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»BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON Thi s invention relatqpafi
to inprovenents in driver cir- cuits and nethods for pol yphase dc notors,
and nore particu- larly to inprovenents in circuitry and nethods for )
sensing currents in power driver transistors for polyphase dc npo- tors, and
still nore particularly to inprovenents in cir- cuits-and nmethods for
i mproving the accuracy of current sensing in polyphase dc notor driving
circuits. 2. RELEVANT BACKGROUND Typi call lrard disks, such as used in -
personal conputers, CD-ROM drives, and |like applications typically are
rotated by pol yphase dc notors. A polyphase dc notor, and, in par- ticular,
a three phase dc notor, which is widely used in such appllcatlons has
three coils connectedmimmmgngmpgmquNblMng@ﬂepoﬁ‘AacuﬁAcqnd a conmon
center tap node, CT. As current is conmutatively a glled to flow through
successi ve sets of the(KﬁMgR°V§M$8?01N|§U3§E§$d35§ E¥Cate 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 curr erBACKEROUNID! OB| TH ANTNONent driver cir- cuit, which typically

I ncl udes three current gaths each including two driver transistors. The
driver tr HE . '

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 seﬁsing
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, CIr. As
current is commutatively applled 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

o
including two driver transistors. The driver transistors may



-+ 2 - be, for exanple, PET devices. Each current path is connected between
:V[err] and ground with the coil nodes A B, and C con- nected respectively
bet ween 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 "l ow side drivers." A commutation circuit
sequentially applies control voltages to the gates of the respective high

and | ow sheg fiorvexampdecalFEF dewvicesnt Each fduawent tgathoisrcamiécted t he
sequence descri bed abovg.gTypicalLy
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f1 ow pat heebVeeRe Vdei 987 grPund: with dde ety sader, Apul di@d & vaPRati ons

in fabricglj pr, ' ; |

transi st oreCrad pe Rt bl ATl on B0F 3 Wyl CRndliveEs.

i nstance, The tdwiverhgragkiwtdires ketwengt Bhe reasil t hodelsn amequal i hkes in
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to use an ex- .
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.curreﬁts in the respective current flow
paths of the driver circuit are desirably equal, but due to
variations in fabrication brocesses, mask alignments, and so
on, the FET driver transistors in the respective paéhs 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 unegual currents also reduce the precision of
the motor speed. As densities of hard disk drivers become
greater and greater, such impfecisions 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.



pensi ve high tolerance external sensing resistor as a nean to neasure the
snmotor 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 flow ng
in the power tran- sistors in the current flow paths of the motor, FET

devi ces may be connected as current mirréfsto mrror the current in the
power transistors, generally the | owside driver tran- sistors. The mrror

transistors arehidi ¢d ldermmde el duaumad eﬂlé@iﬁ%eiﬁi@ﬁe%oﬁéﬁ BeURL
transistors, ratios of 15/1 being typical. It is, however, desirable to
make the silstorst rigndilywe ocyrveny Ehewl pathsomfarilenmatoort heFEBwdevices

transi stors ut design tolerances resuljt in greater inpre- cision anongst
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| arge size difference between the power I ces and the mrror devices.
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transistor with relatively good accuracy if the .devices are of simlar
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anps of CWE]%“béiﬁ&*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 increasees.

However, the use of such FET mirror dévices 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 mirroxr 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 wvery 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



ing in the primary devices, it is desirable to use a large ratio (on the
sorder, for exanple, of 1500:1) between the power FET and the mrror device.
If a smaller ratio were to be used, a | arge anount- of power woul d be wasted
in the control circuitry because of the large current in the mrror device.
However, with a mrror ratio at the order gof- 1500: 1, the mrror accuracy
w Il not be very good, and can be ex- pected to vary on | ot and device
basis. Mrreover, in a 3-phase notor, for exanple, current sensing
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to remove a source of torque ripple, audible noise, and notor inaccuracies.
SUMVARY OF THE WhatENTS oneeedsi hherafopeopdsed ciircuit and piedded dlgitase

cur - . . .
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 achieyed 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 ceoils. 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 appiied current that is applied



rent accuracy may al so be trimred renoving a source of torque ripple and
raudi bl e noise. This is done nmaking the width (W of the mrror device

