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1.0 GENERAL INFORMATION

1.1 INTRODUCTION

This procedure is intended to supplement the information given
in the RF11/RS11 DECdisk System Maintenance Manual. It is
assumed that the reader is familiar with the general theory of
operation and maintenance procedure for the RS1l.

The primary purpose of this procedure is to specify the technique
to be used in calibrating the G085 Disk Read Amplifier and Slice
Modules in the RS11l. A further goal is to give the user an under-
standing of the reasons behind the procedures so that he can use
them with confidence.

Also included in this procedure is a method of verifying all the
fixed delays in the RF11l control logic.

1.2 GENERAL DESCRIPTION OF CALIBRATION PROCEDURE

The RS11 Fixed Head Disk uses the Non-Return-to-Zero (NRZ) re-
cording technique which means that the track magnetization is
reversed everytime a binary one is recorded. No reversal occurs
when recording a binary zero, i.e., nothing at all is done to

the track. When reading a track, the flux reversals (binary ones)
are detected by the head and appear as positive or negative pulses
at the output of the sense amplifier. Binary zeros, of course,

do not develop any signals. 1In the ideal case, data read from
the disk would produce a clean signal as shown in Figure 1A. A
regular data pattern such as alternating ones and zeros does,

in fact, produce a signal very close to the ideal. However, ex-
perience has shown that a complex data pattern produces an
extremely noisy signal as shown in Figure 1B. Since the noise
depends on the data, the only reliable method of calibrating a
disk is with a diagnostic that simulates » realistic data pattern,

The calibration procedure has two objectives:to maximize the good
signal region and to achieve the widest possible margins against

noise. The best method of reaching these goals is to use a pro-

cedure as follows (see Figure 2):

1. Check the "zero" noise level.

2. Check the "one" noise level.

3. Calculate tuie Figure of Merit (FM) and the signal region (4).

4. Put an AGC-jumper on the shoe containing the track that
caused the first error in Step 2.

Binary One

A. 1Ideal Signal B. Actual Signal

Figure 1: Sense Amplifier Output Signal - Ones & Zeros Superimposed

@iiii’ AGe ‘EEB,A.sz L4 4 4 { ¢

One 4 Jumper

Calculate Repeat to maximize @

FM and Q CSP

Frr 7T TrrT Frir 1 T 177 P rrrrrri

Figure 2: RS11 Setup Procedure
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1.4

5. Repeat steps 1 to 4 until the FM and signal region are maxi-
mized.

6. Set the slice at the midpoint of the signal region.

The adjustment potentiometers on the G085 module have been modi-
fied to simplify the procedure. The gain adjustment pot has been
changed so that all disk surfaces, whether high or low output,
can be set to produce the same size signal out of the sense ampli-
fier. The range of the slice adjustment pot has been increased

~so that it is possible to measure both the "zero" noise level and

the "one" noise level without adjusting the gain pot. As a
result, the gain need be set only once at the beginning of the
procedure.

PRELIMINARY PREPARATIONS

Before using this calibration procedure, insure that the following
steps have been taken:

1. All G085 modules have been retrofitted to Revision (£).

2. Spot check the head output signals to see if they agree with
the readings on the original Head Data Sheet.

3. If the surface or any shoes have been replaced, fill out a
new Head Datz Sheet according to the procedures in the Main-
tenance Manual.

4. Have on hand a copy of the RF11 MULTI-DISK Diagnostic (MAINDEC-
11-DZRFA-A or later). This program contains switch selectable
features for use in the calibration procedure. Complete opera-
ting instructions are included in the program writeup and in
section 6.0 of this procedure for convenience.

TROUBLESHOOTING TIPS

In order to calibrate an RS11 successfully, it is necessary to
have a uniform disk surface and a set of shoes that are well
matched and adjusted. In many cases, an excessive error rate
may be due to a bad spot on the surface or a degraded or mis-
adjusted shoe. If the disk has a high error rate that cannot be
corrected by recalibrating the gain and slice adjustment, then

4. If the surface appeérs‘td be within specification,

1. Determine the troublesome tracks from the error printouts on
the teletype.

2. Inspect the individual tracks using the Stamp Test.

3. If the surface modulation is too great for any track (more
than 20%) or if there is a spot on the track with a low out-
put signal, replace the surface. Surface modulation measure-
ment is described in Section 5.0 of this procedure.

