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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION
System for phase locking clock signals to a data stream frequency modulated on a carrier

This invention relates to the control of oscillations of a clock source, and is particularly directed to a system
for phase locking clock oscillations to a data stream frequency modulated on a carrier.

In floppy disc systems, as well as other systems, data streams, for example, from a floppy disc controller,
are frequency modulated on a carrier. In such systems a clock is provided that is phase locked to the data
stream. This clock is adapted to be employed in another circuit of the system, for decoding the data stream.

The present invention is directed to an apparatus for phase locking such a clock to a data stream, ina
simple manner, and achieving additional advantages.

In a first embodiment of the invention, the clock is a multiple of the nominal demodulated frequency, and a
dividing circuit or counter is employed to divide the output of a clock. A phase comparator for detecting
phase errors is coupled to control a counter, to add counts or subtract counts. The phase comparison circuit,
which may be comprised of a program logic array, has memory such that small phase errors of a consistent
nature may be repetitively corrected in non-adjacent cycles of the clock, to effect an improved resolution.

In addition, a control function of the counter may be non-linear with respect to phase error. This
non-linearity may also be effected in the programmed logic array. In order that the invention will be more
clearly understood, it will now be disclosed in greater detail with reference to the accompanying drawings,
wherein:

Figure 1is a simplified block diagram of a system in accordance with one embodiment of the invention;

Figure 2 is a simplified block diagram of a system in accordance with a further embodiment of the
invention;

Figure 3is a diagram of the transfer function of the function generator of Figure 2;

Figure 4is a block diagram of a portion of a floppy disc controller, embodying the systems of Figures 1
and 2; and

Figures 5-10 are circuit diagrams of discrete circuits that may be employed aiternatively in the invention.

In accordance with one embodiment of the invention, as illustrated in the simplified block diagram of
Figure 1, a source 20 is provided of data signals frequency modualted on a cartrier, i.e., to provide an MFM
data stream. Such signals are of the type provided, for example, in floppy disc interfaces. The system of
Figure 1 is further provided with a clock source 21, and the system is designed to phase lock the clock to the
data stream, so that the clock may be employed in a further circuit to decode the data stream, for example, in
a demodulator 22.

For this purpose, in accordance with the invention, the clock 21, which may be a crystal clock, is at a
frequency that is a multiple, for example 32 times, the desired nominal frequency of the clock for the
demodulator. The output of the clock 21 is thus applied to a divider 23, in the above case a divide-by-32
divider, to provide the output clock signals that are ultimately applied to the demodulator 22. The divider 23
is preferably in the form of a counter that may be controlled to miss counts or increase the number of counts,
as will be disclosed in greater detail in the following paragraphs.

The output of the divider 23 is phase compared with the data stream ina phase comparator 24, the output
of the comparator 24 being employed to control a program control and memory circuit 25. It is the function
of the program control and memory circuit 25 to provide signals for controlling the divider 23 in dependence
upon the relative phases detected by the phase comparator 24. As discussed above, phase errors are
corrected by delaying or increasing the count of the counter comprising the divider 23. The program control
memory 25 is connected to store the previous state of the counter, such that a small phase error of a
consistent nature, for example, of 1/128 of the desired period, will cause the circuit to correct the phase every
several cycles, in this case, every fourth cycle. As a result, the circuit acts as though the time resolutionis a
fraction of the desired nominal clock frequency, i.e., in this case 1/4 of the nominal clock frequency. The
system thereby reduces the quantification errors normally associated with digital phase lock systems.

As a consequence, the system in accordance with Figure 1 provides a clock signal output, on the line 26,
that is phase locked to the MFM data stream on line 27, to enable the accurate decoding of the data stream in
the demodulator 22.