vari able. This is achieved by splitting the mrror device into several
smal | er devices. The gate voltage on the smaller devices are sw tched

bet ween the power devices gate voltage and zero volts, for n-channel

devi ces. Depending on the expected vartfalion in the natchlng of the nom na
power and mrror devices, the trimrange of the mrror device can be

chosen. The ¥ GHEINA ofet her PEYRL st _Bfmth"eogoq%hfa%er dd Ombtorei 8T meaad by
the trimrange, and the nunber of bits use rimthe device. Thus,
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changed to more closely equal a magnitude of the second
commutatively applied current from an original wmagnitude.
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 driQe 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



tu&e. If desired, a third comut atively applied current that is applied to

sa third set of notor coils is neasured,
comut atively applied current is changed to nore cl osely equal
of the second commutatively applied current froman original
step of changing a magnitude of the fir
may i nclude selectively connecting at
an FET device, having a current path in parall el
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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 dfiver transistors, a node of eaéh
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 applicationlin 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 t:ransistor in a respective cufrent 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

coils
of a pol yhasst dsn@vbbhetOsebi 688 £beler b¥ethel pelyphase motor. The FET



-6- is connectable, and a plurality of circuits, which may in- clude FET
spower and sensi ng devices, for sensing and con- trolling the currents in
respective ones of the current paths. Programmble circuitry is connected
to adjust at |east one of the sense current circuits to control a current
flow ng through at | east one set of coils7of t he pol yphase notor to
substantially equal a current flowi ng through at |east one other set of
coils of the polyphase notor. The FET devices may be connected in parallel,

wherein th r.ogr - bl e circuid . progra bl elects the FET deyjces to
control aﬁsegf’g’gﬁ%%cﬁé’hfea}r%ﬁgﬁ# '&"g@i ﬁgggﬁggFﬁévﬁE?%ev?fce‘éﬁ?e A§%{8§a. ng
to yet anghBekrBn@ddtdRecCta 4 NSrog¥snhhBle 2iRR4AL Kd VESnked€sl!t tbS
presented for providing drive sighals to stator coils of a polyphase dc
nmot or, whisehectjiviedy factExatel ¢hea abr degdtasenent orimTheransigtalr i ter
cir- cuit includes a plurali of current, paths, each connected between a
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whi ch drive currents_are delivered for application
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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 respé_ctive 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 fespective current
flow .p.ath. 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 ohe trim transistor to adjust the ampli-
tudes of the mirrored currents in the current flow path with
which the sensing transistor with whlich the at least one
trim transistor is associated. The sensing and trim transis-
tors may be, for examble, FET devices.

BRIEF DESCRIPTION OF THE DRAWING

The invention is shown in the accompanying drawing, in
which:



current which mrrors a mrrored current in an associated driver transistor
sin a respective current flow path. Cr- cuitry is provided which is
responsive to the mrror cur- rents of the sensing transistors to control
the anplitudes of the currents in the associated driver transistor in a
respective current flow path. ‘At | east one trimtransistor -7- 1s
connected in parallel with a respective-dhe-of the sens- ing transistors,
and a progranmable circuit is connected to selectively activate the at

| east one trimgyd | st or, tqQ_adjus he | {tudes of,.the mrrpored currents
in the cur- renﬁtlﬂ%%v %atlﬁ \?ﬁn[ hé#ﬁf%tc’%}?'?lgngghgm l_f:r &%&%ﬁad‘} t# B%h the
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aspect of the invention, a notor assenbly is presented. The nhotor assenbly
i ncl udes aagdinghtrdmdbleotaurtenti ngensphgr dlransisft axtsat oinceidcordance

plurality of .current_paths are provided, ch,current path is connected
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currents in redet ey m ned sequepce, to the stator coils. A plurality, of
sensing tr hage 4% BQERYC c@&dver circuitry of n

Flgure 1, "1
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 ¢0f 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



to produce a mrror current which mrrors a mrrored current in an
.associated driver transistor in a respective current flow path. At |east
one trimtransistor 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 trimtransistor to adjust the anpli- tudes of
the mrrored currents in the current flowpath with which the sensing

transistor with which the at |east one trimtransistor is associ ated. The
sensing and trimtransis- tors may be, for
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tion of a polyphase dc notor and driver circuitry incorpo- rating trimable
current sansieng tramsistors, 14n ascEmhntg anth lowrseide r ddivebodiveent of

the invention. Figure 2 is an electrical schematic di agram of a,t(g%& cal
ar r angemeistaIrsy 20+ medeviand 024 ¢ hEesPpELHyEdYi-n & heOBBPY BRI e Yr and

