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METHOD AND APPARATUS FOR BRAKING A POLYPHASE DC MOTOR 

BACKGROUND OF THE INVENTION. 

1. FIELD OF THE INVENTION 

This invention relates to improvements in methods and 

apparatuses for use in conjunc~ion with polyphase de motors 

of the type used in spinning hard disk drives, or the like, 

and more particularly to improvements and methods for use in 

braking such motors. 

2. RELEVANT BACKGROUND 

In the operation of hard disk drives, for example, in 

_: :; computer applications, certain protocols are often employed 

to control the braking of the motor which spins the disk 

drive. In usual operation, a hard disk drive has one or more 

heads, which record and detect magnetic fields onto a re­

cording media on the rota~ing disks of zhe disk drive. The 

heads are positionable to precise radial locations by a 

"voice coil motor", which controls the movement of arms on 

which the heads are carried. When the disk is at rest, the 

heads normally ride just resting on the disk; however, when 

the disk is spinning, air forces generated between the disk 

and the heads cause the heads to float a small distance 

above the magnetic media. 

Thus, when the disk drive is stopped, the air force 

also stops, allowing the heads to fall into contact with the 

magnetic media. If the heads come into contact with the me­

dia while there is still some movement of the media, wear or 

damage may result, both to the recorded area on the media 

and to the heads. Consequently, means have been proposed to , 
position the heads over a "landing strip" portion of the 

disk, so that only that strip is ·damaged by a head falling 
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onto the disk.· Nevertheless, it will be appreciated that 

repeated contact between the disk and head will eventually 

wear upon the head, as well. Some manufactures, in fact, 

recommend that a c.omputer not be powered down to avoid the 

type of damage that such contact causes. 

Once the heads are in place and the disk drive is pow­

ered down, it is sometimes possible for the head mechanism, 

which is now in contact with the disk media, to move if the 

computer is moved, for example, as would be anticipated in 

portable or laptop type computers. Consequently, some manu­

facturers also provide for a l~cking mechanism, usually me­

chanical in construction, to hold the heads in a landed po­

sition over the landing strip. Some types of such locking 

mechanisms require an extra bit of electrical energy, just 

as the head reaches the landing position to overcome the 

mechanical restraint to bring the heads into their locked 

position. 

In the event of a loss of power, to prevent the heads 

from landing on portions of the magnetic media other than 

the designated landing pad, often when a power failure is 

detected, the motor spinning the motor is allowed to con­

tinue spin under the inertia of the various masses·of the 

drive. As a result, the motor coils generate their own 

counter- or back-emf. The coils of the spinning motor are 

then connected to deliver the voltages generated by the 

counter-emf produced in the motor windings to operate the 

circuitry and ~o provide the energy to the voice coils nec­

essary to drive the heads to the landing strip. 

Once the heads are positioned over the landing strip, 

the motor is then braked to stop its rotation as rap1dly as 

possible, so that the time in which the head may contact the 

disk is minimized. Such braking, of course, requires addi­

tional energy. It can therefore ba seen that design consid-
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erations need to be implemented to insure that a sufficient 

amount of energy is generated to move the heads completely 

to the landing strip, including the . locking position, if 

necessary, to avoid a premature landing on an unwanted por­

tion of the disk media. During this landing period, suffi­

cient rotational speed of the motor must be provided to en­
sure a sufficient air flow to maintain the vertical position 

of the heads over the disk media. 

However, once the heads are properly positioned, the 
: . . • motor must be rapidly stopped during an optimal rotational 

speed of the disk. This is ordi~arily done by grounding sets 
of the driver transistors (or connecting them to a particu­

lar potential, such as Vee) • This causes the magnetic fields 
generated in the motor windings by the free-spinning rotor 

to resist its rotation, which rapidly brings the disk to a 

stop. However, if the disk is stopped too soon, the heads 

may not reach their landing strip position, which may result 

in undue skidding of the heads on the surface of the d~sk. 
On the other hand, if the driver transistors are shorted 

while the motor is still spinning too rapidly, excessive 

currents can be generated in the driver transistors, which 
may burn them out. 