In a further embodiment of the invention, as illustrated in Figure 2, source 30 is provided for signals, for
example, the MFM data stream such as discussed with reference to Figure 1. The signals from the source 30
are applied to the phase comparator 31 of a phase lock loop 32. The controllable oscillation source 33 is also
coupled to the phase comparator 31, and the oscillation frequency of the source 33 is controlled as a function
of the output of the phase comparator 31, as determined by the control function generator 34 connected
therebetween. As a result, the oscillation output frequency of the source 33 varies with the frequency of the
signals from source 30, in accordance with a function as determined by the function generator 34.In a
conventional phase lock loop, a linear relationship exists betweeen the phase error, as detected by the phase
comparator, and the amount of phase correction of the oscillator. In the present invention, however, the
relationship is intentionally made to be non-linear. The non-linearity, in accordance with one vehicle of the
invention, is illustrated by the solid line curve 35 in Figure 3. Thus, in accordance with the relationship
illustrated in Figure 3, if the phase error is large and in a direction such that the phase of oscillation from the
source 33 should advance, then the gain or amount of correct is reduced, in comparison with purely linear
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relationship.
MFM data streams, for certain bit patterns, have a phenomenon known as “bit skewing”’, in which the data
pulses do not arrive at their nominal times, but are “pulled’” by the surrounding data pattern, so that they
may appear either earlier or later than intended. Under most circumstances, for example, in the case of
floppy disc interfaces, the bit timing errors are larger in the early direction than in the late direction. 5
In accardance with the invention, the phase lock loop of Figure 2 is employed for correcting the phase of
the clock, under such circumstances. Thus, the oscillation source 33 of Figure 2 comprises a clock for the
MFM system, which is employed in the same manner as in Figure 1 for decoding the MFM data stream in a
demodulator {(not shown}. The non-linear correction, in accordance with the invention, causes the circuit to
be less sensitive to early data bits than to normal or late data bits. In other words, large phase errorsinsucha 1g
direction that the phase of the clock should be advanced, result in a reduced correction, as compared with a
purely linear correction function, as illustrated by the transfer function of Figure 3. As a consequence, in
accordance with the invention, the phase error for the circuit is less than that of an equivalent linear circuit.
In other words, when data pulses arrive early, the ’skew’” phenomenon tends to exaggerate the phase
error. Thus, if the phase difference between the recovered clock and the data is divided into that due to clock 15
drift, that be to jitter in the data, and that due to the bit skew, the skew effect tends to amplify the error. Thus,
the error in the early direction is larger than it would be without the skew effect. To compensate for this
larger phase difference, in accordance with the invention, the gain of the phase detector is reduced when the
data is early. The characteristic illustrated in Figure 3 enables the circuit to perform in a manner superior to
that of an arrangement having a linear transfer function, as has been shown by empirical tests. While the 20
solid line curve of Figure 3 does not provide an exact compensation for the skew effect, the characteristic
illustrated in Figure 3 is easily implemented and has been found to satisfactorily perform the desired
function. Other compensation curves may alternatively be employed, if desired, and if the greater difficulty
in implemented them is required. A quantitative theorectical treatment is not in general useful in this regard,
since the skew occurs in the recording device, and is subject to many variations. 25
The correction effected by the non-linearity of the phase detector, in accordance with the invention, thus
uses a technique in the timed domain, for the correction of skew errors, as opposed to the more conventional
correction of time independent functions.
The transfer function 35 of Figure 2 has been illustrated, since, especially in a digital phase lock loop, it is
easy to implement. It will be understood, however, that other such non-linear functions may be employed, 30
such as, for example, the dashed function 36 as also illustrated in Figure 3.
The arrangement of Figures 1 and 2 thus both are directed to the correction of a clock, especially for
decoding an MFM data stream. These two correction arrangements are readily implemented, in a practical
system, as shown in Figure 4. Figure 4 illustrated a floppy disc controlling system, wherein a conventional
floppy disc control system 40, for example, a type 1793, is coupled in conventional manner to a system bus 35
41 and a floppy disc drive interface 42. Instead of being directed to the floppy disc controller 40, however, the
raw data to be read from the drive interface 42 is applied to a signal shaper comprised of a buffer 43, an
inverter 44, and a D-type flip-flop 45. The Q output of the flip-flop 45 is applied to an input terminal of
program logic array 50, such as a type PAL16R8. The logic array 50 has fuses blown therein in a manner that
will be disclosed in the following paragraphs. 40
The circuit clock 51, which may be a 16 MHz crystal control clock, is applied to the clock terminal of a
synchronous counter 52. The counter may be of the type 74LS163. The divide by 2, divide by 4 and divide by
8 outputs of the counter 52, i.e., the A, B and C outputs, are also supplied as inputs to the programmable
logic aray 50. The clock signal as applied to the counter 52 is also directed to the logic array 50. One output E
ofthe logic array 50 is applied to the enable T and enable P controls of the counter 52, and the /RD output of 45
the logic array 50 is applied both to the preset terminal of the flip-flop 45, and to the raw read input of the
floppy disc controller 1793.
The illustrated counter 52 effects a division by 16. In the above discussed example, however, it was
indicated that division by 32 was employed in this example of the invention. In the arrangement illustrated in
Figure 4, the additional division by 2 is effected since the enable lines (E,, E,) enable the counter only one half 50
of the time, the signal for this purpose being derived from the PAL 50. The E output of the PAL 50 is normally
toggled such that the counter counts on every other clock pulse. The consequence, this constitutes the fifth
divide by 2 state. To modulate the counter output, the duty factor of E is adjusted. Thus, leaving this signal
high will cause the counter to cycle twice as fast, while leaving it low will completely stop the counter. As a
consequence, any counting rate from zero to twice the nominal frequency input to the counter may be 55
obtained in the system.
Inthe drawing, the logic array 50 is indicated as having additional outputs. These merely indicate the
increments of intermediate signals on the terminals of Ipgic array. The fuses of the logic array 50 are blown
to provide the relationship indicated in table |, and the manner in which the fuses of the device are blown is
indicated in appendix A affixed to this disclosure. 60
The clock frequency, as applied to the counter 52, may, for example, be 16 MHz for a double density 8 inch
floppy disc drive, 8 MHz for a single density 8 inch drive or double density 5 1/4 inch drive, or 4 MHz for a
single density 5 1/4 inch drive.
The phase comparator 24 of the basic embodiment of the invention as illustrated in Figure 1, and the phase
31 of the basic embodiment of the invention as illustrated in Figure 2 are incorporated in the logic array 50. 65
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The divider 23 of the embodiment of the invention illustrated in Figure 1is comprised of the counter 52 of
Figure 4, and the program control and memory 25 of the arrangement of Figure 1 is also embodied in the
logic array 50. The functions of the control function generator 34 of the embodiment of the invention of
Figure 2 are also incorporated in the logic array 50. The controllable oscillation sourve 33 as represented in
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the arrangement of Figure 2 is analogous to the control the logic array 50 of Figure 4 exerts over the output of 5
the counter 52 of Figure 4. It is thus apparent that the logic array 50 is organized to incoporate therein a
number of the features of the embodiment of the invention illustrated in both Figures 1 and 2.

