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CIRCUITRY AND METHOD.FOR 
CONTROLLABLE SLEW RATE 

TECHNICAL FIEI.p OF THE INyBNTIQN 

This invention relates generally to the field of 
control circuitry and more particularly to a circuitry and 
method for controllable slew rate of a polyphaee de motor . 
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BACJGROQNP op· TSE ImzENTION 

A variety of applications use polyphase direct current 
(de) motors for providing rotational motion. In 
particular, applications such as hard disk drives and 
CD-ROM drives often use polyphaee de motors, such as three­
phase de motors, to rotate information platters including 
the magnetic disks of a hard disk drive. The control of 
the rotational speed of these information platters is often . . 
critical to overall application performance. 

The rotational speed of these polyphase de motors is· 
controlled through the current applied to the stator 
windings or coils. Por example, the seater windings of a 
three-phase de motor may be coupled in a nyn configuration 
and include an A-coil, a B-coil, and a c-coil coupled at 
one end at a center tap node. The :remaining ends of each 
coil pre selectively coupled to either a high side driver, 
a low side driver, o:r: to an open circuit as commutation 
occurs. During steady state operation, current flows from 
a high side driver, t~ough a first coil coupled to the 
high side driver, through the center tap, through a second 
coil coupled to the low side driver, and to the low side 
driver. During this time, a third coil couples to the 
center tap on one end while the other end is provided as an 
open ci~t. After a period of time, a commutation occurs 
so that current may now flow through the third coil and 
either the first coil or the second coil. A commutation 
is the transfer of current from one path in a circuit to 
another. Thus, current flows through two of the three 
coils during a steady state operation until a commutation 
occurs, at which time, current then flows through one of 
the two coils and the third coil until the next commutation 
occurs. 

A total o:f: six currents may be provided in the stator 
windings of a three-pM.se de motor through six 
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commutations . The current flows, for example, may be 
provided through the stator ~oils in the following sequence 
to impart rotational motion to the rotor of the three-phase 
de motor: A-coil to C-coil, A~coil to B-coil, C-coil to 
B-coil, C-coil to A-coil, B-coil to A-coil, and B-coil to 
c-coil. 

Problems arise when commutating the current in the 
coils of the stator winding. Often, current and voltage 
spikes occur as a result of a commutation. 'l'hese current 
and voltage spikes occur when current is reduced in one 
coil and increased in another. These current and voltage 
spikes may damage sensitive control circuitry. For 
example, voltage sensitive circuitry such as-metal oxide 
semiconductor (•MOS") circuitry is often destroyed if 

~ ::; breakdown voltages are violated. 'rhese current and voltage 
spikes require the use of integrated circuit technology and 
t.ransistor technology in the control circuitry having 
breakdown voltages greater than the voltage spikes 
generated during a commutation. This results in larger 
geometry control circuitry translating into increased 
circuit size and increased power consumption. 

Furthermore, additional circuitry, such as an external 
zener diode, must be included in the control circuitry to 
prevent . the control circuitry from being damaged in the 
event that a current or voltage spike causes a breakdawn 
voltage level to be exceeded. This further increases 
overall control circuit:ry costs, complexity, and power 
consumption. Aleo, overall system reliability suffers 
because in the event of failure of the external zener 
diode, the control circuitry may be destroyed. 

Additional problems are caused by the presence of 
current and voltage spikes generated tiuring commutations in 
the stator windings. current and voltage spikes may create 
a torque ripple and establish a resonant frequency 
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resulting in an audible noise in the 2-4 kHz range, which 
is a typical commutation frequency. 'rhe torque ripple may 
harm overall bard disk drive performance by introduc:ing 
data errors caused by attempting to read data during a 
torque ripple. 

.,_ 



5 

SJlMMARY OF THE :myENTtQN 

From the foregoing it may be a~reciated that a need 
has arisen for a circuitry and method for controllable slew 
rate to control the current in the coils of the stator 
winding of a polyphase de motor to eliminate or reduce 
current and voltage spikes generated during a commutation. 
In accordance with the present invention, a circuit:ry and 
method for controllable slew rate of a polyphase de motor 
are provided that control and eliminate current and voltage 
spikes which substantially eliminate the disadvantages and 
problems outlined above. 

