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MC3PHAC Monolithic Intelligent
Motor Controller

Overview

The MC3PHAC is a high-performance monolithic intelligent motor controller designed specifically to meet
the requirements for low-cost, variable-speed, 3-phase ac motor control systems. The device is adaptable
and configurable, based on its environment. It contains all of the active functions required to implement
the control portion of an open loop, 3-phase ac motor drive.

One of the unique aspects of this device is that although it is adaptable and configurable based on its
environment, it does not require any software development. This makes the MC3PHAC a perfect fit for
customer applications requiring ac motor control but with limited or no software resources available.
The device features are:

e Volts-per-Hertz speed control

» Digital signal processing (DSP) filtering to enhance speed stability

* 32-bit calculations for high-precision operation

* Internet enabled

* No user software development required for operation

e 6-output pulse-width modulator (PWM)

* 3-phase waveform generation

* 4-channel analog-to-digital converter (ADC)

* User configurable for standalone or hosted operation

e Dynamic bus ripple cancellation

e Selectable PWM polarity and frequency

e Selectable 50/60 Hz base frequency

e Phase-lock loop (PLL) based system oscillator

e Serial communications interface (SCI)

* Low-power supply voltage detection circuit

Included in the MC3PHAC are protective features consisting of dc bus voltage monitoring and a system
fault input that will immediately disable the PWM module upon detection of a system fault.

© Freescale Semiconductor, Inc., 2005. All rights reserved.

freescale"

semiconductor



Overview

Some target applications for the MC3PHAC include:
* Low horsepower HVAC motors
e Home appliances
e Commercial laundry and dishwashers
* Process control
e Pumps and fans
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Figure 1. MC3PHAC-Based Motor Control System

As shown in Table 1, the MC3PHAC is offered in these packages:
* Plastic 28-pin dual in-line package (DIP)
* Plastic 28-pin small outline integrated circuit (SOIC)
* Plastic 32-pin quad flat pack (QFP)

Table 1. Ordering Information

Device Tempoe':aetrj:(l-:nlgange Package
MC3PHACVP —40°C to +105°C Plastic 28-pin DIP
MC3PHACVDW —40°C to +105°C Plastic 28-pin SOIC
MC3PHACVFA —40°C to +105°C Plastic 32-pin QFP
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See Figure 2 and Figure 3 for the pin connections.

Overview
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Figure 2. Pin Connections for PDIP and SOIC
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Figure 3. Pin Connections for QFP
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Electrical Characteristics

Electrical Characteristics

Maximum Ratings

Characteristic(!) Symbol Value Unit
Supply voltage Vpop -0.3t0+6.0 \Y
Input voltage Vin —-0.3to Vpp +0.3 \
Input high voltage Vhi Vpp + 0.3 \'%
Maximum current per pin excluding Vpp and Vgg I +25 mA
Storage temperature Tstg -55to +150 °C
Maximum current out of Vgg IMVgg 100 mA
Maximum current into Vpp IMVpp 100 mA

1. Voltages referenced to Vgg

This device contains circuitry to protect the inputs against damage due to high static voltages or electric
fields; however, it is advised that normal precautions be taken to avoid application of any voltage higher
than maximume-rated voltages to this high-impedance circuit. For proper operation, it is recommended that
Vin and Vg,; be constrained to the range Vgg < (V| or Vout) < Vpp. Reliability of operation is enhanced if
unused inputs are connected to an appropriate logic voltage level (for example, either Vgg or Vpp).

Functional Operating Range

Characteristic Symbol Value Unit
Operating temperature range no o o
(see Table 1) Ta 40°C to +105°C C
Operating voltage range Vpp 5.0x£10% V
Control Timing
Characteristic Symbol Value Unit
Oscillator frequency(") Fosc 4.00 £ 1% MHz

1. Follow the crystal/resonator manufacturer’'s recommendations, as the crystal/resonator parameters determine the external
component values required for maximum stability and reliable starting. The load capacitance values used in the oscillator
circuit design should include all stray capacitances.
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Operation
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Notes:
1. See Figure 11.
2. See Figure 9.
3. See Figure 10.
4. See Table 4.
5. If no external fault circuit is provided, connect to Vgg.
6. Use bypass capacitors placed close to the MC3PHAC.
7. Consult crystal/resonator manufacturer for component values.

