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B 9499-6 Disk Drive Electronic Controller, Vol. 1: Operation and Maintenance 

INTRODUCTION 

This Field Engineering Technical Manual 
is prepared in a revised format as follows: 

1) Volume 1, Operation and Maintenance 
2) Volume 2, Illustrated Parts 
3) Volume 3, Theory of Operation 

The division of the manual into volumes 
provides a more complete concentration of 
the subject matter with respect to machine 
maintenance and theory. 

Correspondence regarding this manual 
should be directed to: 

Manager, Hardware Support - TIO 
Winnipeg 

ited 
Burroughs Business Machines Lim-

51 Burmac Road 
PO Box 861 
Winnipeg, Manitoba 
Canada, R3C - 2P7 

v 



B 9499-6 Disk Drive Electronic Controller, Vol. I: Operation and Maintenance 

SECTION 1 
FUNCTION AND OPERATION 

GENERAL DESCRIPTION 

Disk Drive Electronic Controller 
The B 9499-6 Disk Drive Electronic Controller 

Figure 1-1. Disk Drive Electronic Controller 

2011342 

(DDEC) interfaces one B 1700 or B 1800 Series com
puter to a maximum of 8 disk drives . The disk drives 
may be any mix of B 9484-2, -5 or B 9494-4 drives 
(205, 206, or 207) . 

ii iii 
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Subsystem 
The DDEC receives commands from the Disk 

Pack Control (D.P.C.) in the central .system, and in" 
terfaces with the required drive in order to complete 
the command. A typical command from the D.P.C. 
might be: 

Read on unit 5 starting at sector 472824. 
The following is the function of DDEC: 
1) Select the required unit. 
2) Decode the sector address into cylinder, Head 

and sector address for the type of drive. 
3) Issue a seek command if necessary. 
4) Read the addresses on the track until the re

quired address is.· read. 
5) Read the data into the DDEC, convert it from 

serial to parallel and transfer to the D.P.C. 16 
bits at a time. 

6) At the conclusion of the operation, report a re
sult descriptor to the D.P.C. informing it of any 
errors detected during the operation. 

NOTE 
This is an over-simplified explanation 
intended to illustrate the operation in 
general terms. Actual operating details 
may be obtained in Volume 3, Theory 
of Operation. 

In addition to reading, the DDEC performs other 
operations such as write, initialize, verify, relocate, 
read maintenance, and read Extended Result De
scriptor. The intention of this volume is not to ex
plain each of these operations. Volume 3 explains 
each in detail. 

Error Detection 

Error protection code (firecode) for every sector 
on disk enables the DDEC to detect tead errors and 

1-2 

to inform the system. The system retries a read op
eration if a read error occurs. Software attempts cor
rection of a read error. 

The DDEC can do error correction on a B 9494-
4 (207) disk drive. It does error correction on a sin
gle sector basis when asked by the processor. 

Local Operation 

On line operations are simulated by a field engi
neer using the DDEC maintenance panel. Mainte
nance logic throughout the DDEC allows all 
operations to be run in local mode for troubleshoot
ing both the drive and the DDEC. 

Operator Controls 

The front operator panel has two push button 
switches. The switch on the left is the POWER 
switch. Pressing it puts the DDEC on or off. The 
switch on the right is the REMOTE switch. Pressing 
it puts the DDEC online to the processor or offline 
for local operation. 

Note that the DDEC has a Power Reset Timer. 
For 25 seconds after pressing the power switch to 
the on state, the DDEC is not able to perform any 
operations either online or offline. 

A circuit breaker CB3 provides power to the 
DDEC logic power supply. Remove the DDEC front 
panel to find the circuit breaker on the Power Sup
ply. It must be in the up position for the DDEC to 
operate. Two circuit breakers CB 1 and CB2 provide 
power to the disk drives. Remove the DDEC rear 
panel to find CB I and CB2 on the power supply. 
They must be in the up position for the drives to op
erate. 
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SECTION 2 
INSTALLATION 

SITE REQUIREMENTS 

Floor Space 

Width 

Depth (including maintenance 
clearance) 

Height 

Inches 

22 

102 

44 

CM 

54 

257 

112 

Normally the DDEC is bolted to one disk drive or 
between two drives. 

Power 
Input power is wired directly by an electrician. 

The wiring must enter the DDEC through the hole 
in the frame base at the right side. The DDEC can 
be powered by 60 Hz or 50 Hz power, either phase 
to phase or phase to neutral. Input voltage must be 
208 to 240 volts AC. Many alternatives are given in 
this section under the title Power Conversions. Note 
that if the DDEC is wired to a single phase either 
line to line or line to neutral, a 1 x 4 Configuration 
is the maximum. 

The DDEC provides power to the disk drives. 
Since the drives can be a mixture of B 9484-5 (206) 
and B 9494 - 4 (207), total power requirements for 
the subsystem can vary. Table 2-1 gives combina
tions of frequency and voltage and the drive and 
DDEC power requirements for each. Use Table 2-1 
to calculate the total subsystem power requirement. 

Cable Length 
Four cable kits are available for the disk subsys

tem using the 206/DDEC 

Cable Kits 
Part Number 

UO Cable 12 Ft. 
UO Cable 14 Ft. 
NC GND 2 Ft. 
NC GND 3 Ft. 
DC Logic 

GND 3 Ft. 
DC Logic 

GND 4.5 Ft. 

Environment 

Operating 

lx2 
2781 0050 

2 

1 x 4 1 x 6 
2781 0068 2783 3680 

2 
l 
2 

2 4 

2 2 

Temperature - 60 to 100 degrees F. 
- 16 to 38 degrees C. 

Relative humidity 10 to 90 percent. 
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1 x 8 
2783 3698 

2 
2 
2 

4 

4 

Shipping and storage 
Temperature - 50 to 160 degrees F. 

- 45 to 71 degrees C. 
Relative humidity up to 95 percent 

Unpacking Instructions 
The DDEC is shipped from the factory in a crate. 

The crate is a pallet, cushion supports for the 
DDEC, tri-wall card board top and four sided box. 
The DDEC is in a polyethylene bag. Styrofoam edge 
guards are put between the DDEC and the crate. 
The pallet, sides and top are held together with two 
straps. 

To remove the DDEC from the packing crate: 
1) Remove the two straps holding all together. 
2) Remove the cardboard top. 
3) Remove the edge guards from inside the crate. 
4) Lift the cardboard box from the DDEC. 
5) Remove the polyethylene bag from the D DEC. 
6) Lift the DDEC from the pallet. At least two 

people are required to lift the DDEC safely. 

DDEC Installation 
After uncrating the DDEC, place it in 

approximately the position where it is finally to be 
installed. Before any drives are placed beside it, 
some check-out and cabling must be done. 

Preinstallation Checkout 
The following checks must be made with no power 

applied to the DDEC 
1) Remove the front, rear, and side panels from 

the DDEC 
2) At the rear of the DDEC remove the tape 

which holds the circuit cards in the card cage. 
3) Press each circuit card to be sure it is fully in

serted into the backplane. 
4) On the power supply on the base of the 

cabinet, remove the six bolts which hold the 
power supply cover to the sides. 

5) Inspect the power supply for shipping damage 
including loose wires, scraped wires or loose 
components. 

6) On the outside of the power supply, at the right 
rear side locate the AC/DC ground shorting 
jumper wire. Remove the nut securing one end 
of this wire and pull that end from it s stud. 

7) Using a VOM or DVM rneasure the resistance 
between. the frame and the DC ground stud on 
the backplane. The DC ground stud is on the 
right side of the backplane when facing the 
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wired side. The resistance should be greater 
than one megohm. 

8) Replace . the shorting jumper wire removed in 
step 6. 

9) Remove the AC cover on the right side of the 
power supply. 

10) Switch CB3 to the down (off) position. CB3 is 
located on the front cover of the power sup
ply. 

11) Using a VOM or DVM measure the resistance 
between TB 1 terminals 1, 2, 3 and 4. All com
bil).ations must measure greater than one me
gohm. 

12) Switch CB3 to the up (on) position. The resis
tance between TBl-1 and TBl-2 must be low 
but is greater than 0,6 ohm. Switch CB3 to the 
down (off) position. 

13) Replace the power supply top cover. 

Table 2-1. Subsystem Power Requirements 

START WORST 
UNIT FREQ. VOLTAGE CURRENT A CASE A VA BTU/HR KCAL/HR 

89284-2/5 60HZ 208v 21.0 
205/206 240 24.2 
DUAL 50 200 22.6 
DRIVE 220 25.0 

230 23.2 
240 27.2 

89494-2 60 208 
(SINGLE 
SPINDLE 240 
207 
DRIVE) 50 200 

220 
230 
240 

B9494-4 60 208 
(DUAL 
SPINDLE 240 
207 
DRIVE) 50 200 

220 
230 
240 

B9499-6 60 208 N/A 
206/7 
DDEC 240 N/A 

50 200 N/A 
220 N/A 
230 N/A 
240 N/A 

AC Power Input 
Power input cables must be installed by an electri

cian. The field engineer must determine the specifi
cations of the available power. If the available power 
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7.0 1455 3975 1000 
8.0 1920 5240 1340 
7.5 1500 4090 1030 
8.2 1804 4930 1242 
7.7 1770 4840 1218 
9.0 2160 5900 1488 

8.5 1768 4820 1214 

7.0 1680 4590 1158 

8.0 1600 4360 1100 
7.8 1730 4720 1190 
7.5 1725 4710 1188 
6.6 1585 4320 1090 

2.1 436 1190 300 

1.9 456 1245 314 
2.4 480 1310 330 
2.2 484 1321 333 
2.2 506 1380 348 
2.1 504 1375 350 

is not the same as the required power as stamped on 
the machine label, some change must be made to the 
DDEC. See the changes below the heading Power 
Conversions in this section. 
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The following procedure is to be used to connect 
the AC input lines to the DDEC 

I) Remove the AC cover from the right side of the 
power supply. 

2) The hole-piece through which the input cable 
passes to TB I is designed for conduit pipe to 
be clamped. The conduit must pass up through 
the hole in the DDEC base, then tum 90 degrees 
to be clamped at the hole-piece beside TBl 

3) If the normal 3 phase, neutral, and ground in
put wires are provided, connect. 

Phase A 
Phase B 
Phase C 
Neutral 
Ground 

to 
to 
to 
to 
to 

TBI - I 
TBI - 2 
TBI - 3 
TBI - 4 
E7 (stud under and to the left of TB I) 

4) Replace the AC cover. 
Verify that the transformer tap chosen on the 

DDEC power supply at TB3 is rated the same as the 
input voltage. The method for making changes is un
der the heading Voltage Tap Conversion in this sec
tion. 

DDEC to D.P.C. Cabling 
The interface between the DDEC and the D.P.C. 

in the processor is a 25-wire coaxial cable. Before 
positioning drives beside the DDEC install the pro
cessor interface cable. Pass the cable up through the 
hole in the base of the DDEC cabinet and bring it 
to the rear of the card cage. Attach it to circuit card 
16 (third card from left in the lower row of cards). 
The processor end must connect to the D.P.C. at the 
1/0 connector panel. 

Subsystem Installation 
Before proceeding with these installation steps be 

sure that all AC input wiring to the DDEC has been 
done, that the necessary conversions have been 
made to the DDEC power wiring, and that the pro
cessor interface cable has been installed in the 
DDEC 

Cabinet Bolting Procedure 
The disk drives are shipped each with a set of 

brackets to bolt it to the drive or DDEC next to it. 
Install the bolting hardware using the procedure 
which follows, position the drives beside the DDEC 
and level all cabinets, and then complete the wiring 
for the subsystem. 

1) Remove all panels from all cabinets. 
2) Sort front and rear bolting brackets. In a set 

there are two long brackets painted black for 
the cabinet front members. There are two small 
brackets which are cadmium plated. They are 
for the cabinet rear members. 

3) Move the cabinets near to their final positions 
but leave one or two feet between them. 
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4) Mount left-hand and right hand front brackets 
to adjacent vertical frame members at the front 
of the cabinets. Each is secured with four 8-32 
screws with lock washers and flat washers. Do 
not tighten the mounting hardware until align
ment has been done. 

5) Mount left-hand and right-hand rear brackets to 
adjacent vertical frame members at the rear of 
the cabinets. Each is secured with two 8-32 
screws with lock washers and flat washers. Do 
not tighten the mounting hardware until align
ment has been done. 

6) Move the first drive into it's final position be
side the DDEC 

7) On the cabinets just aligned, move the front 
bracket which has slotted mating holes so that 
it is flush with the front of the frame and tight
en it's mounting screws. Move the adjacent 
bracket with tapped holes so that it is behind 
the bracket on the other cabinet. Tighten the 
mounting hardware. 

NOTE 
Step 7 requires sliding the cabinets 
apart and back together several times 
to place the brackets correctly. Re
member that the bracket with slotted 
holes must finally overlap the bracket 
with tapped holes when the cabinets 
are brought together. This permits the 
screws which hold the brackets togeth
er to be installed and tightened from 
the outside of the cabinet. 

8) Repeat step 7 for the rear brackets. 
9) Follow the above procedure for all cabinets. Fi

nally move all cabinets to their positions with 
front and rear brackets overlapping correctly. 

10) Level the cabinets and align their top panels 
by lowering and adjusting the four levelling 
jacks in each cabinet. 

11) Install two 8-32 screws, lock-washers and flat 
washers in each set of front brackets and one 
screw and washer in each set of rear brackets. 

Cabling 
For B 9495-5 (206) disk drives a cable trough is 

formed along the rear of the cabinets. All intercon
necting cables are laid in the J member brackets be
hind the rear frame uprights on each drive. This per
mits the rear covers to be installed on the drives and 
DDEC with no cable interference. 

For B 9494-4 (207) disk drives a cable trough is 
formed along the top of the cabinets. Remove the 
top covers of the drives and lay interconnecting ca
bles in the trough. To reach the DDEC the cables 
pass down the cable trough on the side of the drive 
closest to the DDEC More cabling information is 
found in the installation sectiOn of the drive techni
cal manual. 

2-3 
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Power Distribution 
The disk drives in the subsystem are powered 

from the four receptacles at the rear of the DDEC 
power supply. Before proceeding, place all circuit 
breakers in the off position. 

Lay the drive power cables in the cable trough 
and insert the plug for each in one receptacle at the 
rear of the DDEC Store excess cable at the drive. 

AC 
0 

1/0 CABLE CIRCUIT 
..,...----------....-----CARD 

140R 15 

DDEC 

Grounding 
Ground cables come as part of the cable kits. 

They are green. The heavy gauge cables are AC 
ground cables. .The lighter gauge cables are DC 
ground cables. 

The installation section of the drive technical man
uals has .information about ground interconnection 
which is useful. 

CIRCUIT 1/0 CABLE 
CARD---......---------

140R 15 

AC 

B9484-5 
(206) 

DC 

DC 
B9484-5 

(206) 
D.C.COMMON 

B9494-2 
(207) 
DUAL 

B9494-2 
(207) 
DUAL 

Figure 2~ 1. Cabling Configuration Example 

Figure 2-1 gives an example of a 1 x 8 mixed sub
system with four B 9494-4 (207) drives and four 
B 9484-5 (206) drives. The AC and DC ground cables 
are shown in figure 2-1. 

The following rules apply to ground cables in the 
subsystem: 

1) Link all the machines in a daisy c.hain between 
AC ground connections. 

2) Each DC ground in the drives must be joined 
with a separate wire to the DC common termi
nal block at the rear of the DDEC power sup
ply. The common ground point where AC 
ground and DC ground are joined is the DDEC 
The B 9494-4 (207) drive has only one DC 
ground for both. drives since the DC power sup
ply is common. The B 9484-5 (206) has a 
separate DC ground for each spindle. 

3) Route all ground wires in the cable trough. 

AC - DC Ground Jumper 
The DDEC provides a common connection for AC 

and DC ground. The DDEC is shipped with AC 
ground and DC ground joined by a jumper wire. 

If isolation is required between AC ground and 
DC ground remove the jumper wire. It is located on 
the right side of the power supply, atthe rear of the 
DDEC. It joins the two· terminals labelled E2 (DC 
ground) and E6 (AC ground). 

DDEC/DPD Cables 
The drive interface coaxial cable is provided in the 

cable kit. One cable is required for four spindles 
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(two drives). For units 0, 1, 2 and 3 connect one in
terface cable to circuit card 14. For units 4, 5, 6 and 
7 connect one interface cable to circuit card 15. 

Lay the drive interface cables along the bases at 
the rear of the 206 drives and along the cabl~ 
troughs on top of the 207 drives (top cover re'
moved). Connect the interface plugs to the drive re
ceptacles. The plugs are marked I to 4 correspond
ing to spindle address 0 to 3 and 4 to 7. 

See figure 2·1 for an example of cabling. Also see 
the installation section of the drive technical manuals 
for more cabling information, 

·Configuration Switches 
Document 07.03.01 in the. T and F Document 

package shows two sets of switches which designate 
to the DDEC the subsystem configuration. 

Drive Present Switch 
This is located on circuit card 04. It is a set of 

eight switches in a dual-in-line package at location 
B4 on the card. Figure 2-2 shows which switch cor
responds to each drive unit. The on position desig
nates that unit present. Set · these switches to indi
cate the same drive units present as the jumper chip 
in the DPC indicates. 
Drive Type Switch 

This is located on circuit card 03 at location Dl. 
In the on position, the switch designates the unit a 
B 9494-4 (207) type drive. In the off position, the 
switch designates the unit a B 9484~2/5 (205/206) type 
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PIN 1 HERE 

DRIVE PRESENT\ DRIVE TYPE 
SWITCH SWITCH 

UNIT 7 
FF ON __,.. 4-UNITO 

UNIT6 __,.. ._UNIT 1 

UNIT5 __,.. 4-UNIT2 

UNIT4 __,.. ._UNIT3 

UNIT3 __,.. .-UNIT4 

UNIT2 --+ .-UNIT5 

UNIT 1 --+ 4--UNIT6 

UNITO --+ UNIT7 

OFF ON 

Figure 2-2 Configuration Switch 

drive. These switches must be correct for the DDEC 
to communicate with the drive. Tl]f: unit type jump
ers in the DPC must correspond also. See the 
jumper chip instructions for the disk pack control in 
the processor. 

Power Conversions 
The DDEC is shipped from the factory wired for 

one of the following configurations: 
1) 60 Hz, 3 phase, line to line voltage of 208 to 

240 volts. 
2) 50 Hz 3 phase, line to line voltage of 208 to 240 

volts. 
The field engineer must check which transformer 

primary tap is used at TB3 on the power supply. If 
the tap used is different from the input voltage avail
able, change the connection at TB3. See Voltage 
Tap Conversion in this section. 

The DDEC label is attached to the base of the ma
chine, behind the front panel. It gives the configura
tion for which the DDEC is wired. If there is any 
difference between that configuation and the power 
available, one or more of the following deviations 
must be made. 

1) 50 to 60 Hz Conversion 
2) 60 to 50 Hz Conversion 
3) Single Phase Conversion 
4) Phase to Neutral Conversion 
5) Voltage Tap Conversion 

50 to 60 Hz Conversion 
1) In 50 to 60 Hz conversion kit check that the 

transformer supplied bears part number 2783 
6683. 
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2) Ensure that all AC power is removed from 
DDEC by first disconnecting any known power 
source. 

3) Remove all side panels by loosening the two 
clamps at the bottom of the frame below each 
panel with a 7/16 inch open end wrench, then 
raising each panel and pulling it away from the 
frame at the top end. 

4) Remove the AC cover on the right side of the 
power supply with a flat screwdriver applied to 
its four screws. With an AC voltmeter measure 
between all terminals of TB 1. There should be 
no voltage indicated. 

5). Remove the six screws securing the top cover 
of the ppwer supply using a flat screwdriver. 
Slide the top cover forward and out of the ma
chine. 

6) Remove the four screws securing the front cov
er of the power supply. Allow the front cover 
to rest loosely away from the power supply. 

7) Unplug J7 and P7 and remove P7 from the front 
panel with a flat screwdriver used to compress 
the springs holding it to the sheet metal. 

8) On the printed circuit board on the top of the 
power supply module, remove the screw 
holding the white wire to the board in the front, 
left corner, marked TB4, 5V out (left terminal). 

9) In the same location as step 8, remove the 
screw holding two black wires to the board, 
marked + 5VRTN (right terminal). 

10) At TB3 in the lower, front right corner of the 
power supply module, remove the screw 
holding the green/yellow wire to the separate 
terminal screw with a ground sign _L_ 

(above TB3). 
11) At TB3 remove all wires from the terminal 

screws. 
12) Remove the two screws securing the front of 

the power supply module to the base of the 
DDEC using a long flat screwdriver. 