In the past, the motor speed was only estimated, using 

an RC circuit in which the capacitor of the circuit began 
its discharge upon loss of power, and which activated a 
braking circuit when the charge on the capacitor reached a 

predetermined ~ischarged value. It can be appreciated, how­

ever, that such RC circuit was insensitive to the actual 

speed of the disk, the inertial momentum of the disk parts, 
the speed variations caused by aging of the disk drive 
parts, including aging of the RC parts themselves, and other 

such factors. Such RC circuits, therefore, needed to be cus­

tom designed for each different disk drive with which they 



4 
were associa.ted, and even then, the RC circuits only esti-

mated when the disk velocities were was reduced to that at 

which braking· s_hould occur. 

What is needed, therefore, is a method and apparatus 

for braking· a polyphase de motor used · to spin a· disk of a 

hard disk drive, or the like, controllably at a time when 

its rotational speed is within an actual and determinable 

range. 

SUMMARY OF THE INVENTION 

In light of the above, therefore, it is an object of 

the invention to provide a method and apparatus for braking 

a polyphase de motor used to spin a disk of a ha·rd disk 

drive, or the like, controllably at a time when its rota­

tional speed is within an actual and determinable range. 

This and other objects, features and advantages of the 

invention will be apparent to those skilled in the art from 

the following detailed description of the invention, when 

read in conjunction with the accompanying drawings and ap­

pended claims. 

According to a broad aspect of this invention, a cir­

cuit is provided for braking a polyphase de motor. The cir­

cuit includes a circuit for producing an output signal indi­

cating that the motor has slowed at least to an actual rota­

tional speed and a braking circuit to brake the motor when 

the output signal indicates that the motor has slowed at 

least to an actual rotational speed. The circuit for produc­

ing an output ~ignal indicating that the motor has slowed at 

least to an actual rotational speed and the braking circuit 

may be powered by a back-emf geI)erated by the motor when 

power is disconnected from the motor. 

The circuit for producing an output signal indicating 

that the motor has slowed at least to an actual rotational 

speed may include a circuit for comparing a frequency of a 
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speed signal with a clock pulse frequency. This comparing 

circuit may include a first counter for counting pulses of 

the speed signal. The. first counter produces a first output 

when the first counter reaches a first predetermined pulse 

count. A second counter counts the clock pulses. The .sec.ond 

counter produces a second output when the second counter 

reaches a second predetermined pulse count. The first outpu~ 

is conne.cted to restart the first and second counter, and 

the second output provides an indication when the frequency 

of the speed signal is lower than a desired ratio to the 
clock pulse frequency. 

The braking circuit may include circuitry, such as 

latches, or the like, to cause driver transistors for the 

motor to connect coils of the motor to a predetermined con­

stant potential, such as ground or Vee, when the output sig­
nal provides ·an indication that the frequency of the speed 

signal is lower than the clock pulse frequency. 

According to another broad aspect of the invention, a 

circuit is provided for braking a polyphase de motor which 

includes a circuit for comparing a frequency of a speed sig­

nal with a clock pulse frequency and for producing an output 

signal to provide an indication when the frequency of the 

speed signal is lower than a desired ratio to the clock 
pulse frequency. A braking circuit brakes the motor when the 
output signal provides an indication that the frequency of 

the speed signal is lower than a desired ratio to the clock 
pulse frequency. The circuit for producing an output signal 
indicating that the motor has slowed at least to an actual 
rotational speed and the braking circuit may be powered by a 

,. 
back-emf generated by the motor, when power is disconnected 

from the motor. 

The circuit for comparing a frequency of a speed signal 

with a clock pulse frequency may include a first counter for 
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counting pulses of the speed signal. The first counter pro-

duces a first output when the first counter reaches a first 

predetermined pulse count. A second counter counts the clock 

pulses and produces a second output when the second counter 

reaches a second predetermined pulse count. The first output 

is connected to restart the first and second counters, and 

the second output provides an indication when the frequency 

of the speed signal is lower than the clock pulse frequency. 

The braking circuit may include circuitry to cause 

driver transistors for the motor to connect coils of the 

motor to a predetermined consta~t potential, such as ground 

or Vee, when the output signal provides an indication that 

the frequency of the speed signal is lower than a desired 

ratio to the clock pulse frequency. The driver transistors 

may be, for example, FET devices, and the circuitry to cause 

driver transistors for the motor to connect coils· of the 

motor to a predetermined constant potential may be latches 

to apply a voltage to gates of the FET d~vices when the out­

put signal provides an indication that the frequency of the 

speed signal is lower than a desired ratio to the clock 

pulse frequency. 

