the font and probably even into Word itself so that you can’t use it for original work in Microsoft Word. This discussion is based on Word 97; newer versions may escalate these barriers even more.
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