According to the present invention, a method for 
controlling the slew rate, such as the current slew rat·e, 
of the coils in a polyphase de motor is provided that 
inc::ludes performing a high side commutation and regulating 
a first current through a first coil and a second current 
through a second coil. The first coil and second coil are 

coupled to one another at a center tap, while the opposite 
end of the first coil couples to a first coil high side 
driver for providing a current, and the other end of the 
second coil couples to a second coil low side driver for 
regulating the current through the first coil and second 
coil. The method further includes performing a low side 
commutation by reducing the second c:urrent through the 
second coil while correspondingly increasing a third 
current through a third coil, the third coil coupled 
between tbe center tap and a third coil low side driver for 
regulating the third current. As a result of performing 
the low side commutation, the second current is eventually 
reduced to zero and the f iret current is then equal to the 
third current. The method then includes regulating the 
third current and performing·a high side commutation. The 
high side conunutation is performed by reducing the first 
current through the first coil while correspondingly 
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increasing tbe second current through the second coil while 
the second coil couples between the center tap and a second 
coil high side driver for providing a current. Eventually, 
the first current is reduced to zero and the second current 
is equal to the third current. 

The present invention provides various technical 
advantages. A technical advantage of the present invention 
includes the elimination or reduction of current and 
voltage spikes in the stator windings of a polyphase de 
motor. This results in the ability to use smaller 
circuitry having a lower voltage threshold, such as O. e 
micron circuitry having a five volt breakdown voltage, 
which in turn results in reduced power consumption. 
Another technical advantage of the present invention 
includes the elimination of an external zener diode. Yet 
another technical advantage of the present invention 
includes increased reliability. Still another technical 
advantage includes the reduction or elimination of torque 
ripple and audible noise caused by resonant frequencies. 
Other technical advantages are readily apparent to one 
skilled in the art from the following figures, description, 
and claims. 
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BRIEF pESCRtPT+QN OF THE PRA.WINQS 

For a more complete understanding of the present 
invention and the advantages thereof, reference is now made 
to the following brief description, taken in connection 
with the accompanying drawings and detailed description, 
wherein like reference numerals represent like parts, in 
which: 

FIGURE 1 is a circuit diagram. illustrating a first 
steady state control circuitry provided after a high side 
commutation and representing a first state; 

FIGURE 2 is a circuit diagram illustrating a low side 
commutation circuitry and representing a second state: 

FIGURE 3- is a circuit diagram illustrating a second 
steady state control circuitry provided after a low side 
commutation and representing a third state; 

FIGORE 4 is a circuit diagram illustrating a high side 
commutation circuitry and representing a fourth state; and 

Fl~ 5 is a timing diagram illustrating the 
controlled state~ currents in each phase of a three phase 
stator w~ng of a de motor during the states illustrated 
in PIGORES 1 t~ough 4. 
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J:>STAILSD psscun10N op TBE nmm+oN 
FIG~ 1 is a circuit diagram illustrating a first 

steady state control circuitry 12 provided after a high 
side commutation and representing a first state. Pirst 
steady state control circuitry 12 is shown coupled to a 
stator winding 10 of a brushless de motor. Stator winding 
10 is a three-phase winding coupled in a "Y" configuration 
and includes an A-coil 14, a B-coil 16, and a c-coil 18. 
A-coil 14, B-coil 16, and c-coil 18 each have a first end 
and a second end. The first end of each of these coils 
couple with one another to form a node which may be 
referred to as a center tap. 'l'he second end of each of 
these coils· couple to support circuitry, such as first 
steady state control circuitry 12, so that current may be 

, -· provided through two of these coils and the center tap at 
selected intervals as determined by a commutator, not shown 
in FIGURE 1. 

When current is flowing through two of the coils, the 
second end of one of the two coils serves as the high side 
while ~he second end of the other coil serves as the low 
side. The low side operates to regulate the current 
through the two coils. The second end of the remaining 
coil is provided in an open circuit state. For example, 
FIGCJRE l illustrates the situation where the second end of 
A-coil 14, at node VA, serves as the high side and couples 
to a high side driver A (HSDA) 22 so that the current 
provided by voltage source Vee may be provided through 
C-coil 18 to its second end at node V0 • HSDA 22 may be 
implemented as a power FET such as an n-channel MOSFET 
operating as a switch. The second end of c-coil 18 serves 
as the low side and couples to a low aide driver C (LSDC) 

24, which also may be a power PET such as an n-channel 
MOSFET operating in the saturation region, that is used to 
regulate the current I~ provided through A-coil 14 and 

... 
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c-coil 18. Finally, the second end of B-coil 16 is shown 
in an open circuit state. It should be understood that 

although the present invention will be described and shown 
as implemented using a three-phase de motor having a three 
phase stator, the present invention is no way limited to a 
three-phase de motor and may be implemented using a 
polyphae~ de motor. 

