
TRIM CIRCUITRY AND METHOD FOR ACCURACY IMPROVEMENT IN CURRENT SENSING
BACKGROUND OF THE INVENTION FIELD OF THE INVENTION This invention relates
to improvements in driver cir- cuits and methods for polyphase dc motors,
and more particu- larly to improvements in circuitry and methods for
sensing currents in power driver transistors for polyphase dc mo- tors, and
still more particularly to improvements in cir- cuits and methods for
improving the accuracy of current sensing in polyphase dc motor driving
circuits. 2. RELEVANT BACKGROUND Typical hard disks, such as used in
personal computers, CD-ROM drives, and like applications typically are
rotated by polyphase dc motors. A polyphase dc motor, and, in par- ticular,
a three phase dc motor, which is widely used in such applications, has
three coils connected between respec- tive nodes A, B, C, and a common
center tap node, CT. As current is commutatively applied to flow through
successive sets of the coils,  a rotor is caused to rotate in synchro- nism
with the commutation frequency. Typically the current is applied to flow
through the coils in a sequence as fol- lows: AC, BC, BA, CA, CB, and AB.
The currents are controlled by a current driver cir- cuit, which typically
includes three current paths, each including two driver transistors. The
driver transistors may  



- 2 - be, for example, PET devices. Each current path is connected between
V[err] and ground with the coil nodes A, B, and C con- nected respectively
between each set of driver transistors. The driver transistors between the
coil nodes and V[err] are generally referred to as the "high side drivers"
and the transistors connected between the coil nodes and ground are
generally referred to as "low side drivers." A commutation circuit
sequentially applies control voltages to the gates of the respective high
and low side drivers to cause cur- rents to flow in the motor coils in the
sequence described above. Typically, the currents in the respective current
flow paths of the driver circuit are desirably equal, but due to variations
in fabrication processes, mask alignments, and so on, the FET driver
transistors in the respective paths typi- cally have tolerances, for
instance, in their channel widths or lengths, resulting in inequalities in
the respective currents. As a result, noise and other undesirable effects
result. Such unequal currents also reduce the precision of the motor speed.
As densities of hard disk drivers become greater and greater, such
imprecisions result in limitations on the densities that might be achieved
in a particular hard disk drive. In HDD-servo applications it is customary
to use an ex- 



pensive high tolerance external sensing resistor as a mean to measure the
motor current. Recently, it has been sug- gested to replace the external
sensing resistor with an internal FET device, which generally saves cost
and printed circuit board area.    -3- Thus, to detect the currents flowing
in the power tran- sistors in the current flow paths of the motor, FET
devices may be connected as current mirrors to mirror the current in the
power transistors, generally the low-side driver tran- sistors. The mirror
transistors are typically made small compared to the size of the power
transistors, ratios of 15/1 being typical. It is, however, desirable to
make the mirror transistors very small in comparison to the power
transistors, but design tolerances result in greater impre- cision amongst
various mirroring transistors as the size ratio increases. However, the use
of such FET mirror devices often pro- duces poor accuracy because of the
large size difference between the power devices and the mirror devices.
Normally current flowing through one transistor can be mirrored to another
transistor with relatively good accuracy if the devices are of similar
size. In motor driver applications, for power FET devices where there are
amps of current flow- 



ing in the primary devices, it is desirable to use a large ratio (on the
order, for example, of 1500:1) between the power FET and the mirror device.
If a smaller ratio were to be used, a large amount of power would be wasted
in the control circuitry because of the large current in the mirror device.
However, with a mirror ratio at the order of 1500:1, the mirror accuracy
will not be very good, and can be ex- pected to vary on lot and device
basis. Moreover,  in a 3-phase motor,  for example,  current sensing
technology using FET devices requires mirroring of currents from three
different current devices. Since varia- tions among the power devices
generally exist, the motor    -4- current in each of the three phases
varies as the motor commutates from phase to phase. In addition to causing
torque ripple, a varying motor current may create drive resonances and
audible drive noise in the 2-4 kHz range, which is a typical commutation
frequency. What is needed, therefore, is a circuit and method that provide
phase current accuracy through mirror transistors of relatively small size,
to remove a source of torque ripple, audible noise, and motor inaccuracies.
SUMMARY OF THE INVENTION By using the proposed circuit the phase to phase
cur- 



