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Sector Pulse Generation.

The Sector pulses are generated by the Sector Bit counter which
causes a pulse to be generated each time it indicates its maxi-
mum value of 4095 (refer to figure 3-36).

One counter is incremented by the 806 kHz clock pulses. These
clock pulses are derived from the servo track dibit signals
(refer to discussion on track servo circuit) and exactly 13,440
clock pulses occur during each revolution of the disk pack.

?
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8 o>
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PRESENT SECTOR
SECTORBIT COUNTER
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@ PULSE \! { DL’
i .
PRESENT — =
® Seon Y 0 s =
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NOTES:

/\ THIS PULSE DOES NOT INCREMENT COUNTER BECAUSE INDEX
IS STILL ACTIVE. THIS MEANS SECTOR 000 WILL ALWAYS HAVE
ONE MORE PULSE THAN ANY OTHER SECTOR.
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Figure 3-36. Sector Detection - Logic and Timing
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The fact that the same number of 806 kHz clock pulses occur
during each revolution makes it possible to program the counter
to reach the maximum count (thus generating a Sector pulse) any
desired number of times per revolution. This is done by pre-
setting the counter to the proper value at the beginning of
each sector. For example, if it is desired to have 64 sectors,
the counter would have to count 210 clock pulses in each sector
(13,440 divided by 64) and the counter would be preset to
3886. In this case the counter starts at 3886 and increments
each clock time until it reaches the maximum count of 4095.
Reaching the maximum count causes the Sector pulse to be gene-
rated. The next clock pulse (210) presets the counter back to
3886 (thus disabling the Sector pulse) and the counter begins
the next sector. The 3886 is obtained by subtracting 210 from
4096 which is the total number of clock pulses the counter is
capable of counting (0 through 4095 = 4096).

The sector length is varied by changing the value of the preset
inputs to the counter. This is done by rewiring the sector
pPlug located on the logic chassis backpanel. Refer to section
1 of the maintenance manual for details regarding the rewiring
of the sector plug.

The Sector pulses are sent to the controller and are also used
to increment the Present Sector counter.

The Present Sector counter counts the Sector pulses (starting
at Index) and therefore always indicates the number of the sec-
tor the heads are currently over. This count is used by the
rotational position sensing circuits.

Rotational Position Sensing (RPS)

The RPS operation consists of the drive raising its Interrupt
line to the controller each time it reaches a specific sector.
The sector is specified by the controller at the start of the
operation. The Interrupt line is raised each time the sector
is detected (even if the drive is deselected) unless the RPS
is disabled. The purpose of the function is to free the system
for other operations while the drive searches for the sector.

RPS is enabled by a Tag 101 (Target Register) with Bus Out bit
0 true. This command causes the drive to set the RPS Enabled
latch and enable the contents of Bus Out bits 1 through 7 to
the Target mux (refer to figure 3-37). Bus Out bits 1 through
7 contain the number of the target sector at which the drive
will raise the Interrupt line,
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Figure 3-37. RPS Logic

The Target register is loaded with the target sector at the
next Sector or Index pulse following the receipt of the Target
register command (refer to figure 3-38).

As the disk rotates, the Sector pulses continue to increment
the present sector count and this count is compared with the
contents of the Target register. When the two are equal, the
drive has reached the target sector and the Sector Compare sig-
nal goes true. This sets the Enable Interrupt FF which, in
turn, enables the Interrupt signal to the controller. The In-
terrupt signal remains active until the end of the target sec-
tor. The drive raises the Interrupt line each revolution (even
if the drive is deselected until the RPS 1is disabled via a
Clear RPS command (Tag 010 and Bus Out bit 5).
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Figure 3-38. Rotational Position Sensing Timing

The RPS circuits are also used to store the number of the sec-
tor where a read or write command is received. This function
is initiated when the drive receives a Control tag (1l1l) with
Bus Out bit 0 true. This causes the drive to load the Target
register with the present sector count which remains in the
Target register until a Control tag (with Bus Out bit 0 true)
loads another number into it. The controller can retrieve the
sector number via a Target Register tag with Bus Out bit 0
false.

READ/WRITE FUNCTIONS
GENERAL

When the drive is on cylinder, has a head selected, and has lo-
cated the proper place on the data track, it is ready to per-
form a read or write operation. The controller initiates a
read or write operation by sending the drive a Control tag
(111) and the proper bus out bits (refer to discussion on in-
terface functions).
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During a read operation, the drive recovers data from the disk
and transfers it to the controller. During a write operation,
the drive receives data from the controller and records it on
the disk.

Figure 3-39 is a block diagram of the read/write circuits. The
remainder of this discussion describes the read/write circuits
and is divided into the following areas.

WRITE OPERATIONS
General

Write circuit operation is initiated by a Control tag (111)
with BOB 1 active true. This allows the drive to start pro-
cessing serial NRZ data received from the controller. The
write data is received via the bidirectional Read/Write data
line and is first sent to the NRZ to MFM converter/write com-
pensation circuits. These circuits convert the data to MFM and
also compensate it for problems caused by variations in data
frequency. The compensated data is then processed by the write
drive circuits and written on the disk.

READ/WRITE CIRCUITS

1
I
1
i
FROM )7
NRZ WRT DATA !
P i
ONTROLLER' i::> WRT COMPENSATED I
HIGH FREQ CLK| CIRCUITS | MFM WRT DATA !
WRT PLO CLK: READ/WRITE I {pisk
[ 2D | HEADS ; PACK
MACHINE[REF CLK! |
CLK ! }
i i
‘ l
I
NRZ RD DATA | !
TO ! RD MFM i
CONTROLLER : CIRCUITS RD DATA 1
RD CLK i |
| |
i i
Ty DU PRV [ -
HEAD SELECT
CIRCUITS
9E134

Figure 3-39. Read/Write Circuits Block Diagram
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Figure 3-40 shows the write circuits and table 3-7 briefly ex-
plains their function.

The following paragraphs describe MFM recording, which is the
technique used for recording data on the disk, and also ex-
plains how the drive circuits function during a read or write
operation.

CYL ADRS
MACHINE REG
CLK
HIGH WRT CURRENT
WRT PLO CLK
FREQ CLK (9. 67 gﬂg) CONTROL
(19.34 MHZ) :
CONVERTER AND R kD /R
WRT DATA \|ypn Couprnea.| COMPENSATED\|DRIVER [MFM WRT DATA HEADS
(NRZ) TTON CIRCUITS| MEM DATA CIRCUITS| (DRIVER CURRENT)
FROM )
CONTROLLER
WRT GATE
AM ENABLE
9H364

Figure 3-40. Write Cricuits Block Diagram

Principles Of MFM Recording

In order to define the binary dibits stored on the pack, the
frequency of the flux reversals must be carefully controlled.
Several recording methods are available; each has its advan-
tages and disadvantages. This unit uses the Modified Frequency
Modulation technique.
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TABLE 3-7. WRITE CIRCUIT FUNCTIONS

Circuit Function

NRZ to MFM Con- Converts the NRZ data from the controller

verter and write to MFM data and also compensates the data

Compensation for problems caused by variations in the

Circuits write data: frequency.

Write Uses the MFM data to produce the current

Driver Circuits necessary to record data on the disk.

Write Current Reduces the write current amplitude as the

Control heads move from the outer tracks to inner
tracks. This assures that the correct
amount of current will be used as the cir-
cumference of the cylinders decrease.

The length of time required to define one bit of information is
the cell. Each cell is nominally 103 ns in width. The data
transfer rate is, therefore, nominally 9.677 MHz.

MFM defines a "1" by writing a pulse at the half-cell time
(figure 3-41). A "0" is defined by the absence of a pulse at
the half-cell time. A pulse at the beginning of a cell is
Clock; however, Clock is not always written. Clock is sup-
pressed if there will be a "1" in this cell or if there was a
"1" in the previous cell.

The rules for MFM recording may be summarized as follows:

° There is a flux transition for each "1" bit at the time
of the "1",

° There is a flux transition between each pair of "0" bits.