There are six possible combinations of current flows 
when a three-phase winding, ~uch as stator winding 10, is 
provided. The second end of A-coil 14, B-coil 16 and 
c-coil 18 may each couple to either a high side driver.or 
a low side driver so that current may flow through any two 
coils and in either direction as dete%mined by a predefined 
sequence. Por example, current may flow in the coils of 
stator winding 10 in the following manner and sequence: 
A-coil 14 to C-coil 18; A~ccil 14 to B-coil 16; C-coil 18 
to B-coil 16; c-coil 18 to A-coil 14; B-coil 16 to 
A-coil 14; and B-coil 16 to C-coil 18. In the operation of 
a three-phase de motor, each cf the six current flows are 
established in a set sequence a~ current is switched from 
coil-to-coil of the stator winding to establish and provide 
rotation.to a magnetic rotor, not shewn in FIGURE 1. The 
set sequence cf six current flows generally proceeds in a 
manner such that after a high side commutation occurs, the 
next sequence will be a low side cotnJtlUtation followed by a 
high side commutation. Por example, the current flow f:rom 
A-coil 14 to C-coil 18 may be provided after a high side 
commutation which is then followed by a low side 
commutation to establish the current flow from A-coil 14 to. 
B-ccil 16. In such a case, the second end of B-coil -16 
couples to its low side driver to establish and regulate 
the current flow from· A-coil 14 to B-co.il 16. This 
sequ.ence of states is illustrated in FIGURES l, 2, and 3. 
After a low side commutation occurs azid a steady state is 
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reached, a high side commutation occurs next. For example, 
a high side commutation may take place from A-coil 14 to c­
coil 18 so that the current flow from c-coil 18 to B-coil 
1Ei may be established. This state or transition is 
illustrated in FIGURE 4. 

With reference to FIGURE l, first steady state control 
circui.t%Y 12 couples to stator winding 10 after a high side 
commutation to define a first state. First steady state 
contrcl circuity 12 provides a steady state stator current, 
IAC I from A-coil 14 to c-coil 18 • First I steady state 
control·circuit%Y 12 includes a high aide portion and a low 
side portion. The high side portion includes HSDA 22. The 
low side portion includes LSDC 24,. a sense PET C 26, a 
voltage follower including an amplifier 25 and a PET 27, a 
reference amplifier 28, a reference current source 30 that 
is controlled by a reference curr~t control signal, a 
sample amplifier 34, a capacitor switch 20, and a spindle 
capacitor 3&. 

Initially, after a high side commutation occurs, 
HSDA ~2, acting as a switch, is turned on by applying ten 
volts to the gate. The gate voltage may be a ten volt 
supply provided by a voltage source using a charge pump. 
At this time, the current provided by the voltage V= is 
provided at the drain of RSDA 22, through the source of 
HSDA 22, and to the second end of A-coil 14 at node VA. 

LSDC 24, while operating in the saturati~n region, is 
used to regulate the current provided from HSDA 22 to 
A-coil 14 and C-coil lB.· Of course, LSDC 24 will also be 
used to regulate the current when the high side driver 
coupled to the second end of B-coil is, not shown in 

FIGURE 1, is used to provide the current flow from 
B-coil 16 to c-coil 18. The gate-to-source voltage of LSDC 
24 is controlled by the output of %eference amplifier 28. 
Reference amplifier 28 includes an I 11 .. ..c current input and 
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an Im- current input. I•r is generated by reference 
current source 3 o as controlled by a reference current 
control signal. The reference current control signal is 
provided by control circuitry external to first steady 
state control circuitry 12. Generally, the referenced 
current control signal will be provided such that reference 
current source 30 provides a constant IREr during a 
particular state; however, the reference current conerol 
signal may be varied to vary Ia1:r which results in IAC being 

·provided at various levels. Reference amplifier 28 senses· 
the difference between Ill!U' and I, .... c and generates a 
corresponding output signal that is used to . control the 

gate of LSDC 24. 

Sense PET c 26 is used to generate the I1ensec current 
which is a scaled version of IM:· Sense FE'l' c 26, LSDC 24, 

amplifier 25, and PET 27 are configured as a current mirror 
such that Ia•••c is proportional to IAC. The current mirror 
is formed by· coupling the source and gate of sense FBT C 26 
and LSDC 24. The drains are coupled through a voltage 
follower comprising amplifier 25 and PET 27. The voltage 
follower provides the voltage at node Ve at the drain of 
sense PET c 26 to effectively cascade the current mirror. 
Amplifier 25 may be a unity gain buffer that adjusts the 
gate vol~age of FET 27 so that the voltage at node Ve is 
provided at the drain of sense FET c 26. Amplifier 25 
draws none or very limited current from node Ve thus 
reducing any circuitry effect the voltage follower and 
other coupled circuitry may have on the operation of LSDC 
24 and stator winding 10. In another embodiment, amplifier 
25 may consist of cascode 'devices that provide an improved 
cur.rent mirror with a more accurate Isenne over a wider range· 
of current and bias conditions. 