Figure 12. MC3PHAC Application Example in Standalone Mode
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1. If no external fault circuit is provided, connect to Vgg.
2. Use bypass capacitors placed close to the MC3PHAC.
3. Consult crystal/resonator manufacturer for component values.

Figure 13. MC3PHAC Configuration for Using a PC as a Master

PC Master Software Operation with the MC3PHAC

Operation

< FROM DIVIDED DC BUS
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When power is first applied to the MC3PHAC, or if a logic low level is applied to the RESET pin, the
MC3PHAC enters PC master software mode if the VBOOST_MODE pin is low during the initialization
phase. The MC3PHAC recognizes a subset of the PC master software command set, which is listed in

Table 5.
Table 5. Recognized PC Host Software Commands
Command Description
GETINFOBRIEF M.CSPHAlC responds with brief summary of hardware setup and link configuration
information

READVARS MC3PHAC reads an 8-bit variable at a specified address and responds with its value
READVAR16 MC3PHAC reads a 16-bit variable at a specified address and responds with its value
READVAR32 MC3PHAC reads a 32-bit variable at a specified address and responds with its value
WRITEVARS MC3PHAC writes an 8-bit variable at a specified address

WRITEVAR16 MC3PHAC writes a 16-bit variable at a specified address

With the READVARx commands, the addresses are checked for validity, and the command is executed
only if the address is within proper limits. In general, a read command with an address value below $0060
or above $EEO3 will not execute properly, but instead will return an invalid operation response. An
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Operation

exception to this rule is that PC master software allows reading locations $0001, $0036 and $FE01, which
are PORTB data register, Dead Time register and SIM Reset Status registers respectively. The
addresses for the WRITEVARx commands are checked for validity, and the data field is also limited to a
valid range for each variable. See Table 6 for a list of valid data values and valid write addresses.

User interface variables and their associated PC master software addresses within the MC3PHAC are
listed in Table 6.

Table 6. User Interface Variables for Use with PC Master Software

Read/ | Size . .
Name Address Write | (Bytes) Description Valid Data

. Forward — $10
Commanded direction | $1000 w 1 Determines whether the motor should Reverse — $11
go forward, reverse, or stop

Stop — $20
Command reset $1000 W 1 Fgrces the MC3PHAC to perform an $30
immediate reset
5.3 kHz — $41
Commanded PWM $1000 W 1 Specifies the frequency of the 10.6 kHz — $42
frequency(") MC3PHAC PWM frequency 15.9 kHz — $44
21.1 kHz — $48
The modulus value supplied to the

Measured PWM $00AS8 R 5 PWM generator used by the $00BD—$05E8

period MC3PHAC — value is multiplied by

250 ns to obtain PWM period
Specifies the polarity of the MC3PHAC

o ) B+T+$50
Commanded PWM PWM outputs. This is a write once B+T- $54
olari ty(g)’ 3), (4) $1000 W 1 parameter after reset. BT+ $58
P Example: $50 = Bottom and top PWM
" X B-T-$5C
outputs are positive polarity.
Specifies the dead time used by the
. (), (3), (4) PWM generator. .
Dead time $0036 RIW 1 Dead time = Value * 125 ns. $00-$FF
This is a write-once parameter.
3) Specifies the motor frequency at which | 60 Hz — $60
Base frequency $1000 | W 1 full voltage is applied 50 Hz — $61
Acceleration®®) $0060 | R/W 2 Acceleration in Hz/sec (7.9 format)® | $0000-$7FFF

Commanded motor Commanded frequency in Hz.

frequency® 30062 | R/W 2 (8.8 format)(® $0000-$7FFF
Actual frequency $0085 R 2 Actual frequency in Hz. (8.8 format)® | $0000-$7FFF
Status(”) $00C8 R 1 Status byte $00-$FF
Voltage boost $006C R/W 1 0 ; flt\)/l?:gg%oost — Value/$FF $00-$FF
Voltage level (motor waveform
Modulation index $0091 R 1 amplitude percent assuming no bus $00—$FF

ripple compensation)
Modulation index = value/$FF
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Operation

Table 6. User Interface Variables for Use with PC Master Software (Continued)