® There is no flux transition between the bits of a "10" or
"01l" combination. .
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Figure 3-41. MFM Recording - Waveforms and Timing

NRZ To MFM Converter/Write Compensation Circuits

The NRZ to MFM converter/write compensation circuits convert
the NRZ data into MFM data and also shift the output MFM pulses
to compensate for problems caused by variations in data fre-
quency. Figures 3-42 and 3-43 show simplified logic and timing
for these circuits,
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Figure 3-42. Write Compensation NRZ to MFM Converter Circuits

The 9.67 MHz and 19.34 MHz signals from the servo frequency
multiplier circuit provide basic timing signals for these cir-
cuits. The NRZ data from the controller provides the data in-
put.

The NRZ to MFM converter converts the NRZ data into MFM data
and applies it to a delay line in the write compensation cir-
cuits, This delay line has three outputs which are combined
with the outputs of the pattern decode logic (at the Early,
Late, and Nominal gates) to produce compensated write data.

The pattern decode logic analyzes the NRZ data and determines
if its frequency is constant, increasing or decreasing. This
is necessary because if the frequency 1is increasing or de-
creasing, problems can occur during subsequent read opera-
tions. These problems are eliminated by compensating the data
before writing it on the disk.
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Figure 3-43. Write Compensation Timing

The data frequency is constant whenever all ones or all zeros
are being recorded because all pulses are separated by one cell
(103 ns). However, a 011 pattern represents a frequency in-
crease since there is a delay of about 1.5 cell between the 01
and only 1.0 cell between the 11. On the other hand a 10 pat-
tern represents a frequency decrease since a pulse is not writ-
ten at all in the second cell. A 001 pattern is also a fre-
quency decrease since there is a 1.0 cell interval between the
first two bits and 1.5 cell between the last two.
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The previous examples examined only two or three bits without
regard to the preceding or subsequent data pattern. The actual
combinations are somewhat more complex. The drive logic ex-
amines and defines the following patterns: ‘

Pattern Frequency Change
0ll Increasing
1000 Increasing
10 Decreasing
001 Decreasing

Any data pattern will have considerable overlapping of the data
pattern frequency changes. Consider the overlap of these eight
bits:

INCREASING

I““_ FREQUENCY
0 1 1 0

I I N

DECREASING
FREQUENCY

9E251

The outputs from the pattern decode logic enable either the
Early, Late or Nominal gate (depending on the input frequency)
to provide compensated Write data as follows:

° If frequency is constant, there will be no peak shift.
In this case the data is defined as nominal and is de-
layed 6 ns.

) If frequency 1is decreasing, the apparent readback peak
would occur later than nominal. To compensate for this,
the data 1is not delayed and 1is therefore 6 ns earlier
than the nominal data.

o If frequency is increasing, the apparent readback peak
would occur earlier than nominal. Therefore, this data
is delayed 12 ns which is 6 ns later than nominal.

After being write compensated the data is transmitted to the
write driver circuits.
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Write Driver Circuit

The compensated write data is sent to the read/write chassis
and applied to a differential receiver in the write driver cir-
cuits (refer to figure 3-44). The output of the receiver then
serves as a clock for the Write Toggle FF. This flip flop tog-
gles only when the Write Enable signal is active. The output
of this flip flop provide the input to the Write Driver which
in turn generates the current for the read/write heads. The
magnitude of the current applied to the heads is controlled by
the write current control circuits.

COMPENSATED (DE DIFF © wer  |© WRT @E WRT CURRENT TO
MFM DATA RCVR TOGGLE DRIVER SELECTED HEAD
6 WRT
cu
wrTEnaBLE —2 | COREEAT
0 0 N | !
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[
i

WRT
TOGGLE @ | l

|
t
|
|
I
| Z
1 ]
WRT
ENaBLE @ I i
!
|
:
]
]

.
:

WRT
CURRENT @

1

Figure 3-44. Write Driver Circuits and Timing
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Write Current Control

The magnitude of the write current sent to the heads 1is con-
trolled as a function of cylinder address. This is referred to
as write current zoning. There are seven write current 2zones
(A through G). Write current is reduced at each zone boundary
from outer to inner tracks. Table 3-8 defines the cylinders in
each write current zone.

Table 3-8. WRITE CURRENT ZONES
Zone 40 MB 80 MB
A 000-063 000-127
B 064-127 128-255
C 128-191 256-383
D 192-255 384-511
E 256-319 512-639
F 320~-383 640-767
G 384-410 768-822

Writing Address Marks

The address mark is an area that contains neither MFM "1's" or
"o's"™. The drive starts writing an Address Mark when it
receives Tag 111 and Bus Out bits 1 and 4 from the controller.
This activates the Address Mark Enable signal which prevents
compensated write data from going to the write driver cir-
cuits. The write driver continues to generate current for the
write coil but without data no current reversals occur. The
effect is to erase all information from the disk. The drive
stops writing the address mark when the controller drops Tag
111 or Bus Out bits 1 or 4.

Write Data Protection

General

Write data protection consists of disabling the write driver
circuit whenever there is a danger of writing faulty data on
the disk pack. It is initiated if the drive detects the Write
Protect signal active, Fault latch set, or a low voltage con-
dition. All of these are described in the following.
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Write Protect

The Write Protect signal goes active if any of the following
occurs.

° Controller commands a write while the heads are in an
offset position.

® WRITE PROTECT switch on drive operator panel has been de-
pressed to light the indicator. 1In this case, depressing
the switch to extinguish the indicator causes the Write
Protect signal to go inactive.

® Head alignment is being performed.
© Low dc voltage condition is detected or the disk pack
speed slows down below 2800 r/min. Both of these con-
ditions will also cause an emergency retract of the heads.
Fault
The Fault latch sets as a result of a number of drive malfunc-

tions. The conditions causing the Fault latch to set are de-
scribed in the discussions on fault and error conditions.

Loss of Voltage

If power is lost or drops below a certain level, an emergency
retract is performed. However, in this case it is possible
that the other signals used to disable the write driver (Write~
Protect and Fault) will not function properly and the drive
will continue to write while the heads are being retracted.
This could alter or destroy data already on the pack. The loss
of voltage protection circuit consists of a capacitive dis-
charge network that ensures the write circuits are disabled un-
til the heads are unloaded.

READ OPERATIONS

General

Read operations are initiated by a Control tag (111) with Bus
Out bit 3 true. This enables the analog data detection cir-
cuits, which sense the data written on the disk and generate
analog read data signals.
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The analog data goes to the read analog to digital converter
which changes it into digital MFM data.

In units with the Read PLO/Data Separator option, the read PLO
and data separator change the MFM data to NRZ and also generate
a 9.67 MHz Read Clock signal. Both data and clock are then
sent to the controller. 1In units without this option, the dig-
ital MFM data is sent directly to the controller.

The read circuits also detect the address mark area and send an
Address Mark Found signal to the controller.

Figure 3-45 shows the main elements in the read circuits and
table 3-8 briefly describes each of these elements. The fol-
lowing paragraphs further describe'the read circuits.

NOTES:
MACHINE /\\ IN UNITS WITHOUT RD PLO/DATA SEPARATOR
CLK OPTION, RD PLO & DATA SEPARATOR ARE NOT
USED AND MFM DATA IS SENT DIRECTLY TO
CONTROLLER
RD REF CLK
(4.84 MHZ)
RD CLK Z@\

RD PLO ANALOG TO ANALOG
AND DATA |/ DIGITAL MFM |DIGITAL ANALOG |RD DATA ANALOG | RD/WRT
RD DATA | SEPARATOR{\ RD DATA CONVERTER DATA |DETECTION{ SIGNaLg | HEADS
(NRZ) —

LOCK TO DATA
+ ADRS MK ADRS MK
DETECTION
AND LOCK
ADRS MK TO DATA

9H365

Figure 3-45. Read Circuits Block Diagram
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TABLE 3-9, READ CIRCUIT FUNCTIONS

Circuit Function

Analog Read Data | Processes the analog signals sensed by the

Detection read/write heads so they can be used by the
Circuits digital to analog conver ter.

Digital to Changes the analog MFM data into digital
Analog MFM data. This data is sent to the read
Converter PLO and data separator.

Address Mark Detects the Address Mark and transmits an
Detection Address Mark Found signal to the controller.

Analog Read Data Detection Circuits

The analog read data detection circuits (refer to figure 3-46)
processes the anmalog MFM data detected from the disk so it can
be used by the analog to digital converter circuits.