LSDC 24 and sense FET c 26 are sized such that the 
resulting I.....c that is generated is a scaled version of I"'. 
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This may be accomplished by ensuring that the channel width 
of LSDC 24 is conside~ably larger than the channel width of 
sense FE'l' C 26. 

Reference amplifier 28 compares IREr and I •• n .. c and 
generates a corresponding difference or error signal. 
Reference amplifier 28 subtracts the value of IHDOBC from the 
value of IIW' and multiplies this difference by a 
corresponding gain to generate its output signal. This 
output signal is provided at the gate of sense FET c 26 and. 
LSDC 24. By applying this gate voltage, reference 
amplifier 28 controls Ip,c by adjusting the gate-to-source 
voltage of LSDC 24 which is used to regulate IM:. Once 
steady state is reached, the output of reference amplifier 
28 should approach a canst.ant and thus gate-to-source 
voltage of LSDC 24 will be maintained at a constant level. 
Thus, reference amplifier 28 adjusts the gate voltage of 
LSDC 24 so that the current flowing through A-coil 14 and 
C-c~il 18 is proportional or related to IREr• 

While the current is flowing through A-coil 14 and 
c-coil 18, spindle capacitor 36 couples to the second end 
of C-coil 18 at node Ve so that spindle capacitor 36 charges 
to a voltage Ve. Spindle capacitor 36 couples to the second 
end of c-coil 18 through sample amplifier 34 and capacitor 
switch 20. Sample amplifier 34 serves as a buffer or 
isolation amplifier to isolate the effects of spindle 
capacitor JG on the other circuitry. Capacitor switch 20 
is provided in a closed position as controlled by a 
commutator control signal. The commutator control signal 
is provided by circuitry external to first steady state 
control circuitry 12 and may be generated by measuring the 
back electromotive force {BEMF) generated between the 
center tap and the second end of B-coil 16. In one 
embodiment, the commutator control signal may be prov~ded 
in an enabled state depending on the status of the BEMF . 

..,._ 
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Alternatively, the commutator control signal may be 
generated using timer circuitry. T!lus, during the time in 
which capacitor switch 20 is in a closed position, sp~dle 
capacitor 36 is used to sample the voltage at the low side 
or second end of c-coil 18. 

In operatio~, first steady state control circuitry 12 
provides and regulates current IM:. A gate voltage is 
provided at BSDA 22 which allows the current from Va;, such 
as that provided from a five volt supply, to be provided 
through HSDA 22 to node v~. The current then proceeds 
through A-coil 14, C-coil 18, then to LSDC 24. LSDC 24 

regulates IAC by receiving an output signal from reference 
amplifier 28 that regulates the gate-to-source voltage of 
LSDC 24. Reference amplifier 28 corni;)ares a scaled-down 
replica of I11e which is denoted as I-.c to Im and generates 
its output which corresponds to the difference between 
these two currents . If Innae<: is less than Iur1 a more 
positive output signal is provided to the gate of LSDC 24 
which raises the gate-source voltage of LSDC 24 resulting 
in an increase in lpe. As a result, Iunnc will be increased 
until. such time as it equals Im'. If Inaaec is greater than 
I'IW'r reference amplifier 28 generates a less positive output 
signal which lowers the gate source voltage of LSDC 24 
resulting in a reduced IM and Iaanaec• Spindle capacitor 36 
is provided across node Ve and charged to that voltage. 

After some period of time, the circuitry switches from 
the first state, as shown in FIGURE 1, in which a steady 
state current is provided through HSDA 22, A-coil 14, 
C-coil 19, and LSDC 24 to a second state, as shewn in 
FIGURE 2, in.which a current is provided through HSDA 22, 
A-coil 14, B-coil 16 and a low side driver coupled.to the 
second end of B-coil 16. This transiti~ may be referred 
to as a low side commutation and is described more fully 
below in the discussion accompanying FIGURE 2. During such 
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a transition from a first state to a second state, it is 
important to prevent voltage spikes which may damage 
circuitry or cause errors. 

FIGCRE 2 is a circuit diagram illustrating a low side 
commutation circuitry 60 representing a second state in 
which stator winding 10 commutates from providing current 
from node v,. to node Ve to providing current from node v,. to 

node VB. In accomplishing tlµs, low side commutation 
circuitry 60 is used to control the current slew rate of 
C-coil 18 and B-coil 16 as tbe current in C-coil 18 is 
reduced to zero and the c\1%'rent in B-coil 16 is increased 
from zero to a steady state level. The current through the 
coils of stator winding 10 is illustrated as a second state 
of FIGURE 5 and is discussed more thoroughly below. 