rent accuracy may also be trimmed removing a source of torque ripple and
audible noise. This is done making the width (W) of the mirror device
variable. This is achieved by splitting the mirror device into several
smaller devices. The gate voltage on the smaller devices are switched
between the power devices gate voltage and zero volts, for n-channel
devices. Depending on the expected variation in the matching of the nominal
power and mirror devices, the trim range of the mirror device can be
chosen. The accuracy of the power to mirror device ratio is determined by
the trim range, and the number of bits used to trim the device. Thus,
according to a broad aspect of the invention, a method is presented for
adjusting a driver for a polyphase dc motor in which a plurality of
currents are commutatively applied to selective sets of motor coils. The
method in- cludes measuring a first commutatively applied current that is
applied to a first set of coils of the polyphase dc mo- tor. A second
commutatively applied current that is applied    -5- to a second set of
coils of the polyphase dc motor is meas- ured, and a magnitude of the first
commutatively applied current is changed to more closely equal a magnitude
of the second commutatively applied current from an original magni- 



tude. If desired, a third commutatively applied current that is applied to
a third set of motor coils is measured, and a magnitude of the third
commutatively applied current is changed to more closely equal a magnitude
of the second commutatively applied current from an original magnitude. The
step of changing a magnitude of the first commuta- tively applied current
may include selectively connecting at least one active device, which may be
an FET device, having a current path in parallel with an active device
connected to mirror a current in a power transistor, which may be an FET
power device. The FET devices may have different channel width ratios.
According to another broad aspect of the invention, a method is presented
for adjusting a driver for a polyphase dc motor of the type having sets of
motor windings. The method includes commutatively applying motor drive
currents to selected sets of the motor windings, and measuring the
amplitude of at least two of the drive currents. The ampli- tude of at
least one of the at least two drive currents is changed to make the at
least two drive currents substan- tially equal. According to yet another
broad aspect of the invention, a circuit is presented for operating a
polyphase dc motor. The circuit includes a driver circuit for controlling
cur- rents flowing in current paths that include respective sets of coils
of a polyphase dc motor to which the driver circuit  



-6- is connectable, and a plurality of circuits, which may in- clude FET
power and sensing devices, for sensing and con- trolling the currents in
respective ones of the current paths. Programmable circuitry is connected
to adjust at least one of the sense current circuits to control a current
flowing through at least one set of coils of the polyphase motor to
substantially equal a current flowing through at least one other set of
coils of the polyphase motor. The FET devices may be connected in parallel,
wherein the programma- ble circuit programmably selects the FET devices to
control an effective channel width provided by the FET devices. According
to yet another broad aspect of the invention, a motor driver circuit is
presented for providing drive signals to stator coils of a polyphase dc
motor, which may be, for example, a three-phase motor. The motor driver
cir- cuit includes a plurality of current paths, each connected between a
supply voltage and a reference potential. Each current path includes two
driver transistors, a node of each of the stator coils being connectable
between the driver transistors in respective current flow paths. A
commutator is connected to operate the driver transistors in a sequence in
which drive currents are delivered for application in a predetermined
sequence to the stator coils. A plurality of sensing transistors are each
connected to produce a mirror 



current which mirrors a mirrored current in an associated driver transistor
in a respective current flow path. Cir- cuitry is provided which is
responsive to the mirror cur- rents of the sensing transistors to control
the amplitudes of the currents in the associated driver transistor in a
respective current flow path. At least one trim transistor    -7- is
connected in parallel with a respective one of the sens- ing transistors,
and a programmable circuit is connected to selectively activate the at
least one trim transistor to adjust the amplitudes of the mirrored currents
in the cur- rent flow path with which the sensing transistor with which the
at least one trim transistor is associated. According to yet another broad
aspect of the invention, a motor assembly is presented. The motor assembly
includes a polyphase dc motor having a plurality of stator coils. A
plurality of current paths are provided. Each current path is connected
between a supply voltage and a reference poten- tial, and includes two
driver transistors. A node of each of the stator coils is connected between
the driver transistors in respective current flow paths. A commutator is
connected to operate the driver transistors in a sequence to deliver drive
currents in a predetermined sequence to the stator coils. A plurality of
sensing transistors are each connected 