: compare
the tracks within a particular shoe. If the range of head
outputs within the same shoe differs by more than 25%, replace
the entire shoe.

RS11 CALIBRATION PROCEDURE
G085 ADJUSTMENT TECHNIQUES
CAUTION

All probes and oscilloscopes must be calibrated

and compensated before making any adjustments.
A ground strap should be connected from the

oscilloscope to the RS11 chassis. . The oscil-
loscope should be plugged into the 855 Power
Control in the rear of the first disk cabinet.

To initiate G085 adjustment, place Channel A oscilloscope probe
on the signal output of G085 pin A-T and the ground strap on

pin A-C. For Channel B, place the oscilloscope probe on the
slice output of the G085 pin B-E and the ground strap on pin B-C.
The following steps list the procedures for gain adjustment and
slice adjustment.

Gain Adjustment

Step Procedure
1 Set oscilloscope time base to 5 ms/cm and trigger on
line. Set input switch to dc and mode to CH-1.
2 Point A is lowest point (smallest peak-to-peak value).

Point B is highest point (Largest peak-to-peak value).

it may be necessary to replace the surface or a shoe. To local-
ize the problem area, take the following steps:
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Step

1

Center Line —~ Ed

Base Line FURUTITENER. - TP FIRBLTINSS

Place point A on a reference line and the number of
centimeters between point A and point B times V/cm is
the average peak-to-peak voltage (see Figure 3) for
this signal. Adjust the potentiometer located on the
A section of the G085 Module for the desired value.

B

~ 4—-".‘:’[""‘\

IR R RN RNE I NN]

Y FTERTY PRI BT b
i H g

—_
}

Figure 3: Average Gain Measurement

Slice Adjustment

Procedure

Set oscilloscope trigger to line, time base to 5 ms/cm,
and mode to ADD. Add the two signals together on a 1 V/
cm scale and set center line on the base line (see Figure
4).

Figure 4: Average Slice Measurement

Decrease the time base and read the amplitude of point.
A (see Figure 5). This value is the slice measurement.
Set the slice by adjusting the potentiometer on the B
section of the G085 Module.

//—— A
/

34d

URLLALERRI LR ER2E M
~

Sl Letaiaas

l§—Re ference

Figure 5: Slice Measurement

TIMING TRACK CALIBRATION

If necessary, rewrite timing tracks on the disk surface. Opera-
tion of the RS09-TA Timing Track writer is described in Section
4.0 of this procedure.

Adjust the three timing track read amps for ¢ volts average peak-
to-peak gain and 1.4 volt slice. The locations of the timing
track read amps in the RS11 logic rack are as follows:

ATT - GO85 module in A02-B02;

BTT -~ G085 module in A03-B03;

CTT - G085 module in AQ4-B04.
DATA TRACK GAIN CALIBRATION
NOTE: A method for finding the average track of each matrix is

described below. It is recommended that when performing
this callibration procedure this be done. IHowever, if head

readings have recently been taken or if spot checking reveals
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that head measurements coincide with the readings on the
existing Head Data sheet it is unnecessary to repeat the
readings. 1In which case the average track will already be
indicated and steps 6 and 7 need only be performed.

1. Make sure all AGC jumpers have been removed.

2. Write a 125252 pattern on the entire disk surface using the
RF11 DATA-TEST diagnostic or the new MULTI-DISK diagnostic.

3. Using the STAMP portion of the diagnostic, adjust the lower
track in each matrix (Track O and Track 100) to 6.0 volts
peak-to-peak. The location of the data read amps in the
RS11 logic panel is as follows:

MATRIX 0 - G085 module in A05-B05;:
MATRIX 1 - G085 module in A07-B07.

4. Using the STAMP portion, record the average peak-to-peak volt-
age for each head (0-177) on the Head Data sheet.

5. Find the average track in Matrix 0, that is a track which is
within 10% of the mean peak-to-peak voltage for that matrix
where

Ayax + AMIn
AMEAN =
2

Record this value on the Calibration Record Sheet (FPigure 6).