The logic performed by the array 50 may alternatively, of course, be performed by discrete integrated

circuits. Figures 5-10 illustrate the circuits that may be employed for this purpose, with the signals being in

accordance with the relationship table 1. 10
TABLE |
E :=/AD*/RT*E +RT
FRD :=RS 15
RD :=FRD
QT :=FRD* QT +/RD * QT + FRD ¥ RD */QT *E + FRD * RD *QT */E
HF :=/FRD * HF +/RD*HF + FRD*RD *A* QT *E *HF
+FRD*RD*A*/HF*/E
+ FRD * RD * A */QT * /HF 20
+ FRD*RD */A*HF * /E
+ FRD * RD * /A * HF */QT
+FRD*RD*/A*/HF* QT *E
AD :=FRD*RD*/C*/B 25
+FRD*RD*/C*B*/A*/E
+FRD*RD*/C*B*E*QT
+FRD*RD*/C*B*E*HF
+FRD*RD*/C*B*A*HF
+FRD*RD*/C*B* A*E*QT*HF 30
+ AD * /E */RT
+ AD * DBL */RT
RT :=FRD*RD*C*/B*/A*E*/QT*/HF
+FRD*RD*C*/B*A*/E*/HF 35
+FRD*RD*C*/B*A*E*/QT
+FRD*RD*C*/B* A*E*/HF
+FRD*RD*C*B
+RT*E*/AD
+ RT * DBL */AD 40
DBL :=FRD*RD*C*B*/A*E*/QT */HF
+FRD*RD*C*B*A*/E*/HF
+FRD*RD*C*B*A*E*/QT
+FRD*RD*C*B*A*E*/HF 45
+ DBL * AD * /E ¥ /RT
+ DBL * RT*E */AD
Where:
+ = Logical OR 50
* = |logical AND
/= NOT
While the dividing of the clock by 32, as above discussed, is preferred, it will be apparent that
advantageous relationships may be alternatively obtained by other division ratios.
The arrangement of the invention as illustated in Figures 1 and 2 are of special importance in floppy disc 55