According to yet another broad aspect of the invention, 

a method for braking a polyphase de motor is presented. The 

method includes generating a speed signal indicating a spin­

ning velocity of the motor. Upon of power that energizes the 

motor, the method also includes determining from the speed 

signal that the motor has slowed at least to an actual pre­

determined spinning velocity and activating a braking cir­

cuit when the motor speed has been determined to have 

reached the. predetermined spinning velocity. The step of 

determining from the speed signal that the motor speed has 

slowed at least to an actual predetermined spinning velocity 

may be performed by counting pulses of the speed indicating 
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signal, counting pulses of the clock pulses, comparing the 
counted speed signal pulses and the counted clock pulses, 
and generating a brake signal to activate the braking cir­
cuit when the predetermined limit of counted clock pulses 
exceed the predetermined limit of counted speed signal 
pulse~. In comparing. the number of speed indicating pulses 
and the number of clock pulses, the steps of counting pulse~ 
of the speed indicating signal and the clock pulses may be 
restarted if a number of the speed indicating pulses reaches 
a first predetermined number before a number of the clock 
pulses ·reaches a second predete~ined number. 
BRIEF DESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the invention is illustrated 
in the accompanying drawings in which: 

Figure 1 is an electrical schematic diagram showing an 
embodiment of a breaking circuit used in conjunction with a 
three-phase DC motor. 

And Figure 2 is an electrical schematic diagram of the 
braking circuit of Figure 1. 

In the various figures of the drawing, like reference 
numerals are used to denote like or similar parts. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

It should be noted that the process steps and struc­
tures herein described do not necessarily form a complete 
polyphase de motor, hard disk drive, or driver or control 
circuitry therefor. It is anticipated that the present in­
vention may be. practi_ced in conjunction with polyphase de 
motors and control circuitry currently used in the art, and 
only so much of the commonly practiced apparatus and process 
steps are included as are necessary for an understanaing of 
the present invention. 

With reference first to Figure 1, an electrical sche­
matic diagram of a brake circuit 10 in conjunction with a 
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polyphase DC motor and, more specifically, a three-phase DC 
motor 12, preferably for driving the spindle 13 of a hard 
disk drive 15, or the like, is shown. The hard disk drive 15 
may include one or more disks 54, which may contain a mag­
neti~ medium, or other medium on which data may be recorded 
and read by heads 53. 

As known in the art, the. three-phase motor 12 includes 
"Y" connected coils 20-22. The coils 20-22 are driven· by 
sets of series connected drive transistors through which 
currents are d~rected to the respective coils in a sequence 
to produce rotation of the roto.r coil_s (not shown) to drive 
the spindle 3 of the hard disk drive 15. 

More specifically, high side driver transistors 26-28 
are connected between a supply potential, V00 , and a common 

_node. Additionally, low side drivers 30-32 are connected 
between the respective common nodes and a reference poten­
tial, such as ground. The interconnection nodes are c·on­
nected to the respective ends A, B, and C of the coils 
20-22. The high and low side driver transistors 26-28 and 
30-32 may be, for example, FET power transistors having 
gates respectively controlled by voltages supplied by a com­
mutator circuit 36, all as known in the art. 

The ends A, B, and C of the coils 20-22 are connected 
to a circuit 14 that detects and utilizes the power provided 
by the back EMF generated in the coils 20-22 in the event of 
a power failure to operate the power down features of the 
motor 12. More particularly, among other things, the back 
EMF generated power may be used to retract the heads 53 to a 
position over the landing strip area described above, and if 
necessary, to further move the heads to a locking position 
thereover. The power failure detection, back EMF utiliza­
tion, and head retract circuitry are known in the art. 
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In accordance with a preferred embodiment of the inven-

tion, a brake circuit 10 is provided to brake the spindle 13 

of the hard disk drive 15 associated with the three-phase 

motor 12. More particularly, a "tach brake" circuit 38 is 

provided that provides an appropriately timed output on line 

40, below described in detail, to set S-R flip flops 42-44, 

the outputs of which are connected to respective high side 

driver transistors 26-28. When the S-R flip flops 42-44 are 

set, the high· side driver transistors 26-28 are rendered 

conductive, thereby selectively connecting the ends A, B, 

and C of the coils 20-22 to .the supply voltage, V00, to 

brake the motor, and more specifically, to stop the spindle 

13 of the hard disk drive 15. 