LY S Y Sl B USRI, ® O ST SO R o
to contrqirBRer ot raR8ikEbist A1 BéWr 8186 didvier ntxiens et ot s Frgunerd-
duce current f£lows 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 cbnnecﬁed in a current
flow path through which a current Igege flows. A second FET
device 34 is provided in the current path through which the
current I,.... £lows 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



Fidure 41is a flomchart'illustrating the steps of a nethod for equalizing
sthe currents in the flowpaths of the polyphase notor and driver circuitry

of Figure 1, in accor- dance with a preferred enbodi nent of the invention.
And Figure 5 is an electrical schematic diagramof a portion of an

electrical driver circuit which includes a trimable current sensing
transistors, in accordance w th anot her-pt@ferred enbodi nent of the
invention. In the various figures of the drawing, |ike reference nunbers
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coils of the three-phase notor Tare 'shown in Figure 1 connected between
t hree nodes As Biormmbt@dintb aa curfentefifew paghcdmediicn, a C(fefemenceY".

configuration. Each of the nodes A B, and are cqnnect ed .bet ween_hi gh
side drivEMIEERsi Samsr £1OW8 1 6THA %%lg%\f’%’i R | VBPIRASH. & oFBils 20,

22, and 24e iR 4R8Ya EubPEI! 3eRtifld P¥distor 42. An operational

amplifier 44 is connected to control the gate of tLhe FET
device 40. The non-inverting input of the operational ampli-
fier 44 is connected to receive a set voltage, Vg, 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 transistofs 16 and 20 and 18 and
20, proportionally to the magnitude of the reference current
Iper 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 aﬁ 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 prbgrammable 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 wvariations not only in the



26 selectively activates conbinations of the high side driver transistors
and | ow side driver transistors to pro- duce current flows through sel ected
ones of the coils 10 to produce the desired rotation of the rotor (not
shown) in known fashion. Connected to the gates of the |ow side driver
transis- tors 20, 22, and 24, are respective current sense and trim
circuits 26, 28, and 30. Each of the currddt -—sense and trimcircuits 26,

28, and 30 are simlarly constructed, the de- tails of one which are shown
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particularly, the current sense and trimcircuitry i nchudes an FET
transi st owel2.connected to mrror the current flowng in the | ow side
driver transistor 20. The FET transistor 32 is_a selectively adjustable
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any number of devices maf be employed, depending upon the
- application and resolution of sense current adjustment that
is necéssary 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 réspective sizes of 18/1, 2/;,
1/1, 1/2, 1/4, and 1/8. (The ratio expressed represents the
width-to-lenéth 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 1371.23/1 to 1666.67/1 to be selec-
tively presented, depending ﬁpon which of the FET deviées
51-55 are selected. To effect the selection of the FET de-

vices 51-55, respective switches 61-65 are provided. Thus,



- 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 anplifier 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 anplifier 44 is connected to gpntrol the gate of the FET device
40. The non- inverting input of the operational anpli- fier 44 is connected
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magni - tude of the current flowing in the current flow paths which include
the respeché vEEFEReaviares sbbr551@rendiponeddons tagetier prbpbr ttufl@naﬁ‘r?%‘/ t 0

t he magni t ude of the rence curr err] in . FE
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EEPROM 48onehbthmoxe loef artnst FETt deéviboeshs1s86e malyi maasnaliey rkeeratwinedof

t he sense and tr|n1C|rcnhér% dei arily, the EEP 48 ul d betconfigured
at aﬂfact@ﬂyter be§+p% 1f¥uEPepave; @ reduced curren

rying capability from the nominal state. Thus, for example,

and

' 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 Iggys 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,
.Ismmg is desired, one or more of thg remaining FET transis-
tors 52-55 may be turned on, as needed.