ANALOG

- LOW MFM RD 10 RD
READ/WRITE PRE AGC BUFFER DATA  _ ANALOG TO

L PASS
HEAD AMPLIFIER FILTER AMPLIFIER AMPLIFIER 7 DIGITAL

CONVERTER

A

f 3

AGC
GAIN
CONTROL

TO LOCK TO
ADDRESS
o MARK Am DETECT GRS AND
DETECTION ’
DETECT

CIRCUITS

9EI36A

Figure 3-46. Analog Read Data Detection Circuits
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The Read Pre-amplifier provides preliminary amplification -of
the analog voltage induced in the read coil. This voltage is
induced in the coil by the magnetic flux stored in the disk ox-
ide during write operations (refer to discussion on Basic
Read/Write Principles). The frequency of the analog voltage is
proportional to the frequency of the magnetic field flux tran-
sitions sensed by the read coil.

The low pass filter on the output of the Read Pre-amplifier at-
tenuates the high frequency noise on the read data signals and
provides a linear phase response over the range of read data
frequencies. The output of the filter is applied to the AGC
amplifier, This circuit generates an output signal amplitude
that remains within certain limits regardless of the amplitude
of the input signal. The AGC Gain Control circuit provides the
control voltage for the AGC amplifier and also provides inputs
to the Address Mark detection circuits.

The Buffer amplifier processes the AGC amplifier output to pro-
vide the proper input for the analog to digital converter cir-
cuit.

Read Analog To Digital Converter

The read analog to digital converter circuits (refer to figure
3-47) receive analog MFM read data from the analog read data
detection circuit and convert it to digital MFM data.

The analog to digital converter circuit consists of high and
low resolution channels and the Data Latch FF. The high and
low resolution channels detect the analog data by means of zero
cross detectors consisting of Schmidt triggers. The zero cross
detectors convert the analog data to digital pulses which are
then applied to the Data Latch FF. The FF uses the outputs of
both channels to produce a digital MFM data output. The low
resolution channel provides the D input to the FF and the high
resolution channel provides the clock. This produces an output
from the Data Latch FF which retains the timing of the high re-
solution channel.

Both channels are necessary because of certain high frequency
components present in the analog read data signals. These com-
ponents can cause extraneous zero crossings which are detected
by the zero cross detectors. However, the low pass filter in
the low resolution channel attenuates the high fregeuncy com-
ponents thus eliminating any possible extraneous outputs from
the channels zero crossing detector.
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Figure 3-47. Read Analog To Digital Converter Logic and Timing

The high resolution channel still detects the crossings and
generates clock inputs to the FF, but without the D input pro-
vided by the low resolution channel the extraneous clock pulses
are ignored.

If the drive has the Read PLO/Data Separator option, the dig-
ital MFM read data is sent to the PLO and data separator which
use it to generate the NRZ data and Read clock. However, if
the drive does not have this option the data is sent directly
to the controller.

Lock To Data And Address Mark Detection Circuits

These circuits generate (refer to figure 3-48) the Lock to Data
signal and also detect the address mark area. The Lock to Data
signal is used to synchronize the read PLO and data separator
circuits on these units with this option (other units do not
use the signal). Finding the address mark area sets Bus In bit
0 to the controller.
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Figure 3-48. Lock to Data/Address Mark Detection
Logic and Timing

The Lock to Data signal is active whenever the Lock to Data one
shot is in the set state. This one shot is triggered (to the
set state) when either the Read Gate signal (Tag 111, Bus Out
bit 3) goes inactive or the address mark is detected.

When the Read Gate signal goes inactive it triggers the one
shot and also causes it to be held in the set state. When the
Read Gate signal goes active again, it removes the set condi-
tions from the one shot and allows it to time out after
7.75 pus. Therefore, a 7.75 ps lock to data period occurs at
the beginning of every read operation.

Detecting the address mark also triggers a 7.75 ps pulse from

the one shot. The address mark consists of an area about
2.4 ps in length that contains neither MFM ones or zeros.
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The address mark detection circuit is enabled only during read
operations (Tag 3 and Bus bit 3 active). The controller acti-
vates the circuit by raising Bus Out bit 4 (Address Mark En-
able).

The Address Mark Enable signal causes the comparator to start
generating output pulses that trigger and retrigger the Data
Detect one shot. The comparator generates the output pulses
only when there are input data pulses. Therefore, during the
address mark area the comparator stops generating pulses and
the one shot times out 1.7 us after the last data pulse was de-
tected. The first data pulse following the address mark area
enables the Address Mark Detect gate. This triggers the Lock
to Data one shot which causes a 7.75 us Lock to Data period and
also a 7.75 us Address Mark signal.

Read PLO And Data Separator (Applicable Only To Units With RD
PLO/Data Separator Option)

General

This circuit has two functions: (1) to convert the MFM data
from the analog to digital converter into NRZ data and (2) to
generate a Read Clock signal which is locked to the frequency
of the read data (9.67 MHz nominal). Both the NRZ data and the
Read Clock signal are transmitted to the controller.

The read PLO and data separator circuits consist of four main
parts (refer to figure 3-49):

®° Input Control - Controls whether MFM data or 4.84 MHz
clock pulses will furnish the input to the circuit.

® Data Strobe Delay - Delays the pulses to provide the pro-
per input to the VCO. These circuits also provide error
recovery capability.

) Phase Lock Loop - Synchronizes the circuit outputs to the
phase and frequency of the inputs.

° Data Separator - Converts the MFM data to NRZ data and
generates the Read clock. This circuit is actually a
part of the phase lock loop.

The remainder of this discussion further describes the read PLO
and data separator circuits.
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Figure 3-49. Read PLO and Data Separator Circuits
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Input Control

The input control circuit (refer to figure 3-49) selects the
input that will be used by the read PLO and data separator cir-
cuits, This input will always be either MFM data from the read
analog to digital converter or 4.84 MHz clock pulses from the
servo frequency multiplier circuit.

The 4.84 MHz clock signal is used only when the drive is not
reading MFM data, such as before Read Gate is raised. 1It also
uses the 4.84 MHz clock whenever the Address Mark Enable signal
is active because this indicates the drive is expecting the ad-
dress mark which contains no MFM data. The drive uses the
clock signal as a substitute for the read data for two rea-
sons: (1) the signal is derived from the track servo dibits
and therefore, its frequency (like that of the read data)
varies directly with disk pack speed and (2) after being pro-
cessed by the pulse forming circuits, it has about the same
nominal frequency as the read data (9.67 MHz). This results in
it being easier for the phase lock loop to synchronize to the
prgper frequency when switching from one of the signals to the
other,

Once selected the signal is applied to a pulse forming network
which generates a 20 ns pulse for each transition of the in-
put. These pulses are then applied to the data strobe delay
circuits and also furnish the data input to the data separator.

Data Strobe Delay

The purpose of the data strobe delay circuit (refer to £figure
3-49) is to delay the data pulses sufficiently to provide the
proper timing relationship at the input to the phase lock
loop. The output of the data strobe delay circuit is delayed
by a time determined by the state of the Data Strobe Early and
Data Strobe Late signals. These signals facilitate the recov-
ery of marginal data and are enabled by the Error Recovery tag
(001).

The output of this circuit is the Delayed Data signals which
are sent to the input of the phase lock loop.
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Phase Lock Loop

The phase lock loop (refer to figure 3-49) synchronizes the
read PLO/data separator circuit outputs (NRZ data and Read
Clock) to the input (either MFM data or 4.84 MHz clock). The
loop accomplishes this by comparing and following two signals:
(1) the Delayed Data signals which have a constant phase and
frequency relationship to the input MFM data or 4.84 MHz Clock
(whichever is used) and (2) the Feedback Clock Pulse signals
which have a constant phase and frequency relationship to the
output NRZ data and Read Clock signals. The loop inputs are
applied to the phase/frequency comparator.

The phase/frequency comparator generates output pulses which
are a function of the phase and frequency between the positive
going edges of the inputs. The filter circuit uses the compar-
ator outputs to generate a control voltage for the voltage con-
trolled oscillator (VCO).

This control voltage causes the frequency of the VCO to vary in
the direction necessary to eliminate the phase and frequency
differences between the two signals that were input to the com-
parator.

The output frequency of the VCO is actually twice that of the
input so for an input of 9.67 MHz it has an output of 19.34
MHz. However, the data separator divides this by two before
generating the Feedback Clock Pulse signals thereby providing a
feedback to the comparator that satisfies the loop.