It shou~d be noted that although the high side drivers 

are shown to be connected to the supply voltage, Voo, by the 

S-R flip flops 42-44 to brake the motor 12, alternatively 

the output from the flip flops 42-44 may be equally advanta­

geously connected to the gates of the low side drivers 30-32 

to force them into conduction to connect the ends A, B, and 

C of the stator coils 20, 22, and 24 to ground to brake the 

hard disk drive 15. 

The tach brake circuit 38 serves to compare a tach sig­

nal on input line 46 with a clock signal from a clock gen­

erator 48 on line 50. The tach signal on. line 46 is derived 

from a tach signal generator 52, which detects the rota­

tional speed of the disks 54 of the hard disk drive 15, in 

known manner, and produces a series of pulses of frequency 

directly related to such rotational speed. 

In addition to the tach and clock signals, the tach 

brake circuit 38 receives an enable signal, enable on line 

56 a software generated signal, DISPWR on line 58, and a 

reset signal from line 60. The reset signal on line 60 is 
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inverted by an inverter 61 to correspond in direction to the 

enable and DISPWR described above. 

The brake circuit 10, as mentioned, allows for a soft-

ware brake signal DISPWR to be applied to the S-R flip 

flops· 42-44. This is accomplished via a NOR gate 62, which 

produces an output that may be applied to the set terminals 

of the S-R flip flops 42-44 via an OR gate 64. The output 

line 40 from the tach brake circuitry 38 is also applied to 

the OR gate 64, whereby either software brake or tach brake 

circuitry output will result in the S-R flip flops 42-44 

being set to brake the motor 12~ 

The S-R flip flops 42-44 are reset by the reset signal 

on line 60 via AND gate 66, provided that the enable signal 

56 is low (i.e., enable is high) and the output of the OR 

gate 64 is low (being inverted by an inverter 68) . The reset 

signal 60 may be generated, for example, on power-up of the 

motor 12 and its associated driver circuitry. 

With reference additionally now to Figure 2, the de­

tails of the tach brake circuit 38 are shown. The tach brake 

circuit 38 serves to provide an brake output signal on line 

4 0 which goes high to brake the motor 12, as above de­

scribed. The tach brake circuit 38 includes two counters 70 

and 72. The counter 70 is referred to as the "tach countern, 

which receives the tach signals on line 46 to an "up" input, 

thereby incrementing the count held by the counter 70 upon 

the receipt of each tach pulse on ~ine 46. 

The other counter 72 is referred to as the "CLK 

countern, which receives the pulses from the.clock generator 

48 on line 50 at its up count producing input. Both the tach 

counter 70 and CLK counter 72 ar~ reset by a predetermined 

count of the tach counter 70 in combination with a tach re­

set signal on line. 69. In the embodiment illustrated, for 

example, the outputs Q5 of the tach counter 70 and the tach 
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range signal on line 69 are connected to one input' of a NOR 

gate 74 via AND gate 71. The Q6 output of the tach counter 

70 is connected to a second input of the NOR gate 74. The 

output of the NOR gate 74 is connected to reset both the 

tach counter 70 and CLK counter 72 when the count reaches a 

selected number of tach pulse transitions. The tach range 

signal on line 69 selects. a predetermined number of pulse 

transitions; for example, in the embodiment illustrated, if 

the tach range signal is high, 32 pulse transitions are se­

lected, and if the tach range signal is low, 64 pulse tran­

sitions are selected. 

The CLK counter 72, on the other hand, is designed to 

produce an output transition at a preprogrammed CLK count 

less than the selected tach range. It will be appreciated 

that the frequency of the clock pulses produced by the clock 

generator 48 and the preprogrammed CLK count will determine 

the rate at which the CLK counter 72 reaches a count at 

which an output is produced at the Q out;>ut on line 78. The 

.clock frequency and preprogrammed CLK count should therefore 

be selected to enable the CLK counter 72 to reach a count at 

which an output is produced on the output line 78 when the 

tach counter reaches ·its predetermined output pulse timing 

that corresponds to the desired speed-of the spindle 13 at 

which braking is desired. 