It is also noted that the vafious 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-—65f 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. Ea;h of the switches 61-65 is
sﬁbstantially 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



may be user programmable, if desired. It will be appreciated that the
.function perfornmed by the EEPROM 48 may al so be perforned by other

programable circuitry, such as program mable fuse devices, programmable
gate devices, or the like. Thus, the overall notor driver circuit can be
I ndi vidual l'y progranmed to conpensate for variations not only in the

sense transistors, but in the other notorjgomponents as well. The details

of one enbodinent of such selectively vari- able sensing transistor 32 is
shown in
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connected in parallel. It should be noted that any nunmber_ of devices nay be
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by selective switch Into a parallel circuit of one or nore transistors
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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-
s:.stors in the circuit can be establlshed during an initial
testing operation, the steps of which are deta:.led 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



be made equal. In the enbodinent illustrated, for exanple, the FET devices
50-55 have respective sizes of 18/1, 2/1, 1/1, 1/2, 1/4, and 1/8. (The
rati o expressed represents the width-to-length ratio of the gate of the FET
devices.) This gives a trimrange of 10%w th a step size of 1% In the
enbodi nent shown, noreover, the |ow side driver Lransistor 20 may be sized
30,000/1 to enable a current mrroring rati d4between 1371.43/1 to 1666.67/1
to be selec- tively presented, dependi ng upon which of the FET devices

o1 55 are sRuithRCd LY Hdeda ! ARARR! | OR frdiBfy [EindCeulLERE 3h Bhe

respective swtches 5 are provide 2 - dependi ng upon the

. programmebkaistatasrsapeaflog pathhehdehpincledesnalse Hidd 8idéharkeikOM
48, selected ones of the FET devices 51-55 are turned on together with the
FET devi ce 160 anhi +@W| §idet drdivast i 24| §scBaaFYrEdd 1RF tkrAEFHrEi by, box

shoul d be ed at.in _a.normal, or_default state, qne or. no of  the FET
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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 oniy 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 semse 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



. sistor 50 to be turned on, or if a higher sense current, I[err] is desired,
.one or nore of the remaining FET transis- tors 52-55 nay 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 comut at 26. As nentioned, whether or
not the signal on the gate voltage line 38 Is delivered to the gate of the
respective FET devices 51-55 depends upon the state of the respective
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details ohdmpAﬁﬁdlches 61-65 are shown. Each of the switches 61-65 is

substantially simlar to the other swtches; consequent|
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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 accoxrdance with the inven-
tion, the ratio of.the mirror device to power device can be
adjusted on a pef 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 diéclosure 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.



transis;\\\\\\af\T\be\Lnggd off, allowing the signal on the input termnal -
I to belmﬁw' -channel transistor 72 and the p-channel transistor 73
directly*toc y O”g[/ﬂ/er mnal O Wth reference once again to Figure 1
and additionally s r

sistors in the circuit can be established during an initial testing

operation, the steps of which are detaiLe?dJLFﬁgure 4. More specifically,
the motor driver circuit 12 is.con- necte o the stator coils of a

pol yphase goammser with which it will be associated, and the current that
flows in a first current flow path is nmeasured, as indicated by box 80. The
first curréntAf mehest Homyadjusting exadpivert forcar maktyphase pia mewevugh

t he high side dr.iver 14.and,l.ow side driver 22. Then s .i.ndicated 0X
8. the cutPerfiiaibiar PIAERLATY BfcriFteftantre) Srmmitay A drattedrs
second cur ggnefleat RA B i mdty VS & cdilor 4RGNt [l ow path that

I ncludes the high side driver 18 and the | ow side driver 20. By cal cul ation

or by trial andmeasmringe dirsntcdhmecdtively appel dedustabéststhae is

transistor 32_i;s adjusted by programm ng the EEPROM to sel ectivel y connect
one or nor 8PBf e YR delitlesSe -0 ¢l Af | 8219 PRIYRBASENSFNYOEET 50,
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ow path, as
"is applied to a second set of coils of said polyphase dc

motor;