Low side commutation circuitry 60 includes various 
circuit elements that are used to slowly or controllably 
reduce the current in c-coil 18 while simultaneously slowly 
increasing the current through B-coil 16 resulting in a 
controllable slew rate. Low side commutation circuitry 60 
also includes HSDA 22 which is used to provide the current 
from voltage source Vee through A-coil 14, c-coil 18, and 
a-coil 16. 

Initially, the voltage Ve, that was previously saved on 
spindle capacitor 36 during steady state operation after a 
high side commutation, is provided to an inverting terminal 
of a hold amplifier 42. The non-inverting terminal of bold 
amplifier 42 couples to the second end of c-coil lB which 
has been referred to as node Ve. Furthermore, a constant 
source 44 couples to spindle capacitor 36 through a 
capacitor switch 2l. and provides a charging current to 
further increase the voltage provided across spindle 
capacitor 36. The output of hold amplifier 42 is provided 
at the gate of LSDC 24 and sense FET c 26 and controls the 
gate-to-source voltages of these FETe. Thus, as constant 

.. _ 
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current source 44 increases the · voltage across spiJ;idle 
capacitor 36, the outpUt of held amplifier 42 is provided 
at more and more reduced value which further reduces 
current Ic through c-coil 18 and current I ... ne which is 
provided to a low side commutation reference amplifier 46. 
Amplifier 25 and FET 27 serve as a voltage follower and 
operate as described above. The current provided by 
constant current source 44 may be a constant current source 
or it may be a current source following any desired 
function such as a function dependent upon motor conditions 
such as moeor speed or BEMF. 

Low side commutation reference amplifier 46 controls 
the.gate-to-source voltage of a low side driver B (LSDB) 52 
and a sense FET B 48. .LSDB 52 and sense FET B 48 are 
configured in a current mirror configuration such that a 
current I 11aaea is generated as a scaled version of the 
current I 1 through B-coil 16. This may be accomplished by 

ensuring that the channel width of LSDB 52 is considerably 
larger than the channel width of sense FET B 48. As is 
shown in PIGORE 2, a voltage follower is provided between 
the drains of LSDB 52 and sense FET B 48. An ampl~fier 53 
and a FET 49 are shown configured as a voltage follower 
across the drains of LSDB 52 and sense !'ET B 48. Low side 
commutation reference amplifier 46 adjusts the gate-to­
sourc::e voltage of LsDB 52 and sense FEB B 48 by comparing 
a current IREr, generated by reference current source 30 as 
controlled by the reference current control signal, to I .... .c 

and IHnna• As Ieen11ac continues to decrease, as controlled by 

the output of hold amplifier 42, low side commutation 
reference amplifier 46 responsively and concurrently 
increases Iaen .. a and Ia by increasing the gate-to-source 
voltage of LSDB 52 and sense FET B 48 which allows more 
current to flow through sense FET B 48 and LSDB 52. 
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The voltage on spindle capacitor 36 continues to 
increase as a constant current source 44 provides current 
to spindle capacitor 36 so that spindle capacitor 36 
continues to charge. During this time, capacitor 
switch 21, as controlled through the commutator control 
signal, is provided in a closed state. Eventually, as the 
voltage across spindle capacitor 36 continues to rise in a 
somewhat linear fashion from an initial value about equal 
to the voltage Ve until such time as the gate-to-source 
voltage of LSDC 24 is lowered below the threshold voltage 
of LSDC 24, Ic is reduced to zero along with I ••• ~. This 
may occur when the gate-to-source voltage reaches around 
0.6 volts or less. 

FIGtJRE 3 is a circuit diagram illustrating a second 
steady state control circuitry G2 that is provided after a 
low side commutation and representing a third state as 
illustrated in FIGDRE S and discussed below. Second steady 
state control circuitry 62 is shown coupled to stator 
winding 10 after a law side commutation from node VQ to node 
V1 to provide a steady state current lq through A-coil 14 
and B-ccil 16. 

HSDA 22 is still coupled to Vee ta provide a current to 
the second end of A-coil 14 at node v". While HSDA 22 
provides a current at node VA, additional circuitry of 
second steady state control circuitry 62 couples through 
the second end of B-coil 16 at npde V8 to regulate Iq. In 
particular, LSDB 52 and sense FET B 48 are configured in a 
current mirror configuration with a voltage follower used 
to couple their drains. The voltage follower includes 
amplifier 53 and FET 49. 