to produce a mirror current which mirrors a mirrored current in an
associated driver transistor in a respective current flow path. At least
one trim transistor is connected in parallel with a respective one of the
sensing transistors, and a programmable circuit is connected to selectively
acti- vate said at least one trim transistor to adjust the ampli- tudes of
the mirrored currents in the current flow path with which the sensing
transistor with which the at least one trim transistor is associated. The
sensing and trim transis- tors may be, for example, FET devices. BRIEF
DESCRIPTION OF THE DRAWING The invention is shown in the accompanying
drawing, in which:    Figure 1 is an electrical schematic diagram of a por-
tion of a polyphase dc motor and driver circuitry incorpo- rating trimable
current sensing transistors, in accordance with a preferred embodiment of
the invention. Figure 2 is an electrical schematic diagram of a typi- cal
arrangement of a trim device of the type used in the polyphase dc motor and
driver circuitry of Figure 1, in accordance with a preferred embodiment of
the invention. Figure 3 is an electrical schematic diagram of a switch used
to control one of the trim transistors of the trim device of Figure 2. 



Figure 4 is a flowchart illustrating the steps of a method for equalizing
the currents in the flowpaths of the polyphase motor and driver circuitry
of Figure 1, in accor- dance with a preferred embodiment of the invention.
And Figure 5 is an electrical schematic diagram of a portion of an
electrical driver circuit which includes a trimable current sensing
transistors, in accordance with another preferred embodiment of the
invention. In the various figures of the drawing, like reference numbers
are used to denote like or similar parts. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS With reference now to Figure 1, an electrical
schematic diagram of a portion of a three-phase DC motor 10 and driver
circuitry 12 therefor are shown. It should be noted that although a
three-phase motor is shown, the invention need not be limited to any
particular number of phases, or par- ticular modes of operation. The stator
coils of the three-phase motor are shown in Figure 1 connected between
three nodes A, B, and C and a    -9- center tap connection, CT, in a "Y"
configuration. Each of the nodes A, B, and C, are connected between high
side driver transistors 14, 16 and 18 and low side driver tran- sistors 20,
22, and 24, respectively. A commutator circuit 



26 selectively activates combinations of the high side driver transistors
and low side driver transistors to pro- duce current flows through selected
ones of the coils 10 to produce the desired rotation of the rotor (not
shown) in known fashion. Connected to the gates of the low side driver
transis- tors 20, 22, and 24, are respective current sense and trim
circuits 26, 28, and 30. Each of the current sense and trim circuits 26,
28, and 30 are similarly constructed, the de- tails of one which are shown
in the current sense and trim circuit 26 shown in Figure 1. More
particularly, the current sense and trim circuitry 26 includes an FET
transistor 32 connected to mirror the current flowing in the low side
driver transistor 20. The FET transistor 32 is a selectively adjustable
device, as described below in detail. The gate of the FET 32 is connected
to the gate of the FET 20, with its source and drain connected in a current
flow path through which a current I[err] flows. A second FET device 34 is
provided in the current path through which the current I[err] flows from a
non-inverting input terminal of a current error amplifier 36. The output
from the current error amplifier 36 is connected to the gates of the FET
devices 32 and 20 by a switch 37, which is controlled by the commutator 26,
on a voltage delivery line 39. The gate of the FET 34 is connected to the
output of an operational amplifier 38, the non-inverting input of which  



- 10 - is connected to the node C of the "Y" connected coils 10 and the
inverting input of which is connected between the FET devices 34 and 32.
The non-inverting input of the current error amplifier 36 is connected to a
current flow path in which a reference current I[err] flows. The current
flow path includes an FET device 40 and a current setting resistor 42. An
operational amplifier 44 is connected to control the gate of the FET device
40. The non-inverting input of the operational ampli- fier 44 is connected
to receive a set voltage, V[err], and the inverting input of the
operational amplifier 44 is connected to the junction between the FET
device 40 and the sense resistor 42. The circuit 26 operates to control the
magni- tude of the current flowing in the current flow paths which include
the respective FET transistors 16 and 20 and 18 and 20, proportionally to
the magnitude of the reference current I[err] in FET 40, in known manner.
As mentioned, the FET device 32 is a selectively ad- justable device, and
is controlled by the programmed outputs of an EEPROM circuit 48. The
effective channel width of the mirror device 32 is thus controlled by the
EEPROM 48, which may be constructed on the same chip as the remainder of
the sense and trim circuitry. Ordinarily, the EEPROM 48 would be configured
at a factory or manufacturing site; however, it 