Read/ | Size _— .
Name Address Write | (Bytes) Description Valid Data
Maximum allowable modulation index
Maximum voltage $0075 R/W 1 value $00-$FF
%Maximum voltage = value/$FF
Vpgys Voltage®): (10) $0079 R 2 DC bus voltage reading $000-$3FF
Specifies the delay time after a fault
Fault timeout sooeA | Rw | 2 | condiionbefore re-enabing the $0000-$FFFF
Fault timeout = value * 0.262 sec
. Real-time display of the fault timer .
Fault timer $006D R 2 Elapsed fault time = value * 0.262 sec $0000-$FFFF
(10) Vs readings above this value result in .
Vp,s decel value $00C9 R/W 2 reduced deceleration. $0000-$03FF
Vg,s RBRAKE Vs readings above this value result in .
value('0) $0064 | R/W 2 the RBRAKE pin being asserted. $0000-$03FF
Vpg,s brownout $0066 R/W 5 Vg, s readings below this value result in $0000—$03FF
value(! an under voltage fault.
VBus 0\2<1er voltage $0068 RIW 5 Vpgys readings above this value result in $0000—$03FF
value an over voltage fault.
Speed in ADC Left justified 10-bit ADC reading of the .
value® $005 | R 2| SPEED input pin. $0000-$FFCO
Bit field indicating which setup
Setup? $00AE R 1 parameters have been initialized $SEO-$FF
before motion is permitted
Bit field indicating the current state of
Switch in( $0001 R 1 the start/stop and forward/reverse $00-$FF
switches
Reset status(©): (7) $FEO1 R 1 Indicates cause of the last reset $00-$FF
Version $EEO00 R 4 MC3PHAC version ASCII field

1. The commanded PWM frequency cannot be written until the PWM outputs exit the high-impedance state. The default PWM
frequency is 15.873 kHz.
2. The PWM output pins remain in a high-impedance state until this parameter is specified.

AW

o N O

10.

. This parameter must be specified before motor motion can be initiated by the MC3PHAC.
. This is a write-once parameter. The first write to this address will execute normally. Further attempts at writing this

parameter will result in an illegal operation response from the MC3PHAC.

. The value of this parameter is not valid until the PWM outputs exit the high-impedance state.

. The data in this field is only valid for one read. Further reads will return a value of $00.

. See register bit descriptions following this table.

. Acceleration is an unsigned value with the upper seven bits range of $00 to $7F = acceleration value of 0 to

127 Hertz/second. The lower nine bits constitute the fractional portion of the acceleration parameter. Its range is $000 to
$1FF which equals 0 to ~1. Therefore, the range of acceleration is 0 to 127.99 Hertz/second.

. Commanded motor frequency and actual frequency are signed values with the upper byte range of

$00 to $7F = frequency of 0 to 127 Hz. The lower byte is the fractional portion of the frequency. Its range is $00 to $FF
which equals 0 to ~1.

Vpys is the voltage value applied to the DC_BUS analog input pin. The analog-to-digital converter is a 10-bit converter with
a 5 volt full scale input. The value is equal to the voltage applied to the DC_BUS input pin/Vggr * $03FF.
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Each bit variable listed in Table 6 is defined in Figure 14, Figure 15, Figure 16, and Figure 17.