I
"ti e 4, the operation of the adjustable sensing tran-

and changing a magnitude of said first commutatively
applied current to more closely egual a magnitude of said

second commutatively applied current from an original magni-

tude. t

2. The method of claim 1 further cbmprising:

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



- 14 - —-ndi by box 84. Finally, preferably, the current in the third
current flow path which 1ncludes the high side driver 16 and | ow side

driver 'ﬁmmmmjl s indicated by box 86, and the adjustable
transis s Iuﬂthe current sense and trimcircuit 30 is adjusted

in a simlafr ranffer Sto*that described above with reference to the

adj ustable tran- sistor 32 to nake the cupkent in the first current flow
path substantially equal to the current in third current flow path, as
shown by bax S8rallels witifdahhaict ivé h@ehviic® PesREEtelha RdiishdY €a
sensing transistor in the current sense and trimcircuit 28 may be left at
its pre-esyablenthdd ropowdr atarsistfoxeconprisks ssellect ivelg ceanecstors
in the current sense 9 trimcircyits associ ated wth the,two ot her .
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t hat adj ustelemidth bso eetsgtets wetio. Al t hough the sensing transistor, such
as the sense transistor 32 in the current sense and trimcircuit 26 has
been shown to be adjustable, other |ocations may be selected in the current
sense and £ ri | 3t 26 far .t r QlsS} | e jdevyi hat
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the polypreSecli®toype 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 cammutatively
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 paraliel with an active

device connected to mirror and control a current. in a power

transistor for one of said drive currents.
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th—which the driver circuit is associated. For exanple, with reference

.now to Figure 5 an alternative preferred embodi ment is shown in which an
adj Mﬂ,"mlﬁmﬁe is provided in a current flow path through which the
r ef i current flows, and agai nst which the driving current
may be conpared” Mbre specifically, a current nmirror 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 fl path. An adjustable FET device
92 is provided to mirror the current in"tgélcurrent flow path carrying
I[err], to.provide a voltage on a current error anplifier 36 to directly
adj ust thg, cameenhetRod hefprdlainy Tuwhereihl maisht btepr ofghsehectiyhl vi de
driver 14 and | ow side driver 20. Those skilled in the art will find other
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devi ce can be adjusted on a per chip basis so that high accuracy in_neas-
ured currdxtivies Guhrened wompaiseshEekactivelihefennectinge & ekt $RoFET

having a first channel width to length ratio in parallel

W
n

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 adjﬁst 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 sct 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-



as been described and illus- trated with a certain

degre It Is under- stood that the present disclosure has
been mll “'mﬂHWOf exanpl e, and that nunerous changes in the

conbi Lan asrangenment of parts can be resorted to by those skilled in
the art wi thout departing fromthe spirit nd scope of the invention, as
herei nafter cl ai ned. - 16 - CLAIMS: 1. A nethod for adjusting a driver
for a pol yphase dc notor in which a plurality of currents are comutatively

appl i ed t gragiRliyessbést o sERHOFEIOlIdSviEOIPELS icdmhit YBIASAH | 89factiifet
cormut atively applied current that is applied to a first set of coils of

sai d pol yshasmedc wigitdh ;prasaided oy ssatd dRT cdewieasi vel y applied current
that is applied to a second set of coils of said pol yphase dc notor; and
changing a magni tude of said first commutatively applied current to nore

closely equal enEngidie obesAhinpCopd HRTBILA LYLLY FfP! Aedi CULT alife T OM
an original nagni- tude. 2. The method of claim1l further conprising:

measur i ng eenrecited oimutpdrakl ¢l apphdedsaid rpnbguchatnabé.eap@iredltopardhl rd
set of notor coil

grammabfy 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

w¥* connected coils.

15. A wmotor 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 segquence to
coils;

said stator

a plurality of sensing transistors, each connected to

produce a mirror current which mirrors a mirrored current in



and changi magni tude of *said third éonnutatively appl i ed current to
nor e cIggZ?Z‘gaﬁar‘a‘nagﬂ+%ude of said second commutatively applied current

from an I - de. 3. The method of claim 1l wherein said step of
changi ng m ﬂﬂgl d first comutatively applied current com
prises sel ect’i v&l y* con

ing at |east one active device having a current
path in parallel with an active device ¢ ected to mrror a current in a

power transistor. 4. The method of claim 3 wherein said step of selectively

connect i ngn ais66854t 886AREEYC t#BKES SEBRY HRT 42 reapeditli veidhrrentl 71 dw
parallel with an active device connected to mrror a current in a power

t ransi-st gpatlenpri ses sel ectively connect- ing a trim FET having a first

channel width to Ieﬁgth ratio in parallel with a current mrror FET. having
a second chan- ChEFURFEYh ¥RSPRRGIYEr A oths. M IRAhoFWEeHd usti Rpid

d f h L i ,
conpr 1 si nge BT EAR DA Tab 57 ngoHBE et By Bh SM 22 | BFSOrOR e Gets o

sai d .not orencediingssai®aassbbgatea aﬁilvelzuderaismtdafash tavor eépsét tvdr i ve

currents; changln% the anplitude of at |east one of said at |east
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 *¥" 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-

sigtors.