13) Loosen but do not remove the corresponding 
two screws securing the rear of the power 
supply module. 

14) Grasping the power supply module by its built 
in handles on the front, pull it slightly forward 
then tip it up and lift it from the power supply 
and place it on a table. 

15) Unplug the three secondary output wires of 
the transformer from the top of the printed cir
cuit board. These wires are brown, brown and 
purple and are plugged onto terminals marked 
F, B, and A. (it does not matter which brown 
wire goes to F or which goes to B). 

16) Using a flat screwdriver remove the three 
screws holding the two red wires and one blue 
wire to terminals marked C, E, and D on the 
top of the circuit board. (it does not matter 
which red wire goes to C, or which goes to 
E). 
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17) Remove the two large screws and fQilr wash
ers holdingC103 and the· two screws and four 
washers holding CJ02 (bot}) are marked).to the 
printed circuit 'Board' on tdp of the power sup-
ply. ' ; . ' ' 

18) Using a Phillips screwdriver remove the seven 
screws around the edge .of the Circuit board 
then raise the board from the metal frame and 
set it on one side. At this· time note the part 
number stamped on the 50 Hz transformer. It 
should be 2783 7244. · · 

19) At the inside of TB3 described in step 10, unp
lug the blue wire from the terminal marked 
com (far right).·. Unplug. the· black wire ·from 
the terminal marked 200V (second from right). 
Unplug the orange wrie from the terminal 
marked 220V (third from right). Unplug the 
yellow wire from the terminal marked 230V 
(fourth from r,ight), Unplug the red wire from 
the terminal marked 240V {fifth from right). 

20) At the rear base of the power supply module, 
remove the rubber cap covering the end of 

.· C101) Unplug .the two white wires from the 
terminals of ClOl, (it does not matter which 
white wire goes to which terminal). · 

21) Unbolt t)le transformwer from the base by re
moving the four nuts using a 7/16 inch nut 
driver. Lift the transformer fro·ni the power 
supply. 

22) From the. 50Hz - 60Hz conversion kit take the 
transformer and. ensure. the part number 
stamped on it is 2783 6683. If correct, bolt it 
to the base of the power supply module using 
the four nuts removed in step 21) Place the 
transformer so that the side with wires is on 

· the inside of the power supply. · 
23) Remove the. label above TB3 indicating a 

50Hz power supply and replace with tqe 60Hz 
from the kit with new voltage assignments for 
the terminals. . · 

24) Remove the label showing the part number of 
the power supply module as 2782 3789 and re
place it with the . new table from the conver
sion kit with pa,rt number 2783 7872. 

25) Plug the blue wire from the transformer which 
has a plug end into the rear of T,83 at the ter
minal marked common (far right) .. Plug. the 
black wire onto TB3 terminal. marked 208V 
(second from right). Plug the.orange wire onto 
TB3 terminal marked 240V (third from right). 

26) Plug the two. white wires on to each ·terminal 
of C 101 at the left rear base of the power sup
ply. Replace the rubber cap on ClOl) (It does 
not matter whicp white wire goes to which ter-

' minal. ' ' . ' .' ' ' '' . ' 
27) Replace the circ\lit board on the metal frame, 

taking care ·'to·' hold tbe remaining transformer 
wires so that they curl' around the front of the 
board to its top without pinching them be-
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tween any components. Secure the board to 
)he metal with the seven Phillips . screws re-
moved in step 18. ' 

28) Plug one brown wir.e from the transformer on
. · · to the circuit board terminal marked F at the 

. center front of the board. Plug the other brown 
wire onto . the board terminal marked B. It 
does not matter which brown wire. goes to ter
minal F and which goes to. terminal B or 
which red wire goes to terminal C and which 
goes to tenninal E. Plug the purple wire onto 
the board ·terminal marked A. Using the 
screws removed in. step 16, fasten one red 
wire from the .transformer to the board termi
nal marked C, the other red wire to the board 
terminal marked E, and the blue wire to the 
board terminal marked D. 

29) Secure the two capacitors C102 and C103 to 
the circuit board using the two screws for 
each removed in step 17. 

3P) Reinstall the power supply module in the base 
of the DDEC by setting it forward of its final 
position, and· then sliding it to the rear to 
engage the two screws securing it to the base 
at the rear. Refit two screws at front and tight-
en all four screws. . 

31) Connect the white wire to the TB4 terminal 
marked, 5 Volt (left terminal) in the left front 
corner of the circuit board using the screw re-
moved in step 8. · · 

32) Connect the two black wire~ to TB4 .termin;:il 
marked 5VRTN (right terminal) using the 
screws removed in step 9. 

33) Connect the green/yellow ground wire to the 
TB3 terminal marked with the ground ·sign 
-1- above TB3 using the screw rernoved in 
step 10. 

34) At TBJ .in the lower front right corner of the 
'power·supply module, connect one white AC 
input wire, alOrig with the white wire from 
each of the two sheathed fan harness cables 
all to TB3 terminal marked com (far righiter
minal) .. The other white AC input wire along 
with the black wire from each· of the. sheathed 
fan harness cables should be connected to the 
appropriate terminal of TB3 depending on the 
voltage source. Determine from the electridan 
what voltage the source is before connecting 
these wires. The second from right terminal is 
for 208V inpuL The third from right terminal 
is for 240V inpui. It does not matter which 
white AC input wire goes to com, and which 
goes to the voltage input terminal. 

35) Mark in ink the power conversion label 2783 
7608 with the correct voltage;· frequen~y and 
phase information, and attac,h this adjacent to 
the machine nameplate label at' the rear. 

36) With circu:it breaker CB3 on front ~over pow
er supply turned off, apply AC power source 



B 9499-6 Disk Drive Electronic Controller, Vol. 1: Operation and Maintenance 

to the machine. With an AC voltmeter meas
ure the voltage between TB3- l and the other 
terminal of TB3 connected in step 34. Be sure 
that the terminals used on TB3 in step 34 cor
respond to the voltage measured here. Change 
the terminal used in step 34 if necessary, being 
sure AC source is disconnected before making 
changes. 

37) Using the four screws removed in step 6, fa
sten the front cover power supply to the rear 
cover power supply. 

38) Using the six screws removed in step 5, fasten 
the top cover power supply to the rear cover 
power supply. 

39) Refit the AC cover over TBl and secure with 
the four screws removed in step 4. 

40) Turn CB3 and check that all fans. operate. 
41) Refit all side panels to the DDEC by engaging 

them in the two holes at the top, then tighten
ing the two clamps in the frame below each 
panel. 

60 to 50 Hz Conversion 

I) In 60 to 50 Hz conversion kit chec.k that the 
transformer supplied bears part number 2783 
7244. 

2) Ensure that all AC power is removed from 
DDEC by first disconnecting any known power 
source. 

3) Remove all side panels by loosening the two 
clamps at the bottom of the frame below each 
panel with a 7/16 inch open end wrench, then 
raising each panel and pulling it away from the 
frame at the top end. 

4) Remove the AC cover on the right side of the 
power supply with a flat screwdriver applied to 
its four screws. With an AC voltmeter mea.sure 
between all terminals of TB I) There should be 
no voltage indicated. 

5) Remove the six screws securing the top cover 
of the power supply using a flat screwdriver. 
Slide the top cover forward and out the ma
chine. 

6) Remove the four screws securing the front cov
er of the power supply. Allow the front cover 
to rest loosely away from the power supply. 

7) Unplug J7 from P7 and remove P7 from the 
front panel with a flat screwdriver used to com
press the springs holding it to the sheet metal. 

8) On the printed circuit board on the top of the 
power supply module, remove the screw 
holding the white wire to the board in the front, 
left corner, marked TB4, 5V out (left terminal). 

9) In the same location as step 8, remove the 
screw holding two black wires to the board, 
marked + 5VRTN (right terminal). 

IO) At TB3 in the lower, front right corner of the 
power supply module, remove the screw 
holding the green/yellow wfre to the separate 
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terminal screw with a ground sign -=
(above TB3). 

11) At TB3 remove all wires from the terminal 
screws. 

12) Remove the two screws securing the front of 
the power supply module to the base of the 
DDEC using a long flat screwdriver. 

13) Loosen but do not remove the corresponding 
two screws securing the rear of the power 
supply module. 

14) Grasping the power supply module by its built 
in handles on the front, pull it slightly forward 
then tip it up and lift it from the power supply 
and place it on a table. 

15) Unplug the three secondary output wires of 
the transformer from the top of the printed cir
cuit board. These wires are brown, brown and 
purple and are plugged onto terminals marked 
F, B, and A. It does not matter which brown 
wire goes to F, or which goes to B. 

16) Using a flat screwdriver remove the three 
screws holding the two red wires 'lnd one blue 
wire to terminals marked C, E, and D on the 
top of the circuit board. (it does not matter 
which red wire goes to C or which goes to E). 

17) Remove the two large screws and four wash
ers board on top of the power supply. 

18) Using a Phillips screwdriver remove the seven 
screws around the edge of the circuit board 
then raise the board from the metal frame and 
set it to one side. At this time note the part 
number stamped on the 60Hz transformer. It 
should be 2783 6683. 

19) At the inside of TB3 described in step IO, unp
lug the blue wire from the terminal marked 
com (far right). Unplug the black wire from 
the terminal wire from the terminal marked 
240V (third from right). 

20) At the rear base of the power supply module, 
remove the rubber cap covering the end of 
ClOI) Unplug the two white wires from the 
terminals of C IOl, (it does not matter which 
white wire goes to which terminal). 

21) Unbolt the transformer from the base by re
moving the four nuts using a 7/16 inch nut 
driver. Lift the transformer from the power 
supply. 

22) From the 60Hz - 50Hz conversion kit take the 
transformer and ensure the part number 
stamped on it is 2783 7244. If correct bolt it 
to the base of the power supply module using 
the four nuts removed in step 21) Place the 
transformer so that the side with wires is on 
the inside of the power supply. 

23) Remove the label above TB3 indicating a 
60Hz power supply and replace with the 50Hz 
label from the kit with new voltage assign
ments for the terminals. 

24) Remove the label showing the part number of 
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the power supply module as 2783 7872 and re
place it with the new label from the conver
sion kit with. part number 2783 3789. ·. 

25) Plug the blue wire from the transformer which 
· has a plug end into the rear of '.fB3 at the ter
minal marked common (far right). Plug the 
black wire onto TB~ terminal marked 200V 
(second from .right), Plug the orange wire onto 
TB3 -terminal marked 220V (third from right). 
Plug the yellow wire onto TB3 tel'Illinal 
marked 230V (fourth from right). Plug the red 
wire onto TB3 terminal marked 240V (fifth 
from right). · 

26) Plug the two white wires on to. each terminal 
of ClOl at the left rear base of the power sup
ply. Replace the rubber cap on ClOl) (It does 
not matter which white wire goes to which ter
minal). 

27) Replace the circuit board o·n the metal frame, 
taking care to hold the remaining transformer 
wires so that they curl around the front of the 
board to its. top· without . pjnching . them be
tween any components. Secure the board to 
the metal with the seven. Phillips screws re-
moved in step 18. · 

28) Plug one brown wire from the fransformer on
to the circuit board terminal marke4 F at the 
center front of the board. Plug the other 
brown wire onto the board terminal marked 
B. It does not matter which brown wire goes 
to. terminal C _and which goes to terminal E. 
Plug the purple wire onto the board terminal 
marked A. Using the screws removed in step 
16, fasten one red. wire from the transformer 
to the board terminal marked C, the other red 
wire to the board terminal marked E, and the 
blue wire to the board terminal.marked .D. 

29) Secure the two capacitors C102 .and C103 to 
the circuit board using the two screws for 
each removed in step 17. 

30) Reinstall the power supply module in the base 
of the DDEC by setting it forward ()f its final 
position then sliding it to the rear to engage 
the two screws securing ·it· to the b.ase at the 
reaL Refit 2 screws at front and tighten all 
four screws. 

31) Connect the white wire to the TB4 terminal 
marked 5V. out (left terminal)jn the left front 
corner of tJ:ie circuit board using the screw re
moved in step 8. 

32) Connect the .two black wires to TB4 terminal 
marked 5V~TN (right terminal) using the 
screw removed in .step 9. 

33) Connect the green/yellow ground wire to tJ:ie 
terminal marked with the ground sign ~ 
a"ove TB3 . using the screw removed in step 
10. 

34) At TB3 in the lower. front right comer of the 
power supply module, connect one white AC 
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input wire, . along with th~ white wire from 
each .of the two sheathed fan harness cables all to TB3 terminal marked com (far .right ter
minal). The other white AC input wire along 

. with the black wire from each of the sheathed. 
-· fan harness cables should be. connect.ed to the 

appropriate. terminal of T~3 depending on the 
·. voltage source. Determine from the electrician 

what voltage the source is before connecting 
these 'wires. The·second from right terminal is 
for 200V input. ·The third· from. right terminal 
is for 222V input. The fourth from right termi
nal is for 230V .input. The fifth from right ter
minal is for 240V input. It does not matter 
which white AC input• wire goes to com and 
which goes to the voltage iflput terminal. 

35) Mark in ink the power conversion label 2783 
7608 with the correct voltage, frequency and 
phase Information and attach this adjacent to 

. the machine nameplate label at the rear. 
36) With circuit breaker CB3 on front cover pow

er supply ·turned off, ·and CB 1 and CB2 on 
rear cover power supply turned off, apply .AC 
power source to the machine. With an AC 
voltmeter measure the voltage between TB3-1 
and ' the other terminal of TB3 connected in 
step 34. Be sure that the terminals used .ofl 
TBJ in step 34 correspond to the voltage 
measured here: Change the terminal used in 
step 34 if necessary, being sure AC source is 
disconnected before making ·changes. 

37) Using th.e four screws removed in step 6, fa
sten. the· front cover power supply to the rear 
cover power supply. 

38) Using the six screws. removed in. step 5; fasten 
the top cover power s,upply to the rear cover 
pow,er. supply'; · 

39) Refit the AC:: cover over TB 1 and secure with 
the four screws removed in step 4. 

40) Tum CB3 on and check that allfans operate. 
41) Refit all side panels to the DDEC by engaging 

them in the two holes ~tthe top, then tighten
ing the two clamps in the frame below each 
panel. 

Single Phase ·Conversion 
Use this method when only 2 phase power is 

available. Line to line voltage is· 208 to 240 volts. 
Figure.2-3 shows .the method of connecting the input 
power; 

1) Connect line 1 to TB 1 terminal 1 and terminal 
3. ' '' . 

2) Connect line 2 to TB 1. terminal 2. 
3) Connect neutral to ·Tat terminal 4. 
4) Connect ground to E7 below TBl. · 
If the single phase. ineth0d of i.nstallation is used, 

only J3 and 14 may be used to power drives. J3 is 
the lower ·left r~ceptacle on the front panel power 
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supply. J4 is the upper right receptacle. The drives are wired in the normal line to line manner. 

EXTERNAL POWER SOURCE DDEC 

LINE 1 

; ~ 
,.......; 1,. -~ LINE 2 ~ -

3J'I. 

NEUTRAL -
4_,.. u 
5 

GROUND 0 
6 .r- 0 

- - ,___ 

= LINE TO LINE 208 TO 240 VOLTS 
LINE TO NEUTRAL= 110 VOLTS 

Figure 2-3. Single Phase Input Power Connection 

Line to Neutral Conversion 
When the 206/7 DDEC is powered from an AC 

source which provides 200 V AC . to 240 V AC meas
ured from line to neutral, two conversions must be 
done. 

1) Rewire the power distribution in the DDEC ac
cording to the following procedure. 

2) Select the correct transformer tap according to 
the procedure below the heading Voltage Tap 
Conversion. 

The following rewiring procedure must be per
formed to install the DDEC with line to neutral AC 
input power. Figure 2-4 shows the conversion. 

I) Remove the power supply top cover. 
2) Find TB6. It is bolted to the inside of the pow

er supply on the right-hand side. 
3) Find CB3. It is bolted to the inside of the front 

cover of the power supply. 
4) Unplug the quick-connect and wire from CB3 

terminal 1. This wire can be identified by its 
extra length. 

5) Uncoil the wire removed in step 4 and pass it 
down the right side of the power supply. Plug 
the quick-connect to TB6 terminal 7. 

6) Be sure the wire does not interfere with the fan 
for the power supply. 

7) Replace the power supply top cover. 
Any disk drives powered from the DDEC must be 

converted to line-neutral operation. 

Voltage Tap Conversion 
Use this procedure when the input voltage is 

greater than the transformer tap rating for which the 
DDEC power supply is wired. The primary tap of 
the power supply transformer must be chosen to cor
respond to the input voltage. Figure 2-5 is TB3, lo-
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cated on the power supply module, front right cor
ner. TB3 terminals are marked for the appropriate 
tap. Terminal 1 must have one input line connected 
as well as one wire from each of the fan harness ca
bles. The other input line must go to the correct ter
minal of TB3 according to the line voltage. Remain
ing fan harness wires connect to the same terminal. 

Checkout Procedure 
The following steps must be used when doing a 

check out of the DDEC and the subsystem after in
stallation. 

Power on Checks 
1) Be sure that all the requirements have been met 

in this section for powering the DDEC and cab
ling it to the drives and the processor. 

2) Be sure that all installation steps for the drives 
have been followed. 

3) Move the switch on CB3 at the front of the 
power supply to the up position. Off and offiine 
should be indicated on the front operator panel 
switches. If on or online is indicated, press the 
switch to change it to off or offiine. 

4) Check that the three fans are operating. One is 
on the front of the power supply. Two are on 
the sides of the card cage. 

5) Look through the two fans . on the card cage to 
see that the airtlow switches are activated. The 
vanes on these switches may be caught due to 
shipping vibration. 

DC Voltage Check 
1) Press the power switch on the operator panel to 

light the on indicator. 
2) Using a DVM, measure the voltage between 

the two studs on the backplane. The stud on 
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the left must be + 5 volts referenced to the stud 
on the right (DC ground). 

3) Measure the voltage at the backplane pin 
QHCOI. It must be -5 volts referenced to the 
DC ground stud. 

4) Adjust the + 5 volts and -5 volts using poten
tiometer adjusting tool. The adjusting poten
tiometers are located on the rear edge of the 
printed circuit card of the power supply unit. 
The top cover of the power supply must be re
moved in order to adjust the voltages. Sheet 
07.03.02 of the Test and Field Documents pack
age illustrates the voltage adjustment. 

Clock Frequency Check 
1) Using a frequency counter or oscilloscope, 

measure the internal DDEC clock at the back
plane test point DDE17. Be sure that the drive 
clock is not selected at this time. To ensure the 
clock at the test point is local clock, put DDEC 
offline and press MSTR CLEAR on the mainte
nance panel. 

2) There is no adjustment of the local clock fre
quency. The frequency must be between 9.25 
MHz and 10.75 MHz. 

Local Operations 
1) At the rear of the DDEC observe the address 

counter display. Some LED's should be illumi
nated. 

2) Press MSTR CLEAR on the maintenance pan
el. All LED's on the maintenance panel are' il
luminated while MSTR CLEAR is pressed. 

2011342 

J_ 
LABEL ABOVE TB3 (60 Hz) 

J_ 
LABEL ABOVE TB3 (50 Hz) -

0 I ~ I TB3 ON POWER SUPPLY 0 

t 
CONNECT ONC AC INPUT 
(FROM CB3-1) 
AND FAN HARNESS 

TB3 Connections 

3) Do a test operation from the maintenance pan
el. Section 4 of this technical manual gives de
tails for doing operations in local mode, The re
sult descriptor must be NR and OL since the 
drive is not powered on, 

4) Power on a drive, Ensure that the write enable 
switch on the drive is not illuminated. 

5) Repeat a test operation with a drive powered 
on the heads loaded. The result descriptor must 
have no error bits set. 

6) Test all operations on one drive. Use caution. 
Write, initialize, and relocate operations de
stroy customer data and system software. For 
all such operations, install a scratch pack or 
use only the maintenance cylinder. 

7) Power On all drives in the subsystem and 
verify that operations can be performed with 
each in local mode. 

Online Operations 
1) Press the REMOTE switch on the operator 

panel of the DDEC to light the online button. 

2) At the processor, use the latest revision of the 
Disk Pack Diagnostic and its listing to exercise 
the disk subsystem. 

3) If no problems exist in local mode and under 
test from the processor, installation is com
plete. Replace all panels on the DDEC and 
drives. 

4) Cold start and clear start as instructed in the 
System Software Operational guide in order to 
prepare the system for customer use. 