Address: $00C8

7 6 5 4 3 2 1 0
R SPEED FORWARD MOTOR RESISTIVE | EXTERNAL V(())IYI',E\FC;E VLCJ)'T_'[I')EGRE
CHANGING MOTION |ENERGIZED BRAKE FAULT TRIP
TRIP TRIP
w
Reset U 0 1 0 0 U 0 0
= Unimplemented or Reserved U = Unaffected
Figure 14. Status Register
Table 7. Status Register Field Descriptions
Field Description
6 SPEED CHANGING Bit — This read-only bit indicates if the motor is at a steady speed or if it is
SPEED accelerating or declerating.
CHANGING |0 Motor is at a steady speed.
1 Motor is accelerating or decelerating.
5 FORWARD MOTION Bit — This read-only bit indicates the direction of the motor. It also indicates
FORWARD |if the motor is stopped.
MOTION 0 Motor is rotating in the reverse direction.
1 Motor is rotating in the forward direction. If this bit is a logic 1 and the actual frequency (location
$0085 and $0086) is 0, the motor is stopped.
4 MOTOR ENERGIZED Bit — This read-only bit indicates PWM output activity
MOTOR 0 The PWM outputs are inactive or the bottom PWM outputs are in the pre-charge cycle.
ENERGIZED |1 All PWM outputs are active.
3 RESISTIVE BREAK Bit — This read-only bit indicates the state of the RBRAKE output pin
RESISTIVE |0 The RBRAKE output pin is inactive and no braking is in progress.
BRAKE 1 The RBRAKE output pin is active. Braking is in progress.
2 EXTERNAL FAULT TRIP Bit — This read-only bit indicates a FAULT has occurred resulting from
EXTERNAL |a logic 1 applied to the FAULTIN pin.
FAULT TRIP |0 Alogic 0 is applied to the FAULTIN pin and no FAULT timeout is in progress.
1 Alogic 1 was applied to the FAULTIN pin and a FAULT timeout is still in progress.
1 OVER-VOLTAGE TRIP Bit — This read-only bit indicates if the voltage at the DC_BUS pin
OVER exceeds the preset value of Vg5 over voltage located at address $0068 and $0069.
VOLTAGE |0 The voltage applied to the DC_BUS pin is less than the preset value of Vg, over voltage and
TRIP a FAULT timeout is not in progress.
1 The voltage applied to the DC_BUS pin has exceeded the preset value of Vg over voltage
and a FAULT timeout is still in progress.
0 UNDER-VOLTAGE Bit — This read-only bit indicates if the voltage at the DC_BUS pin is less
UNDER than the present value of Vg s brownout located at address $0066 and $0067.
VOLTAGE |0 The voltage applied to the DC-BUS pin is greater than the preset value of Vg4 under voltage
TRIP and a FAULT timeout is not in progress.
1 The voltage applied to the DC_BUS pin is less than the present value of Vg5 under voltage
and a FAULT timeout is still in progress.
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Address: $00AE

Operation

7 6 5 4 3 2 1 0
R FRE%AUSEENCY SPEED ACCELERATION| POLARITY | DEAD TIME
SET SET SET SET
SET
w
Reset 1 1 1 0 0 0 0 0
= Unimplemented or Reserved
Figure 15. Setup Register
Table 8. Setup Register Field Descriptions
Field Description
4 BASE FREQUENCY SET Bit — This read-only bit indicates if the base frequency parameter has
BASE been set.
FREQUENCY |0 Base frequency parameter has not been set.
SET 1 Base frequency parameter has been set.
3 SPEED SET Bit — This read-only bit indicates if the speed parameter has been set.
SPEED 0 Speed parameter has not been set.
SET 1 Speed parameter has been set.
2 ACCELERATION SET Bit — This read-only bit indicates if the acceleration rate parameter has
ACCELERA- |been set.
TION SET |0 Acceleration rate parameter has not been set.
1 Acceleration rate parameter has been set.
1 POLARITY SET Bit — This read-only bit indicates if the PWM polarity parameters has been set.
POLARITY |0 PWM polarity parameters has not been set.
SET 1 PWM polarity parameters has been set.
0 DEAD TIME SET Bit — This read-only bit indicates if the dead time parameter has been set.
DEAD TIME |0 Dead time parameter has not been set.
SET 1 Dead time parameter has been set.
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Address: $0001

7 6 5 4 3 2 1 0
R START/ FWD/ FAULT RESISTOR
STOP REVERSE ouT BRAKE
w
Reset U U U U U 0 U U
= Unimplemented or Reserved U = Unaffected
Figure 16. Switch In Register
Table 9. Switch In Register Field Descriptions
Field Description
6 START/STOP Bit — This read-only bit indicates the state of the START input pin.
START/ 0 The START input pin is at a logic 0.
STOP 1 The START input pin is at a logic 1.
5 FWD/REVERSE Bit — This read-only bit indicates the state of the FWD input pin.
FWD/ 0 The FWD input pin is at a logic 0
REVERSE |1 The FWD input pin is at a logic 1
3 FAULT OUT Bit — This read-only bit indicates the state of the DT_FAULTOUT output pin.
FAULT 0 The DT_FAULTOUT output pin is indicating a fault condition.
ouT 1 The DT_FAULTOUT output pin is indicating no fault condition.
2 RESISTIVE BRAKE Bit — This read-only bit indicates the state of resistive brake pin (RBRAKE).
RESISTOR |0 The RBRAKE output pin in inactive and no braking is in progress.
BRAKE 1 The RBRAKE output pin in active. Braking is in progress.
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Address: $FEO1