20. A motor assembly, comprising:



two drive currents to nake said at |least two drive currents substantially
equal . aim5 further conprising: neasuring another:

6. e ne
connutaH' ' rrent that is applied to another set of notor
coils; mﬂemm ’Jtﬂgni tude of said another conmmutatively applied
current to frake sal ther drive current substan- tially equal to said at

| east two drive currents. 7. The nethod 21 €laim5 wherein said step of
changi ng the anplitude of at |east one of said at |east two drive cur-

rents to make gai o%phﬁéét aM0 8y @izWi‘H#SaSU ma&&_eg' yﬂPqF’é’iator
conprises selective connecting at | east orfe actTve deviCe having a
current pabhlep parallel with an active device connected to mrror and

control a current in-a power transistor for one of said drive currents.
- 18 - 8. The RetHayrakiteyl % quyrenti pathed speh sonnaatad etweennacting
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having a first channel width to length ratio in parallel with a current
m rror FEPtRPAME kedeming reenrectedthetveerngahdrdriver transistors

in respective current flow paths;

a'commutator connected to operate éaid driver transis-
tors in a séquence 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 réspective current f£low
‘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.



9. A crrcurt—for—operat+ng a pol yphase dc notor conprising: a driver
Ci rcui currents flowng in current paths that include
respec imm m ',‘ ﬂ s of a pol yphase dc notor to which said driver
CIFCUIt*IScC e; a plurality of circuits for sensing and
controlling the currents in respective ones of said current paths;

programmabl e circuitry connected to adju®f at | east one of the sense _
current circuits to control a current flow ng through at | east one set of

il f 'd I t t aptiall | ( i
hrougn 21 306 SRBCOE nesaoy B LR 2b, “BifysRac EhETRpasd 48,
circuit qf\o@‘l,@l 59 WRE8kDphake fmbteyl.ts for sensing and controlling the

currents in respective ones of said current paths are FET devices. 11. The
circuit of claim10 wherein said FET devices are connect ed | n par allel, and

said progra le circuit pro- - 19 .- qgra bly, sele FET evi ces
to controf3an g?‘f @BFWeaéﬁﬁﬂ'ﬁ’é‘IY \ﬁfdﬂiadf‘b%izdg'g‘a léhﬁia %e% 5. The
circuit ogrgl abfhé@rwherel B S¥i«d JIpk idRMat8orlr € connect ed | n parallel, and
sai d programmable circuit pro- grammably selects said FET devices to

control an effective channel w dth provided by said FET devices by
sel ectively - ) . )

- 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.



connecting a trimFET having a first channel width to length ratio in
parallel with a current mrror FET. having a second channel width to |ength
ratio. 13. The circuit of claim9 wherein said pol yphase dc motor is a

t hree- phase dc notor. 14. The circuit of claim9 wherein said sets of coils
are "Y" connected coils. 15. A notor driver circuit for providing drive
signals to stator coils of a polyphase dc tor, conprising: a plurality of
current paths, each connecteqﬁbetmeen a supply voltage and a reference

potential, each curregﬁ2 ga 'c‘ongri Si ng two driver transistors, a node of
each of said stator ¥ GLRAYILARKcANRLMETHOPWERR AECHRAEKver transis-

tors in respective current ]\#lg ths;_.a commut at or connected to operate
said driver transis- tors 1 N i GPREENT, SFNSANGurrents are
delivered for apI | cat | on in a predeterm ned sequence to said stator coils;

a pl ur al | BRSFRECIL QI JHE ESCHQ

3k egach connected to produce a mrror

t which = .
Cransistor in & A aBLILET SR Olhal Meor préiadh asage sledy ver

mrror curgeeng8aebrsagslils of a polyphase dc motor (10) includes a

plurality of current paths, each connected between a supply
voltage and a reference potential. Each current path in-