Data Separator

This circuit determines if the data pulses represent a one or
zero and then converts the data to NRZ. It also generates the
Feedback Clock Pulses to the comparator and the 9.67 MHz Read
Clock that is sent to the controller. Figures 3-50 and 3-51
show simplified logic and timing for the data separator circuit.

The VCO outputs provide the proper timing relationships for the
data separator by controlling the Data Window and Read Clock
FFs. The Read Clock FF dgenerates the 9.67 MHz Read Clock sig-
nal and also provides timing signals to the data separator log-
ic. The Data Window FF generates the Data window which is used
to determine whether the input data pulses represent ones or
zeros. The actual decoding of the data is done by the "1's"
Enable and "0's" Enable FFs.,
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Figure 3-50. Data Separator Logic

If a data pulse represents a one it occurs during the data win-
dow and sets the "1's" Enable FF. Setting this FF generates a
Feedback Clock pulse and causes the Data Buffer FF to generate
a NRZ one.

If the data pulse represents a zero the "1's" Enable FF is not
set and the Data Buffer FF generates a NRZ zero. 1In this case
the "0's" Enable FF which is set by every data pulse generates
the Feedback Clock Pulse signal.

Before accurate detection of data can begin, the proper phase
relationship must be established between the data (representing
ones and zeros) and the VCO output pulses. This is done during
a 7.75 ps lock to data period which is initiated by the Lock to
Data signal. This signal is a 7.75 pus pulse that occurs when
the Read Gate signal goes true or when the address mark is de-
tected. The Lock to Data signal holds the "0's" Enable FF set
and disables the output of the "1's" Enable FF. Therefore, if
the circuit is to synchronize properly the pulse must occur
during a period when the drive is reading only zeros.
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Figure 3-51. RD PLO and Data Separator Timing

FAULT AND ERROR CONDITIONS
GENERAL

The following describes those conditions which are interpreted
by the drive as errors. All of these conditions either 1light
an indicator at the drive and/or send a signal to the control-
ler indicating an error has occurred.

These errors are divided into two categories: (1) those indi-
cated by Fault Latch and register (2) those not indicated by
Fault Latch and register. Both are explained in the following
(refer to figure 3-52).
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Figure 3-52. Fault and Error Detection Logic
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ERRORS INDICATED BY FAULT LATCH AND REGISTER"
General,

Certain errors set the drives Fault latch and also set the
fault register latches associated with the error condition.

Setting the Fault Latch does five things: (1) enables the
fault line to the controller (2) lights the FAULT indicator on
the drives operator control panel (3) clears the drives Unit
Ready signal (4) inhibits the drives write and load circuitry
and (5) causes the Check Diagnostic bit (bit 7), of the Low Cy-
linder (110) and Control (111) Tag bus in status bytes (refer
to discussion on I/O Signal Processing), to be true. Also, for
drives of S/C 18 & ABV, the Write Protect bit (BIB 7) of the
Diagnostic Tag bus (010) goes true. These events prevent fur-
ther drive operations from being performed until the error is
corrected and the Fault latch is cleared.

Providing the error condition or conditions no longer exist,
the Fault latch is cleared by any of the following:

® FAULT switch on operator panel.

° Controller Fault Clear signal from the controller.
° Maintenance Fault Clear switch on Fault card.

> Powering down the unit.

Whenever an error occurs that sets the Fault 1latch, it also
sets a latch in the fault register. These latches provide a
means oOf storing the error indication so it can be referred to
later for maintenance purposes. They also cause a corres-
ponding bit to be true in the Error Recovery (00l1) and Diagnos-
tic (010) bus in status bytes (refer to discussion on I/0 Sig-
nal Processing). The fault register latches are cleared only
by powering down the drive or by the Maintenance Fault Clear
switch on the fault card.

The following describes each of the conditions causing the
Fault latch and fault register latches to be set.

Write Favult,

A write fault is indicated if any of the following conditions
exist.

o Low output from write driver indicating it may not be
operating properly.
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® Low current input to write driver.
° Low +22 volts to write driver.

® No write data transitions when Write Gate is active.

More Than One Head Selected

This fault is generated whenever more than one head is selec-
ted. The outputs of the head select circuits are monitored by
summing and voltage comparator circuits. If more than one head
is selected, the circuit generates a Multiple Select Fault.

Read And Write

This fault is generated whenever the drive receives a Read gate
and Write gate simultaneously from the controller.

(Read Or Write) And Off . Cylinder,

This fault is generated if the drive is in an Off Cylinder con-
dition and it receives a Read or Write gate from the controller.
Voltage Fault:

This fault is generated whenever the +46, *5 or *20 voltages

are below satisfactory operating levels.

ERRORS NOT INDICATED BY FAULT LATCH OR REGISTER

General

The following errors are detected by the drive but are not
stored in the fault register and do not set the Fault latch.
However, they do cause the drive to give other error indica-
tions and this is explained in the following paragraphs.
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Low Speed Or Voltage

The Speed or Voltage Fault signal goes true when the drive de-
tects either a low voltage condition or that drive spindle
speed is below 2700 r/min. When either of these are detected,
the drive write circuits are disabled and the Write Protect
signal is sent to the controller. These also result in an
emergency retract of the heads (refer to discussion on Emer-
gency Retract).

No Servo Tracks Fault:

If dibits are not detected within 350 ms after the load seek
sequence begins, the No Servo Tracks latch is set. This lights
the FAULT indicator on the drive operator control panel and al-
so enables the Return to Zero (RTZS) logic. Enabling the RTZS
logic causes the heads to unload. Another load cannot be star-
ted until the No Servo Tracks latch is cleared. The No Servo
Tracks latch is cleared in the same manner as the Fault latch.

Seek Error:

The Seek Error latch is set by any of the following error con-
ditions:

® On Cylinder was not obtained within 500 ms from the start
of the seek.

o Forward or reverse end of travel (EOT) sensed.

© Drive is commanded to seek to a cylinder address greater
than 410 (822).

Setting the Seek Error latch enables the Seek Error line to the
controller, inhibits the drive from performing another seek un-
til the Seek Error latch is cleared, and also causes the Check
Diagnostic bit (7), of the low cylinder (110) and control (111)
tag bus in status bytes, to be true. The latch is cleared by a
Return to Zero Seek command.
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SECTION 4

DISCRETE COMPONENT CIRCUITS






DISCRETE COMPONENT CIRCUITS 4

[ -
INTRODUCTION the drive and/or the FA727 controller.
L These circuits are arranged in alphabetical
This section contains de§crlgtlons of :3111 order (AAA-2%Z) according to the circuit
the discrete component circuits found in designator.
4-1
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Amplifier and Filter - ALR

The ALR circuit is a differential amplifier and a 2 filter. The upper break design frequence (-3 db
pole linear phase filter followed by a differential point) of the filter is 3.13 MHz,
buffer amplifier. The amplifier stage has a gain of

approximately 2. The input coupling capacitors Cl and 2 in conjunction

with bias resistors R1 and 2 give the circuit a low
Q1A and B form the differential amp with R6 and R§ ~ [requency cutoff (-3 db point) of less than 2 kHz.

being the load resistors and also impedance match- The output is a differential emitter follower buffer

consisting of Q3 and 4 and R10 and 11, that is used
to reduce the output impedance.

ing resistors for the filter. The inductors L1 and
L2 and capacitors C3 and C4 make up the rest of the
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Differential Amplifier - AZJ

The preamplifier is a cascade type with a matched The final stage of the front end is a emitter follower
pair of transistors (Q6A and Q6B) used as a common (Q7 and Q8) used as a buffer between the preamp and
emitter front end followed by another matched pain filter section. Resistors R1 and R2 in the emitter
of transistors (Q9A and Q9B) used as a common base circuit give the front end a input impedance of just
second stage,this effectively reduces the emitter under the 500 ohms. The constant current source
collector capacitance of the common emitter front for the preamp supplies approximately 2.5 ma.
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LEVEL TRANSLATOR (COMPARATOR SECTION) - BRD

The BRD circuit is a differential voltage
comparator which operates in conjunction

with the SHT circuit to translate input sig-
nal levels of below +23 V to a low TTL output
and input signal levels of above +23 V to a
high TTL output.