Operation

7 6 5 4 3 2 1 0
R PCMASTER
POWER RESET MCSPHAC MC3PHAC SOFTWARE LOW Vpp
FUNCTIONAL | FUNCTIONAL
UP PIN FAULT FAULT RESET VOLTAGE
COMMAND
w
Reset 1 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 17. Reset Status Register
Table 10. Reset Status Register Field Descriptions
Field Description
7 POWER UP Bit — This read-only bit indicates the last system reset was caused by the power-up
POWER UP |reset detection circuit.
0 Power-up reset was not the source of the reset or a read of the reset status register after the
first read.
1 The last reset was caused by an initial power-up of the MC3PHAC.
6 RESET PIN Bit — This read-only bit indicates the last system reset was caused from the RESET
RESET PIN |input pin.
0 The RESET pin was not the source of the reset or a read of the reset status register after the
first read.
1 Last reset was caused by an external reset applied to the RESET input pin.
5-4 MC3PHAC FUNCTIONAL FAULT Bits — This read-only bit indicates if the last system reset was
MC3PHAC |the result of an internal system error.
FUNCTIONAL |0 The FUNCTIONAL FAULT was not the source of the reset or a read of the reset status register
FAULT BITS after the first read.
1 MC3PHAC internal system error
PC MASTER |PC MASTER SOFTWARE RESET COMMAND Bit — This read-only bit indicates the last system
SOFTWARE |reset was the result of a PC master software reset command.
RESET 0 The PC master software RESET COMMAND was not the source of the reset or a read of the
COMMAND reset status register after the first read.
1 The MC3PHAC was reset by the PC master software command reset as the result of a write
of $30 to location $1000
1 LOW Vpp VOLTAGE Bit — This read-only bit indicates if the last reset was the result of low Vpp
LOW Vpp |applied to the MC3PHAC.
VOLTAGE |0 The LOW Vpp was not the source of the reset or a read of the reset status register after the
first read.
1 The last reset was caused by the low power supply detection circuit.
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Command State Machine

When using the PC master software mode of operation, the command state machine governs behavior
of the device depending upon its current state, system parameters, any new commands received via
the communications link, and the prevailing conditions of the system. The command state diagram is in
Figure 18. ltillustrates the sequence of commands which are necessary to bring the device from the reset
condition to running the motor in a steady state and depicts the permissible state transitions. The device
will remain within a given state unless the conditions shown for a transition are met.

Some commands only cause a temporary state change to occur. While they are being executed, the state
machine will automatically return to the state which existed prior to the command being received. For
example, the motor speed may be changed from within any state by using the WRITEVAR16 command
to write to the "Speed In" variable. This will cause the "Set Speed" state to be momentarily entered, the
"Speed In" variable will be updated and then the original state will be re-entered. This allows the motor
speed, acceleration or base frequency to be modified whether the motor is already accelerating,
decelerating, or in a steady state.

Each state is described here in more detail.

¢ Reset — This state is entered when a device power-on reset (POR), pin reset, loss of crystal,
internally detected error, or reset command occurs from within any state. In this state, the device
is initialized and the PWM outputs are configured to high impedance. This state is then
automatically exited.

* PWMHighZ — This state is entered from the reset state. This state is also re-entered after one and
only one of the PWM dead-time or polarity parameters have been initialized. In this state the PWM
outputs are configured to a high-impedance state as the device waits for both the PWM dead time
and polarity to be initialized.

* SetDeadTime (write once) — This state is entered from the PWMHighZ state the first time that a
write to the PWM dead-time variable occurs. In this state, the PWM dead time is initialized and the
state is then automatically exited. This state cannot be re-entered, and hence the dead time cannot
be modified, unless the reset state is first re-entered.

» SetPolarity (write once) — This state is entered from the PWMHighZ state the first time that the
PWM polarity command is received. In this state, the PWM polarity is initialized and the state is
then automatically exited. This state cannot be re-entered, and hence the polarity cannot be
modified, unless the reset state is first re-entered.

*  PWMOFF — This state is entered from the PWMHighZ state if both the PWM dead time and
polarity have been configured. In this state, the PWM is activated and all the PWM outputs are
driven off for the chosen polarity. The device then waits for the PWM base frequency, motor speed,
and acceleration to be initialized.