?.-11 
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SECTION 3 

DOCUMENTATION AND COMPONENTS 
REFERENCE DOCUMENTS 

The following is a list of publications which apply 
to the B 9499-6 DDEC. 
Field Engineering Technical Manual: 

Volume I, Operation and Maintenance 

Volume 2. Parts Catalogue 

Volume 3. Theory of Operation 

Reference Card 

Test and Field Documents 

General 

Form 
Number: 

2011.342 

2011359 

2011367 

3026929 

The T & F documents are divided into Sections as 
shown in table 3-1. 

Table 3-1. T & F Sections 

Section 

01 
02 
03 
04 
OS 
06 
07 
08 
09 
10 

Contents 

Index 
Block Diagrams 
Flow Charts 
Timing Diagrams 
Control Equations 
l.C. Locations 
Assembly and Set-up Details 
Backplane Circuit Lists 
Schematics 
MTR 

Each section is divided into subjects and each sub
ject has a number of physical pages associated with 
it. Each page is numbered according to section, sub
ject no., and physical page number. 

Example: 
03.08.01 Page 1 of the flow chart for data transfer 
03.08.02 Page 2 of the flow chart for data transfer 
09.04.06 Page 6 of the schematic, DM-ERD con-
trol OP code Decode. 

Description 

Index 
The index lists each subject in each section, giving 

the section no., subject no., title of subject, and the 
Engineering Document Number. 

Block Diagrams 
The block diagrams are intended to assist in un

derstanding the structure of the unit. The overall 
block diagram contains the main blocks. Each of the 
blocks in the overall block diagram contains a refer-

2011342 

ence. This reference is a page where a block diagram 
of each of the main blocks can be found. 

In the individual block diagrams, a reference num
ber in each block points to the schematic page where 
the logic can be seen. 

Flow Charts 
The flow charts consist of an overall mode flow 

diagram, showing how the modes link together and 
an individual flow for each mode. 

An individual mode flow chart is depkted in figure 
3-1. The flow generally starts at the top left hand 
and flows from left to right. If the conditions above 
the double horizontal line are met, the action below 
the double horizontal line is performed. The action 
performed is sometimes different depending on 
whether the unit selected is a 206 or 207. In some 
cases 206 or 207 is shown as a condition. In some 
cases, two actions are given, however, one action 
has (206) next to it and the other has (207). In some 
cases the flow splits into two, one for 206 and the 
other for 207. 

Control Equations 
The control equations are contained in section 5. 

They are the equations for the control logic only -
not the complete unti. The control logic consists of 
the logic that controls the flows. The unit was de
signed from these equations. 

Schematics 
The schematics are cross-referenced for easy sig

nal tracing. Refer to figure 3-2 for details about 
cross-referencing, IC types, IC locations, backplane 
pin locations, IC pin numbering, etc. 

In most cases the signal is named according to the 
function if performs. The Glossary of Terms in a.p
pendix A of this technical manual explains each sig
nal and gives the schemtatic page where the signal 
is sourced. A mixture of positive and negative logic 
is used in TTL. When negative logic is used, signal 
name is terminated with a slash (/). Also the signal 
starts from a negation symbol (bubble) and goes into 
a bubble. · 

NAND, NOR, AND, OR gates are drawn in the 
way in which they are used·. Figures 3-3 and 3-4 
show the same logical function. The schematic 
shown in figure 3-3 is used because it is visually eas
ier to understand. 

The backplane locations of each printed circuit 
board is marked on sheet 1 of the schematic for each 
board. For example, on page 09.10.01 of the T & F 
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Document package,. the words E UPPER are. printed 
above the page number. Sheet one of the schematics 
for circuit board ten is 09.10.01. 10. Circuit board 10 

corresponds on the backplane to the upper set of 
pins in column E. 

ENTER 

l 

FROM PAGE 2 
THIS SCHEMATIC 

• 

3-2 

0 
z 
<( 

wZ wZ w w w 
~ ~Q ~ =o ~ c.. ...... 
-CJ) ...... I-

I-
-1-

I-I- z 1-- I- -

!:::: Q 1-0 I- 1-0 I--Z -Z 
co I- co() O'.) coo CD Oo oU 0 oU 0 
a: z a: 0 a: a: 0 a: 
Oo oz 0 Oz 0 
:S:u $<( $ $ <( $ 

ACTION 3 ACTION 5 
ACTION 1 (206) ACTION 4 GOTO 

ANOTHER 
MODE 

ACTION 2 (207) 

LOOP 

Figure 3-1. Flow Chart Example 

SIGNAL 
NAME 

I 
CK5MHZ 

IC PIN NUMBERS 

NAME 1/ 

BACKPLANE 
PIN LOCATION 

NAME1 

IC LOCATION 

Figure 3-2. Schematic Details 

TO PAGES 4 
AND 6 OF THIS 
SCHEMATIC 

17.01 

t 
I 

TO SCHEMATIC 17 
PA.GE 01 
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A 

B 

c 

D 

E 

F 

Figure 3-3. Negative or Function 

A J' :, "/ ( I\-': \\ ::... ' 

B 

c 

D 

E 

F 

Figure 3-4. Positive NANO Function 

Backplane Wirelist 
Section 08 of the T & F Documents contains the 

Backplane Wirelist. Signal names are listed in alpha
betical order. The first column after the name is the 
source pin for that signal. 

The From and To columns name every pin which 
is wired into each network. The last column gives 
the level of the backplane wire on the pins. Level 1 
is closest to the base of the pins. Level 2 is further 
out on the pins. There are only 2 levels of backplane 
wiring. 

Component Location System 

Backplane Pins 
Backplane pins are called up on the schematics 

and the backplane wire list according to the fol
lowing example: 

QFE23 
Refer to figure 3-5 . .to locate this pin. 

Q - is marked along the top of the backplane. This 
marks a card slot which may be upper or lower. 

F - is marked along the sides of the backplane. 
This gives a horizontal reference to identify 60 pins 
for each card slot. 

2011342 

E - is marked at the top of a column of pins. This 
marks a vertical row of pins on the etch side of the 
card slot. 

23 - is marked at the sides of the backplane. This 
identifies the pin. 

D 

30 

F 

30 

H 

G H J K L M N P 0 
EC EC EC EC EC EC EC EC E 

B 

D 

F 

H 

EXAMPLE 
OFE23 

0 
C EC EC EC EC EC EC EC E 

A B C D E F G H J K L M N P 0 

Figure 3-S. Front View Backplane 

Printed Circuit Boards 
IC Locations 

Figure 3-6 shows the component side of a typical 
printed circuit board. The columns of ICs are let
tered from A to H. The rows are numbered from 0 
to 5. Schematics refer to IC locations by a letter and 
a number. For example C3. This is column C, row 
3. 

Edge Connector Contact Numbering 
Figure 3-6 shows the component side of a typical 

printed circuit board. Backplane contacts are at the 
right side of figure 3-6. Each contact has a four char
acter designation. For example HE19. 

lst Character This can be B, D, F, or H. B is for 
the top half and D is for the bottom 
half of a board located in the upper 
row of cards in the DDEC. F and 
H are for the top half and bottom 
half of a board located in the lower 
row of cards in the DDEC. 

3-3 
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2nd Character This can be C for the component 
side of the card or E for the etched 
side of the card. 

3rd and 4th Character Are the pin number from I to 30. 

Frontplane contacts are shown on the left edge of 
the card in figure 3-6. On a circuit board with one 
set of frontplane contacts, they are numbered from 

BOARD LOCATION 

FRONTPLANE 
CONTACTS 

FC01 TO FC20 
(COMPONENT SIDE) 

1 to 20. The prefix is FC for component side and FE 
for etch side. Circuit board 13 has two sets of 
frontplane contacts. The prefix GC is the top of the 
card, component side. Prefix GE is the top of the 
card, etch side. Prefix HC is the bottom of the card, 
component side. Prefix HE is the bottom of the 
card, etch side. 

BACKPLANE CONTACTS 

COMPONENT SI DE BC01 TO BC30 
UPPER LEVEL CARD ETCH SIDE BE01 TO BE30 

FE01 TO FE20 
(ETCH SIDE) LOWER LEVEL CARD 

COMPONENT SIDE FC01 TO FC30 
ETCH SIDE FEOl0 TO FE30 

U1 .i::. w N 0 

.i::. 

)>I 

CD I 

(') I 

ol I I 
ml I I 

,, I 

G') I [ I I 

::c I 

COMPONENT SIDE DC01 TO DC30 
UPPER LEVi:L CARD ETCH SIDE DE01 TO DE30 

COMPONENT SIDE HC01 TO HC30 
LOWER LEVEL CAR'D ETCH SIDE HE01 TO HE30 

Figure 3-6. Typical PCB 
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Component Reference Charts 

GENERAL DESCRIPTION 

In the unit schematics !Cs are identified by an ab
breviated manufacturers number. 

example: 
S251 means 74S251 

A list of abbreviations is contained at the front of 
the Schematics. T.T.L. is used with the exception of 
a few specialized !Cs. A description of the T.T.L. 
family types is given in table 3-2. 

Table 3-2. TTL Family Types 

SERIES GATES FLIP-FLOPS 

Propagation Power Max Clock 
Delay Dissipation Frequency 

74LSnn (Low Power Schottky) 9.5 ns 2mw 45 MHz 
74L nn (Low Power) 33 
74Snn (Schottky) 3 
74 nn (Standard) 10 
74Hnn (High Power) 6 

Schottky T.T.L. contains Schottky barrier diode 
clamped inputs in order to prevent saturation of the 
inputs and lower output resistances. These two fac
tors provide low propogation times. Schottky T. T .L. 
is used for high speed applications. Schottky T.T.L. 
should never be tied to ground due to excessive heat 
dissipation when the output is in the high state. No 
T. T. L. should be tied to + 5V since this destroys 

REFERENCE CHARTS 

SCHEMATIC: 

A 

ns 1 mw 3 MHz 
ns 19mw 125 Mrlz 
ns 10mw 35 MHz 
ns 22mw 50MHz 

the output transistor when the output tries to go low. 
Three State logic is used on the data buses in the 

unit. The three states are: High, Low and High Im
pedence. This enables many outputs to be connected 
to a bus, however, all except one is in high impe
dence mode. The output not in high impedence 
mode determines whether the bus is high or low. 

PIN NUMBERING: 

vcc o o •x Je 3A 3,. 

B -1 ),____ y 
Y/=A*B 

OR 

A _J)-B 

y 

IA II IY 2A 28 2'1' GN[.I 

Y =A/+ B/ 

Figure 3-7. 7400 74SOO Quad 2-Input Positive NANO Gate 
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SCHEMATIC: PIN NUMBERING: 

A ) > y vee 4V 48 
.,, 

3Y 3B 3A 

B Y/=A+B 

OR 

A 

d ) y 

B Y =A/*B/ 
JV 1A lB 2Y 2A 28 GNO 

Figure 3-8. 7402 74802 Quad 2-lnput Positive NOR Gate 

SCHEMATIC: PIN NUMBERING: 

A 

A ~----Y 
Y=A/ 

lA lV 2A 3A 3V GNO 

Figure 3-9. 7404 74804 74H04 Hex Inverter 

SCHEMATIC: PIN NUMBERING: 

A _\ )~ y 
Y =A*B B 

A 

---<d >-- ~/=A/+B/ B 

Figure 3-10. 7408 74S08 Quad 2-lnput and Gate 
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SCHEMATIC: 

A 
B 
c 

A 

B 
c 

SCHEMATIC: 

A 
B 
c 

A 
B 

c 

SCHEMATIC: 

2011342 

A 
B 
c 
D 

A 
B 
c 
D 

PIN NUMBERING: 

I ) y IY JC 38 3A 1' 

Y/=A*B*C 

OR 

~ ) y 
Y = A/+B/+C/ 

IA " lA 28 lC lY GNO 

Figure 3-11. 7410 74S10 Triple 3-Input Positive NANO Gate 

PIN NUMBERING: 

y 

Y = A*B*C 

OR 

y 
YI = A/+B/+C/ 

Figure 3-12. 74Sll Triple 3-Input Positive and Gates 

PIN NUMBERING: 

-I )----- y 
Y = A*B*C*D. 

lD lC NC 21 lA lY 

y 

Y = A/+B/+C/+D/ 
IA It NC IC. ·ID IY GNO 

Figurey3~13 •. 7420, 74820 Dual 4-Input Positive. NANU Gates 
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SCHEMATIC: 

A 

B 
c 

SCHEMATIC: 

A 
B 
c 
0 
E 
F 
G 
H 

A 
B 

c 
D 
E 
F 

G 
H 

SCHEMATIC: 

A 

B 

A 

B 

3-8 

PIN NUMBERING: 

y 

Y/= A+B+C 

y 

Y = A/*B/*C/ 

1A 18 2A 28 2C 2V GND 

Figure 3-14. 7427 Triple 3-input Positive NOR gates 

PIN NUMBERING: 

y 

YI= A*B*C*D*E*F*G*H GNCNCV 

y 

•ICO!FGNO 

Y = A/+B/+C/+D/+E/+F/+G/+H/ 

Figure 3-15. 7430 8-Input Positive NANO Gate 

__ ) )-- y 

Y=A+B 

y 

Y/ = A/*B/ 

PIN NUMBERING: 

1A 18 1Y 2A 28 2V GND 

Figure 3-16. 7432 Quad 2.1n,ut Positive or Gates 



A 
B 
c 
D 

SCHEMATIC: 

Description: 

B 9499-6 Disk Drive Electronic Controller, Vol. 1: Operation and Maintenance 

y 

Y = A/+B/+C/+D/ 
IA 1B NC IC ..JD IY GND 

Figure 3-18. 7440 74S40 Dual 4-Input NANO Buffers 

PIN NUMBERING: 

9 
8 ~ c ~ 9 I 7 

7 

D 6 

c 5 
B 4 
A 3 

2 

1 

42 0 

Figure 3-19. 7442 4-10 Line Decoder· 

The 7442 is a BCD to decimal decoder. A Binary 
input zero through nine is decoded to make one out
put low. (The rest are high). Input values from 10-

15 are invalid and all outputs are held high. Inputs 
A, B, C and Dare weighted 1, 2, 4 and 8 respective
ly. . 

2011342 3-9 



B 9499'."6 Disk. Drive Electronic Cont.roller •. \fol. .. 1: Operation and Main.tena,.nce 

SCHEMATIC: PIN NUMBERING: 

A J t i ,)( ID IC I Y 

B 
y 

c 

D Y/= (A*B)+(C*D) 

Y = (A/+B/)*(C/+D/) 

Figure 3-20. 74851 Dual 2-Wide 2-Input and OR Invert Gates 

SCHEMATIC: 

•. 3-10 

A __ ..,...... 

B 

c 
D 
E 
F 

G 

H 

J 

K 

PIN NUMBERING: 

0 C H 

f · G H I .ONO 

y 

Y/ = (A*B)+(C*D*E*F)+(G*H)+(l*J*K) 
Y = (A/+8/)*(C/+D/+D/+F/)*(G/+H/)*(l/+J/+K/) 

Figure 3-21. 74S64 4-2-3-2 • Input and-OR-Invert Gates 
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SCHEMATIC: PIN NUMBERING: 

' ' ' "'cc CLE.t.fl Xi CLOCI<. ,.lltE5E1 10 26 

DR 
-----iD Q i----

CK 

Q 

CLR 
10 I 1 IQ 1Q GMO 

Clf..t,R CLOCK l"AESET 

Figure 3-22. 7474 74874 Dual D-Type Flipflop 

Description: 
The flipflop can be set by a low on PR and reset 

by a low on CLR. The positive edge of the clock 

SCHEMATIC: 

A 
y 

B 

Y = (A*B/)+(B*A/) 

triggers the flipflop. If D is high the flipflop sets on 
the clock, if D is low the flipflop resets on the clock. 

PIN NUMBERING: 

Vee 4B 4.A 4V 38 lA 

18 1Y 2/J. 28 2't' 1.>"01 

Figure 3-23. 7486 74886 Quad 2-Input Exclusive OR Gates 

SCHEMATIC: PIN NUMBERING: 
2 

2 CK PRESET 20 20 

J -----i J PR Q i----

CK 

K/ K Q 

CLR 

1 1J 1R 1CK 1 10 10 GND 
CLEAR PRESET 

Figure 3-24. 748109 Dual J Kl flipflop 

Description: 
A low on PR sets the flipflop. A low on CLR re

sets the flipflop. 
If J is low and K/ low, the flipflop resets on the 

positive edge of the clock. 
If J is high and Kl is high the flipflop sets on the 

2011342 

positive edge of the clock. 
If J is high and Kl is low, the flipflop toggles 

(changes state) on the leading edge of the clock. 
If J is low and Kl is high there is no change in the 

state of the flipflop when the clock occurs. 
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SCHEMATIC: 

R 

+V----,/\/\/\/\r---

RC 

B--~ 

A 

Q 

Q/ 

PIN NUMBERING: 

I Z 
C.e•t 10 10 CLEAR 28 2A 

1A 18 l 10 20 2 'ZRe•I G .. 0 
C.at. chi 

INPUTS OUTPUTS 

CLEAR A • Q 0 
L )( )( L H 

)( H )( L H 

)( x L L H 

H l ·t fl u 
H • ·H fl 1.f 
t L ;.. .n 'II 

Figure 3-25. 74123 Dual Retriggerable Monostable Multivibrator 

Description: 
A low CLR resets the timer. (Q Low and Q/high). 

When the input conditions are met (B high and A 
low) a pulse is generated at the output with the 
length dependent on Rand C. The output pulse can 

SCHEMATIC: 

RANGE ------- R 

CONTROL -----------tCTL 

CEXT 

--c_: ..-.... _ _ CEXT 
c 

ENB-----------------' 

y 

be extended by retriggering the IC before it has 
timed out. The output pulse extends a length de.
pending on RC. 

PIN NUMBERING: 

Figure 3-26 748124 Dual Voltage-Controlled Oscillator 

Description: 
When enable goes low, the outpUt is enabled, giv

ing a square wave out-put. The frequency is depend-

3-12 

ent on CEXT, Range Voltage and control voltage. 
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SCHEMATIC: 

A 

B 

c 
D 

E 

F 
G 
H 

I 

J 
K 

SCHEMATIC: 

A 

B 

c 

G2A 

G2B 

Gl 

PIN NUMBERING: 

'\---Y 

YI= A*B*C*D*E*F*G*H*l*J*K 
Y = A/+B/+C/+D /+E/+F /+G/+H /+I /+J/+K/ 

Figure 3•27. 74S133 13-Input Positive NANO Gates 

PIN NUMBERING: 

YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

A 

INPUTS 

ENABLE SELECT 

01 02• c a 
x H x x 
L x x x 
H L L L 

H L L L 

H L L H 

H L L H 

H L H L 

H l H L 

H L H H 

H L H H 

~o;i · G2A t G:lli 

Figure 3-28. 74S138 Decoder/ Demultiplexor 

A 

x 
x 
L 
H 

L 

H 

L 

H 

l 
H 

YI 

OUTPUTS 

VO V1 V2 Y3 V4 Y5 V6 Y7 
H H H H H H H H 

H H H H H H H H 

L H H H H H H H 

H L H H H H H H 

H H L H H H H H 

H H H L H H H H 

H H H H L H H H 

H H H H H L H H 

H H H H H H L H 

H H H H H H H L 

Description: 
When G2A and G2B are both low, the inverted 

state of G 1 is gated to one of the outputs YO-7. The 
output selected is determined by the ·binary input of 
A, B, C. 
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SCHEMATIC: 

E1 GS 

7 AO 

6 A1 

5 A2 

4 EO 

3 

2 

0 148 

Figure 3-29. 74148 8 to 3 Line Priority Encoder 

Description: 
This IC encodes 8 lirie data input into 3-line Bina

ry (Octal). El must be low in order to enable the IC. 
If two. or more inputs are made low simultaneously, 

SCHEMATIC: 

C 8 A 
DO 
D1 ·w 
D2 

D3 

D4 

D5 

D6 

D7 

y 

Figure 3-30. 74151 Data Selector/Multiplexor 

3-14 

PIN NUMBERING: 

4 AO 

INPUTS OUTPUTS 

El 0 1 2 3 4 6 6 7 A2 A1 AO GS EO 

H x x x x x x x x H H H H H 

L H H H H H H H H H H H H L 

L x x x x x x x L L L L L H 

L x x x x x x L H L L H L H 

L x x x x x L H H L H L L H 

L x x x x L H H H L H Ii L H 

L x x x L H H H H H L L L H 

L x x L H H H H H H L H L H 

L x L H H H H H H H H L L H 

L L H H H H H H H H H H L H 

then the highest input has priority. EO is low when 
all inputs are high. GS goes low if any input 0-7 goes 
low. 