may be user programmable, if desired. It will be appreciated that the
function performed by the EEPROM  48 may also be performed by other
programmable circuitry, such as program- mable fuse devices, programmable
gate devices, or the like. Thus, the overall motor driver circuit can be
individually programmed to compensate for variations not only in the
sense transistors, but in the other motor components as well. The details
of one embodiment of such selectively vari- able sensing transistor 32 is
shown in Figure 2. Thus, with reference additionally now to Figure 2, the
adjustable FET device 32 has a plurality of differently sized FET devices,
six being shown for example, which may be individually, selectively
connected in parallel. It should be noted that any number of devices may be
employed, depending upon the application and resolution of sense current
adjustment that is necessary or desired. It should also be noted that al-
though the invention is desirably aimed at making the cur- rents in all of
the current flow paths of the polyphase motor equal, the discreet trimming
by selective switching into a parallel circuit of one or more transistors
necessar- ily results in quantized steps in trimming the circuitry.
Consequently, the number of transistors that are switchably connected
controls the resolution by which the currents can 



be made equal. In the embodiment illustrated, for example, the FET devices
50-55 have respective sizes of 18/1, 2/1, 1/1, 1/2, 1/4, and 1/8. (The
ratio expressed represents the width-to-length ratio of the gate of the FET
devices.) This gives a trim range of 10% with a step size of 1%. In the
embodiment shown, moreover, the low side driver Lransistor 20 may be sized
30,000/1 to enable a current mirroring ratio between 1371.43/1 to 1666.67/1
to be selec- tively presented, depending upon which of the FET devices
51-55 are selected. To effect the selection of the FET de- vices 51-55,
respective switches 61-65 are provided. Thus,    - 12 - depending upon the
programmable states appearing on the output terminals B0-B4 of the EEPROM
48, selected ones of the FET devices 51-55 are turned on together with the
FET device 50, which is not selectively controlled by the EEPROM 48. It
should be noted that in a normal or default state, one or more of the FET
devices 51-55 may normally be turned on to enable the flexibility to have a
reduced current car- rying capability from the nominal state. Thus, for
example, FET device 51 may normally be in a default or initial state to be
essentially in parallel with the sensing transistor 50. Thus, if a smaller
sense current I[err] is desired, the FET 51 may be turned off, leaving only
the FET sensing tran- 



sistor 50 to be turned on, or if a higher sense current, I[err] is desired,
one or more of the remaining FET transis- tors 52-55 may be turned on, as
needed. It is also noted that the various selected transistors 51-55 and
the main FET sensing transistor 50 are turned on and off in synchronism
with the signals provided by the commutator 26. As mentioned, whether or
not the signal on the gate voltage line 39 is delivered to the gate of the
respective FET devices 51-55 depends upon the state of the respective
switches 61-65, which, in turn, is dependent upon the output states
supplied by the EEPROM 48. With reference additionally now to Figure 3,
details of the switches 61-65 are shown. Each of the switches 61-65 is
substantially similar to the other switches; consequently, only switch 61
is shown. Switch 61 has three input termi- nals, labeled G, I, and O. The
input, I, from the commutator 26 is selectively applied to the output,
connected to the gate of one of the FET devices 51-55, in dependence upon
the    - 13 - state applied to input terminal G from the EEPROM 48. Thus,
it can be seen that if the state applied to terminal G is low, the
n-channel transistor 70 will be turned on, forcing the output on line O
also to be low. On the other hand, if the state applied to input terminal G
is high, the n-channel 



transistor 70 will be turned off, allowing the signal on the input terminal
I to be passed via n-channel transistor 72 and the p-channel transistor 73
directly to the output ter- minal O. With reference once again to Figure 1
and additionally to Figure 4, the operation of the adjustable sensing tran-
sistors in the circuit can be established during an initial testing
operation, the steps of which are detailed in Figure 4. More specifically,
the motor driver circuit 12 is con- nected to the stator coils of a
polyphase dc motor with which it will be associated, and the current that
flows in a first current flow path is measured, as indicated by box 80. The
first current flow path may be, for example, the current flow path through
the high side driver 14 and low side driver 22. Then, as indicated by box
82, the current that flows in a second current flow path is measured. The
second current flow path may be, for example, the current flow path that
includes the high side driver 18 and the low side driver 20. By calculation
or by trial and error, the current flow through the adjustable sense
transistor 32 is adjusted by programming the EEPROM to selectively connect
one or more of the FET devices 51-55 in parallel with the sensing FET 50,
until the current in the second current flow path substan- tially equals
the current in first current flow path, as   