The BRD circuit functions in conjunction with
the SHT circuit to indicate whether or not
the write current is below a minimum value.
(See SHT circuit description.) A voltage
reference of +23 V is applied to the base of

TP

BRD

transistor QP. With normal write current,
the base of QN is below +23 V. Under these
conditions transistor QN is on and transistor
QP is off, and the resistor in the collector
circuit of QN provides a forward bias voltage
to the SHT circuit. If the write current is
below the acceptable minimum, the voltage at
the base of QN goes above +23 V. Then QN
turns off and QP turns on, and the resistor
in the collector circuit of QN does not
develop sufficient forward bias for the SHT
circuit.

B(TOSHT CIRCUIT)

A >+23V

L <+23V
CT HIGH TTL
LOW TTL

NOTE:AIS INPUT TO BRD CIRCUIT
C 1S OUTPUT OF SHT CIRCUIT

+27V

oB

NOTE: VOLTAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY.
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Amplifier and Filter - BZJ

The BZJ circuit is a differential amplifier and a 4
pole low pass Butterworth filter followed by a differ-
ential buffer amplifier, The amplifier stage has a

gain of approximately 7. 5.

Q3A and B form the differential amplifier with R5
and R6 being the load resistors and also impedance
matching resistors for the filter. The inductors L1,
L2, L3, and L.4 and capacitors C1, C2, C3 and C4
make up the rest of the filter. The upper break
frequency (-3db point) of the filter is approximately
6.8 MHz,

383{ o s [
3Afft} BZJ |:: 4

The input capacitors C1l and C2 in conjunction with
resistors R1 and R2 give the circuit a low frequency
cutoff (-3 db point) of less than 20 kHz.

The output is a differential buffer consisting of Q4,
Q5, R7, and R8 that is used to reduce the output im-~

pedance and give more drive.

The constant current source for the differential amp

supplies approximately 4.75 ma.
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BUFFER AMPLIFIER - CZJ

The CZJ circuit is a buffer amplifier designed to
increase the output signal driving capability of a
differentially amplified signal. Q19 and Q20 are
emitter followers that present comparatively high
input impedance and low output impedance.
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WRITE DRIVER -DLC

The DLC circuit is a differential current emitters of transistors QR and QS through
switch which converts voltage input signals diodes CR2 and CR3. Differentiated current
to current for driving a differential re- is available to the head at outputs C and D.

Diodes CR6 and CR7 provide a path to ground

cording head.
for write current when input F is grounded

TTI level signals are applied to inputs A by a write protect circuit. Diodes CR4

and B. Transistors ON and QP drive the and CRS5 rectify the echo pulses from the
bases of transistors QR and QS to control head and apply them to a write voltage fault
current to the head. The current source is circuit through output G.

connected to input E and supplied to the
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Rectifier - DZJ

The DZJ circuit is a full wave rectifier with a differ-

ential input and single ended output.

The rectifier consists of a matched pair of transis-
tors (Q1A and B) used as a differential pair.
and Q1B conduct during the positive half input cycle

Q1A

fier is 2v p-p.

+0.11v and is set so that the output of the AGC ampli-

The output buffer amplifier is Q4 and presents a com-

paratively high input impedance and a low output

and back biased during the negative half input cycle.

Q2 is used as a constant current source supplying

about 4.5 ma,

Diodes CR1, 2, and 3 along with test select R1 and
R2 form an adjustable bias network. This adjusts
the DC base line at output C from about ~0. 35v to

S N

g
) DZJ

The input frequence response is greater than 2 kHz,

impedance.
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DIGITAL TO ANALOG CONVERTER -~ GKF

The GKF circuit converts three digital input
signals to an analog output whose level de-
pends upon the logical combination at the
inputs.

The element 200 is an open collector IC.
When pin 9 of element 200 is +3 volts or a
"1", its output (pin 8) is 0 volts. When
pin 9 is 0 volts or a "0", its output (pin
8) is open and the resistor divider (XR4,

XR10, XR1l3, etc.) to V_ determine the volt-
age at an identical manner but have less
influence on the voltage at point D because
of their entry connection in the resistor
network.

When V.. is +12 volts the output at D cor-
responéing with the various combinations of
logic input is as shown in the waveform
diagram.
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Voltage Controlled Oscillator - GYP
General
This circuit is used as part of a phase lock loop (referbto Figure 1). When Frequency Out
1s not equal to Frequency In, the comparator generates a voltage that causes the GUE circuit
output (Frequency Out) to vary in the direction necessary to eliminate the difference.
When the two frequencies are the same, the loop is said to be locked. The GUE circuit is
made up of five main parts (refer to Figure 2).

® Level Shifter

® Current Pump

® Filter

® Buffer and Level Shifter 6YP

® Voltage Controlled Oscillator

The following explains each of these parts.

FAST
START
FREQUENCY IN 5 8
5
F
s GYP REQUENCY OUT
A
T
o
R
Figure 1

Level Shifter

Transistors Q1 and Q2 shift the ECL voltage levels, received from the comparator latch, to
the levels required to control the current pumps. Current flows through either transistor
Ql or Q2 depending upon which has the more negative base. When the base of transistor Q1
is more negative, it conducts and provides the current to turn off transistor Q6. When the
base of transistor Q2 is more negative, transistor Q1 turns off and transistor Q2 conducts,
causing current flow through resistor 2R2 to the -5 volt supply. Turning off transistor Ql
allows transistor Q6 to turn on.

Current Pump

Transistors Q5 and Q6 form the current pump circuit. The conduction of transistor Q6 is
determined by the voltage drop of resistor 6R2 compared to the base voltage of transistor

Q6 (which is the drop across resistor 4R3). If transistor Ql (see level shift circuits) is
turned off, the voltage drop across resistor 6R2 is less than the transistor Q6 base voltage
and transistor Q6 will have a constant collector current. However, if transistor Ql is
turned on, more current flows through resistor 6R2 causing a larger voltage drop. This
causes the emitter of transistor Q6 to be more positive than its base thus turning it off.
Transistor Q5 conducts regardless of the state of transistor Q6.

The gain of the current pumps is controlled by the Analog Lock to Data signal. Transistor
Q3 converts the ECL Levels of this signal to a current which controls the bias of emitter
follower transistor Q4. An ECL "O" on the emitter of transister Q3 leaves it turned off.
This decreases the conduction of transistor Q4 and the gain of the current pumps. An ECL
"1" on the emitter of transistor Q3 causes it to saturate, thus increasing the conduction of
transistor Q4 and the gain of the current pump, changing the conduction of transistor Q4
controls the gain of the current pump by changing the voltage drops across resistors 4R2

and 4R3. These resistors determine the base voltages (and gain) of the current pump and
since resistor 4R2 equals resistor 4R3 these base voltages will always be equal.

4-10
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@ a4 @ 3
665 A o+
$ 2RI $3R3 ] 1016 O,
YN A 3270 3332 +2
COMP LATCH I LIMITING
¢ DIODES
6CRI 6CR2 RICI
AN <
10 PF
—COMP LATCH I P 6CR3| 6CR4 +|PF
¢ Q2 QI —o—bi
RIC2
= L
T
2.8-10.0 PF
CENTER
2R2 $4R3 $6R2 FREQUENCY SIRI 3IR2  $I2R2
a7 ADJUST $270 220 §270
-5v
A\ J\ / \ 7/
\' \"2 v
LEVEL CURRENT FILTER VOLTAGE
SHIFT PUMPS BUFFER CONTROLLED
& LEVEL 0sC.
SHIFT
NOTES:

/\ TERMINATED TO PROVIDE PROPER VOLTAGES AT THESE POINTS.
2 CIRCUIT VALUES ARE FOR REFERENCE ONLY. ACTUAL VALUES MAY VARY.
3 NUMBERS (_) REFER TO TIMING ON FIGURE 3.
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INCREASING FREQUENCY

FAST
CONTROL
() VOLTAGE VD~ — = — e e b
TP-C SLOW
Qio OMA— — — — - - - - m —— - —
(2) COLLECTOR -1
CURRENT -12 [

DIFFERENTIAL
(3 RECEIVER
PIN 4

DIFFERENTIAL
(4) RECEIVER
PINS 385

DIFFERENTIAL V!
(5) RECEIVER
PIN 2 -

v b ! ! [ ! !
| | | | | |
| ! ! | | |

| | [ | [
+2I1 — — — T———--I————
Q9 I |
() COLLECTOR I—— -
CURRENT
OMA | | | | | |
| | | | | |
I I | I I I
+12____:____:____I | | |
Q9 & QI0 U= ===
(@ ToTAL OMA— — — — b — — — b — — — b — — | — -} — — | —
CURRENT -1l
w2 — - e m e e e = = —
NOTES:

& POSITIVE FEEDBACK FROM PIN 2 PUSHES CAPACITORS PAST
REFERENCE VOLTAGES THUS PRODUCING FASTER SWITCHING.