PIN NUMBERING: 

INPUTS OUTPUTS 

SELECT . STROBE 
y w 

c B A s 
x x x H L H 

L L L L DO Do 
L L H L 01 Di 
L H L l 02 02 
L H H L 03 03 

·tt l L L 04 04 
H L H L ~-S 55 
H H L l 06 i5(; 

H H H L DI 57 
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Description: 
This IC selects one of eight inputs to be gated to 

Y. W is the inverse of Y. A, B and C determine 

SCHEMATIC: 

1 
INPUTS 

2 
INPUTS 

{ 
{ 

1 STROBE 

2 STROBE 

1CO 

1C1 

1C2 

1C3 

2CO 

2C1 

2C2 

1Y 

2Y 

B 

SELECT 

1 OUTPUT 

2 OUTPUT 

which input is selected. S (Strobe) must be low to 
enable the IC. 

PIN NUMBERING: 

TRUTH TABLE 

ADDRESS 
DATA INPUTS STROBE 

INPUTS 
B A co C1 C2 CJ G 
x x x x x x H 
L L L x x x L 
L L H x x x L 
L H x L x x L 

L H x H x x L 
H L x x L x L 

H L x x H x L 
H H x x x L L 
H H x x x H L 

Address inputs A and Bare common to both sections. 
H = high level, L = low level, X = irrelevant 

OUTPUT 

y 

L 
L 
H 
L 
H 
L 
H 
L 
H 

Figure 3-31. 748153 Dual 4-to-1 Data Selector/ Multiplexor 

Description: 
This IC contains two data selectors. Each selector 

is enabled by a low strobe input. When strobe is 
low, one input out of four is gated to the output. The 

2011342 

input selected depends on the binary value of A and 
B. A and B are common to both selectors. 
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SCHEMATIC: 

DATA 1 

STROBE 1 

DATA2 __ ..,. 

STROBE 2 

1C 
1YO 
1Y1 

1G 1Y2 

1Y3 

2C 2YO 
2Y1 

2G 2Y2 

2Y3 
155 

A B 

SELECT 

PIN NUMBERING: 

OUTPUTS ___ __,A __ ---. 

3-LINIHO-IH.INE DECODER TO 1-LINE-T0-8-L!NE OEMUL TIPLEXER 

INPUTS OUT POTS --
SELECT 

STROBE 

OR OATA 
101 !ti 12) 131 141 15) IGI (7) 

ct Iii A G.t. 2VO 2Y1 2Y2 2Y3 1YO 1Y1 1Y2 1Y3 

-~ x x H H H H H H H H H 

L L L L L H H H H H H H 

'L L H L H l H H H H H H 

L H L l H H L H H H H H 

L H H L H H H L H H H H 

H L l L H H H H L H H H 

H l H L H H H H H L H H 

H H l L H Ii H H H H L H 

H H H l H H H H H H H L 

Figure 3-32. 14155 Dual 2-to-4 Line Decoder/ Demultiplexor 

Description: 
Each half is enabled when its strobe goes low. The 

DAT A input is gated to one of four outputs depend-

SCHEMATIC: 

1A 1Y 

1B 

2A 2Y 
28 

3A 3Y 
38 

4A 4Y 

48 
157 

SEL 

STROBE 

ing on the binary value of A and B. 

PIN NUMBERING: 

INPUlS INPUTS 
~OU1PUT r--"---- OUT PU I 

Vee S1Hu8t 4A 48 4Y JA 36 lY 

G 4A 48 4V 3A 36 

JV 

]j'igure 3-33 74157 Quad 2-1 Line Data Selector/ Multiplexor 
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FUNCTION TABLE 

INPUTS OUTPUT V 

STROBE SELECT A B 
'157, 'L 157, 

'S1!18 
'S157 

H x x x L H 

l l l x L H 

l l H x H l 

l H x l L H 

l H x H H l 

H • high level L ~ IOll'lt level, )( .. ur1:11evant 

SCHEMATIC: 

LO CY 
A 
B QA 
c 
D QB 

p 
QC 

T 

CLK 00 
CLR 

Description: 
The IC is enabled when Strobe is low. A 4-bit 

word is selected from one of two sources and is 
routed to four outputs. A low SELECT selects the 
A inputs, a high SELECT selects the B INPUTS. 

PIN NUMBERING: 

' l' ·•d l.l ,, ' 

Figure 3-34. 74161 Synchronous 4-Bit Binary Counter 

Description: 
A low CLR clears the counter to zero regardless 

of CLOCK, LOAD, etc. The counter can be present 
to a value by inputtng the binary value on A, B, C 
and D and making LOAD (LD) low. Presetting oc
curs on the leading edge of the next clock pulse. 

Counting is only permitted when both ENABLE 
inputs P and T are high. Counting occurs at the lead
ing edge of each CLOCK pulse. CARRY output is 
high during a count of 15. This can be used to enable 

SCHEMATIC: 
OH 
OG 
OF 
OE 
OD 

A QC 
B OB 

CLK QA 

CLR 

a cascaded counter. The counter restarts at 0 on the 
next clock after 15. 

74163 74S163 Synchronous 4-Bit Counter 
Description: 

The 74163 is identical to the 74161 except that the 
CLEAR input is synchronous. When CLEAR is 
made low, the counter resets to zero on the leading 
edge of the next clock pulse. 

PIN NUMBERING: 

.. 

Figure 3-35. 74164 8-Bit Parallel-Out Shift Registers 
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Description: 
A low CLEAR (CLR) resets all the outputs to 

low. A and B form an AND gate input. Shifting oc
curs at the positive edge of the clock pulse. Shifting 
is in the d.irection A to B, B to C etc. If both inputs 
are high QA is high after the clock pulse. If A or B 

SCHEMATIC: 

S1 S/L 
A 

B 
c 
D 

E 
F 

G 
H QH 

CLKOH/ 
C1 

(or both) are low QA is low after the clock. Each 
clock pulse shifts the data one position. The new 
data is fed into QA and the old data in QH is lost 
unless .connected externally to another shift register 
(or some other storage device). 

PIN NUMBERING: 

CLOCK ~~~ SERIALOIJTl'UT 
"cc INHl~IT '0 c B A INPUT OH 

SHIFT' CLOCK E F G H OUTPUT GNO 
cOAO .__,,----- 0,. 

PARALLEL INPUTS 

Figure 3-36. 74165 Parallel-Load 8-Bit Shift Register 

Description: 
The data on A through H is parallel loaded into 

the shift register on a high to low transition of the 
SHIFT/LOAD input (S/L). When S/L is high the IC 
is in shift mode. Provided that CLOCK INHIBIT 

SCHEMATIC: 

DATA ENABLE 

DATA { 
INPUT 

OUTPUT c 
CONTROL 

CLR 

G1 
G2 
1D 

2D 

3D 
4D 

~ CLK 
M 
N 

J 

10 

20 

30 

40 

DATA 
OUTPUT 

(Cl) is high, a shift occurs on the positive transition 
of the clock (CLK). Shifting occurs in the direction 
SERIAL IN SI to A, A to B etc. Complementary 
outputs of QH are provided. 

PIN NUMBERING: 

OAIA INPUIS . 

CK 

OUIPUT CONTROL 

Figure 3.37 74173 4-Bit D-Type Register with 3-State Output 
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FUNCTION TABLE 

INPUTS 

DATA ENABLE DATA 
OUTPUT 

CLEAR CLOCK Q 
G1 G2 D 

H x x x x L 

L L x x x °<> 
L t H x x Clo 
L t x H x Oo 
L t L L L l 

L t L L H H 

When either M or N (or both) ii (are) h1yh t'1~ output is 
disabled to the high·impedance itate; howt>Vt:r ~t.,11,enti1I 

operation of the flif::>"flops is not affected. 

H "' high h:v111I (att.=.tdy s.t•t•) 

L ... low level hteaJy stat•) 

t • low 10-high-l•v•I uansition 

X .. irrtth:vdnt (any input including transitions) 

a 0 "' tlie level of 0 l.J•fore th• indicated 11eady·statt:t input 

conditions ware ettabli1hed. 

SCHEMATIC: 

1D 10 
2D 20 
3D 30 
4D 40 
5D 50 
6D 60 

Description: 
When either M or N (or both) are high, the out

puts are disabled to the high impedence state, how
ever, the action of the flipflops is not affected. A 
high CLR resets all the flipflops. When both DAT A 
ENABLE inputs are low, data at the D inputs are 
loaded into their respective flipflops on the next pos
itive transition of the CLOCK (CLK). If D is high, 
its flipflop sets. If D is low its flipflop resets. 

PIN NUMBERING: 

IQ IQ .,, JQ JD 

FUNCTION TABLE 

CEACH FLIP FLQ_l'l 

INPUTS 

CLEAR CLOCK D 

L x x 
H H 

H L 

H L x 

H •-high level (I teddy state I 

L • low tev•I tst••dv stat•> 

L 

H 

L 

Clo 

t • transition hom low to high level 

JO G"D 

H 

L 

H 

ilo 

Clo ""' the l•V81 of Q before thM 1nd1ca1ed Ueady ·State 

Figure 3-38. 74174 Hex D-Type Flip-Oops with Clear 

Description: 
This IC contains 6 D type flipflops. A low CLEAR 

resets all the Q outputs to low. On the positive tran-

2011342 

sition of the CLOCK each flipflop sets or resets de
pending on the state of its D input. 
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SCHEMATIC: 

10 
1Q 

1Q 
2D 2a 

3D 2Q 

4D 
3Q 

30 

4Q 

4Q 

CL~LR 

PIN NUMBERING: 

CEACH FLIP FLOP) 

INPUTS OUTPU;TS 

CLEAR CLOCK D 

L x x 
H t H 
H t L 

H L x 

H .. high level {ste6dy state) 

L • low level (steaqy ttate) 

X • 1rr•levant 

Q 

L 

H 

L 

<lo 

t • ttani11ion· from tow to high level 

Qt 

H 

L 

H 

Oo 

ao • th• le\181 of ~ bt11fore th411 indicated 'teddy state 

1n.i1ut cui-1dit1ons wer• euabtishetd 

' .. ·115, ·L.s175, and ·51·15 onlv. 

Figure 3-39. 74175 Quad D-Type Flip-t1ops WitJt Clear 

Description: 
Each flipflop is reset by a low Clear. The data on 

SCHEMATIC: 

-'----""-'A 

B 

c 
D 
E 
F 
G 
H 

~ 
EVEN 

~ 
ODD 

EVEN-----' 

ODD------' 

(SUM EVEN) 

(SUM ODD) 

the D input is transferred to the flipflop on the 
positive transition- of the clock. 

PIN NUMBERING: 

Figure 3-40. , 74180 9-Bit Odd/Even Parity Genenttor/Ch~ker 

Description: 
This IC is used to generate or check 8 bits for par

ity. More than 8 bits can b_e che:cked by cascading 

. 3-20 

the ICs. Refer to the FUNCTION Table for ari ex
planation of the IC operation. 
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SCHEMATIC: PIN NUMBERING: 

so S1 
R Vee OA oa 0o CLOCK 51 so 

A QA 

B QB 

c QC CLEAR so 

D QD 

CLK 

L CLR 
PARALLEL INPUTS 

Figure 3-41. 4-Bit Bidirectional Universal Shift Registers 

Description: 
This IC has 4 modes of operation controlled by 

SO and St. 
1) Parallel load (SO and Sl high). 
2) Shift right in the direction QA to QD (SO high, 

Sl low). 
3) Shift left in the direction QD to QA (SO low, St 

high). 

SCHEMATIC: 

SH/LO 

A QA 

B 

c 
D 

QB 
QC 
QD---

Qoi---

4) Inhibit clock (do nothing) (SO low, St low). 
Clocking occurs on the positive transition of the 
Clock pulse. A low CLEAR overrides all functions 
to reset the flipflops. 

PIN NUMBERING: 

l.IUl .. Ul!i 

CllAR 

J • 

~'--~-..r~~~ 

SI RIAL INfi'UTS PARAL 1 f.L INPUTS 

Figure 3-42. 74195 74S195 4-Bit Parallel-Access Shift Registers 
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INPUTS ' OUTPUTS 
H • hi9h le...el (1te•dY state) 

L • 10w lsvef fste•dy 1t•t•) 
SHIFT/ SE:RIAL PARALLEL 

CLEAR Cl.OCK 
LOAD J K A a c D 

L x x x x x x x x 
H L t x x • b .c d 

QA aa Cle 

L L L 

• b c 

Oo iio 

L H 

d d 

X. • itrelhant lany input, includih9 transitionst 
.t • tr•n11,1on hom low to high level 
8, b, 'c. d • the level of. ·11eady 1t•t• input •t A, I. 

C •. or 0, respK.tively 

H H L x x x x x x oAo Oeo aco Ooo Ooo 

OAO• 0 80 •. Oco. Ooo •tho lovel of OA. 0 8 • <lc
or ao. respec.tively, .b• 
fore .tne indicated· ttecsdy 
state input cor1di11on1 H H t L H x x x x OAo OAo Oen Oen Oen 

H H t L L x x x x L OAn 

H H t H H x x x x H 0An 

H H t H L x x x x OAn 0An 

Description: 
This shift register has two modes of operation de

pending on Shift/Load: 
1) Parallel load (Shift/Load Low). 
2) Shift in the direction QA to QD (Shift/LOad 

high). 
In parallel load mode, the data is loaded from the 
parallel inputs A through D. 

In shift mode the input is taken from the JK/input, 

SCHEMATIC: 

DO 
01 
02 

03 y 

04 w 
05 
06 
07 

5251 
A 
B 
c 

STRB 

Oen 

Oen 

Oen 

Oen Oen 

Oen Oen 

Oen Oen 

, . were e11abli1hed 

OAn• Oen.· Oen Jiii the level of OA, 09, or Oc. 
res.µectively, Laefore th• mc;st· 
rec.ant uen1ition of the clock 

if J and Kl are both· low QA· resets at the positive 
·clock transition. If J and Kl are both high, QA sets 
at the next positive clock transition. If J is high and 
Kl is low QA toggles (changes state) at the next pos
itive clock transition. Loading and shifting occur at 
the positive edge of the clock. A low CLEAR, over
rides all controls to reset the flipflops. 

PIN NUMBERING: 

INPUTS OUTPUTS 

SELECT STROBE v c 8 A s 
x x x H z 
L L L L DO 

L L H L 01 

L H L I.· 02 

L H H L 03 

H L L L 04 
.H I. H L 05 

H H L" L 06 
H H H L 07 

H • high logic l•v•I. L • low logic level 
x • 1rrelev•nr. Z • h•eh 1mp.ad•tlce Cofn 

w 

z 
00 
ifi 
02 
03 
04 
o5 
06 
01 

DO, 01 .. 01 • rhe. ••vea of lhe respective 0 1np"t 

Figure 3-43. '748251 8-1 Data Selector/ Multiplexor with 3-State. Output 
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Description: 
One of eight data sources is selected depending on 

the binary weight of A, B and C. Y and W are 
complementary outputs. The 3-state output permits 
this IC to be connected to a common bus. When 

SCHEMATIC: 

151 
152 01 
1R 
251 
252 02 
2R 
351 
352 03 

3R 
451 04 
452 
r$ 

STROBE is high, all output transistors are disabled 
so that the IC neither drives nor loads the lines. 
When STROBE is low, the output is enabled. 

PIN NUMBERING: 

Figure 3-44. 74279 Quad R/S Latches 

Description: 
In the quiescent state, all inputs are high. A low 

on Reset input resets the latch. A low on either (or 
both) set inputs sets the latch. If the set and reset 

SCHEMATIC: 

CARRY IN 

l 
co 

A1 ~1 

A2 ~2 
A3 
A4 ~3 

81 ~4 

82 
83 
84 

C4 CARRYOUT 

inputs are both low, the output is high, however, the 
state of the latch when the lows are removed may 
be either high or low. 

PIN NUMBERING: 

lZ 92 A2 11 Al 

Figure 3-45 74283 4-Bit Binary Adder with Fast Carry 

Description: 
This IC adds together two 4-bit binary numbers 

2011342 

and a possible carry in (CO). The output is sum 1, 
2, 3, and 4, and a possible carry out produced by the 
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4 bit (C4). Example: 
Bit position 4 3 2 1 

A Input 1 0 1 1 (ll) 
B Input 0 1 0 1 ( 5) 
Carry Input 1 ( 1) 
Sum 0 0 0 1 (1) 
Carry output 1 (16) 

By inputting the complement of a number, and a 
carry in, substraction is achieved. 

Example: Subtract 5 from 11 (answer 6) 
(Complement of 5) 

Bit position 4 3 2 1 
A Input 1 0 1 1 (11) 
B Input 1 0 1 0 (10) 
Carry Input 1 
Sum 0 1 1 0 (6) 
Carry Out 1 

SCHEMATIC: 

---11A 

---41B 1Y 

---42A 

---42B 2v---

1G 2G S 

A carry out indicates 'that the ·sum is correct. If a 
carry out does not occur, this indicates· that the sum 
isin complementary form plus one. 
(Complement of 11) 

Example: Subtract l1 from 5 (Answer -6) 

Bit position 4 3 2 1 
A Input 0 1 0 1 (5) 
B Input 0 1 0 0 (4) 
Carry in (1) 
Sum 1 0 1 0 (10) 
Carry Out 0 

The complement of 10 is 5, plus 1 equals 6. No 
carry out indicates a minus answer. 

PIN NUMBERING: 

l~PUT 1-t1i1J>UT ~C OUIPUl ~1H0tll:.Sfk08l 
1A 18 1Y 1G S 

DIFFERENTIAL 
INPUTS STROBES OUTPUT 

A-B G s y 

v, 0 > 25 mV L '" H l or H H 

Lor H L H 

-'25 mV < V10 < 25 mV L Lor H H 

H H llllOtl lHMINl\ TE 

Lor H L H 

V10 <-25 mV L Lor H H 

H H L 

Figure 3-46. 75101 Dual Line Receivers 

Description: 
This receiver is used for differential input lines. 

The two receivers are enabled by a high STROBE, 
and a high gate input to each receiver. When the A 
input is 25 millivolts or greater more positive than 
the B input the output is high. If A is 25 millivolts 
or greater, more negative than B, the output is low. 

3-24 

The use of differential lines reduces common 
mode rejection. That is, a noise spike on both inputs 
at the same time, duration and magnitude may not 
be seen at the output. This is due to the fact that the 
difference between inputs is the critical factor. 
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SCHEMATIC: 

1A 1Y 

18 1Z 

INH1C 

2A 2Y 

28 2Z 

INH2C 

INHD 

PIN NUMBERING: 

Va. 
01.JiruT OIJTPUT 

Vee.- '"" 1Y 1l D 

IVUT 11\PUT '"" ••• ifVUT 
u 11 IC 2C IA 

INHIBITOR 
LOGIC INPUTS INPUTS 

A B (. D 
Lor H Lur H L Lor H 

Lor H l Of H Lor H L 

L lot H H H 

l or H L H H 

H H H H 

L O>N Output r•µ1 •~:\U th• on •l•t• 

HiQh outp1J\ repreJ.flllt th• off w.1et• 

OUll'UT OUTPUT 
2l n 

INPUl 
21 

G•D 

OUTPUTS 

y z 
H H 

H H 

L H 

L H 

H L 

Figure 3-47. 75110 Dual Line Driver 

Description: 
Both drivers are enabled by a high on INHIBIT D 

and a high on INHIBIT C for each driver. When the 
driver is enabled, the output Y is high if A and B 
inputs are both high. Y is low if one or both inputs 
A and B are low. Z complements Y. When the driv-

SCHEMATIC: 
+VCC R1 
--,-~-r- -1---, 

I I I _J_ C1 
L--- -r 

VCC DIS TH 

T Q 

555 

,--- vc 

' -'- GND CLR -,-
I 
I 1..---

__.__ 

er is inhibited the output goes high in a high impe
dance state, allowing the output lines to be used as 
a bus, by other components connected to the same 
line. 

PIN NUMBERING: 

• 

Description: (Timer) 

V PACKAGE 

(Top Viewl 

1. G<ound 
2. Trigger 
3. Output 
4. Reset 

6. Control Voltal)e 

6. Threshok1 

7. 01sch.irg• 

a. Vee 

When used as a timer, it triggers on a negative 
edge when the input voltage reaches 1/3 VCCF. The 
output goes positive for 1.1 x RC secs, regardless of 
any trigger pulses occurring during this time. CLR 
going low resets the output to low. If TRIG and 
CLR are tied together, the output goes low at the 
negative edge of the input signal and goes high for 
1.1 x RC secs. starting at the positive edge. 