- 14 - indicated by box 84. Finally, preferably, the current in the third
current flow path which includes the high side driver 16 and low side
driver 24 is measured, as indicated by box 86, and the adjustable
transistor contained in the current sense and trim circuit 30 is adjusted
in a similar manner to that described above with reference to the
adjustable tran- sistor 32 to make the current in the first current flow
path substantially equal to the current in third current flow path, as
shown by box 88. It is noted that in the trim process, the adjustable
sensing transistor in the current sense and trim circuit 28 may be left at
its pre-established nominal value, if de- sired, and only the transistors
in the current sense and trim circuits associated with the two other
current flow paths need be adjusted. On the other hand, if the current
variations are so great as to require adjustment of the sensing FET in the
current sense and trim circuit 28, the flexibility is present to enable
that adjustment to be made as well. Although the sensing transistor, such
as the sense transistor 32 in the current sense and trim circuit 26 has
been shown to be adjustable, other locations may be selected in the current
sense and trim circuitry 26 for the provision of an adjustable device that
will affect the current flowing in the current flow path of the coils of
the polyphase motor 



with which the driver circuit is associated. For example, with reference
now to Figure 5, an alternative preferred embodiment is shown in which an
adjustable FET device is provided in a current flow path through which the
reference    - 15 - current flows, and against which the driving current
may be compared. More specifically, a current mirror is provided in the
current flow path through which a sensing current, I[err] flows, including
an FET device 90 in the I[err] current flow path. An adjustable FET device
92 is provided to mirror the current in the current flow path carrying
I[err], to provide a voltage on a current error amplifier 36 to directly
adjust the current in the primary current flow path through the high side
driver 14 and low side driver 20. Those skilled in the art will find other
locations for the variable current carrying device and capabilities
provided by the variable FET structure described herein. Thus, it can be
seen that through the use of the ad- justable sensing transistor, in
accordance with the inven- tion, the ratio of the mirror device to power
device can be adjusted on a per chip basis so that high accuracy in meas-
ured current is achieved without the use of expensive sense resistors. 



Although the invention has been described and illus- trated with a certain
degree of particularity, it is under- stood that the present disclosure has
been made only by way of example, and that numerous changes in the
combination and arrangement of parts can be resorted to by those skilled in
the art without departing from the spirit and scope of the invention, as
hereinafter claimed.    - 16 - CLAIMS: 1. A  method for adjusting a driver
for a polyphase dc motor in which a plurality of currents are commutatively
applied to selective sets of motor coils, comprising: measuring a first
commutatively applied current that is applied to a first set of coils of
said polyphase dc motor; measuring a second commutatively applied current
that is applied to a second set of coils of said polyphase dc motor; and
changing a magnitude of said first commutatively applied current to more
closely equal a magnitude of said second commutatively applied current from
an original magni- tude. 2. The method of claim 1 further comprising:
measuring a third commutatively applied current that is applied to a third
set of motor coils; 



and changing a magnitude of said third commutatively applied current to
more closely equal a magnitude of said second commutatively applied current
from an original magni- tude. 3. The method of claim 1 wherein said step of
changing a magnitude of said first commutatively applied current com-
prises selectively connecting at least one active device having a current
path in parallel with an active device connected to mirror a current in a
power transistor. 4. The method of claim 3 wherein said step of selectively
connecting at least one active device having a current path    -17- in
parallel with an active device connected to mirror a current in a power
transistor comprises selectively connect- ing a trim FET having a first
channel width to length ratio in parallel with a current mirror FET. having
a second chan- nel width to length ratio. 5. A method for adjusting a
driver for a polyphase dc motor of the type having sets of motor windings,
comprising: commutatively applying motor drive currents to selected sets of
said motor windings; measuring the amplitude of at least two of said drive
currents; changing the amplitude of at least one of said at least 



two drive currents to make said at least two drive currents substantially
equal. 6. The method of claim 5 further comprising: measuring another
commutatively applied current that is applied to another set of motor
coils; and changing a magnitude of said another commutatively applied
current to make said another drive current substan- tially equal to said at
least two drive currents. 7. The method of claim 5 wherein said step of
changing the amplitude of at least one of said at least two drive cur-
rents to make said at least two drive currents substantially equal
comprises selectively connecting at least one active device having a
current path in parallel with an active device connected to mirror and
control a current in a power transistor for one of said drive currents.
- 18 - 8. The method of claim 7 wherein said step of selectively connecting
at least one active device having a current path in parallel with an active
device connected to mirror and control a current in a power transistor for
one of said drive currents comprises selectively connecting a trim FET
having a first channel width to length ratio in parallel with a current
mirror FET having a second channel width to length ratio. 