Low side commutation reference amplifier 46 coutpares 
Inn .. a and IM:r to generate an output signal t.hat. is used to 
control the gate-to-source voltage of LSDB 52 and sense 
FE'l' B 48. Low side commutation reference amplifier 46 

..,_ 
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compares the value of Iw, as set through reference current 
source 30 and the reference current control signal, and 
generates a more positive output signal if IREF is greater 
than I 3911ae resulting in an increase in I,.. and I, ... ,.a. If IRU 

is less than I"""'' low side commutation ref erenoe amplifier 
46 generates a less positive output signal resulting in a 
lower I~ and 1.1111HB. Eventually, second steady state control 
circuitry 62 settles into a steady state. 

While Iu is being provided through A-coil 14 and 
B-coil 16, spindle capacitor 36 couples to node VA through 
a capacitor switch 23 and a sample amplifier 35. Sample 
amplifier 35 serves as a buffer or isolation amplifier to 
isolate the effects of spindle capacitor 36 on the .other 
circuitry. capacitor switch 23 is provided in a closed 
state a.s controlled by the commutator control signal. This 
configuration resules in a voltag~ v,. being stored by 
spindle capacitor 36. 

FIGtmE 4 is a circuit diagram illustrating a ~gh side 
commutation circui'try 64 and representing a fourth state as 
shown in FlcmRE s. High aide commutation circuitry 64: is 
used to perform a high side co1'l\m'Utation in whiQh A-coil 14 
transitions from serving as the high side to c-coil 18 
serving as the high side. As a consequence, the current IA 

is controllably reduced while the current Ic is 
correspondingly controllably increased. During this hi.qh 
side commutation or transition that is defined as the 
fourth state, the circuitry coupled through the second end 
of B-coil 16 at node V8 continues to operate as described 
above with respect to FIGURE 3 and performs low side 
regulat.ion ensuring that current I~ continues to flow 
through B-coil 16. 

The gate of HSDA · 2.2 couples to the output of a hold 
amplifier so while the inverting terminal of ·hold. 
amplifier 50 couples directly to the source of HSDA 22. 
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The non-inverting terminal of hold amplifier so couples to 
one node of the parallel connection between a current 
source 72 and spindle capacitor 36. A capacitor switch 29 
is provided in a closed circuit state, as controlled by the 
commutator control signal, thus allowing spindle 
capacitor 36 to couple to the non-inverting terminal of 
hold amplifier so. Spindle capacitor 36 initially contains 
the voltage VA and this voltage is linearly reduced by the 
depletion of charge across spindle capacitor 36 caused by 
current source 72. 

HSDA 22 initially has ten volts provided at its gate. 
This v:altage is reduced in a somewhat linear fashion 
corresponding to the reduction of the volt:age across 
spindle capacitor 36 caused by current source 72. As the 
output of hold amplifier so decreases, the voltage VA also 
decreases resulting in a reduction in I11,. Although current 
source 72 has been described as a constant current source, 
current source 72. could be provided at a rate dependent 
upon motor conditions such as motor speed or BEMF. This 
may be at a predefined or definable rate. 

While the circuitry coupled to node VA operates to 
reduce current IA, circuitry coupled to node Ve concurrently 
operates to increase Ia through c-coil 18. A high side· 
driver C (HSDC) G6 is used to provide a current provided 
from a five volt voltage source Vee. HSDC 66 receives a ten 
volt gate voltage which allows HSDC to operate as a switch 
allowing current to flow from the drain t.o the source 
through c-coil 18. The· current Ic: through C-coil 18 

continues to increase as the current IA through A-coil 14 
continues to decrease. The circuitry coupled to node V8 

continues to regulate the cur.rent I 8 through B-coil 16 as IA 

and Ic transition. 'l'hus, the slew rate of the current IA 
and Ic is controlled and the current transitions through 

... _ 
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stator winding 10 at a rate to eliminate any of the 

negative effects discussed above. 
FIGURE 5 is a timing diagram illustrating stator 

current IA of A-coil l4, 11 of B-c:oil 16, and Ic of c-coil 
18. State one corresponds to the currents provided by the 
circuitry of FIGURE l, and state two corresponds to the 
currents generated by the circuitry of FIGURE . 2. State 
three corresponds to the currents provided or maintained by 
the circuitry shown in FIGURE 3, while ·state four 
corresponds to the currents generated by the circuitry of 
FIGURE 4. 