2. NumBERS () REFER TO SCHEMATIC ON FIGURE 2.

Figure 3

4-12 ' 83324220 A



The symetry of the output current waveform is adjusted by varying re§istor 5R1 which controls
the base emitter bias of transistor Q5. Resistor 5R1 is normally adjusted so that when the
input to the level shifter (from the comparator) has a duty cycle of 50%, the conduction

of transistor Q5 is one half that of transistor Q6. This produces a square wave output

current to the filter circuit.

Filter

The filter consists of resistor 6Rl, capacitor 6Cl and limiting diodes 6CRl through 6CR4.

The output from the current pump flows through resistor 6R1 producing a square wave voltage.
This voltage is integrated by capacitor 6Cl thus creating an average dc level. The resultant
voltage (square wave plus average) acts as a control voltage and determines the instantaneous
frequency of the voltage controlled oscillator (VCO). The average dc level defines the

average VCO frequency. Changes in the duty cycle of the current-pump. Square-wave output
immediately affects the voltage across resistor 6R1 and gradually changes the average dc level.

The nominal VCO frequency is obtained when the control voltage is 0 volts. The limiting
diodes (6CRl through 6CR4) limit the average voltage change to *1.2 volts or a VCO frequency
change of about *20%.

Buffer and Level Shifter

The buffer circuit consists of emitter follower transistor Q7, which presents a high impedance
to the filter and a low impedance to the oscillator circuit. Resistor 7Rl limits current in
the collector of transistor Q7.

Resistors 7R2 and 7R3 form a voltage divider and level shifter circuit that obtains . the proper
VCO frequency to control voltage function. Diodes 7CR1 and 7CR2 compensate for the base
emitter drops of transistors Q8, Q9 and Q10 in the oscillator.

Voltage Controlled Oscillator

The VCO output frequency varies as a function of the buffered control voltage received via
Q7. This voltage is applied to the base of emitter follower transistor Q8. The current
through transistor Q8 and resistors 8R1 and 8R2 define equal base voltages on transistors Q9
and Q10; therefore, their output currents will vary in direct proportion to one another as

a result of a change in control voltage.

Transistor Q9 is switched on and off by transistor Ql1; however, transistor Q10 is controlled
only by the voltage drop across resistor 8R2. When transistor Q9 is off, transistor Q10
discharges capacitors R1Cl and R1C2 as shown in Figure 3. The voltage on the capacitors is
sensed by input pin 4 of the differential receiver which compares it to input pins 3 and 5
(which have ECL "1" and "0" levels). When the capacitor voltage discharges to reference
level -V2 the differential receiver switches; (see timing on Figure 3). This causes transis-
tor Qll to decrease its conduction to a level which allows transistor Q9 to turn on.

When transistor Q9 is on, it provides twice the current of transistor Q10. One half of this
current supplies transistor Q10 and the other half charges the capacitors. Transistor Q9
charges the capacitors at the same rate as transistor Q10 discharged them. When they charge
to level -V1 (see Figure 2), the differential receiver switches again, this time increasing
the conduction of transistor Ql1 to a level that causes transistor Q0 to turn off.

Output pin 2 of the differential receiver provides positive feedback through capacitors R1Cl
and R1C2 to ensure clean fast switching.

As shown on Figure 3, the output frequency of the oscillator varies directly with the control
voltage. The center frequency of the oscillator is changed by adjusting RI1C2.

The oscillator output buffer prevents external loading from affecting the oscillator.

83324220 A 4-13



VOLTAGE CONTROLLED CURRENT SOURCE - JMN

The JMN circuit accepts an analog input
voltage and converts it to a voltage con-
trolled current for the write driver.

The JMN circuit receives the analog output

of a digital to analog converter. The 322
operational amplifier in the JMN circuit
inverts the analog input at A and translates
the voltage level to drive the base of current

source transistor QP.
is supplied at output D.

Write current output
Current sensing

is provided at output C so that other cir-
cuitry can test for proper current level
output. Control from a write current pro-
tect circuit is applied to input B. Current
is supplied at output D when input B is
+27V. Current source transistor QP is shut
off when input B goes to ground.

+23V
+19.8V
+16.6V
. +13.4vV A c
+10.2V >
+ 7.0V B —4— YMN D
+ 3.2V
+ 0.6V
+22.24V
+21.82V
+21.40V B_J——‘____l_ +erv
. +20.98V ov
+20.56V T\ [ +27V
+20.14V <+23V
+l19.72V
+19.30V
+27V
N
’ T T |
$ RI2 $R5 Lci $RIO SRI
1180 i 4.99K T.l,LF 261 2261
7 s
E] N
6
R2
. _R2 2 n| 322
121K R8 :
T 330
R3 STEST 3R4 )
10K TSELECT  T17.8K CR2
CRIY ¢ i $————oTp
RI Iz L c2 M
B o AN QN = 390Fp
47K h R6
_Re oC
L¢3 17.8K
T 3pPF SR7 R9
3 6.8K 2.2K
CR3 ] 7
— b QP
D
NOTE: VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.
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Current Preamp - JPN JPN is driven by a open collector output TTL
. L . circuit. When input A is driven low, Q1 shuts

The JPN circuit is used for expanding the . roxs

fan out capabilities of TTL circuits follow- ©ff and output B goes to +5V. With a high

. : : - . . . at input A, Q1 turns on, driving output B to
ing this circuit. 1In a typical circuit the about +0.2 volts.

+5v
I —
X/Y o

—— JUPN -

Qi r——"——-+3V
B +0.2v

+5V

R
IK
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PASSIVE TRANSLATOR (TTL TO ECL) - LLZ

R3 and R2 form a resistor divider that changes nor-
mal (and worst case) TTL levels into normal (and
worst case) ECL levels. A '1" TTL will translate
into a ''1"" ECL. R1 serves as a pullup in case there
is no input and causes a "1" to be outputted. CRI is
a germanium clamp to limit the output voltage to
+0.2 in case an input voltage of +5 or greater is
applied.

X/Y
LLZ

3V

A | ov (TTL).
-0.8V

ECL

8 1——————|3v (ecL)

+5v
1
1.78K
Ao —oB
R2
3.48K CRI
-5V =

NOTE: VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.
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ANALOG TO DIGITAL CONVERTER - LVL

The LVL circuit is an analog to digital
converter. The state of the digital output
voltage at B is dependent upon the value

of the input voltage at A.

The LVL circuit is used to convert the fine
servo signal to a digital level. The A— LVvL
digital output signal of the LVL circuit in-
hibits the On Cylinder signal. When the
value of the signal at input A goes from
greater than #0.5 V toward 0 V, output B goes
to a logical 0 as the input signal crosses
+0.3 V. As the signal at input A goes from

0 V toward greater than *0.5 V, output B goes
to a logical 1 as the input signal crosses

0.5 V.
I >— <
B (OUTPUT STATE) N y \\4 N
0] } <— } { t — } < }
06 05 04 03 02 0. 0 00 02 03 04 05 0.6
A (INPUT VOLTAGE)
R8
11.0K
AN/
Rl
5N 100PF| +2V
A ' /[\
10
R2 4
3 c>ov|!
511 L = N 139G +
2
=={G
NC7 N S OB
.
AN/ Ne ¢ 1
! 5
r R4 R7 J_— \l/ R9
14.7K 10.0 - -5v 3.83K
AN
-5V -5V
NOTE: VOLTAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY.
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VOLTAGE COMPARATOR - LVM

The LVM circuit compares a voltage at input
A against a reference voltage and produces
a bilevel digital signal at output C.