9. A circuit for operating a polyphase dc motor comprising: a driver
circuit for controlling currents flowing in current paths that include
respective sets of coils of a polyphase dc motor to which said driver
circuit is connect- able; a plurality of circuits for sensing and
controlling the currents in respective ones of said current paths;
programmable circuitry connected to adjust at least one of the sense
current circuits to control a current flowing through at least one set of
coils of said polyphase motor to substantially equal a current flowing
through at least one other set of coils of said polyphase motor. 10. The
circuit of claim 9 wherein said circuits for sensing and controlling the
currents in respective ones of said current paths are FET devices. 11. The
circuit of claim 10 wherein said FET devices are connected in parallel, and
said programmable circuit pro-    - 19 - grammably selects said FET devices
to control an effective channel width provided by said FET devices. 12. The
circuit of claim 10 wherein said FET devices are connected in parallel, and
said programmable circuit pro- grammably selects said FET devices to
control an effective channel width provided by said FET devices by
selectively 



connecting a trim FET having a first channel width to length ratio in
parallel with a current mirror FET. having a second channel width to length
ratio. 13. The circuit of claim 9 wherein said polyphase dc motor is a
three-phase dc motor. 14. The circuit of claim 9 wherein said sets of coils
are "Y" connected coils. 15. A motor driver circuit for providing drive
signals to stator coils of a polyphase dc motor, comprising: a plurality of
current paths, each connected between a supply voltage and a reference
potential, each current path comprising two driver transistors, a node of
each of said stator coils being connectable between said driver transis-
tors in respective current flow paths; a commutator connected to operate
said driver transis- tors in a sequence in which drive currents are
delivered for application in a predetermined sequence to said stator coils;
a plurality of sensing transistors, each connected to produce a mirror
current which mirrors a mirrored current in    - 20 - an associated driver
transistor in a respective current flow path; circuitry responsive to the
mirror currents of said 



sensing transistors to control the amplitudes of said cur- rents in said
associated driver transistor in a respective current flow path; at least
one trim transistor, each connected in paral- lel with a respective one of
said sensing transistors; and a programmable circuit connected to
selectively acti- vate said at least one trim transistor to adjust the
ampli- tudes of the mirrored currents in the current flow path with which
the sensing transistor with which the at least one trim transistor is
associated. 16. The motor driver circuit of claim 15 wherein said sens- ing
and trim transistors are FET devices. 17. The motor driver circuit of claim
15 wherein polyphase dc motor is a three-phase motor. 18. The motor driver
circuit of claim 17 wherein said stator coils are connected in a "Y"
configuration. 19. The motor driver circuit of claim 18 wherein said plu-
rality of current paths include three current paths and said plurality of
sensing transistors include three sensing tran- sistors. 20. A motor
assembly, comprising:    -21- a polyphase dc motor having a plurality of
stator coils; 



a plurality of current paths, each connected between a supply voltage and a
reference potential, each current path comprising two driver transistors, a
node of each of said stator coils being connected between said driver
transistors in respective current flow paths; a commutator connected to
operate said driver transis- tors in a sequence to deliver drive currents
in a predeter- mined sequence to said stator coils; a plurality of sensing
transistors, each connected to produce a mirror current which mirrors a
mirrored current in an associated driver transistor in a respective current
flow path; circuitry responsive to the mirror currents of said sensing
transistors to control the amplitudes of said cur- rents in said associated
driver transistor in a respective current flow path; at least one trim
transistor, each connected in paral- lel with a respective one of said
sensing transistors; and a programmable circuit connected to selectively
acti- vate said at least one trim transistor to adjust the ampli- tudes of
the mirrored currents in the current flow path with which the sensing
transistor with which the at least one trim transistor is associated. 21.
The motor assembly of claim 20 wherein said sensing and trim transistors
are FET devices.   



- 22 - 22. The motor assembly of claim 20 wherein polyphase dc motor is a
three-phase motor. 23. The motor assembly of claim 22 wherein said stator
coils are connected in a "Y" configuration. 24. The motor assembly of claim
20 wherein said plurality of current paths include three current paths and
said plurality of sensing transistors include three sensing transistors.