As can be seen, during stea.cly state after a high side 
commutation and as illustrated in PlGORE 1, I,. is shown 

flowing in a positive direction, or into the center tap, 
from node v,. and through A-coil 14. I 1 is shown flowing in 
the negative direction from the center tap and ehrough c­
Coil 18 to node Ve. State two illustrates a controllable 
slew rate or current controlled low side commutation in 

which Ia transitions f:r:om a zero or open state level to a 
negative value. Si•U:ltaneously, Ic t:cansitions f:com its 
steady state negative value to a zero level. I,. is 
maintained in the positive di%'ection. An exemplaxy 

circuitry used to perform the low side commutation is shown 
in FIGURE 2. 

State three represents the steady state operation 
after a low side commutation where I,. is shown at a positive 
level , Ia at a negative level and I c: at a zero level. An 

exemplary circuit used to generate I,., I 1 , and Ic during 
steady state operation after a low side commutation is 
shown in FIGtJRE 3 . State four illustrates a high side 

commutation in which I,. transitions f:rcm flowing in a 
positive direction to being shut off. Ic is · shown 
transitioning from being shut off to flowing in· a positive 
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direction. As can be seen, these transitions occur 
concurrently. Ia continues at a constant, negative value. 

As is illustrated in state · two and state four of 

FIGURE s, the slew"rate during a low side commutation and 
high side commutation is controlled. Although the present 
illustration shows a linear slew rate or linear current 
control during the low side and high side commutations, the 
present invention is not limited to only linear slew rate 
or current control. Any of a ~ariety of known circuitry 
may be implemented to generate a slew rate or current 
control having a desired function or shape. 

'l'hus, it is apparent that there has been provided, in 
accordance with the present -invention, a circuitry and 
method for controllable slew rate that satisfy the 
advantages set forth above. Although the preferred 
embodiment has been described in detail, it should be 
understood that various changes, substitutions, and 
alterations can be made herein without departing from the 
scope of the present invention. For example, although the 
present invention has been illustrated and described with 
respect.to controlling the currents in the stator windings 
of a three-phase de motor, the present invention is not 
limited to ap~lic:ations involving only three-phase de 
motors. Also, even though the present invention has been 
described and shown as being implemented using FET or field 
effect transistor technology, it should be understood that 
the present invention is not so limited. The present 
invention may be implemented by one of ordinary skill in 
the art using a variety ot other technologies such as 
bipolar junction transistor technology. 

The circuits described and illustrated in the 
preferred embodiment as discrete or separate circuits may 
be ccmbined into one circuit or split into separate 
circuits without departing from the scope of the present 
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invention. FUrthermore, the direct connections illustrated 

herein could be altered by one skilled in the art such that· 

two devices are merely coupled to one another through an 
intermediate device or devices without being directly 
connected while still achieving the desired results 

demonstrated by the present invention. Por example, sample 

amplifier 34 is shown in FIGORE 1 as being directly coupled 

to capacitor switch 20 although other devices could be 
coupled between them without departing from the present 

invention. Other examples of changes, substitutions, and 

alterations are readily ascertainable by one skilled in the 

art and could be made without departing from the spirit and 

scope of the present invention as defined by the following 

claims . 
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1. A method for controlling the slew rate of the 

coils in a polyphase de motor comprising the steps of: 
performing a high side commutation; 
regulating a first current through a first coil and a 

second current through a second coil, the first coil and 
second coil having.a first end and a second end, the first 
ends coupled to a center tap, the second end of the first 
coil coupled to a first coil high side driver for providing 
a current, and the second end of the second coil coupled to 
a second coil low side driver for regulating the ciu:rent; 

performing a low side commutation by reducing the 
second current through the . second coil while 
correspondingly increasing a third current through a third 
coil, the t.hird coil having a first end coupled to the 

center tap and a second end coupled to a third coil low 
side driver for regulating the third current, the second 
current reduced to zero wherein the first current is equal 
to the third current; 

regulating the third current; and 
performing a high side commutation by reducing the 

first current through the first coil while correspondingly 
increasing the second current through the second coil, the 
second end of the second coil coupled to a second coil high 
side driver for providing a current, the first current 
reduced to zero wherein the second current is equal to the 
third current. 

2 . 'l'he method of Claim l, further comprising the step 

of sampling the low side voltage generated at the second 
end of the second coil to generate a sampled voltage while 
regulating the first cur.rent and second current. 

ii1iiimimr, 
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3. The method of Claim 2, further comprising the step 
of increasing the •ampled voltage while perfoxmipg the low 

side commutation step. 

4. The method of Claim 3, wherein the second current 
is decreased and the third current is increased in the 

performing a low side commutation step at a rate provided 
by the increasing sampled voltage. 

s. '?he method of Claim 4, wherein the sampled voltage 
is increased at a constant rate. 