The following discussion describes an LVM
circuit using one half of a 310 integrated
circuit and using a positive reference vol-
tage. The LVM can also be used with a neg-
ative reference voltage having the output as
shown in the waveform diagrams.

A reference voltage is established at pin
13. When input A goes in a positive direc-
tion to +1.4 V, output C goes to a TTL level

"1". When input A goes in a negative di-
rection to +1.0 V, output C goes to a TTL
level "0".

Input B is used to enable or disable the
LVM circuit. When input B is a "1", it
enables the circuit. When input B is a
"0", it disables the circuit and forces a
constant "0" output at C.

{f}f——— } COUTPUT
A )( ] T | T ]
E>'ET Y -2 -1 0 +| +1.4 +2
c A INPUT (PINI2)
B L VM
COUTPUT{u———jF>w
(PIN 8) 0—+ 1 } } }
-2 -1.4 -| o] +] +2
A INPUT (PIN 5)
Rl R2
511 5.62K
A 0— ANN- AN
+j2Vv
~ 1
+I5V
R3 CRI CR2 2 3 io
| 5.62K = (>
v N 310 G oC
2
R4 6
511 f' -

B o

-5V

NOTES:|.VOLTAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY.
2.LVM CIRCUIT USING POSITIVE REFERENCE VOLTAGE.
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ANALOG TO DIGITAL CONVERTER - LVN

The LVN circuit is an analog to digital
converter. The state of the digital output
voltage at B is dependent upon the value

of the input voltage at A and the logical
states of R and F.

The LVN circuit is used to convert the

coarse command error signal (summing ampli-
fier output) to a digital level. The digital
signal output of the LVN circuit enables the
power amplifier of the drive to operate in
the switching mode, thereby reducing tran-
sistor power dissipation during the coarse
positioning mode. Two enable controls,
reverse (R) and forward (F), are used to

gate the proper circuitry.

The analog voltage at input A is representa-
tive of the carriage drive signal. This vol-
tage varies between a nominal plus and minus
2.9 volts. During a forward full seek, in-

CONDITIONS: FORWARD SEEK

put A changes polarity from +2.9 V to -2.9 V
when the pre-programmed circuits determine
that carriage acceleration is required.

Also during the forward seek, forward en-
able (F) is a logical 1. The result of these
two conditions is that output B goes to a
logical 1. When B is at a logical 1 the
power amplifier is turned on. When carriage
acceleration is determined to be sufficient,
A goes from -2.9 V toward +2.9 V. Then B goes
to a logical 0, and the power amplifier is
turned off. During deceleration output B
switches alternately from logical 0 to
logical 1 to switch the power amplifier on
and off as required.

LVN circuit functions during a reverse seek
are complementary to a forward seek, except
that a logical 1 at B still turns on the
power amplifier and a logical 0 at B turns
it off.

F=1
R=0
| >
B(OUTPUT STATE) AN VY
0 — | < : : : :
3.0 -20 -10 -05 0 +1.0 +2.0 3.0
A(INPUT VOLTAGE)
CONDITIONS: REVERSE SEEK
Fz=0 R LVN —8
R=1 F
| <
B(OUTPUT STATE){ Y A
o —t } } } > } +—
-3.0 -2.0 -1.0 0 +0.5 +I.0 +2.0 +3.0
A{INPUT VOLTAGE)
e
T
—=cl
R2 TIOOPF .
51 L R'5' Y +5V +|2V 4.64K
Ao 511 R6 . To
R3 2.6IK 3 Z>0v ][I
251 g 139 G {
R O— 7 G 9 o8
N
g °]
F O— G
—L_Cc2 l] ls
T
I00PF R7 ~
3.16K -5v
- AN
RI R4 R9
511 1.96K 3.83K
i -5V -5V

NOTE: VOLTAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY.
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Level Translator/Read Enable - LZJ

The read enable circuit is enabled when the input is
low (TTL level), thus causing the output to go to
almost +20v and enabling the read matrix, A low on
the input of the 927 turns on its output transistor and
current flows from +20v thru the emitter base junc-
tion of Q1, thru R2 and the output transistor collector
to emitter of the 927. This puts the collector of Q1
at just below +20v.

A high on the input of the 927 turns the open collector
output transistor off and prevents current from flow-
ing from emitter to base of Q1, thus turning off Q1.
With Q1 off the pull down resistor (R4) takes the out-
put to approximately -11v. This back biases the
head select diode matrix to a negative level sufficient
to prevent write spikes from causing damage by
entering the read preamp.

>+2.4V
X/Y . A 2
L2 <+.8V
+19.6V
8
nov
1| XY 52 a
927 47K 1\ ‘
R4
I $R3 10K

= 1270 |  +20v

=12V

L C1
™ .IuF

Al

NOTE: VOLTAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY.
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Level Translator - MZJ

The multiple select fault circuitry uses a differen-
tial voltage comparitor to sense if two or more
heads are selected. A voltage reference of +17. 4v
is established at the base of Q2 with no head selected.
With one head selected the voltage at the base of Q1
will be 18,2v, thus Q2 and Q3 will conduct keeping
the output of Q3 low (TTL level) indicating no fault.
If two or more heads are selected at the same time
the base voltage at Q1 will be 16.7v or greater
causing Q1 to conduct and @2 and Q3 to turn off.
The output will then go high a (TTL level) indicating
a fault,

| HEAD SEL
X/Y +18.2V
- A
MZJ +i67v —/—m—m——
2 HEAD SEL
+4.8v
B
+0.2v
+20V
J_ +5v
Ci
Ol uF
RS
A O— * IK
B
= Q3
$R5 R4
TI1.2K 12.1K
1

NOTE: VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.
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QWK

Circuit description to be supplied at a later date.
+ 10V
3R} ' [ .
3R2 GRI
S100 270 3390
Q3 04 |
3C2
Ol UF
™
GR2
< 1X
3VRI !
y YN G
o5 SR!
100
>3R3
180
P 5N
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WRITE PROTECT CLAMP - RAP

The RAP circuit acts as a clamp, changing ground is high. When A is switched high
its output impedance path from high to low (TTL) Q1 is turned on, providing a low
when the input is switched high. impedance path between output B and ground

for the write current.
When the input at A is low (TTL) Ql is
turned off, and the impedance from B to

+2v
X/Y A |

ov
A —F— >+ 8

RAP B ———,——— +27V
ov

+36V 427V
RI
10K
CRI CR2
Ao—d »—pt

NOTE: VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.
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LEVEL TRANSLATOR (OUTPUT SECTION) - SHT

The SHT circuit provides a TTL compatible
output for the comparator section of a level
translator.

The SHT circuit functions in conjunction

with the BRD circuit to indicate whether or
not the write current is below a minimum

(FROM BRD CIRCUIT) B

A

value. (See BRD circuit description.) The
output of the BRD circuit provides bias for
transistor QN to turn it on or off. When

the write current falls below +23V, QN is
turned on to provide a low level TTL output.
When the write current is above +23V, ON is
turned off to provide a high level TTL output.

X’y

SHT

>+ 23V

j —

<+ 23V
HIGH TTL

¢ | / LOW TTL

NOTE: A IS INPUT TO BRD CIRCUIT
C IS OUTPUT OF SHT CIRCUIT

+5V

TP

ci
J‘ 390PF

NOTE: VOLTAGE

L

AND COMPONENT VALUES

ARE FOR REFERENCE ONLY.
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. N

INVERTING TRANSLATOR (TTL TO ECL) - TLZ

The first part, consisting of Ry, R, and Q1 form a
simple transistor inverter to turn TTL "1's" into

TTL "0's". The second part, Ry, Rz, Rs, and CRy,
form a LLZ passive translator which produces ECL

levels from TTL inputs.

X/Y A _—___—_L______ 3V
—_— I~ ov

TLZ
B_____J————————o.ev
- 1.8V
+5V
R2
sRI 1.7
3Rl 8K
R3
R4 WA——g - — o8
Y — Q237K
IK
RS
3.48K CRI
= —5.0V =

NOTE: VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY
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DELAY - UB- ' Delay times for capacitive delays used are as

follows:
The capacitor delay circuits delay a ''1" input at A
for a specified period of time before providing a "1" Delay Type Time CNA RNA
output at B, Delay time for a "0 pulse is negligible. UBR 40 NS 2200 PF None
UBS ~ 25NS 680 PF None

Assume a "0", ground, enters at A, If the capacitor
is discharged, it remains discharged and the output
remains "'0'"". If the capacitor is charged when the
""0" signal appears, the capacitor discharges almost
instantaneously, and the "0'" appears with no notice~

able delay.