systems, although it will be apparent that the same concepts may be employed in other magnetic recording

systems employing MFM data streams. The arrangements may alternatively be employed for other

purposes. It is further apparent that the arrangement of Figure 2 may employ analog phase lock loop

techniques, as well as the disclosed digital techniques.
While the invention has been disclosed and described with reference to a limited number of embodiments, 60

it will be apparent that variations and modifications may be made therein, and it is intended in the following

claims to cover each such variation and modification as follows within the true scope and spirit of the

invention.
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CLAIMS

1. Inasystem having a data stream modulated on an FM carrier, a clock having an output at a given
nominal frequency for demodulating the data stream, and means for phase locking the clock to the data
stream; the improvement wherein said clock comprises a source of clock signals at a frequency thatis a
multiple of said nominal frequency, and dividing means for dividing said clock signals to produce said
output, and wherein said means for phase locking comprises a phase comparator for comparing said output
and data stream, and means responsive to the output of said comparator for selectively inhibiting and
double counting in said dividing means.

2. The system of claim 1 wherein said means responsive to the output of said comparator comprises
means for storing previous states of said dividing means whereby small phase errors of consistent nature
effect the control of said dividing means on each of a determined number of cycles of said clock signals.

3. The system of claim 2 wherein said dividing means comprises a synchronous counter, and said means
for phase locking comprises a program logic array connected to receive said data stream and a plurality of
pulse streams of multiples of said nominal frequency from said counter, and having an output coupled to
enable and disable said counter.

4. The system of claim 3 wherein said logic array is connected to control said counter as a non-linear
function of the relative phases between said data stream and clock.

5. The system of claim 4 wherein said non-linear function reduces the correction, as compared to a linear
relationship, for phase errors that in a direction such that the phase of the clock should advance for
correction.

6. The system of claim 1 wherein said data stream comprises the data output of a floppy disc drive
interface, and said dividiing means divides said clock signals by 32.

7. Inasystem having a data stream modulated on an FM carrier, a clock having a output at a given
nominal frequency for demodulating the data stream, and means for phase locking the clock to the data
stream; the improvement wherein said clock comprises a controllable oscillation source, and said means for
phase locking comprises a phase comparator for comparing the output of said source with said data stream,
and a control function generator responsive to the output of said phase comparator for controlling the
frequency of said source, whereby said phase comparator, control function generator and source comprise a
phase lock loop, said control function generator controlling said oscillation source as a non-linear function of
the phase error between said data stream and the output of said source.

8. The system of claim 7 wherein said control function generator is connected to be less responsive to
phase differences in a direction such that the phase of the output of said source should increase, as
compared with a linear relationship therebetween.

9. The system of claim 8 wherein said phase comparator and control function generator comprise a
program logic array.

10. The system of claim 9 wherein said oscillation source comprises a clock, and frequency dividing
means for dividing the output of said clock, said control function generator being connected to selectively
inhibit counts and add counts in said dividing means.

11. The system of claim 10 wherein said dividing means comprises a counter, and said program logic
array includes means for rembering previous states in the counter such that small phase errors of a
consistent nature cause correction of the counter on determined spaced apart cycles of said clock.

12. The system of claim 7 wherein said non-linear function of said control function generator is selected
to compensate for non-linearities in said system.

13. The system of claim 12 where said non-linearities are skew errors.
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