6 • The method of Claim 4, wherein the sampling the 
low side voltage step includes using a capacitor to sample 
the low aide voltage. 

7. The method of Claim G, wherein the sampled voltage 
is increased by providing the current from a current source 
to further charge the capacitor. 

a. '1'he method of Claim Ei, w~rein the s~led voltage 
is increased according to a function dependent upon the 

motor conditions. 

9. ·Tbs method of Claim 1, wherein the second current 
is decreased and the third current is increased at about a 
linear rate in the performing a low side commutation step. 

10. The method of Claim l, further comprising the 
step of sampling the high side voltage generated at the 
second end of the first coil to generate a sampled voltage 
while regulating the first current and the third current. · 
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ll.. The method of Claim 10, further comprising the 

step of decreasing the sampled voltage while performing the 
high side commutation step. 

12. The method of Claim 11, wherein the first current 
is decreased and the second current ie increased in the 
performing a high side commutation step at a rate provided 
by the decreasing sampled voltage. 

l.3. '1'he method of Claim 12, wherein the sampling the 
high side voltage step includes using a capacitor to sample 
the low side volta~e-

14. The method of Claim 13, wherein the sampled 
voltage is decreased by discharging the capacitor using a 
current source. 

..._ 
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15. A circuit for controlling the slew rate in the 
coils of a three-phase, de motor, each coil having a first 
end and a second end, the first end of each coil coupled to 
a center tap, the circuit comprising; 

a first steady state control circuit operable to 
regulate the current throug~ a first coil and a second c:oil 
after a high side commutation, the second end of the first 
coil coupled to a first high side driver and the second end 
of the second coil coupled to a second low side driver; 

a low side commutation circuit operable to perform a 
low side commutation by decreasing the current through the 
second coil while concurrently increasing the current 
through a third coil at a definable rate; and 

a second steady state control circuit operable to 
regulate the current through the first coil and the third 
coil after the low side commutation, the second eiid of the 
first coil coupled to the first high side driver and the 
second end of the third coil coupled to a third low side 

· driver. 

16. The circuit of Claim 15, further comprising: 
a high side commutation circuit operable to perfo~ a 

high side commutation by decreasing the current through the 
first coil while concurrently increasing the current 
through the second coil at a·definable rate . 

... _ 
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17. The circuit of Claim 15, wherein the first steady 
state control circuit includes a capacitor coupled to the 

second end of tbe second coil to charge the capacitor to 
the voltage provided at the second end of the second coil, 
and the low side commutation circuit includes the charged 
capacitor and a current source operable to further charge 
the capacitor while concurrently decreasing the cunent 
through the second coil and increasing the current through 
the third coil at a rate related to the charging of the 
capacitor by the current source. 

18. The circuit of Claim 16, wherein the second 
steady state control circuit includes a capacitor coupled 
tc the second end of the first coil to charge the capacitor 
to the voltage provided at the second end of the first 
coil, and the high aide commutation circuit includes the 
charged capacitor and a current source operable to 
discharge the capacitor while concurrently decreasing the 
current through the first coil and increasing the current 
through the second coil at a rate related to the 
discharging of the capacitor by the current source. 

.,_ 
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19. A circuit for controlling the slew rate in the 
stator coils of a polyphase, de motor, each coil having a 
first end and a second end, the first end of each coil 
coupled to a center tap, the circuit comprising: 

a first steady state control circuit operable to 
regulate the current through a high side coil and a first 
low side coil after a high side commutation, the high side 
coil having its second end coupled to a voltage source 
through a high side driver and the first low side coil 
having its second end coupled to a low side driver; 

a low side commutation circuit operable to perform a 
low side commutation by decreasing the current through the 
first low side coil while concurrently increasing the 
current through a second low side coil at a predefined 
rate~ the low side commutation circuit operable to perform 
additional low side commutations as needed; 

a second steady state control circuit operable to 
regulate the current through the high side coil and the 
second low side coil after the low side commutation; and 

a high side commutation circuit operable to perform a 
high side commutation by decreasing the current through the 
high side coil while concurrently increasing the current 
through a second high side coil that previously served as 
a low side coil, the concurrent decreasing and increasing 
of the current occurring at a predefined rate • 

.,_ 
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20. The circuit of Claim 19, wherein the first steady 
state control circuit includes a capacitor coupled to the 
second end of the first low side · coil to charge the 
capacitor to the voltage provided at the second end of the 
first low side coil, and the low side commutation circuit 
includes the charged capacitor and a current source 
operable to further charge the capacitor while concurrently 
decreasing the current through the first low side coil and 
increasing the current through the second.low side coil at 
a rate related to the charging of the capacitor by the 
current source. 
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