Figure 3-48. 555 Timer 
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SCHEMATIC: 

R2 

R3 

c2_:r: 

+VCC 

vcc 
DIS 

Q 

r VC 
-L GRD .- CLR 

.., __ 

+VCC 

Description: (Oscillator) 
In the oscillator configuration, the frequency is de-

SCHEMATIC: 

10 
11 ""-_J-
12 -----!" 
13 

14 ,..___,,_ 

••v--~ 

• ....._., 

• Vee 

termined by R2, R3 and C2. The duty cycle is deter
mined by the ratio of R2 to R3. 

PIN NUMBERING: 

v. 

Figure 3-49. 8T23 Dual Single-Ended Line Driver 

Description: 
These drivers have open emitters, permitting 

wired OR functions with several drivers on one line. 
A resistor is required on the output to pul! the lin" 

down to low level. Special circuitry prevents tran
sients during power-up or Power-down. 

SCHEMATIC: PIN NUMBERING: 

V+ 

., 
s, 

a, 

:: ::_~ - 13 G~~ I ,_..._ '-"'L<' 

=--=~__r.;yl· -,_ __ __, 
:: ±=:-.::=D ·Figure 3-50. 8T24 · Triple Line Receiver 
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Description: 
The inputs are TTL and DTL compatable. An in

put of 1. 7 or greater is intepreted as a logical one. 

SCHEMATIC: 

IN1 OUT1 

OUT2 

IN3 OUT3 

IN4 OUT4 

IN5 OUT5 

IN6 OUTS 

DIS DIS 

A----' 

8--------' 

TOP 
YUV 

Inputs of 0.7 volts or less are interpreted as a logical 
zero, as is an open circuit input. 

PIN NUMBERING: 

Jlf l arr l JN 2 001' 2 IN 3 001' 3 DISABLE 

9 

8 

lJI 4 arr 4 JH .5 W'l' .5 JN 6 wt 6 DIS.UU: CND 

Figure 3-51. 8T37 DM8837 Bex Receiver with Hysteresis 

Description: 
A high on A causes outputs 1,2 and 3 to go low, 

regardless of the input. A low A enables outputs 1,2 
and 3. The output is inverted. 

The input voltage must go above approximately 

PIN NUMBERING: 

Cl A& Y& AS VS A4 Y4 

II 14 1] 11 11 10 

Ct Al YI AZ YI AJ YJ GNO 

+ 2V for the output to go low. The input must then 
drop to approximately + 1.3V before the output goes 
high. 

Description: 
This IC features six non-inverting buffers. If G 1 or 

G2 goes high, the output goes into high impedance 
state. This allows the IC to be used in bus applica
tions. When Gt and G2 are low, Al=Yl, A2=Y2, 
etc. 

Figure 3-52. DM8095 Tri-state Bex Buffers 
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PIN NUMBERING: 

V~c C"2 A6 

Yl 

Y6 AS VS A4 V4 

13 12 ,, 10 
-- --·-+-'--~~ 

A2 VZ Al VJ GND 

Description: 
This IC contains six inverters. When Gl or G2 is 

high, the outputs are high impedance·. When G 1 and 
G2 are both low, Al=Yl/, A2=Y2/, etc. 

Figure 3-53. DM 8096 Tri-state Hex Inverter 

SCHEMATIC: 

( 
01 

DATA 02 
INPUT 03 

04 
) DATA 

OUTPUT 

ADDRESS ( 

AO 
A1 
A2 
A3 

WE 

CE 

Description 
In order to perform a read or a write operation, 

CHIP ENABLE (CE) must be low. If CE is high, 
the outputs are in high impedance state. This allows 
other ICs to operate on common output lines. A 
write is performed by making WRITE ENABLE 
(WE) low. When WE is low the data Input is written 
into the word addressed by the address Input (Bina
ry 0 to 15). When WE is low, the outputs are high 
impedance. 

A read is performed with CE low and WE high. 
The output lines contain the complement of the data 
previously written into the word addressed by the A 
inputs. 

PIN NUMBERING: 

ADDRESS 
I\ 

vcc ,Al A2 

16 15 14 

1 2 3 

AO<>--~ 

Al 0--.,...-1 
ADDRESS 

A2 l'lllHER 

.00-----1 

C£o--~ 

DAl'A nl 

A3 0 
13 12 

4 s 

1/16 
OF.CODER 

OUTPUT DKrA IN OUTl'Ul" 

~ G'J-.. 
11 10 

· 16 X 4 BIT 
tjEHORY 

r{;)\ 

9 

VRil"E SENSE AMPLttIER 

wo-~-t_..~~~~~-....-~-~_J 

041 

Figure 3.54 MM6561 Random Access Memory 16 x 4 Tri-state Output 
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SCHEMATIC: 

DIN DOUT 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

WE 

--c cs 

TOI' 
TDV 

Ya: 

16 

1 
Ci 

ADDR!SS 
DECO!EI 

PIN 

l.S 

2 

All 

PIN NUMBERING: 

iii' 

14 

3 

Al 

1'01lD 
»RlVEIU 

A9 

lJ 

4 

A1 

All 

12 

5 

Al 

32132 
illlt.I 

AllDIZSI 
IJICODH 

A7 

11 

6 

"" 

AJ A6 A7 AS A9 

A6 " 10 

a 

"oar Gllll 

Figure 3-56. 93415 1024 x 1 Random Access Memory 

Description: 
This IC can store 1024 bits of information, accessi

ble one at a time. The CHIP SELECT (CS) input 
must be low in order to read or write. When CS is 
high, the output is open collector, it is actually float
ing. An external resistor is required to pull the level 
high. 

When CS is low the IC is selected. When WRITE 

SCHEMATIC: 

+Vee 
----- 12 

6 

NON-INV INPUT 

2 
CURRENT CURRENT Vz 
LIMIT SENSE 

ENABLE is high, Reading takes place. DATAOUT 
(DOUT) contains the bit that was previously written 
in the cell addressed by the A inputs. When WE is 
low, the DAT A input is written into the cell ad
dressed by the A inputs. 

Reading is not destructive. 

PIN NUMBERING: 

14 NC 
FREQUENCY 
COMPENSATION 

12 v• 

Figure 3-57. 723 Voltage Regulator 
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CHARACTERISTICS TABLE 

SUPPLY VOLTAGE 40 VOLTS, MAX 
<Wee TO -vcc' 

INPUT VOLTAGE RANGE 9.s To 4o vor.:rs 

Ol!TPUT VOLTAGE RANGE 2.IHO 37VOLTS 

INPUT--OUTPUT VOLTAGE 3.0 TO 38 VOLTS 
OIFFERENTIAL 

MAX OUTPUT CURRENT. 150 MILLIAMPERES 

REFERENCE VOLTAGE 6.95TO 7.35VOLTS 

LINE/LOAO REGULATION BETTER THAN 0.6 PERCENT 

Schematic with pin numbering: 

1 ' ~ .. 

Yr" J ~J. J 
tlriri 
6 1 9 10 ll 1l 

Description: 
The 723 is a positive or negative voltage regulator. 

It is used in the DDEC as a control and power for 
.. othe.r regulators. Shutdown .is accomplished by 
:grounding the frequency compensation pin. Regula
tion is accomplished by changing Vout when the 
sensed output is different from a reference voltage. 
Current limiting is accomplished by shutting off the 
regulator when the voltage on Pin 2 (current limit) is 
more positive than the voltage on Pin 3 (current 
sense). 

Description: 
The 3086 is a package of 5 silicon NPN transis

tors. Two of the transistors (Ql and Q2) are inter
nally connected to form a differential pair. Three 
transistors are independent. 

Figure 3-57. 3086 Transistor Array 

SCHEMATIC: 

INPUT 7812 

3 

GND 

2 
OUTPUT 

Description: 
The 7812 is a three terminal regulator with a fixed 

reg\ilated output of 12 volts. It has internal thermal 
protection and current limiting. 

Figure 3-58. 7812 Voltage Regulator 

SCHEMATIC: 

Description 
The 324 is a package of four independent general 

purpose operational amplifiers. 

PIN NUMBERING: 

Out 
I 

lnputt 
I 

lnpun 
2 

lriputa 
3 

'Out Oul 
2 ~..___ ____ ___.__..... 3 

Figure 3-59. 324 Operational Amplifier 
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SECTION 4 
MAINTENANCE TECHNIQUES 

LOCAL OPERATION 

GENERAL DESCRIPTION 

Special maintenance circuits enable all DDEC 
functions except the processor interface to be run 
when the DDEC is offline. Push buttons and 
switches on the maintenance panel, allow the F .E. 
to enter any initiate words in maintenance memory, 
then have the DDEC do the designated operation. 
Table 4-1 gives the uses for each word of mainte
nance memory and gives the meaning of all DDEC 
operation codes. With the correct combination of 
switches it is possible to do variations of the basic 
operations such as: 

1) Loop on one head. 
2) Loop on one sector. 
3) Loop on operation. 
4) Ignore all errors. 
5) Ignore read data errors (firecode errors). 
6) Alternate two operations. 
The address display on the opposite side of the 

DDEC from the maintenance panel indicates the sec
tor, head, and cylinder on which the DDEC is at
tempting an operation. The F .E. can use this infor
mation and the hexadecimal address scheme for the 
disk being used to help him do local operations from 
the maintenance panel. The disk address scheme is 
generated from the Disk Pack Diagnostic program. 

At the end of a DDEC operation the result de
scriptor is displayed on the maintenance panel verti
cal display. Table 4-4 gives the meanings for the ab
breviations printed on the left side of the display. 
Volume 3, Theory of Operation, Section 1 gives the 
meanings for each bit of the result descriptor. 

Switch Functions 
Volume 3, Section 5 also gives an expanation of 

the maintenance panel switch functions. 

NOTE 
After pressing the on switch on the op
erator control panel, there is a 25 sec
ond delay before the DDEC is ready to 
be used. Until that time, the mainte
nance paneI switches are disabled. Use 
figure 4-1 to find the switches on the 
maintenance panel which are listed be
low. 
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0 

2 

3 

4 

5 

6 

7 

8 
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11 

12 

13 

14 

15 

Table 4-1. Maintenance Memory Word Usage 

Initiate Word 1 First OP 

Initiate Word 2 First OP 

Data Word First OP 

ERO Word 1 or 16 Bits Firecode on an Alternate OP 

ERD Word 2 or 16 Bits Firecode on an Alternate OP 

ERD Word 3 

ERD Word 4 

Not Used 

Initiate Word 1 Second OP 

Initiate Word 2 Second OP 

Data Word Second OP 

16 Bits Firecode on an Alternate OP 

16 Bits Firecode on an Altjlrnate OP 

Not Used 
' Not Used 

Not Used 

Table 4-2. Initiate Words 

INFORMATION 
INITIATE INITIATE 

LINES WORO WORO 
1 2 

INFO 00 LSB OP1 02"5 

INF001 OP2 B2"6 
INFO 02 OP3 B2"7 
INFO 03 NO B2'8 
INFO 04 U1 B2"9 

INFO 05 U2 s2·10 
INFO 06 U3 B2'11 
INFO 07 U4 B2'12 
INFO 08 N1 82'13 
INFO 09 N2 B2'14 
INFO 10 N3 B2'15 
INFO 11 B2'0 B2"16 
INFO 12 B2'1 B2'17 
INFO 13 B2'2 .B2'18 
INFO 14 B2'3 B2'19 
INFO 15MSB 82'4 B2'20 

OPl. OP2, OP3 - Opcode field 

U1. U2, U3, U4 - Unit address. field 

NO, N 1, N2, NJ - Opcode· variant bits 

B2'0 - B2'20 - Sector address field 

DATA INPUT 
At the right side of the maintenance panel 16 Mo~ 

mentary switches are mounted vertically, They are 
used to set the bits of the initiate words and data 
which is to· be executed at start time. An associated 
light-emitting diode (LED) lights when one of these 
buttons is pressed. 

4-1 
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Table 4-3. OPCODE Decode 

OPCODE FIELD 
OPCODE DE OD c E _c_ OP1 OP2 

Read 206 0 0 
Read 207 0 0 
Read Maintenance 0 0 
Read Extend~ Status 0 0 
Write 206 0 1 
Write 207 0 1 
Initialise 0 1 
Relocate #1 (Data Specified) 1 0 
Relocate #2 (Data=Address Field) 1 0 
Verify 1 1 
Testop 1 1 

NNN = 11·5) 
c 1 
p = 1 

Spare Sector Number in Binary 
Clear Seek Status Condition 
Full Pack 

p = 0 
w = 0 
w = 1 

PLO = 1 
E/L 1 
E/L 0 
s 1 
s 0 

OF 1 
I 1 
I 0 
F 1 

CR = 1 

Track Only 
Normal Test Op. 
Remote Power Down 
Enable Early I Late Strobe 
Late Strobe 
Early Strobe 
Data Specified 
Data "' Address Field 
Offset 
Offset In 
Offset Out 
Diagnostic Write Fire Code 
Error Correction Read 

OP3 

0 
0 
1 
1 
0 
0 
1 
0 
1 
0 
1 

VARIANT BITS 
NO N1 N2 

PLO OF E/L 
PLO CR E/L 
- - 0 
- - 1 
- - -
- - F 
- - s 
- N N 
- N N 
- N N 
- - c 

N3 

I 
-
-
-
-
-
p 
N 
N 
N 
w 

LOAD 
A momentary switch to load the sixteen bit word 

from .the vertical LED ,display at. The word is 
loaded into the maintenance. memory location at the 
top of the panel. Pressing this switch loads one 
memory word and also advances the memory ad
dress counter to the next word. 
CLEAR 

A momentary switch to cle~ the two LED .. dis~ 
plays. This resets the memory address counter to 
word zero, as well as clearing the sixteen bit display. 
If the toggle switch DISP ENBL is up, pres~ing 
clear only clears the sixteen bit display. 
START . 

A momentary switch which causes the DDEC to 
do the operation specified by. the initiate words con
tined in maintenance memory. 
STEP. MEMORY 

If the switch DISP ENBL is up, this momentary 
switch advances the memory address counter each 

Table 4-4. R.D. and E.R.D. Decodes 

L.E.D. RESULT DESCRIPTOR 0000 0000 0000 0000 INFO 
ERO WORD 1 ERO WORD 2 ERO WORD 3 ERO WORD4 . LINE 

FCO FIRE CODE ERROR SECTOR 64 N3 ILLEGAL CYLINDER ADDRESS OVERFLOW 00 

. WLO WRITE LOCKOUT .OR E.C. HEAD 1 N2 ILLEGAL HEAD" BAD OM RESPONSE 01 

sso SEEK STATUS HEAD 2 Nl SEEK AND NOT READY RPM LOW 02 
NRO NOT READY HEAD 4 NO WRITE PROTECT AND WREN TEMP. CRITICAL 03 
OLD OFF LINE LOW UNIT 1 WRITE DATA MISSING TEMP. WARNING . 04 

USO DRIVE UNSAFE CYL 1024; UNIT 2 MAINTENANCE MODE D.C. UNSAFE 05 

DSO DATA SYNC ERROR CYL 1 UNIT 4 SEQUENTIAL FORMAT HEAD.SELECT FAULT 06 
AEO ADDRESS ERROR CYL 2 OP 3 SEE NOTE 2 07 

STD SEEK INCOMPLETE· CYL 4 OP 2 207 see· NOTE 3 08 
NPO · DRIVE NOT PRESENT CYL 8 OP 1 206 09 

0 CYL 16 SECTOR 1 CM ERROR CARRIAGE "HITS STOP 10 

0 CYL 32 SECTOR 2 INDEX MISSING OFF TRACK AND WRITE 11 

0 CYL 64 SECTOR 4 NO READ DATA SEEK INCOMPLETE 12 

0 CYL .128 SECTOR 8 ADDRESS MARK MISSING OFFSET AND SEEK• 13 
TPO TRANSMISSION PARITY CYL 256 SECTOR 16 DRIVE CLOCK ERROR OFFSET AND WREN• 14 
TOO TRY DIAGNOSTICS _.::_ CYL 512 SECTOR 32 DDEC FAN FAILURE SPINDLE ADDRESS ERROR 15 

0 2060NLY 

NOTE 1: IF CM ERROR IS ON, DRIVE STATUS IS .REPLACED BY THE CM RECEIVED IN ERROR. 

NOTE 2: NO MFM TRANSITIONS 1206 AND 207) OR, DRIVE CLOCK ERROR 12071. 

NOTE 3: WRITE CURRENT AND NO WRITE GATE OR WRITE GATE. AND NO WRITE CURRENT. 

time it is pressed. The sixteen. bit word contained in 
each memory location is displayed in the vertical 
LED display after ~topping 
MSTR CLR ... 

A momentary push button which sends a clearing 
signal throughout the DDEC to many flags, flipflops 
and the extended status register. It forces the DDEC 
to the idle state. This 'does not clear maintenance 
memory of any previously loaded information. 
STOP 

A momentary switch which stops the DDEC in 
an orderly way. When the STOP button is pressed, 
the DDEC may halt and display the A.E. bit. This 
does not mean that an address error has occurred. 
The DDEC simply terminated during an address 
search. 

4-2 

DISP ENBL. 
UP. This allows the step MEM pushbutton to 

advance the memory . addres.s counter and to dis
play the current memory word in the vertical 
LEDs. 

HALT ON ERR 
UP. The DDEC stops for any error detected. 

When stopped, the result descriptor is displayed in 
the vertical LEDs and the sector in error is dis
played in the address display. T~ble 4-4 gives the 
meaning of the re.suit descriptor bits. For firecode 
errors the address displayed is one sector beyond 
the sector in error. 

CENTER. The Off-Position allows firecode 
(read) errors without stopping but these are re~ 
ported in the result descriptor when the DDEC 
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MEMO RY ADDRESS LEDS -

/' 

• • • • 
23 22 21 20 

MEM ADD CNTR 

LOAD CLEAR START 

@ @ @ 

STEP MSTR 
MEM CLR STOP 

@ @ @ 

~ DISP HALT SGL 
ENBL ON ERR SECT 

·@ ~oFl~ 
OFF NO RUN 

HALT 

ALT LOOP 
SLIP OP HEAD 

@ @ rti) OFF 

OFF OFF LOOP 
SECT 

NO NO 
ADD LOOP 

OVLD LOAD OP 

OFF~ rti) @ 
ENAB OFF OFF 
STOP 

\. 
~ 

CONTROL KEYS AND SWITCHES 

~ 

FC 

WL 

SS 

NR 

OL 

us 

DS 

AE 

ST 

NP 

TP 

TD 

RESULT DESCRIPTOR BITS 

.--SWITCH BUS REGIS 

r- DATA INPUT 

' --i i--.. 

• @ OP1/25 

• @ OP2/26 

• @ OP3/27 

• @ N0/28 

• @ u1129 

• @ u21210 

• @ U4/2 11 

• @ U8t212 

• @ N1/213 

• @ N2/214 

• @ N3/215 

• @ 20;216 

• @ 21 ;217 

_, @ 22;218 

• @ 23;219 

• @ 241220 

TER L.E.D.S 

KEYBOARD 

Figure 4-1. Maintenance Panel 

4-3 



B · 9499-6 Disk· Drive Electronic Controller,. Vol. 1: Operation and Maintenance 

stops for another reason: 
DOWN. The NO HALT position forces the 

DDEC to continue to do sequential address 
searches, ignoring address errors. If a sector ad
dress· is found and the data read, firecode errors 
and <tata sync errors are ignored. 

SGL SECT/RUN 
UP. This makes all operations except initialize 

one sector operations. The address in the initiate 
words is the sector used. Some operations are by 
default single sector operations. 

DOWN. This allows normal incremental 
operations 

SLIP 
UP. This is local mode equivalent of losing 

EXECUTE from the processor. It stops data 
transfer until the switch is put down. 

DOWN. This is the normal operating position. 
ALT OP 

UP. Two areas ·of maintenance memory are 
used as sources of initiate words and data alter
nately. These are memory address .counter loca
tions 0, 1 and 2 for one set of instructions and loca
tions 8, 9, and 10 for the other set of instructions. 
Each time the DDEC starts it uses the initiate 
words not used the last time. 

DOWN. In this position, only the operation 
defined by the initiate and data words at memory 
locations 0,1 and 2 is performed. 

LOOP HEAD/LOOP SECT 
UP. If no single sector conditions override, the 

operation is done on a single track continuously. 
CENTER. All operations are done normally. 
DOWN. In all operations except initialize, 

only the sector address in the initiate words is 
used. The operation is done continuously on that 
sector. 

NO OVLPIENAB STOP 
UP. If a seek is required in order to find the 

first sector after starting, the DDEC sends a seek 
command, waits for the drive to complete the 
seek, then does the operation required. This is an 
immediate seek. 