6. Adjust the gain of the average track to 6 volts peak -to-peak
and the slice to 1.4 volts.

7. Repeat Steps 5 and 6 for Matrix 1.

NOTE: Do not readjust gain during the rest of the calibration

procedure.

8. Take all Head readings and record on the Final Head Data
Sheet. (This will provide a reference for determining head
deteriation.)

2.4 DATA TRACK SLICE CALIBRATION

2.4.1 The Data Track Slice Calibration procedure is repetitive
and has the overall objective of maximizing the signal
region and the Figure of Merit for the disk. The proce-
dure will be described for Matrix U though it can be per-
formed on both matrices simultaneously to save time. Note
that the low failing track found on the first pass will
be considered the reference track. All subsequent slice
voltage readings will be taken from this track. Since
the reference track exhibits the highest "zero" noise
level, do not put an AGC jumper on its shoe; to do so
would increase the "zero" noise level.

To calibrate the Data Track Slice Adjustment, perform the
following steps:

1. Run the MULTI-DISK Program in the Random Pattern, Non-
Save Mcode.

2. Carefuly reduce the Slice voltage on Matrix 0 and find
the one low failing point. Increase Slice slightly
until the program just runs error free. This test
finds the "zero" noise level illustrated above. Record
the number of the track that caused an error on the
Calibration Record Sheet, as the reference track.

3. Stop the Random Mode program and write the pattern
125252 and restart the Stamp Test, selecting the
reference track (i.e., the track found in Step 2 on
the first pass). Record the low slice voltage level
(V).  (On the first pass, also measure and record
the Gain of the reference track.) h

4. Restart MULTI-DISK Prog. Random Non-Save Mode. .
Carefully increase the slice voltage and find the one
high failing point. Reduce slice slightly until
the program just runs error free. This test finds the
"“one" noise level illustrated above.

5. Write 125252 PATTERN and restart the Stamp Test, select-
ing the reference track. Record the high failing track
number and the high slice voltage (Vy).

6. Install an AGC jumper on the shoe containing the high
failing track found in Step 4 and record the jumper
location (see Table 1).
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the previous AGC jumper.

sults in calibrating the RS11.

figures.

Minimum FM = 0.4
Maximum VL = 1.0 volts

the last pass, where:

VF = VH + VL

2

7. Calculate and record the Figure of Merit (FM) and the
Signal Region (A), where:
FM = Vg - Vp,
——
and & = Vg - Vi .
8. Repeat steps 1 through 7 until & is maximized. If A

decreases significantly on a subsequent pass, remove

9. The following figures are the minimum acceptable re-
In actual practice,

a disk with a good surface and well matched shoes will
surpass these figures by a wide margin.
of the calibration procedure is to maximize disk per-
formance, every effort should be made to exceed these

Since the goal

10. When A has been maximized, calculate and record the
final slice voltage setting (Vg) using the data from

ENGINEERING SPECIFICATION

CONTINUATION SHEET

Use Random Patterr (Non-Save

TITLE RF11/RS11 CALIBRATION PROCEDURE
Figure 6: RS1l CALIBRATION SHEET
RS11 SN Disk Type SN DATE

Mode) while making adjustments.
Stamp Test (125252 pattern) while taking Slice Voltage Readings.

Use

Set the slice voltage to Vg on the reference track and
record this valve plus the reference track gain on the

tag attached to the DISK enclosure.

11. Repeat the procedure for Matrix 1.

SIZE |CODE NUMBER REV
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Matrix 0
Average Track # Reference Track Gain volts
Reference Track #
Low Low Slice| High High Slice AGC
Pass Track # | Voltage Track # Voltage FM| A Jumper
vy, Vg
Final Slice Setting Vp = Vg + VvV, _
2
Matrix 1
Average Track #
Reference Track Gain volts
Reference Track #
Low Low Slicel| High High Slice AGC
Pass Track # | Voltage Track # Voltage FM Jumper
VL VH
Final Slice Setting Vp = Vy + VL _
e
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RS11 Calibration Sheet cont.