The tach brake circuit 38 additionally receives the 

enable, software initiated brake signal DISPWR, and reset 

signal, respectively, .on lines 56, 58, and 60 and directs 

them to the inputs of an AND gate 80. The output from the 

AND gate 80 is connected to reset an S-R flip flop 82 to 

control the output from the tach brake circuit 38 ~n line 

40. 

Thus, in operation, in the event of loss of power which 

energizes the motor 15, such as a power failure, turning off 
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the power, or the like, the spindle 13 of the motor 15 

slows. As the spindle 13 slows, a fewer number of pulses are 

delivered on the tach line 46 to the tach counter 70. If the 

count of the CLK counter 72, which counts clock.pulses of 

.. • constant frequency on line 50, reaches its count before be­

ing reset by the output from the tach counter 70, then the 

spindle 13 of the motor 12 is at slow enough velocity to 

permit the motor to be braked. 

It can therefore be seen that since the actual velocity 

of the disk is known and determined at the time of braking 

-of the motor, by virtue of the count of the tack counter 70 

reaching a predetermi~ed count relative to a known count of 

the CLK counter 72, the braking of the motor will be neither 

prematurely nor postmaturely actuated. This assures, on the 

~ ·.~ one hand, that sufficient energy is generated to land the 

heads properly. This also assures, on the other hand, that 

when the disk has reached a p~edetermined low velocity, the 

motor is rapidly braked, minimizing the time of any f ric­

tional contact between the disk and heads, and. assuring that 

any currents that are generated by the back-emf of the motor 

coils is not sufficient to damage the driver transistors. 

Although the invention has been described and illus­

trated with a certain degree of particular~ty, it is under­

stood that the present disclosure has been made only by way 

of example, and that numerous changes in the combination and 

arrangement of parts can be resorted to by those skilled in 

the art withou~ depar~ing from the spirit and scope of the 

invention, as hereinafter claimed. 
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<. causing driver transistors for said motor to .connect coils 

of said motor to a predetermined constant potential. 

5. The method of claim 4 wherein said step of causing driver 

transistors for said motor to connect coils of said motor to 

a predetermined constant potential comprises causing driver 

transistors for said motor to connect coils of said motor to 

ground. 

6. The method of claim 4 wherein said step of causing drive~ 

transistors for said motor to connect coils of said motor to 

a predetermined constant potential comprises causing driver 

transistors for said motor to connect coils of said motor to 

a supply voltage. 

7. A circuit for braking a polyphase de motor, comprising: 

a circuit for producing an output signal indicating 

that said motor has slowed at least to an actual rotational 

speed; 

and a braking circuit to brake said motor when said 

output signal indicates that said motor has slowed at least 

to an actual rotational speed. 

8. The circuit of claim 7 wherein said circuit for producing 

an output signal indicating that said motor has slowed at 

least to an actual rotational speed and said braking circuit 

are powered by.a back-emf generated by said motor when power 

is disconnected. 

9. The circuit of claim 7 wherein said circuit for producing 

an output signal indicating that said motor has slowed at 

least to an actual rotational speed comprises a circuit for 
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CLAIMS: 

1~ A method for braking a polyphase de motor, comprising: 
generating a speed signal indicating a spinning veloc­

ity of the motor; 

upon a loss of power that energizes the motor, deter­
mining from the speed signal that the motor has slowed at 
least to an actual predetermined spinning velocity; 

and activating a braking circuit when the motor speed 
has been determined to have reached said predetermined spin­
ning velocity. 

2. The method of claim 1 wherein said step of determining 
from the speed signal that the motor speed has slowed at 
least to an actual predetermined spinning velocity com­
prises: 

counting pulses of said speed indicating signal; 
counting pulses of said clock pulses; 

comparing said counted speed signal pulses and said 
counted clock pulses; 

and generating a brake signal to activate said braking 
circuit when said counted clock pulses exceed said counted 
speed signal pulses. 

3. The method of· claim 2 further comprising restarting said 
counting pulses of said speed indicating signal and said 
counting pulses of said clock pulses if a number of said 
speed indicating pulses reaches a first predetermined number 
before a number of said clock pulses reaches a second prede­
termined number. 

4. The method of claim 1 wherein said step of activating a 
braking circuit when the motor speed has been determined to 
have reached said predetermined spinning velocity comprises: 
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comparing a frequency of a speed signal with a clock pulse 

frequency. 