CENTER. If a seek is required to find the first 
sector after starting the DDEC sends a seek com
mand, then stops and displays the result descriptor 
which is NOT READY since the drive is seeking. 
The DDEC must be started again to continue the 
operation. 

DOWN, ENABSTOP enables the clockstopper 
feature described in section 4, This switch down 
also makes the memory address counter at the top 
of the panel indicate the mode in which the DDEC 
is operating. 

NO ADDLOAD 
UP. The starting . address .for an operation is 

the address contained in the DDEC address de
coder .instead of the address contained in the initi
ate words in maintenance memory. 
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DOWN. This is the normal position. The start
ing address of an operation is that contained in the 
initiate words in maintenance memory. 

LOOP OP 
UP. If an operation is stppped for any reason, 

it .starts again as though the Start Button had been 
pressed. A TRY DIAGNOSTIC bit in the result 
descriptpr prevents normal looping of the 
operation. Section 4 gives an explanation of the 
Enable Clear Diagnostics feature for this problem. 
With HALT ON ERR switch up, LOOP OP 
switch has no effect when an error of any kind oc
curs. 

DOWN. This is the normal position. The end 
of an operation stops the DDEC 

Entering an Address in the Initiate 
Words 

Part of initiate word 1 and all of initiate word 2 are 
the hexadecimal sector address where the DDEC 
must perform its operation. In local operation this 
address must be loaded into maintenance memory as 
initiate words 1 and 2. The least-signigicant bit is la
beUed 2° on the maintenance p,anel. Initiate word 1 
must contain 2° through 24 of the address as marked 
on the panel. Initiate word w must contain 25 

through 220 of the address as marked in the right 
column on the panel. These steps must be followed 
when loading an ad.dress: 

1) Change addresses to hexadecimal. Table 4-5 is 
a conversion guide. 

2) Press the switches for the five least-significant 
bits of the address at the same time as the OP 
code and variants. Combined, they must be load -
ed as initiate word 1 into memory address 0. 

3) When the memory address counter is at ad
dress l, press the switches for the remaining 16 
bits of the sector address. This is initiate word 
2; Load initiate word 2 into memory address 1. 

Initialize Operation 
Use caution. Customer data and system software 

is destroyed by initializing. The F .E. must install a 
scratch pack or use only the maintenance cylinder 
for all initialize operations. 

Full Pack Initialize With Data. 
1) Set the maintenance panel switches to the nor

mal positions as in table 4-6. 
2) Push MSTR CLR and CLEAR. This clears 

both displays on the maintenance panel. This is 
address 0 of maintenance memory. 

3) Press OP2 and OP3 for the initialize OP code 
and N2 and N3 to select variants for specifying 
the data to be written and to specify a full pack 
initialize. 

If the unit number of the disk drive to be initia
lized is not 0 press Ul, U2, U4, or U8 to address 
the drive correctly in binary. 
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Table 4-5. Decimal-to-Hexadecimal Conversion 

6 5 4 
HEX DEC HEX DEC HEX 

0 0 0 0 0 
1 1,048,576 1 65,536 1 
2 2,097' 152 2 131,072 2 
3 3,145,728 3 196,608 3 
4 4,194,304 4 262,144 4 
5 5,242,880 5 327,680 5 
6 6,291,456 6 393,216 6 
7 7,340,032 7 458,752 7 
8 8,388,608 8 524,288 8 
9 9,437' 184 9 589,824 9 
A 10,485,760 A 655,360 A 
B 11,534,336 B 720,896 B 
c 12,582,912 c 786,432 c 
D 13,631,488 D 851,968 D 
E 14,680,064 E 917 ,504 E 
F 15,728,640 F 983,040 F 

HEXADECIMAL TO DECIMAL 

+ 5 --------~ 

101310 

Table 4-6. Normal Position of Maintenance Panel 
Toggle Switches 

Switch Designation Normal Position 

DISP ENBL Down 

HALT ON ERR Center (oft) 

SGL SECT Down (run) 

SLIP Down (oft) 

ALT OP Down (oft) 

LOOP HEAD Center (oft) 

NO OVLP Up 

NO ADD LOAD Down (oft) 

LOOP OP Down (oft) 

4) This completes initiate word 1 so press LOAD 
once. 

5) The memory address counter should have 
stepped to address one. Press LOAD again. 
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DEC 

0 
4,096 
8,192 

12,288 
16,384 
20,480 
24,576 
28,672 
32,768 
36,864 
40,960 
45,056 
49,152 
53,248 
57,344 
61,440 

3 2 1 
HEX DEC HEX DEC HEX DEC 

0 0 0 0 0 0 
1 256 1 16 1 1 
2 512 2 32 2 2 
3 768 3 48 3 3 
4 1,024 4 64 4 4 
5 1,280 5 80 5 5 
5 1,536 6 96 6 6 
7 1,792 7 112 7 7 
8 2,048 8 128 8 8 
9 2,304 9 144 9 9 
A 2,560 A 160 A 10 
B 2,816 B 176 B 11 
c 3,072 c 192 c 12 
D 3,328 D 208 D 13 
E 3,584 E 224 E 14 
F 3,840 F 240 F 15 

DECIMAL TO HEXADECIMAL 

3 

·~:::J 
F 

245 
- 240 ------~ 

5--------~ 

This makes initiate word 2 all zeros. 
6) Address 2 of maintenance memory must con

tain the data to be written repeatedly in the 
data field of all sectors. Select any data pattern 
by pressing the switches. 

7) Press LOAD to load the data pattern in 
Memory Address 2. 

8) Press ST ART to begin the full pack initialize 
operation .. 

A normal end for full pack initialize is with sector 
0, head 0, last cylinder + 1 in the address decoder 
display. 

Full Pack Initialize with Header 
This is done the same as a full pack initialize with 

data except that the N2 bit in initiate word 1 is not 
set. This operation repeats the header (sector ad
dress) in the data field. The result is a more complex 
data field and more of an exercise for the drive. 
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Single Track Initialize 
Enter the initiate words for single track initialize 

the same as for the full pack initialize with these ex
ceptions. 

I) Do not press N3 in initiate word 1. 
2) Enter a hexadecimal address in initiate words 1 

and 2. See the instructions given before in this 
section to enter an address in the initiate 
words. For single track initialize the address 
must be the address for sector 0 of the track to 
be initialized. 

Read Operation 
1). Set the maintenance panel switches to the nor

mal positions as in table 4-6 .. 
2) Press MSTR CLR and CLR. This clears both 

displays. 
3) Press the correct unit switches (binary) for the 

drive being used. The read OP code is 0 so no 
other buttons need to be pressed in initiate 
word 0. 

4) Press LOAD to load initiate word 1 into main
tenance memory. Press LOAD again to load all 
zeros into initiate word 2. Memory address 3 is 
not used for a read OP. 

5) Press ST ART to read the disk from sector 0 to 
the last sector on disk. 

To begin reading at a particular sector, load the 
hexadecimal address of that sector into initiate 
words 1 and 2. This is described early in this section 
under the heading Entering an Address in the Initi
ate Words. 

Table 4-3 gives the meanings for the variants of 
the read operation. 

Write Operation 
Use caution. Customer data and system software 

are destroyed by the write operation. The F.E. must 
install a scratch pack or use only the maintenance 
cylinder for all write operations. 

1) Set the maintenance panel switches to the nor
mal positions as in table 4-6. 

2) Press MSTR CLR and CLEAR. This clears 
both displays. 

3) Press OP2 for the write OP code. Press the cor
rect unit numbrs in binary for the drive to be 
used. Initiate word 1 is complete. 

4) Press LOAD. This loads initiate word 1 into 
maintenance memory and steps memory to ad
dress 1. Press LOAD again to load initiate 
word 2 (all zeros) and to step memory to ad
dress 2. 

5) Address 2 in maintenance memory must con
tain 16 bits of data. This word is written repea
tedly in the data fields. Press switches to select 
the data pattern wanted. The first bit of data 
written is taken from the bottom of the mainte
nance panel display. 
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6) Press LOAD to load the data word into mainte
nance memory. 

7) Press START to write from sector 0 to the last 
sector on disk. 

See under the heading Entering an Address in the 
Initiate Words to begin writing at a particular sector. 

Table 4-3 gives the meanings of the variants which 
are used for a write OP. 

Read Maintenance Operation 
Read maintenance is single sector read. It does 

not need the normal address comparison to locate 
the required sector for reading. Instead, the DDEC 
does a dead reckoning search from the index mark 
of the disk by counting clocks. At the correct time 
the DDEC sends a read data command to the disk. 
The data sent to the DDEC from disk is first address 
field, then data field and firecode. This is useful to 
the F.E. when a sector address cannot be found. By 
choosing a good trigger point he can see the address 
field in that location. 

1) Set the maintenance panel switches to the nor
mal positions as in table 4-6. 

2) Press MSTR CLR and CLEAR. This clears 
both displays. 

3) Press OP3 for the read maintenance OP code. 
Press the correct unit numbers in binary for the 
drive to be used. 

4) The sector address in hexadecimal must be 
specified for this operation. 

The method is described under the heading Enter 
an Address in the Initiate Words in this section. 

5) Press LOAD to load the completed initiate 
word 1 into maintenance memory and to step 
memory to address 1. 

6) Press the correct switches to give the rest of 
the hexadecimal sector address in initiate word 
2. 

7) Press LOAD to load initiate word 2 into 
memory. Address 3 is not used for read mainte
nance OP. 

8) Press ST ART to do a read maintenance of the 
sector. 

It is normal to stop with A.E. as the result de
scriptor after a read maintenance operation. 

Relocate Operation 
Use caution. Customer data and system software 

are destroyed by the relocate operation. The F .E. 
should install a scratch pack or use the maintenance 
cylinder for relocate operations. ' 

I) Set the maintenance panel switches to the nor
mal positions as in table 4-6. 

2) Press MSTR CLR and CLR. This clears both 
displays. 

3) Press OPl, the Op code for relocate with data. 
Press the correct unit number in binary for the 
drive being used. 
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4) The variants N 1, N2 and N3 specify the spare 
sector in binary to use for relocation. Press Nl 
to specify the first spare. 

5) The hexadecimal address of the sector to relo
cate must be entered in initiate words 1 and 2. 
The method is described under the heading En
tering an address in the Initiate Words in this 
section. 

6) Press LOAD to load the complete initiate word 
1. 

7) Press the switches to complete the sector ad
dress. 

8) Press LOAD to load initiate word 2 into 
memory. 

9) Press the switches to specify a data pattern to 
be written in the relocated sector. 

10) Press LOAD to load the data pattern into ad
dress 2. 

11) Press ST ART to do the relocate operation. 

Spare Sector Verify Operation 
Use this operation to find if a spare sector is avail

able or if it is used. 
Spare sector verify is entered like relocate with 

these differences: 
1) The Op code is OPl and OP2. 
2) The address given in initiate words 1 and 2 

must be the address of a sector on the spares 
head of the cylinder being verified. 

At the end of the operation the result is all zeros for 
an available spare and A.E. for a used spare. 

Alternate Operations 
Use caution. Customer data and system software 

are destroyed by initialize, write, or relocate 
operations. Install a scratch pack or use the mainte
nance cylinder for those operations. 

The DDEC fetches initiate and data words from 
two areas of maintenance memory. Two different 
operations can be done alternately on the same drive 
unit or alternately on two different drive units. Two 
uses are: 

1) Alternate seeks for checking the servo. 
2) Alternate write/read to check data. 

Here is an example of an alte.rnate operation. 
1) Set the maintenance panel switches to the nor

mal positions as in table 4-b .. 
Make these changes: 

SGL SECT - UP 
ALT OP - UP 
LOOP OP - UP 

2) Press MSTR CLR and CLEAR. This clears 
both displays. 

3) Press the correct unit numbers in binary for the 
drive to be used. Do not press the Op code 
switches or address switches. The first 
operation is a read on sector 0. 
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4) Press LOAD to load initiate word one into 
memory. 

5) Press LOAD to load initiate word 2 (all zeros) 
into address 1. Press load 7 times. The memory 
address counter must indicate binary 8. This is 
the memory location to contain the second set 
of initiate words. 

6) Press N2 for a write operation. Press the same 
unit numbers as in step 3. 

7) Choose an address for the write opeation. The 
method for loading this address is described un
der the heading Entering an Address in the 
Initiate Words in this section. Press the correct 
address switches to complete initiate word 1. 

8) Press LOAD to load initiate word 1 of the al
ternate operation. 

9) The memory address counter is binary 9. Press 
the switches to complete the addr~ss started in 
initiate Word 1. 

10) Press LOAD to load initiate word 2 of the al
ternate operation. 

11) Press the switches to select a data pattern to 
write in the alternate operation. 

12) Press LOAD to load the data word into mem
ory address 10. 

13) Press ST ART to do the alternate operation au
tomatically. 

Each operation is one sector long because SGL 
SECT is up. The operation restarts automatically be
cause LOOP OP is up. The operation switches alter
nately because ALT OP is up. 

Read Extended Status Operation 
If T.D. (try diagnostics) is set in the result descrip

tor it means: 
1) An exception occurred in either the DDEC or 

the drive. 
2) An extended result descriptor is locked in the 

DDEC The E.R.D. can be extracted for 
analysis by performing a read extended status 
operation. 

3) Pressing MSTR CLR unlocks the DDEC but 
loses the E.R.D. information. 

Volume 3, Section 1 gives a further explanation of 
the T.D. bit in the result descriptor, as well as the 
E.R.D. To do a read extended status operation fol
low these steps: 

1) Set the maintenance panel switches to the nor
mal positions as in table 4- 6. 

2) Press CLEAR only. This clears both displays. 
3) Press OP3 and variant N2. This is the read ex

tended status Op code. 
4) Press LOAD to load initiate word 0 into 

memory. 
5) Press ST ART to do the read extended status 

operation. The normal end to the operation is 
a result descriptor with no error bits. The mem
ory address counter must display binary 7. 
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6) Press CLEAR, this resets the memory address 
counter to address 0. 

7) Move DISP ENBL switch to the up position. 
8) Press STEP MEM to advance the memory ad

dress counter. Table 4~7 gives the meaning for 
each bit of the E.R.D. which is displayed in the 
vertical L.E.D.s. Memory address location 3, 
4, 5, and 6 contain E.R.D. words 1, 2, 3, and 
4. 

General Troubleshooting ... 

Drive/DDEC Fault Isolation 
Use the maintenance features of the DDEC to iso

late DDEC problems from drive problems. These 
tests can quickly isolate a problem. 

1) Use different drives with the same DDEC inter
faee. 

If 

The problem is always there. 
The problem changes. 
The problem goes away. 

Then 

DDEC or cable is at fault 
DDEC is probably at fault. 
Drive is probably at fault. 

2) Use the same drive but different DDEC inter
face. 

If Then 

The problem is always there. Use test 1. 
The problem changes. No determination can be 

made. 
The problem goes away. DDEC or cable is at fault.! 

3) For a read or write problem, write and read the 
disk at various cylinders and with ·different 
heads. The DDEC processes all read data the 
same. The drive may have a problem reading or 
writing different parts· of the disk. 

4) Look at all result descriptors and extended re
sult descriptors. The drive status register may 
be recorded in the E.R.D. This often tells ex
actly the problem. Some bits of the E.R.D. are 
DDEC exceptions which explain the problem. 
Volume 3, Section 1 gives the meanings for the 
bits of the result descriptor and extended result 
descriptor. Table 4-4 in this volume can be 
used as a reference. 

DDEC/DPC Fault Isolation 
1) Offline, attempt to reproduce problems by doing 

the same operation from the maintenance pan
el. Most DDEC/drive problems can be repro
-Ouced this way. 

2) Processor interface and D.P;C. problems are 
not detected offline. Put the DDEC online and 
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run the Disk Pack Diagnostic test routine. 
Using the Disk Pack .Diagnostic routine: 

Symptom Probable Cause 

A result descriptor with 
transmission parity bit set 

Data bits missing when 
reading but no firecode 
error or transmission parity 
error. Determine if read is 
wrong or if write is wrong 

Data shift 

Voltage Margins 

Data is being lost between the 
DPC and DDEC while it is 
being transferred in parallel. 
Run the .DPC. self test. 

Serial to parallel data 
conversion is wrong in the 
DDEC for a read or parallel to 
serial conversion is wrong in 
the DDEC for a write. 

DDEC clock to the processor. 

Use this procedure when a DDEC problem is too 
intermittent to troubleshoot. Adjusting the IC supply 
voltage close to the limits of their specification may 
cause the intermittent problem to happen more 
often. This makes troubleshooting easier. 

1) Remove the top cover from the power supply. 
2) Measure the voltage on the backplane + 5 volt 

stud. Figure 4 shows the location of Rl 15 on 
the power supply to adjust + 5 volts and the + 5 
volt stud on the backplane to measure + 5 
volts. 

3) Use a potentiometer adjustment tool to turn po
tentiometer R 115 clockwise to increase the 
voltage. Do not go beyond +5.25 volts while 
adjusting the voltage, operate the DDEC to see 
if the problem exists. 

4) Turn potentiometer Rl 15 counter clockwise to 
decrease the voltage. Do not go beyond +4.75 
volts: Operate the DDEC to see if the problem 
exists. 

Use the same method to change the -5 volt supply 
by turning potentiometer R163. Do not go beyond 
-5.25 or -4.75 when changing this voltage. Figure 4-
2 shows the location of R163 on the power supply 
and QHC30 on the backplane to measure -v volts. 
This -5 volts is used in the DDEC only to power the 
differential line drivers and receivers at the drive in
terface. 

Clear Diagnostic Feature 
The clear diagnostic feature lets the field engineer 

loop an operation in local mode when a T.D. bit is 
set in the result descriptor. Normally, a T.D. bit set 
in the result descriptor prevents more operations on 
that drive unit. 

How to use the clear diagnostic feature: 
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TRIMPOTS 

STUD #1-----1~<1 ~i-t-- STUD #2 
(+5 VOLTS) (D.C. GND) 

~ 11111111 
QHC20 
(-5 VOLTS) 

J2 CB1 CB2 J4 
VIEW OF BACKPLANE 
(FRONT OF MACHINE) POWER SUPPLY WITH TOP REMOVED 

(VIEWED FROM ABOVE AT REAR OF MACHINE) 

Figure 4-2. Voltage Adjustments 

~JFC03 

~JFC05 

~ J F C06 ..,.__ __ [] 

~JFC07 

~JFC08 >------S133 
~ J FC09 >------t---" 
~ J FC10 >------
~ JFC11 >----~ 
~JFC12 >-----
~JFC13 >-----
~JFC14 >------

>---<JFC16 ~ 

THESE BACKPLANE PIN ARE AVAILABLE 
TO TIE THE TRIGGER GATE INPUTS HIGH: 

JHE18 THROUGH JHE25 

Figure 4-3. Trigger Gate 

1) Use a wire jumpr from ENCLDIAG/ to a 
ground pin on the backplane. 

2) Move the LOOP OP switch to the up position. 
3) Do the local mode operation normally. 
If a T.D. error stops the DDEC when the clear di

agnostic feature is enabled and LOOP OP is up, the 
E.R.D. register is cleared and the T.D. is cleared. 
The operation is restarted normally. 

Displaying the Firecode 
The firecode of a sector is displayed on the main

tenance panel in local mode. With the ALT OP 

2011342 

switch in the up position the firecode for the first 
sector read is stored in maintenance memory. Fol
low these steps to display the firecode of a sector: 

1) Load into maintenance memory addresses 0 
and 1 and read Op code and the hexadecimal 
address of the sector to be read. 

2) Place all maintenance panel switches in the nor
mal positions as in table 4-6. 

3) Place ALT OP switch in the up position. Place 
SGL SECT switch in the up position. 

4) Press the START button once. 
5) Place DISP ENBL switch in the up position. 
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Press STEP MEM until the memory address 
counter displays a binary 4. In the vertical dis
play 16 bits of firecode are displayed Press 
STEP MEM to display memory address 5 
which is the other 16 bits of firecode. Figure 4-
4 shows the 2 words of firecode displayed. 

Note that the firecode for the 207 drive is 56 bits 
long but that the above procedure displays only the 
first 32 bits. Some examples of firecode for certain 
data patterns are given in table 4-7. 

Clock Stopper Feature 
The clock stopper is a maintenance feature to stop 

the DDEC clocks and deselect the drive. Using this 
feature, a field engineer halts the DDEC when he 
wants and looks at logic states throughout the ma
chine. Local Operation (offline): 

I) Use a wire jumper to connect the trigger signal 
(any low to high transition) to pin DDC28 on 
the backplane, 

2) Move the switch EN AB stop to the down posi
tion. 

Remote Operation (online): 
1) Use a wire jumper to connect the trigger signal 

(any low to high transition) to pin DDC28 on 
the backplane. 