cludes two driver transistors (14,20, 16,22, 18,24), a node

(A, B, C) of each of ‘the stator coils being connectable
between the driver transistors in respective current flow
paths. A commutator (26) is connected to operate the driver
transistors in a sequence in which drive currents are deliv-
ered for application in a pfedetermined sequence to the
stator coils. A plurality of sensing transistors (32) are
connected to produce a mirror current which mirrors a mir-
rored current in an associated driver transistor (20) in a
respective current flow path. Circuitry (26) is provided
which is responsive to the mirror currents of the sensing
transistors to control the amplitudes of the currents in the
associated driver transistor in a respecti%re current flow
path. At least one trim transistor (51-55) is connected in
parallel with a respective one of the sensing transistors
(50), and a programmable circuit (48) is connected to selec-
tively activate the at least one trim transietor to adjust
the amplitudes of the mirrored currents in the current flow
path with which the sensing transistor with which the at

least one trim transistor ie associated.

FIGURE 1



sensing transistors to control the anplitudes of said cur- rents in said
associated driver transistor in a respectlve current flow path; at |east
one trimtransistor, each connected in paral- lel with a respective one of
said sensing transistors;_ and a programmable circuit connected to
selectively acti- vate said at | east one trimtransistor to adjust the
anpli- tudes of the mrrored currents in the current flow path with which
the sensing transistor with whi.ch the at | east one trimtransistor is
associ ated. 16. The notor driver circuit of 1ggai m 15 wherein said sens- ing
and trimtransistors are FET devices. 17. The notor driver circuit of claim
15 wherein pol yphase dc_notor_is a three-phase nmotor. 18. The notor driver
circuit of cla n1JJwamujuJL;ﬁm41;i ator coils are connected ih a "VY"
configuration.{19. The notorsgdrivef circuit of claim 18 whereiln said pl u-
rality of currgnt] paths 4 htee current paths and said glurality of
sensing transiptars incl bensing tran- sistors. 20. A notor

e o
assenbly, conpfi ging: a phase Q3 mgtor haV| a plmgality of

stator coils; ¢4c i
*
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a,plurality of current paths, each connected between a supply voltage and a
reference potential, each current path conprising two driver transistors, a
node of each of said stator coils being connected between said driver
transistors in respective current flow paths; a comutator connected to
operate said driver transis- tors in a sequence to deliver drive currents
in a predeter- mned sequence to said stator coils; a plurality of sensing
transi stors, each connected to produce a mirror current which mrrors a
mrrored current in an associated driver transistor in ar specLive current

flow path; circuitry responsive to the mrray currents of gaid gensing
transi stors to3@ontrol the anplitudes of said cur-

rents ip sai g associ ated
driver transist in a respectiy rrent flow path; at | edast ophe trim
transi stor, each¥connected in palqr- lel with a respec

sensing transistors; and a prograrmable circuit connected f
acti- vate sai Ll T

the mrrored ¢@5entsiigg

trasTstor—tto—acdrust t he

Nsfth wiish t
transi stor w whi ch ljeAst on rimtriapsi storf s 4
The notor a A ere ai d ing pgitri
are FET devﬁ i f ‘@

G G ¢ ¢ ¢ |
Vi Vd ’
65 64 63 62 61
BO B B2 B3 B4
* EEPRO | FIG. 2
> —_— |
48
0
H [ l 61
i 70 . "
1 i
i | |
| — |
- { T |
10N !7:,3 %
i i
i {
t ' [}
| ' |
i Tl
i i
| - i
| |
' | |72 :

G

FIG. 3



- 22 - 22. The notor assenbly of claim 20 wherein polyphase dc nmotor is a
t'hr ee- phase notor. 23. The notor assenbly of claim22 wherein said stator
-coils are connected in a "Y' configuration. 24. The notor assenbly of claim
20 wherein said plurality of current paths include three current paths and
said plurality of sensing transistors incgfge three sensing transistors.

MEASURE CURRENT _~80
IN FLOWPATH No. 1
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MAKE CURRENTS IN 3
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MEASURE CURRENT | -86
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