¢  PWMORPM — This state is entered from the PWMOFF state when the PWM base frequency,
motor speed, and acceleration have been initialized. This state can also be entered from the
FwdDecel or RevDecel states if a CmdStop command has been received, and the actual motor
speed has decelerated to O r.p.m. In this state, the PWM pins are driven to the off state for the
chosen polarity. The only exit of this state is to the PWMPump state, which occurs when a CmdFwd
or CmdRev command is received.
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Figure 18. PC Host Software Command State Diagram
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PWMPump — This state is entered from the PWMORPM state when a CmdFwd or CmdRev
command is received. In this state the top PWM outputs are driven off while the bottom PWM
outputs are driven with a 50 percent duty cycle. This allows high side transistor gate drive circuits
which require charge pumping from the lower transistors to be charged up prior to applying full
PWMs to energize the motor. This state is automatically exited after the defined amount of time
tpump (see Electrical Characteristics).

FwdAccel — This state is entered from the PWMPump state after a CmdFwd command is
received and the timeout interval from the PWMPump state is completed. This state can also be
entered from the FwdSteady state if the Speed In variable is increased above the actual current
speed and the RevDecel state if the actual motor speed equals 0 r.p.m. when a CmdFwd command
has been received. In this state the motor is accelerated forward according to the chosen
parameters.

FwdSteady — This state is entered from the FwdAccel state after the actual motor speed has
reached the requested speed defined by the Speed In variable. In this state, the motor is held at a
constant forward speed.

FwdDecel — This state is entered from the FwdAccel or FwdSteady states whenever a CmdStop
or CmdRev command is received. This state can also be entered from the FwdSteady state if the
Speed In variable is decreased below the actual current speed. In this state, the motor is
decelerated forward according to the chosen parameters.

RevAccel — This state is entered from the PWMPump state. After a CmdRev command is
received and the timeout interval from the PWMPump state is completed. This state can also be
entered from the RevSteady state if the Speed In variable is increased above the actual current
speed and the FwdDecel state if the actual motor speed equals O r.p.m. when a CmdRev command
has been received. In this state, the motor is accelerated in reverse according to the chosen
parameters.

RevSteady — This state is entered from the RevAccel state after the actual motor speed has
reached the requested speed defined by the Speed In variable. In this state, the motor is held at a
constant reverse speed.

RevDecel — This state is entered from the RevAccel or RevSteady states whenever a CmdStop
or CmdFwd command is received. This state can also be entered from the RevSteady state if the
Speed In variable is decreased below the actual current speed. In this state, the motor is
decelerated in reverse according to the chosen parameters.

SetBaseFreq — This state is entered from any state whenever a CmdBaseFreqxx command is
received. In this state, the motor frequency at which full voltage is applied is configured and the
state is then automatically exited and the original state is re-entered.

SetAccel — This state is entered from any state whenever a write to the Acceleration variable
occurs. In this state, the motor acceleration is configured and the state is then automatically exited
and the original state is re-entered.

SetSpeed — This state is entered from any state whenever a write to the Speed In variable occurs.
In this state, the requested motor speed is configured and the state is then automatically exited and
the original state is re-entered.

Fault — This state is entered from any state whenever a fault condition occurs (see Fault
Protection on page 13). In this state, the PWM outputs are driven off (unless the fault state was
entered from the PWMHighZ state, in which case, the PWM outputs remain in the High Z state).
When the problem causing the fault condition is removed, a timer is started which will wait a
specified amount of time (which is user programmable) before exiting this state. Under normal
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operating conditions, this timeout will cause the Fault state to be automatically exited to the
PWMORPM state, where motion will once again be initiated if a CmdFwd or CmdRev has been
received. The exceptions to this rule are the cases when the Fault state was entered from the
PWMHighZ or PWMOFF states, in which case, exiting from the Fault state will return back to these
states.

Optoisolated RS232 Interface Application Example

Some motor control systems have the control electronics operating at the same potential as the high
voltage bus. Connecting a PC to that system could present safety issues, due to the high voltage potential
between the motor control system and the PC. Figure 19 is an example of a simple circuit that can be
used with the MC3PHAC to isolate the serial port of the PC from the motor control system.