MEMORYADDR. 
CNTR. loo••I 

LAST BIT Q 
OF F.C. Q 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2) Use a wire jumper to connect the signal 
ENABSTOP/ to a ground pin. 

3) After the stop clock has been used, remove the 
wire jumper to the signal ENABSTOP/. This 
prevents noise from triggering· the clock stopper 
flipflop. 

Trigger Gate Feature 
On circuit board 20 in location J LOWER a trigger 

gate is wired to the backplane for field use. Figure 
4-3 is a schematic with backplane inputs and outputs 
noted. 
Inputs: 

1) Use wire jumpers to the backplane input pins. 
The inputs can be from 0 to 8 high true signals 
and from 0 to 5 low true signals. 

2) Use wire jumpers to connect unused inputs to 
ground or to the pull-up pins listed in figure 4-
3. 

Outputs: 
1) One output pin JFC16 is a Schottky output for 

speed. This output is suitable for triggering the 
stop clock feature. 

2) One output pin JFE17 is a standard output. It 
is suitable for triggering test instruments. 

lo••o I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

FIRST BIT Q 
OF F.C. 0 

Figure 4-4. Display of Firecode 
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Table 4-7. Firecode Examples 
DATA REPEATED 

8001 
0101 
FDFD 
6363 
5555 
AAAA 
8888 
FFFF 
1111 
0000 
6DB6 
E4C6 

206 FIRECODE 

200311AI 
2001ADB2 
EAAA4AF3 
A4228489 
A66AAD32 
OCF55065 
OF3BBF84 
AA9FFDS7 
A1F772FO 
00000000 
8017BFIB 
OFECC576 

207 FIRECODE 

200311AIA2D7BA 
2001ADB24CA264 
EAAA4AF3725360 
A42284B9CB81C5 
A66AAD3235E8F5 
OCF55065DEFF5D 
OF3BBF84B266CF 
AA9FFD57EB 17 AS 
AIF772FOECDBDI 
00000000000000 
8017BFIBE8F28D 
OFECC576FCOBCI 

EXTENDED RESULT DESCRIPTOR 
USAGE 

If the TRY DIAGNOSTICS bit is set in the result 
descriptor at the end of an operation, the DDEC is 
locked out from that unit until a Read Extended Sta
tus Op is performed. The processor does a Read Ex
tended Status operation and receives from the 
DDEC 64 bits of extended reult descriptor (E.R.D.). 

This is put in the F.E. log when on system soft
ware or printed on the line printer when the Disk 
Pack Diagnostic test routine is used. In local 
operation, the E.R.D. is stored in maintenance mem
ory for analysis after a Read Extended Status 
operation. 

Volume 3, Theory of Operation, Section 1 under 
EXTENDED RESULT DESCRIPTOR gives the 
meaning for the different parts of the extended result 
descriptor. The method of doing the Read Extended 
Status operation is given in this section of Volume 
1. Table 4-8 gives the meaning of all ERD bits. 

CM Error 
Notice in table 4-8 that if bit 10 word 3 in the 

ERD is set, a CM error has been detected by the 
drive. The CM in error is returned from the drive to 
the DDEC and stored in the ERD. 

If the CM error bit is low, bits 09 to 01 of word 
3 and bits 15 to 01 of word 4 are the drive status re
turned after a send status CM. 

Some bits of the ERD are exceptions detected by 
the DDEC They are: 

Fan Fail 
The two fans mounted on the card cage of the 

DDEC have air switches. If air stops passing the 
switches the switches open. This causes a T.D. in 
the result descriptor and an E.R.D. is logged. 

Drive Clock OK/ 
This means the drive clock is not good. This bit 

sets if drive clock transitions stop for more than 
three and one-half clock periods. 

2011342 

Address Mark Missing 
A missing address mark does not cause an excep

tion to stop the DDEC It gives a T.D. in the result 
descriptor if an address error occurs. 

No Read Data Transitions 
This does not cause an exception to stop the 

DDEC It gives a T.D. in the result descriptor if an 
address error occurs. The read data transitions that 
are detected missing are the sync character for the 
address. 

Index Mark Missing 
This bit is set when the drive does not send an in

dex mark detected DM within 25ms of a request for 
index from the DDEC. 

Bad OM Response 
This bit is set for one of the following reasons: 
1) the drive does not send a NOT READY DM af

ter a seek CM or after a headswitch CM on the 
207 drive. 

2) A ROGER DM is not received within 65ms of 
a CM. 

3) A ROGER DM is not received within 2 words, 
3 bits of a READ ADDRESS MARK CM in 
MODE 5 or MODE 9. 

Address Overflow 
This bit is set if the sector address contained in 

the initiate words is beyond the maximum address of 
the drive unit being used. 

Maintenance Log (ELOG) 
System software keeps a log of errors which occur 

on peripherals. Figure 4-5 gives an example of a disk 
error in the log. 

Result Descriptor 
The result descriptor in the ELOG is the system 

result descriptor. It is made up from information 
about the system I/O operation and from the result 
descriptor sent by the DDEC Refer to the technical 
manual for the disk pack control being used. It gives 
the meaning for each bit of the system result de
scriptor. Here are some frequently used bits in the 
disk pack result descriptor: 
bit 03 firecode error 
bit 10 sector address error 
bits 22 and together indicate a TRY Diagnostic 
23 condition. An ERD is also printed. 

Extended Result 
The extended result is all zeros if no T.D. bits are 

in the result descriptor. The ERD is given in 
hexadecimal format. Change the ERD to bit format, 
then decode it according to table 4-8. 
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Word 1 

INFO NN 15 Cyl add 2* 9 .. 14 " 2* 8 .. 13 " 2* 7 .. 12 .. 2* 6 .. 11 .. 2* 5 .. 10 .. 2* 4 .. 09 .. 2* 3 .. 08 .. 2* 2 Address .. 07 .. 2* 1 Decode .. 06 .. 2* 0 .. 05 .. 2* 10 .. 04 Zero .. 03 Head add 2*2 .. 02 Head add 2*1 .. 01 Head add 2*0 
INFO NN 00 Sector add 2*6 

Word 2 

INFO NN 15 Sector add 2*5 

} .. 14 .. 2*4 .. 13 .. 2*3 Address .. 12 .. 2*2 Decode .. 11 .. 2*1 .. 10 Sector add 2*0 .. 09 OP1 .. 08 OP2 .. 07 OP3 .. 06 U4 Command .. 05 U2 from .. 04 U1 DPC .. 03 NO .. 02 N1 
" 01 N2 

INFO NN 00 N3 

INFO NN 15 Fan Fail 
" 14 Drive Clock OK/ 
" 13 Address Mark Missing 
" 12 No Read Data Transitions 
" 11 Index Mark Missing 
" 10 CM Error= 0 
" 09 DM09 *SR01 - 206 
" 08 DM10 *SR02 - 207 
" 07 DM11 *SR03 - 'O' 
" 06 DM12 *SR04 - 'O' 
" 05 DM 13 *SR05 - Maintenance Mode 
" 04 DM14 *SR06 - Write Data Missing 
" 03 DM15 *SR07 - 'O' 
" 02 DM16 *SR08 - Seek and Not Ready 
" 01 DM17 *SR09 - Illegal Head 

INFO NN 00 DM18 *SR10 - Illegal Cylinder 

Word4 

INFO NN 15 DM19 *SR11 -Spindle Address Error 
" 14 DM20 *SR12 - Offset During Write 

Enable (206) - 'O' (207) 
" 13 DM21 *SR13 - Offset during Seek (206) 

- ·o· (201) 
" 12 DM22 *SR14 - Seek Incomplete 
" 11 DM23 *SR 15 - Offtrack and Write Enable 
" 10. DM24 *SR16 - Carriage Hits Stop 
" 09 DM25 *SR17 - 'O' (206) - Servo Lost 

(207) 
" 08 DM26 *SR18 -Write Current and No 

Gate 
" 07 DM27 *SR19- No MFM Transitions (206, 

207) or Drive Clock 
Error (207) 

" 06 DM28 *SR20 - Head Select Fault 
" 05 DM29 *SR21 - DC Power Fault 
" 04 DM30 *SR22-TemperatureWam. 
" 03 DM31 *SR23 -Temperature Critical 
" 02 DM32 *SR24 - RPM Less than 3420 
" 01 Bad ON Response 

INFO NN 00 Address Overflow 

CM Error= 1 
CM01 - Mark 
CM02 - Write/ 
CM03- Read/ 
CM04 - Address Mode (206) Servo Search/ (207) 
CMOS - Parity Even 
CMOS - Continue 
CM07 - Address/Control 
CMOS - Head or Cyl/Offset On (206) 
CM09 - Add Info - Offset In (206) 
CM10 - Add Info - Data Strobe Early 

CM 11 - Add Info - Data Strobe Late 
CM12 - Add Info·· Power Up 

CM13 - Add Into - Power Down 

CM14 - Add Info - Restore 
CM 15 - Add Info - Send Status 
CM16 - Add Info - Find Index 
CM17-Add Info- ·o· 

CM18 - Add Info - ·o· 

CM19 - Add Info - Reset Maint. 

CM20 - Add Info -.Set Maint. 
CM21 -·Write Enable 
CM22- 'O' 
CM23 - Parity Even 
CM24- End 

Table ~. Extended Result Descriptor 
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SECTION 5 
ADJUSTMENTS 

ADJUSTMENTS 

Power Supply Adjustments 
There are only two adjustments in the power sup

ply. The +5 volt and -5 volt supplies can be ad
justed for output voltage. 

+5 Volt Adjustment 
Figure 5-1 shows the backplane points to monitor 

the + 5 volts. It also shows the location of the poten
tiometers in the power supply for adjusting the + 5 
and -5 volt supplies. Follow this procedure to adjust 
the + 5 volts. 

I) Remove the top cover of the power supply by 
first removing the six 10-32 screws with wash
ers that hold it down. 

2) Using a DVM, put the positive lead on the +5 
volt stud on the backplane and the negative 
lead on the DC ground stud on the backplane. 
Refer to figure 5-1 for the stud locations. 

3) Press the power switch on the operator panel 
so that the on light is illuminated. 

STUD #1---1---~o ~------ STUD #2 
(D.C. GND) (+5 VOLTS) 

~ , , , ,, ""'l---0Hco1 

VIEW OF BACKPLANE 
(FRONT OF MACHINE) 

(-5 VOLTS) 

4) Use a potentiometer adjusting tool to adjust 
RI 15 in the power supply while observing the 
voltage at the backplane on the DVM. Adjust 
the + 5 volts accoding to table 5-1. 

5) Proceed to the -5 volt adjustment. 

-5 Volt Adjustment 
Perform the + 5 volt adjustment as described ear

lier, then folow this procedure for adjusting the -5 
volts. 

I) Attach the positive lead of the DVM to pin 
QHCOl on the backplane. The negative lead re
mains on the DC ground stud. 

2) Use a potentiometer adjusting tool to adjust 
R163 in the power supply. Observe the voltage 
at the backplane on the DVM. Adjust the -5 
volts according to table 5-1. 

3) Disconnect the DVM. Switch off the DDEC 
Replace the top cover of the power supply and 
the 6 screws that hold it down. 

TRIMPOTS 

M LO c.o .... 

11....l...1-...LI 1111 _.:::...:..._[, iJ I 
J2 CB1 CB2 J4 

POWER SUPPLY WITH TOP REMOVE.D 
(VIEWED FROM ABOVE AT REAR OF MACHINE) 

Figure 5-1. Power Supply Adjustments 

Local Clock Check 

The 206/7 DDEC has a local oscillator with a fixed 
frequency. It is located on board 11. It should be 
checked on installation and when troubleshooting. 
To check the local clock do the following: 

I) Attach a frequency counter or oscilloscope to 

2011342 

the backplane pin DDE17. This is the signal 
CKIOTEST. 

2) At the operator panel press the power switch to 
illuminate the on button. Be sure the DDEC is 
offiine. 

3) Observe the clock frequency. It must fall within 
the range given in table 5-1. 
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Table 5-1. Summary of Adjustments 

ADJUSTMENT TEST POINT ADJUST TO 

+5 volts +5 volt stud +5v ± 1% 

-5 volts QHCOl -5v ± 1% 

Local Clock D.D.E.17 lOMHZ ± 5% 
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Signal Name 

ACCYL2*N 
ACHED2*N 
ACSEC2*N 
ADBITl2 
ADCKNWD2 
ADCLOCK 
ADCMPEN 
ADCRYOUT 
ADCYLHD 
ADCYL2*N 
AD DOVER 
ADDREQL 
ADDRINDX 
ADDVFLAG 
ADHED2*N 
ADHED2*2 
ADLDREG 
ADMKER 
ADMPXRNN 
ADMRK127 
ADRIDXUP 
ADSEC2*N 
ADSNCBF 
ADSNCFF 
ADSTATEO 
ALTGOWERZ 
AL TOPS 
AL TOPS 
AMKER207 
BADDMRSP 
BITN 
BITNNA 
BITNNB 
BIT2*N 
BUFDATA 
BUFDCM 
BUSY 
BUSYEXCH 
CEMRDATA 
CKADDMEM 
CKALTOPS 
CKCLRADR 
CKDPC 
CKIHBT 
CKINTWRD 
CKRDBFFR 
CKSKSTAT 
CKWORDl 
CKlODRV 
CKlOMHZ 
CKlOMHZN 
CKlOMHZB/ 
CKlOTEST 
CK5MHZ 
CLADMKCT 
CLALSKST 
CLDSKLOC 
CLEAR 
CLFMCNTR 
CLMD4FLP 
CLRDIAG 

APPENDIX A 

SIGNAL GLOSSARY 
Description 

Address counter cylinder 
Address counter head outputs 
Address counter sector outputs 
Address bit 12 
Address clock not word 2 
Address clock 
Address compare enable 
Address carry out 
Hi for cyl decode low for head 
Address cylinder bits 
Address over limit (illegal) 
Address equal 
Address mark or index 
Address over flag 
Address head bits 
Address head bit 4 
Address load register 
Address mark error 
Address multiplexer output 
Address mark counter = 127 
Address or index up edge det 
Address sector bits 
Buffered address sync flop 
Address sync flip-flop 
State 0 of decode control 
Alternate go write zeros 
Alternate operations 
Alternate operations 
Address mark error (207 only) 
Bad drive message response 
Bit n of address constant 
Bit decimal outputs 
Bit decimal. outputs 
Bit counter output 
Write data to drive 
Buffered controller message 
DDEC busy 
Exchange busy flip-flop set 
Format RD data for correction 
Clock address memory 
Clock alternate ops 
Clock clear address 
Clock to the DPC 
Clock inhibit (EPC generator) 
Clock initiate word 
Clock read buffer 
Clock seek status flip-flop 
Clockinitiate word 1. 
10 mhz clock from drive 
10 mhz clock 
Main lOmhz clock 
Main lOmhz clock 
Test point for 10 mhz clock 
5 mhz clock 
Clear address mark counter 
Clear all seek status FFS 
Clear disk location counter 
Clear push button 
Clear format counter 
Clear mode 4 flip-flop 
Clear TD condition 

Schematic 
Page 

01.04 
01.04 
01.04 
01.03 
01.01 
01.01 
15.02 
01.02 
01.01 
01.03 
06.05 
15.03 
04.03 
06.05 
01.02 
01.03 
01.01 
12.04 
01.02 
15.01 
03.06 
01.03 
06.03 
15.01 
01.01 
10.02 
23.02 
13.01 
03.06 
03.02 
01.01 
18.02 
19.01 
18.01 
14.07 
14.04 
12.04 
11.02 
21.04 
11.02 
13.02 
13.03 
10.04 
15.02 
10.07 
16.05 
12.03 
01.01 
14.-05 
11.04 
11.04 
11.04 
11.04 
11.04 
15.01 
12.03 
06.04 
13.01 
09.01 
06.01 
03.06 
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Signal Name 

CLRDMERR 
CLRLATCH 
CLSECLOC 
CMADDMRK 
CMENABL 
CMERROR 
CMGOIDLE 
CMJMP30 
CMLINN 
CMLINN 
CMLNN 
CMLNN 
CMLOAD 
CMMODEN 
CMMODE2*N 
CMR/W 
CMS EL 
CMSELSPR 
CMSTART 
CMST30 
CMS21+29 
CM2--0Mll 
CNTROGDM 
CNTSHTDM 
CONTROL 
CRADCLR 
CRADINC 
CRMMDINI 
CRMMDIN2 
CRMMOOTl 
CRMMOOT2 
CRMMWE 
CRM521ZR 
CRSRDBT 
CRSRDTOT 
CT747 
CT748 
CYLERREN 
CYLHDEQL 
DATANN 
DATANN 
DATANN 
DATANN 
DATANN 
DATANN 
DATANN 
DATANN 
DEADSTOP 
DMBUF 
DMCKIO 
DMCLK 
DMCNTHLT 
DMCNUE 
DMCRYOUT 
DMCS2*N 
DMCS30 
DMDTAIN 
DMERDFFI 
DMERDFF2 
DMEXCEPT 
DMFAULT 
DMLINX 
DMRCVD 
DMSRCK 
DMSRCLR 
DMCRCLRT 
DMSRENB 
DMSRFFK 

APPENDIX A CONT. 
Description 

Clear DM error 
Clear latch 
Clear sector location counter 
Generate an address mark CM 
Controller message enagle 
Controller message error 
Generate a go idle CM 
Load CM counter to 30 
CM line to drive n 
Controller message line N 
Long CM bit nn 
Long CM bit nn 
Controller message load 
CM modes (decimal) 
CM modes 
Read/write bit of CM 
Select the drive 
Generate a spare head CM 
Controller message start 
CM counter in state 30 
CM counter in state 21 or 29 
Head CM in mode 11 
Roger DM count 
Short DM count 
On off switch (front panel) 
Correction address clear 
Correction address increment 
Correction memory data in(I) 
Correction memory data in(2) 
Correction memory data out(I) 
Correction memory data out(2) 
Correction memory write enable 
Error corr mode 5 and 21 zeros 
Correctable serial di-bit 
Corrected serial data out 
Count 747 
Count 748 
Cylinder error enable 
Cylinder and head equal 
Maint. memory output bits(l6) 
Data bus lines 
Data bus lines 
Data bus lines 
Data bus lines 
Data bus lines 
Data bus lines 
Data bus lines 
Stop IOmhz clock 
Drive message buffer 
DM IOmhz clock 
DM clock 
OM counter halt 
DM continue 
DM counter carry out 
DM counter outputs 
DM counter at state 30 
Drive message data in 
DM-erd flip-flop I 
DM-erd flip-flop 2 
Drive message exception 
Drive message fault 
DM line from drive x 
DM received 
DM shift register clock 
DM shift register clear 
DM shift register clear 
DM shift register enable 
DM shift reg ff (k term) 

Schematic 

11.01 
13.02 
06.01 
07.06 
07.05 
04.03 
05.02 
14.01 
14.07 
15.06 
14.03 
14.02 
05.03 
14.01 
07.06 
05.04 
03.02 
03.04 
05.03 
14.01 
14.01 
03.06 
04.02 
04.02 
40.02 
21.03 
21.03 
21.02 
21.02 
21.01 
21.01 
21.03 
20.04 
21.02 
20.06 
21.01 
21.01 
15.02 
15.03 
13.06 
17.07 
17.03 
17.06 
16.03 
16.02 
17.02 
17.05 
11.02 
04.01 
04.02 
04.02 
04.02 
04.03 
04.02 
04.02 
04.02 
14.05 
04.06 
04.06 
04.04 
04.04 
14.07 
04.01 
04.01 
04.01 
04.06 
04.01 
04.03 
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Signal Name 

DMSTART 
DMSTASNN 
DPCBUSY 
DPCCLOCK 
DPCEXCBF 
DPCEXCTE 
OPCPAR 
DPCPARBF 
DPCREADY 
DPCRECV 
DPCRMOTE 
DPCSEL 
DPCSELBF 
DPECEXC 
DRIVCKOK 
DRNCLK 
DRNCLK 
DRNDM 
DRNDM 
DRNDTA 
DRNDTA 
DRNPRSNT 
DRONLINE 
DRREADY 
DR THERE 
DRTHRCK 
DR UNSAFE 
DRXMIT 
DSKLOCEQ 
DTALINNX 
DTALINNX 
DTALINPX 
DTALINPX 
DTAREGNN 
DTSNCSTF 
DTSNDSLD 
DTSYNCER 
ECCUSED 
ENABLWR 
ENABSTOP 
ENADRCT 
ENCD32BT 
ENCK TEST 
ENCLDIAG 
ENDMDE8 