Minimum FM = 0.4

FM = VH - VL H
VH + VL
A = VH - VL : Minimum A = 1.3 volts

Maximum Vi, = 1.0 volts

Table 1: AGC Jumper Locations
Matrix O Matrix l

shoe No. Pin Gain Gain
XX0 Bl17 M B20 D B20 K
XX1 "B17 N B20 E B20 L
XX2 B17 P B18 D B18 L
XX3 Bl17 R To Matrix O B18 E Bi18 M
XxX4 Bl17 S Gain or Matrix 1 B18 H B18 P
XX5 B17 T Gain B18 J B18 R
XX6 B17 U

XX7 Bl1l7 Vv

NOTE: Track XYZg is where X = matrix (0 or 1),
Y = track on each shoe (0-7),
Z = shoe.

3.0 RF11l CONTROL ADJUSTMENTS

The RF11l Disk Controller consists of only two adjustable delays.
All other delays in the control are preset.
programs do not check delays it may be necessary from time to
time in the process of troubleshooting to verify these delays.
Therefore, for convenience and completeness this procedure will
also describe the method of verification of these delays.

3.1 The following is a procedure for checking and/or adjusting the
two adjustable delays in the control.
and I/0 STR-2Z.

Since the diagnostic

These delays are I/O STR-1

3.2

Step Procedure
1 Load the RF11 STATIC TEST Diagnostic and load address
- 200, start, and then halt.

2 Load address at 370, set bit 11 to a 1 in the Switch
Register and start.

3 Connect osc1lloscope probe to A19F1. Trigger'on A channel

g . w1th p051t1ve trigger slope." I ) :

4 Adjust bottom potentiometer on M302 module 1n location
Cl0 for a 250 ns pulse.

5 Connect oscillioscope probe to A25J2. Trigger on A
channel with positive trigger slope.

6. Adjust upper potentiometer on the M302 module in location

Cl0 for a 300 ns pulse.

Verification of all fixed delays can be made using the RF11l STATIC
TEST Diagnostic. Before selecting the program section specified
it is necessary to start the program at location 200 and Halt.

Set bit 11 in the Switch Register to a 1 to loop 6n the section.

Program Sync + Check
Delay Starting | Channel A | Channel B Limits
Address
ATP Noise 370 D24F2 ——— 1.2 us +20%
Suppressor
ATN Noise 370 D24T2 -— 1.2 us +20%
Suppressor
DR DLY 404 ClSE1l D13T2 5 us +20%
RD DIS 320 B24R2 Ccl1iT2 350 us +20%
PSLER 374 A23F1 A26T2 1.5 us +20%
SEQER 424 B22U1 A26F2 500 us +20%
NEM 440 BO7N1 BO7K1 > 20 us
NPC STR-1 460 BO7R2 _— > 150 ns
SIZE |CODE NUMBER REV
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NPC STR-2 460 BO7M2 -—— 300 ns +20%
MXF 430 B28B1 A27V2 130 ms +20%
NOTE: For verification of MXF Delay, it is necessary to ground

pin A27-Al by placing a jumper from it to A27-C2. To
delete error typeout, set bit 14 in the Switch Register
to 1.

4.0 HOW TO USE THE TIMING TRACK WRITER RSO9TA

RS09 Timing Track Writer Usage

1.

Remove the DC voltage from the RS11l logic. This may be
accomplished by turning the power off at the Power Control
Unit. The AC power to the disk unit and purge unit must
remain on.

Remove theé timing track cable from.the RS11l unit. The cable

is located in SLOT Al of each RS1l.

Remove the cover from the RS09 Timing Track Writer and remove
the DC wiring cable from the box. The DC wiring cable con-
tains four wires with HEYCO Tab connectors on the ends. The
wires are:
a. Yellow +20 volts
b. Red +10 volts
c. Blue -15 volts
d. Black GND

Mount the Timing Track Writer box in the cabinet via the
holding pins on the rear of the tester box. These pins
should slide into the pre-punched holes in the cabinet frame
directly above the RS11l logic. Insert the DC power cable for
the Timing Track Writer between the disk unit and the disk
logic. The cable will plug into the DC power bus on the rear
of the RS1l's disk chassis. Insert the individual wires

into the proper voltages as indicated on the rear of the RS1l1
chassis. All wires and tabs are color coded for easy
identification.

Insert the Timing Track cable from the disk into the slot
provided in the front of the tester. NOTE: This cable is a

10.

11.

NOTE:

This test is performed on the A timing track only.
lation is the result of variations in the properties of the
surface around the disk.
cedure:

dual connector and may be plugged in on either side.