The circuit in Figure 19 is the schematic of a half-duplex optoisolated RS232 interface. This isolated
terminal interface provides a margin of safety between the motor control system and a personal computer.
The EIA RS232 specification states the signal levels can range from +£3 to +25 volts. A Mark is defined by
the EIA RS232 specification as a signal that ranges from —3 to —25 volts. A Space is defined as a signal
that ranges from +3 to +25 volts. Therefore, to meet the RS232 specification, signals to and from a
terminal must transition through 0 volts as it changes from a Mark to a Space. Breaking the circuit down
into an input and output section simplifies the explanation of the circuit.

D1 R1 U1 +5V
INA148  1kQ 4N35
> Lo 4 R2
n %DZ * M { v 1kQ
1N4148
o5 GND 2l W S 5> TO MC3PHAC PIN 16
I
14+ o < NG |
o—f8 . p| D pg C
O hrs N1 % 47K ZEHFROV |
o : Rd
O 2 RxD 4 | 1 O +5V
o—&—x \N 330 Q
o+—x \j\
I
CON/CANNON9 - 5 e L2 < TO MC3PHAC PIN 17
|
_______________ |
ISOLATION BARRIER

RS232 ISOLATED
HALF-DUPLEX, MAXIMUM 9600 BAUD

Figure 19. Optoisolated RS232 Circuit

To send data from a PC to the MC3PHAC, it is necessary to satisfy the serial input of the MC3PHAC. In
the idle condition, the serial input of the MC3PHAC must be at a logic 1. To accomplish that, the transistor
in U1 must be turned off. The idle state of the transmit data line (TxD) from the PC serial port is a Mark
(—3 to —25 volts). Therefore, the diode in U1 is off and the transistor in U1 is off, yielding a logic 1 to the
MC3PHAC'’s serial input. When the start bit is sent to the MC3PHAC from the PC’s serial port, the PC’s
TxD transitions from a Mark to a Space (+3 to +25 volts), thus forward biasing the diode in U1. Forward
biasing the diode in D1 turns on the transistor in U1, providing a logic 0 to the serial input of the

MC3PHAC. Simply stated, the input half of the circuit provides input isolation, signal inversion, and level

MC3PHAC Monolithic Intelligent Motor Controller, Rev. 2

Freescale Semiconductor 31



Optoisolated RS232 Interface Application Example

shifting from the PC to the MC3PHAC'’s serial port. An RS-232 line receiver, such as an MC1489, serves
the same purpose without the optoisolation function.

To send data from the MC3PHAC to the PC’s serial port input, it is necessary to satisfy the PC’s receive
data (RxD) input requirements. In an idle condition, the RxD input to the PC must be at Mark

(=3 to —25 volts). The data terminal ready output (DTR) on the PC outputs a Mark when the port is
initialized. The request to send (RTS) output is set to a Space (+3 to +25 volts) when the PC’s serial port
is initialized. Because the interface is half-duplex, the PC’s TxD output is also at a Mark, as itis idle. The
idle state of the MC3PHAC'’s serial port output is a logic 1. The logic 1 out of the MC3PHAC’s serial port
output port forces the diode in U2 to be turned off. With the diode in U2 turned off, the transistor in U2 is
also turned off. The junction of D2 and D3 are at a Mark (—3 to —25 volts). With the transistor in U2 turned
off, the input is pulled to a Mark through current limiting resistor R3, satisfying the PC’s serial input in an
idle condition. When a start bit is sent from the MC3PHAC'’s serial port, it transitions to a logic 0. That logic
0 turns on the diode in U2, thus turning on the transistor in U2. The conducting transistor in U2 passes
the voltage output from the PC’s RTS output, that is now at a Space (+3 to +25 volts), to the PC’s receive
data (RxD) input. Capacitor C1 is a bypass capacitor used to stiffen the Mark signal. The output half of
the circuit provides output isolation, signal inversion, and level shifting from the MC3PHAC’s serial output
port to the PC’s serial port. An RS-232 line driver, such as a MC1488, serves the same purpose without
the optoisolation function.
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Mechanical Data

This subsection provides case outline drawings for:

e Plastic 28-pin DIP, Figure 20
* Plastic 28-pin SOIC, Figure 21

Plastic 32-pin QFP, Figure 22
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Figure 20. Plastic 28-Pin DIP (Case 710)
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Figure 21. Plastic 28-Pin SOIC (Case 751F)
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Figure 22. Plastic 32-Pin QFP (Case 873A)
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