10. The circuit of claim 9 wherein said circuit for compar­

ing a frequency of a speed signal with a clock pulse fre­

quency comprises: 

a first counter for counting pulses of said speed sig­

nal, said first counter producing a first out~ut when said 

first counter reaches a first predetermined pulse count; 

a second counter for counting said clock pulses, said 

second counter. producing a second output when said second 

counter reaches a second predetermined pulse count; 

said first output being connected to restart said first 

and second counters, and said second output providing an 

indication when said frequency of said speed signal is lower 

than a desired ratio to said clock pulse frequency. 

11. The circuit of claim 7 wherein said braking circuit com­

prises circuitry to cause driver transistors for said motor 

to connect coils of said motor to a predetermined constant 

potential when said output signal provides an indication 

that said frequency of said speed signal is lower than said 

clock pulse frequency. 

12. The circuit of claim 11 wherein said circuitry to cause 

driver transistors for said motor to connect coils of said 

motor to a pr~determined ·constant potential comprises cir­

cuitry to cause driver transistors for said motor to connect 

coils of said motor to ground. 

13. The circuit of claim 11 wherein said circuitry to cause 

driver transistors for said motor to connect coils of said 

motor to a predetermined constant. potential comprises cir-
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': cuitry to cause driver transistors for said motor to connect 

:.;. coils of said motor to a supply voltage. 

14. The circuit of claim 11 wherein said driver transistors . 
are FET devices, and wherein said.circuitry to cause driver 

transistors for said motor to connect coils of said motor to 

a predetermined constant potential comprises latches to ap­

ply a voltage to gates of said FET devices when said output 

signal provides an indication that said frequency of said 

speed signal is lower than a desired ratio to said clock 

pulse frequency. 

15. A circuit for braking a polyphase de motor, comprising: 

a circuit -for _comparing a frequency of a speed signal 

with a clock pulse frequency and for producing an output 

signal to provide an indication when said frequency of said 

speed signal is lower than a desired ratio to said clock 

pulse frequency; , 
and a braking circuit to brake said motor when said 

output signal provides an indication that said frequency of 

said speed signal is lower than said clock pulse frequency. 

16. The circuit of claim 15 wherein said circuit for produc­

ing an output signal indicating that said motor has slowed 

at least to an actual rotational speed and said braking cir­

cuit are powered by a back-emf generated by said motor, when 

power is disco~nected. 

17. The circuit of claim 15 wherein said circuit for compar­

ing a frequency of a speed signal with a clock pulse fre­

quency comprises: 



· 111111, m1~ 11~19{1111111 

17 

a first counter for counting pulses of said speed sig­

nal, said first counter producing a first output when said 

first counter reaches a firs.t predetermined pulse count; 

a second counter for counting said clock pulses, said 

second counter producing a second output when said second 

counter reaches a second predetermined pulse count; 

said first output being connected to restart said first 

and second counters, and said second output providing an 

indication when said frequency of said speed signal is lower 

than a desired ratio to said clock pulse frequency. 

18. The circuit of claim 15 wherein said braking circuit 

comprises circuitry to cause driver transistors for said 

motor to connect coils of said motor to a predetermined con­

stant potential when said output signal provides an indica­

tion that said frequency of said speed signal is lower than 

a desired ratio to said clock pulse frequency. 

19. The circu~: of claim 18 wherein said circuitry to cause 

driver transistors for said motor to connect coils of said 

motor to a predetermined constant potential comprises cir­

cuitry to cause driver transistors for said motor to connect 

... coils of said motor to ground. 

20. The circuit of claim 18 wherein said circuitry to cause 

driver transistors for said motor to connect coils of said 

motor to a predetermined constant potential comprises cir­

cuitry to cause driver transistors for said motor to connect 

coils of said motor to a supply voltage. 
,. 

21. The circuit of claim 18 wherein said driver transistors 

are FET devices, and wherein said circuitry to cause driver 

transistors for said motor to connect coils of said motor to 
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a predetermined constant potential comprises latches to ap­
ply a voltage to gates o·f said FET devices when said output 
signal provides an indication that said-frequency of said 
speed signal is lower than a desired ratio to said clock 
pulse frequency. 

·~ . 