Turn power on. DC power should now be applied to the RS11
logic as well as the tester.

Select the switch setting for the proper disk motor speed, i.e.,
RF11 50 or 60 cycles.

Complete steps 7 through 9 as quickly as possible after
turning the WRITE VOLTAGE switch ON. Failure to do so

will damage the head center tap resistors which are inside
the disk enclosure.

Set the write voltage enable switch on the front panel to the
on position. The red indicator light should come on.

Press the write button under the selector switch to begin the
actual writing. The Timing Track Writer will automatically
recycle if the gap is not correct and will indicate this via a
flashing INC (increase) or DEC (decrease) light. Slowly
turning the knob in the direction indicated by these lights
will result in a properly written Timing Track and be indi-
cated via the OK light. Push the WRITE button once more with-
out adjusting the knob. The OK light should come on without
flashing either the INC or DEC lights. Minor adjustment may
be necessary in order for this requirement to be met.

Set the write voltage switch to off.
Turn DC power off and remove the DC power lines from the

tester to the RS1l., Timing tracks should now be properly
recorded.

Plug the Timing Track cable from the disk enclosure back into
slot A0l of the RS11 Logic Panel.

5.0 SURFACE MODULATION MEASUREMENT

Surface modu-

It is measured using the following pro-
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6.0

Step Procedure
1 Connect a calibrated oscilloscope probe to pin AO02T of the
RS11 (A timing track read amplifier).

2 Connect the oscilloscope ground strap to AO02cC.

3 Place the oscilloscope setting on dc, trigger on LINE, and
time base to 5 ms/cm.

4 Measure Vihax PP and Vmin pp, as shown in Figure 7.

Surface modulation =

Vmax PP = Vpin PP

Vmax PP * Vpin PP

x 100

Surface modulation should be less then 20%.

T Y~

T T " MAX

i hane w = S0 S ;#%Hﬂ#%“P

T -

Figure 7: Surface Modulation

MULTI-DISK PROGRAM DESCRIPTION

ﬁulti disk was designed to insure the user that the disk system is
capable of transferring data correctly while not destroying the
users programs on the disk surface. The program first reads from
the disk. The length of the transfer is determined by the size of
memory. If an error occurs while reading, the program will make
up to three attempts at reading the data. If the program suc-
cessfully reads from the disk within the three attempts, it will
then generate a random buffer, write it on the disk, and read

it back and verify it. After comparing the data, the program
then writes the original data back on the disk, making up to
three attempts to transfer if an error is encountered, before

TITLE RF11/RS11 CALIBRATION PROCEDURE

SIZE |CODE NUMBER REV

sp_|RF11-0-38

DEC FORM NO DEC 16—(381)—1022—N370

DRA 108
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halting. If the data was successfully'franSferred, the program
will go to the next disk buffer until the complete disk system
is exercised.

NOTE: Each write is followed by a write check.

The use of Multi-Disk for the calibration procedure takes advantage
of it's ability to generate random patterns.

CONTROL SWITCH SETTINGS
To facilitate the calibration procedure the use of operational
switch settings have been incorporated in the original Multi-

Disk program. This new Multi-Disk is MAINDEC-11-DZRFA.

The following switches are used:

SR15 Set Enter non-restore mode.
Reset Save and restore disk information while testing
e random patterns.
SR14 Set Ring bell on error.
Reset Report errors on teletype.
SR13 Set Omit random data pattern and operate with fixed
pattern (125252),
Reset Select random data.
SR12 Set Select disk from SR9 through SR7.
Reset Sequence through Disks.
SR11 Set Select Matrix from SR6.
Reset Exercise both Matrixes.
SR10 Set Select track number from SR5 through SRO.
Reset Sequence through tracks.
STAMP TEST

The Stamp Test portion of Multi-Disk allows the operator to stati-
cally select any trsck on any disk. This enables the user to
read gain and slice information for that particular head. The
starting address is location 210 and the following switches are
functional:
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14 90-8£51] MOUNTING HBARDWARE 1
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|
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This dfawing and specifications, herein, are the prop-
ety of Digital Equipment Corporation and shall not be
or copied or usad in whole or in part as

basis for the manufacture or sale of items without |

written permission. .
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