If a '"1", +3 volts, enters A while the capacitor is
discharged, the capacitor must first charge to a
minimum "1" voltage before a ''1" can appear at B.
The required charge time is the delay time of the
circuit. The charge time is dependent on the capa-
citor value, the resistance between the source volt-
age and the capacitor, and the minimum voltage
required to produce a "'1" output.

SD +3Vv
A ] |
¥elY;
A—o 1! N +3V
uB-— / \ ov

ICNA
NOTES:

(D COMPONENT VALUES VARY.
(@ USED ON UBR AND UBS ONLY.
3

VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.
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DELAY - UBT

The UBT delay circuit delays application +5 volts to
a standard TTL gate during a power up sequence.

Applying +5v (T1) slowly raises output A to +5 volts
as C1 is charging. As the voltage across C1 ap-

proaches 5 volts, output A raises to 5 volts after a
specific delay time determined by the values of R1,

R2, and C1.
+w‘l///,
+5V
t *MS
f —_
A A
uBT *MS
' Tl T2
% TYPICAL DELAY TIMES
Rl R2 Cl  DELAYTIME
39k 100K 60uF  BOMS
68K 10K 60uF  30MS

+5V
\
SRI
$39K
0 A
2R2 o]
3 100K 60uF

NOTE:
VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.
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ov
+5v
ov
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DELAY - UC-

The UC-delay circuit is used to delay open-collector
integrated circuits. The circuit delays a ''1" input
before providing a ''1" output at B. The delay time
for a "'0" pulse is negligible. The delay circuit con-
sists of a resistor connected to +5v and a capacitor
connected to ground.

time of the circuit. The charge time is dependent
on the value of the capacitor, the value of the resis-
tor, and the minimum voltage required to produce a
""1'" response.

Characteristics of the UC-circuits are as follows:

Assume that a "0" (ground) enters at A. If the ca- Circuit Type Capacitance Resistance Delay
pacitor is discharged, it remains discharged. The UCM 5600PF 1.2K 1.5US
output is an immediate ''0"", If the capacitor is UCP 5600PF 560 0.8US
charged when the "'0" signal enters, it discharges UCR 5600PF 1K 1.3US
almost instantaneously. The "0' appears at output UCs 3.3UF 2.2K 1MS
B with no noticeable delay. ucv 270PF 2.61K 175NS
‘ ucy 200PF 10K 200NS
If a "'1" (+3.0v) enters at A, and the capacitor is
discharged, the capacitor must first charge to a
minimum "1'" voltage (typically +0.7v) before the ''1"
appears at output B, The time necessary to charge
the capacitor to this minimum voltage is the delay
——l 5V
'@ A J— N | n\
[ 4 1
uc- ol I ov
2l O)
ot
+5V
{RI
®,"‘J-:---- 4 0o B
Pl
\\:Nfa.ll c@l
E I
i L
NOTES:
@ DELAY TIME DEPENDENT ON CIRCUIT TYPE.
@ OPEN COLLECTOR TRANSISTOR IN PRECEDING STAGE.
83324220 A
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DELAY - UEB

The UEB circuit delays application of ground to a
standard TTL gate during a power-up sequence.

During power off phase (Tg), capacitor C1 is dis-
charged by R4, CR2, and CR3. Applying +5v power
(T) raises output A to +5v as power comes up. At
this time (Ty) Q1 is off and C1 is charging. As the
voltage across Cl approaches 5 volts, Q1 turns (Tg)
on reducing output A to about 0 volts.

+5V
h X +5v‘A”/////V v
+5V —— ———A % °
UEB +5v
A ov

to 4 t2

% DELAY TIME VARIES WITH COMPONENT VALUES,
SEE LOGIC DIAGRAMS FOR SPECIFIC DELAY TIME.

+5v
S R3
CRI 347k
SRl — o
2 10K A
R2
33
CR2 CR3
b pi i
J Yo s R4
T 60 uF 747K
NOTE: VOLTAGE AND COMPONENT VALUES
<4 ARE FOR REFERENCE ONLY.
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" DELAY - ULY

The ULY-delay circuit delays a "'1'" input before If an open circuit ("'1") enters at A, and the capacitor
providing a "'1" output at B. The delay time for a is discharged, the capacitor must first charge to a
"0'" pulse is negligible. The delay circuit consists minimum "1" voltage (typically +0.7v) before the "1"
of a resistor connected to +5v, a capacitor connected appears at output B, The time necessary to charge
to ground, and a series input resistor. the capacitor to this minimum voltage is the delay

time of the circuit. The charge time is dependent

Assume that a "'0'' (ground) enters at A, If the capa- on the value of the capacitor, the value of the resis-

citor is discharged, it remains discharged. The tor, and the minimum voltage required to produce a

output is an immediate ''0'", If the capacitor is "1'" response.

charged when the ''0"' signal enters, it discharges
almost instantaneously. The ''0" appears at output
B with no noticeable delay.

o T e
' .

SV
uLy ov
. - 8uS

ok

>

[

t

+5V
A
CONTROL iR
PANEL s le
SWITCH
RI
pmmmd Emnmome ~O——— A — -0 B
= 22
L ci
T Ol uF

-

NOTE: VOLTAGE AND COMPONENT VALUES
ARE FOR REFERENCE ONLY.
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DELAY - USD

The USD circuit maintains a TTL high level
output for 0.8 sec during the time that the
power supply voltage is dropping.

The USD circuit functions as the delay
portion of a write fault clamp circuit
which prevents write current from reaching
the head during a +36 V supply voltage fault

sistor QN is initiated by the fault trigger
at input A. ON is turned on when input A
goes to 0 V, causing output C to go high.
Resistor R5 and capacitor C2 provide the
time~out constant to keep output C high for
0.8 sec. Stored energy is supplied at in-
put B to maintain QN in the on state for
the 0.8 sec duration. The high output at

condition. The switching action of tran- C is used to switch on a write clamp circuit.
POWER FAILURE 0.8 SEC
v 36V & » (MIN)
oV ———==== —
A__}__O.BSEC to +0V <NORMAL
1 c &FAULT LEVEL
usDb ov "
B uln ]
I 1
Cc uou EX
+12v I
OV ————— T
+36V
RI p
Ao AN
10K
¥ CRI
$R2 ¥ CR2 R7
1 68 100
Bo— ¥ CR3
<R3 ON
339K
:,RS
" 10K
8 =
2 n/+#
<tzv |8 3 R oC
Ra 3 RS 6 916
3.9K 3 A >3.3V |R
L 680K
B , 4 - SR8
) A—R J_ 315K
| C! c2
T Ol uF [ luF
L T#

NOTE: VOLTAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY.
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LEVEL TRANSLATOR - WCN

The WCN circuit translates input signal QN is -1 V, turning off QN. Therefore,
levels of below -0.5 V to a low TTL level transistor QR is turned on and its collector
output and input signal levels of above voltage goes low, turning on transistor QP.
-0.5 V to a high TTL level output. Transistor QS is then forward biased provid-
ing a low TTL output. If the write driver
The WCN circuit has a differential voltage is on, the voltage to the base of QN goes
comparator circuit to indicate whether the above -0.5 V (less negative) and QN is turned
write driver is on or off. A voltage ref- on. As a result QR, QP, and QS are turned
erence of -0.5 V is applied to the base of off, providing a high TTL output. Capacitor
transistor QR. When the write driver is Cl delays the low to high transition by
off, the voltage at the base of transistor 125 ns.
TP
>-0.5V
A | | - 1.0V
X/Y ! HIGH (TTL)
5 [
A —Fp2 2 g B /f Low (TTL)
WCN il
lZSNS—b: lh—
+5V
N
R2
1.2K SR8
QP <1.2K
0 B
T% SR6
- TZzK
RI QN Qs 1o
: 1 s
680 390PF
CRI CR2 $R4 SRS 2 R7
$R3 $2.37k 2261 $1.2K
T 12K
4 =
-5v -

NOTE: VOLTAGE AND COMPONENT. VALUES
ARE FOR REFERENCE ONLY.
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