.ENDOFCYL 
ENDOFPAK 
ENDOFTRK 
ENSCXFR 
ENSELTRM 
ENSNCDET 
ENSTATER 
EPCCLR 
ERCCKINH 
ERCRMDNN 
ERDCLR 
ERDENRD 
ERDFCFB 
ERDFFA 
ERDFFB 
ERDFFC 
ERDFFD 
ERDXFREN 
ERDXMTNG 
ERRCORCT 
EXCHBUSY 
EXECUTE 

APPENDIX A CONT. 
Description 

Drive message start 
Drive message status bits 
Disk pack control busy 
Disk pack control clock 
Buffered execute from dpc 
Disk pack control execute 
Disk pack control parity 
Buffered parity to/from DPC 
Disk pack control ready 
DPC receiving 
Remote signal to DPC 
Disk pack control select 
Buffered select from DPC 
dpec exception 
Drive clock ok 
Drive n clock 
Drive n clock 
Drive n drive message 
Drive n drive message 
Drive n data 
Drive n data 
Drive not present 
Drive on line 
Drive ready 
Drive there 
Drive there check 
Drive unsafe 
Drive transmit 
Disk location equal 
Negative diff data to drive x 
Negative diff data to drive x 
Positive diff data to drive x 
Positive diff data to drive x 
Data register bits (16) 
Data sync start found 
disable loop op when DTSNCSTF/ 
Data sync error 
Error correction used 
Enable write 
Enable stop clock feature 
INNADRCT delayed one bit 
Encode 24 firecode using 32 BT 
Enable clock test 
Enable clear diagnostics 
End mode 8 
End of cylinder 
End of pack 
End of track 
End sector transfer 
Allow select to terminate 
Enable sync character detect 
Enable status errors 
Clear error protection code 
CKDPC inhibit during err corr 
Error correction mode n 
ERD clear 
Enable all zeros rd in senderd 
Buffered erd flip-flop c. 
Extended result flip-flop A 
Extended result flip-flop B 
Extended result flip-flop C 
Extended result flip-flop D 
ERD transfer enable 
ERD transmitting 
Error correct 
Exchange busy to DPC 
Execute 

Schematic 

04.01 
17.04 
16.02 
16.02 
16.02 
16.02 
16.02 
16.02 
16.02 
16.01 
16.01 
16.02 
16.02 
11.01 
11.04 
15.05 
14.06 
14.07 
15.06 
15.05 
14.06 
04.08 
04.03 
04.03 
02.05 
12.04 
17.08 
10.03 
02.05 
14.06 
15.05 
15.05 
14.06 
13.05 
15.01 
15.01 
12.02 
20.04 
11.03 
23.02 
01.01 
20.06 
03.02 
04.08 
08.01 
01.07 
01.07 
01.()6 

12.02 
03.01 
12.01 
04.01 
15.02 
21.04 
21.04 
04.05 
10.01 
04.05 
04.05 
04.05 
04.05 

.. 04.05 
04.05 
04.05 
12.05 
16.02 
16.01 
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Signal ··Name 

EXTfRIG 
FANFAIL 
FCDDESEL 
FCDHDTOS 
FCDRRDY 
FEERTEST 
FIRCRERR 
FIRCMPEN 
FI REIN 
FIRINBUF 
FIREIN24 
FIRENCEN 
FIREONBS 
FIREOUT 
FIRESHEN 
FIRNN 
FIRNN 
Fll~NN 
FLAGWRTN 
FMCNTF 
FMC NTN 
FMGOIDLE 
FMIDLING 
FMRDATA 
FMRFIRE 
FMSENDRD 
FMTSO 
FMWRADDR 
FMWRDATA 
FMWRFIRE 
FMWRONES 
FMWRZERO 
FNSWFAIL 
FRENCD 
FRENCDP 
FRENCD24 
FRR+WMDE 
FRRDMD 
FRWTMD 
GM9F4207 
GSGl'OENC 
GTMDNDLD 
GTMD15DLD 
GTMNDLD 
GT1+15DL 
HDCNTCLR 
HDCNTEN 
HDCTST23 
HDCTST31 
HEAD ERR 
HEAD2*N 
HEDRERR 
IDLE 
IDXMRKER 
ILLCYL 
IMMDSEEK 
INADRMRK 
INSECLOC 
INDS KLOC 
INDXSRCH 
INFONN 
INFRENCD 
INH24REG 
INITBF 
INITCONT 
INITIAL 
INNADRCT 

AP'PENDIX ;·A·-· CONT;. 
Description 

Standard output of trigger gt 
DDEC logic gate fan failure 
Forced deselect 
Forced head to spares head 
Force drive not ready 
Fire code error test point 
Fire code error 
Fire code compare enable 
Input to firecode (207) 
Input to firecode gen (206) 
Input to 24 bit F C gen (207) 
Fire encode enable 
Firecode on bata. bus 
Firecode output 
Fire code shift enable 
Fire code shift register bits 
Fire code shift register bits 
Firecode shift register bits 
Flag written 
Format counter full 
Format counter decimal outputs 
Format go idle 
Format idling 
Format read data 
Format read fire code 
Format send result descriptor 
Format control state zero 
Format write address 
Format write data 
Format write fire code 
Format write ones 
Format write zeros 
Fan failure switch 
Fire encode 
Fire encode (207 - 24 bit) 
Fire encode 24 bit 
Firecode read or write mode 
Fire read mode 
Fire write mode 
Go to mode 9 from 4 (207 only) 
Any go to is in progress 
Go to mode n delayed one clock 
Go to mode 15 delayed one elk 
Go to mode n delayed one clock 
Go to mode 1 or 15 delayed 
Clear head counter 
Head count enable 
Header counter state 23 
Header counter state 31 
Head error (in drive) , 
Head select binary output 
Header error 
Idle mode 
Index mark error 
illegal cylinder 
Immediate seek 
Increment address mark counter 
Enable sector location CNTR 
Increment disk location cntr 
Index pulse search 
Information Hoes nn 
Inhibit fire encode 
Inhibit 24 shift reg (207 fc) 
Initialise op 
Initialise continue 
Initialize operation 
Increment. address counter 

Scllematlc 
20.06 
11.01 
.11.04 
03.04 
07.04. 
10.()6 
10.06 
09.0l 
14.07 
14.07 

.20.06 
09 .. 08 
03.04 
20.06 
09.08 
20.03 
20.02 
20.01 
12.02 
09.07 
09.07 
09.06 
09.01 
09.02 
09.02 
09.02 
10.01 
0905 
09.04 
09.04 
09.05 
09.03 
.40.02 
10.04 
10.04 
20.01 
20.01 
09.08 
10.04 
03.05 
08.05 
07.()1 
07.04 
08.01 
09.06 
01.06 
01.06 
15.02 
15.02 
17.08 
16.05 
ll.03 
11.01 
16.04 
17.08 
12.05 
06.03 
06.02 
06.04 
11.02 
16.02 
20.06 
21.04 
10.03 
08.01 
04.07 
06.03. 
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Signal Name 

INTLSECN 
INITRIG 
INUNITCT 
I SELECT 
JMMF2 
KMMFl 
KMMF2 
KTRMINSL 
LDFORBOT 
LDPRDBT 
LDPSPREG 
LDRDBFDL 
LDRDBFFR 
LDSECLOC 
LDSRDBT 
LDWRBFFR 
LEDNN 
LNDMFLFF 
LOAD 
LOAD AC 
LOC=O 
LOCEXEC 
LOCLEXEC 
LOC89 
LONGDM 
LONGDMS 
LOOPHEAD 
LOOPHEAD 
LOOPMDlO 
LOO POP 
LOO POP 
LOOPSEC 
LOOPS EC 
MAINCLR 
MAINMD*N 
MASTRCLR 
MDE4-RWV 
MDE4FLOP 
MDE5FLAG 
MDE8FLAG 
MDE9FLAG 
MEMUN2*N 
MEMWRTEN 
MFIRCDEN 
MM SC LR 
MMSN 
MMSO 
MNCLRRAW 
MNERWDl 
MNTAD2*N 
MNTCKlA 
MNTCKlB 
MNTDESEL 
MNTMEME 
MNTRDEN 
MNTSEL 
MNTWREN 
MOD EN 
MODENA 
MODENC 
MPXRSELA 
MPXRSELB 
NEEDTOWR 
NN 
NOADD-LO 
no ad did 
NO EX CH 

APPENDIX A CONT. 
Dacrlption 

Interleave sector n 
SCHOTTKY output of trigger GT 
Increment. unit counter 
Derivative of DDEC select line 
J Term, memocy control FF2 
K term, memory control FFl, 
K term memory control FF2. 
K term of inselcloc ftip-Oop 
Load for beginning of track 
Load paralell di-bit 
Load paraVserial/paralel reg 
Load read buffer delayed 
Load read buffer 
Load sector location counter 
Load serial di-bit 
Load write buffer 
Light emitting diode nn 
Long DM fail Oip-ftop 
Load push button 
Load address counter 
Disk location equals zero 
Local execute (slip) 
Maintenance execute signal 
Disk location equals 89 
Long drive message 
Long drive message sensed 
Loop head 
Loop head 
Loop in mode 10 
Loop operation 
Loop operations 
Loop sector 
Loop sector 
Main clear reset 
Mode Oip-ftops (binary) 
Master clear 

· Mode 4 and read write or verify 
Mode 4 Oip-ftop 
Mode 5 0ag 
Mode 8 Oag 
Mode 9 Oag 
Memory address unit bits 02.04 
Memory write enable 
Maint firecode enable 
Memory Oip-Oops clear 
Memory state n 
Memory state 0 
Main clear raw reset pulse 
Maintenance erd word 1 
Maintenance memory address 
Maintenance clock lA 
Maintenance clock lB 
Maintenance de-select 
Maint. memory enable 
Maintenance rd enable 
Maintenance select DDEC 
MAINT. write enable 
Mode n 
Mode n 
Mode n 
Multiplexer select A 
Multiplexerselect B 
Need to write 
N variant bits 
No address load 
No address load 
No exchange 

Schematic 

02.01 
. 20.06 

03.06 
16.01 
21.03 
21.03 
21.03 
05.05 
19.02 
21.03 
09.08 
15.03 
09.08 
15.01 
21.02 
09.08 
13.06 
03.05 
13.01 
15.02 
02.01 
23.02 
13.01 
02.01 
04.03 
07;03 
13.01 
23.02 
12.02 
13.01 
23.02 
13.01 
23.02 
16.05 
08.05 
13.01 
08.04 
03.05 
03.05 
03.05 
03.05 

02.04 
13.02 
21.03 
21.02 
21.02 
16.05 
04.05 
13:02 
13:02 
13.02 
03.04 
13.02 
10.01 
13.04 
13.02 
05.06 
07.05 
06.06 
15.03 
15.03 
09.08 
17.01 
23.02 
13.01 
04.08 

A-5 



A-6 

B 9499:..6 Disk.' Drive Electronic Controller, • VQl. l: Oper~tioR '.aJld' :M!iinten~ce 

Signal Name 
NO HAL TERR 
NOROGDM 
NRMUNST 
NROGMDE5 
NROGMDE9 
NSPHD206 
NTSTNRMT 
NWRTMD6 
()FFSETEN 
OFFSETIN 
OLD= NEW 
OPFIR 
OPN 
OVRLAPDS 
OVRLAPDS 
PARGENOP 
PB CLEAR 
PBHALTER 
PBHALTER 
PBLOAD 
PBMNCLR 
PBMSTCLR 
PBMSTCLR 
PBNOHALT 
PBNOHALT 
PBSTART 
PBSTMEM 
PBSTOP 
PCLADMCT 
PLOEARLY 
PLOLATE 
PMFRPOL' 
PM5KINSL 
PNGNNFRN 
PNINDKLC 
PRMPOL 
PROC DATA 
PRVUNSEL 
PS PS ER OT 
PTENDCYL 
PTNGMNN 
PTNJINSL 
PTXCMLOD 
PTXGMD15 
PTlCLSLC 
PTlCMLOD 
PT2CMLOD 
PT3CMLOD 
PT4CMLOD 
PTIGMD15 
PWRRESET 
PWRRSYNC 
PlBDMRSP 
P1GTM9F9 
PllNADMK 
P2BDMRSP 
·P2GTM9F9 
RAWCKDPC 
RAWDTAIN 
RDATA 
RDBITOl 
RDBIT15 
RDBUFFEN 
RDMAINT 
RDYSTATS 
READ 
READY 

APPENDIX. A:.•CON'J.· 
Description 

No halt on error 
No roger DM 
Normally unsettled 
No roger DM in mode .5 
No roger DM in mode 9 ' 
Not spare head and unit is 206 
Not a test op and not oftline 
No write in mode 6 
Offset enable (variant) 
Offset in 
Old cylinder equals new cyl. 
Output fire code register 
Operation code n bits 
Disable overlapping seek 
Disable overlapping seek 
Parity generator output 
Push button clear 
Push .button halt on error 
Pushbutton halt on error 
Push button load 
Push button main clear 
Pushbutton master clear 
Pushbutton master clear 
Push button no halt 
Pushbutton no halt 
Push button start 
Push button s\ep memory 
Stop pushbutton 
Part of clear add mark CNTR 04.07 Phase lock oscillator 

Phase lock oscillator late 
Pre-mult and fire polynomial 
Part 5 of K term of .insecloc 
Part n of go to mode n from n 
Part n increment disk log CNTR 
Pre-multiplication polynomial 
Processor data 
Previously· unselecte 
Serial data out of the PSP reg 
Part of end of cylinder 
Part n of go to mode nn 
Part n of J term for INSELOC 
Part x cm load · 
Part x of go to mode 15 
Part 1 of CLSECLOC 
Part 1 CM load 
Part 2 CM load 
Part 3 CM load 
Part 4 CM load 
Part 7 go to mode 15 
Power on reset 
Power on reset synchronized 
Part 1 bad DM response 
Part 1 go to mode 9 from 9 
Part 1 of INADRMK 
Part 2 bad DM response 
Part 2 go to mode 9 from mode 9 
Raw clock to DPC 
Raw data in 
Read data 
Result descriptor bit 01 
Result descriptor bit 15 
Read buffer enable 
Read maintenance operation 
Ready status 
Read operation 
DDEC ready to transfer data 

, Sc~atic 
11.03 
03.01 
03.02 
07.02 
0(.03 
1U>2 
16.05 
09.-04 
12.05 
12.05 
02.04 
10,05 
17.01 
'13.01 
23.02 
17..o3 
23.02 
13.01 
23.02 

.. 23.02 
16.05 
13.01 
23.02 
13.01 
23.02 
23.02 
23.0.2 
23.02 
06.04 
04.07 
04.07 
W.01 

'. 05,04 
07.02 
2Q.Ol 
20.01 
04.07 
()4.03 
i.7.02 
.0~.06 
·07.02 
06.Ql 

. 05.02 
07.03 
07.01 
05.Ql 
05.01 
05.01 
05.01 
03.01 
16.05 
16.05 
12.02 
03.05 
06.04 
12.02 
15.03 
09.07 
14.05 
~.01 

.20.06 
11.02 
10.01 
04 •. 07 
1~,02 

'04.07 
12.04 
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Signal Name 

RELADDR 
RELDATA 
RELOC 
RELPASS2 
REMOTE 
REMOTSW 
RESDESEN 
RESTORE 
REVSDONE 
ROGERDM 
ROGERINC 
RWV 
SECMPXRBN 
SECNTCLR 
SEEKINCL 
SELECT 
SEL84ADR 
SEND ERO 
SENOSTS 
SEROTA=O 
SEROTAIN 
SERHEOR 
SERMPXRO 
SERMPXRI 
SERTOPSP 
SERVOERR 
SETSKSTS 
SETXBUSY 
SGLSECTR 
SGLSECTR 
SKSTATUS 
SPAREHEO 
SPRVRFY 
SRO 
SROTOLYO 
STAORCMP 
START 
STBLKROY 
STOTAXFR 
STEPENAB 
STE PM EM 
STEROOUT 
STMMRO 
STMMWT 
STOP 
STROBAOR 
STRTLTCH 
STUKOATA 
ST25TIMR 
ST250TMR 
ST8TIMR 
SWBUSEN 
SWOSPEN 
SWOSPEN 
SWLOCAL 
SWNN 
SWTOOR 
SOCTRL 
SICTRL 
TESTOP 
TMOT25MS 
TMOT250U 
TMOT8SEC 
TM250206 
TRCKOPC 
TRGTRESN 
TRYDIAG 

APPENDIX A CONT. 
Description 

Relocate using address data 
Relocate using DPC data 
Reloate operation 
Second pass of relocate op 
Remote (on line) 
Online switch (front panel) 
Result descriptor enable 
Restore or rezero (the drive) 
Revolutions done (256 ADMKS) 
Mark bit DM 
INCSECLOC when roger DM received 
Read write or verify 
Sector multiplexer 
Clear sector counter 
Seek incomplete 
Select 
Select sector 84 address 
Read extended result descr.op. 
Send status 
Serial data = zeros 
Serial data in 
Serial header 
Serial multiplexer 0 
Serial multiplexer l 
Serial data to PSP registers 
Servo error 
Set seek status 
Set exchange busy flip-flop 
Single sector switch 
Single sector 
Seek status 
Spare head 
Spare sector verify 
Send result descriptor 
Serial data delayed 
Start address compare 
Start local operation 
Force drive status to not ready 
Start data transfer 
Step enable 
Step to next memory address 
Start erd out t. ( . 
Start memory read 
Start memory write 
Stop pushbutton 
Strobeaddress 
Start latch 
SERDA T AIN stuck high or low 
Start 25ms timer 
Start 250 microsecond timer 
Start 8 second timer 
Switch bus enable 
Enable stepping of maint. add 
Switch display enable 
Switch to local l 0 mhz clock 
Maintenance panel switches 
Switch to drive IO mhz clock 
SO control 
SI control 
Test operation 
25 msec timeout 
250 usec timeout 
8 second timeout 
250 usec timeout and 206 
Transfer clock to DPC 
Pull up test point n 
Try diagnostics 

Schematic 

04.07 
04.07 
12.05 
12.05 
13.01 
40.02 
10.01 
11.01 
15.01 
04.01 
05.04 
11.03 
02.02 
01.06 
17.08 
17.08 
12.05 
04.07 
11.01 
09.08 
11.03 
02.03 
10.03 
10.03 
21.03 
12.04 
12.03 
07.02 
13.01 
23.02 
15.04 
11.02 
12.05 
09.01 
10.06 
15.01 
13.04 
12.03 
15.01 
13.02 
13.01 
11.02 
21.04 
09.075 
13.01 
06.05 
13.01 
11.02 
11.02 
03.06 
03.02 
13.02 
13.01 
23.02 
03.02 
23.01 
03.02 
15.02 
15.02 
04.07 
16.04 
16.04 
16.04 
06.02 
03.04 
20.05 
04.05 
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APPENDIX A CONT. 
Signal Name Description Schematic 

TSTSTKDT Test stuck data 12.01 
UNITEQL Unit equal 03.03 
UNITNSEL Unit n selected 14.05 
UNIT2*N Unit select bits 17.01 
VERIFY Verify operation 04.07 
WDTA32BT Write 32 bit firecode for 207 20.06 
WFRSO Fire state machine state zero 10.01 
WNNA Word decimal outputs 18;02 
WNNB Word decimal outputs 19.02 
WNNB Word decimal outputs 19.01 
WNNBNN Word nn bit nn 19.04 
WNNBNNA Word nn bit nn decodes 18.06 
WNNBNNA Word nn bit nn decodes 18.03 
WNNBNNA Word nn bit nn decodes 18.05 
WNNBNNA Word nn bit nn decodes 18.04 
WNNBNNB Word nn bit nn decodes 19.05 
WNNBNNB Word nn bit nn decodes 19.06 
WORD2*N Word counter output 18.01 
WRADR Write address 09.01 
WRD Write data 09.01 
WRDA Write data 09.01 
WRD0-31A Word counter is at 0 thru 31 18.01 
WRFIR Write fircode 09.01 
WRITDIAG , Diagnostic write fire code 12.05 
WRITE Write operation 04.07 
WRITEA Buffered write 09.04 
WRLOKOUT Write lockout 17.08 
WRTMD6 Write in mode 6 09.04 
WRZ Write zeros 09.01 
WRl Write ones 09.01 
WR32HEDR Write 32 bit address header 10.03 
WTPROCDT Write processor data 09.08 
W64B Word 64 (bit 0) 19.02 
W96-127B Word 96 to 127 19.02 
XMENABLE Transmit enable 10.01 
XMEN+TD Transmission error or try diag 11.02 
XMITENAB Transmit enable 16.01 
XMTNPERR Transmission parity error 17.03 
206-207 High when unit selected is 206- 03.03 
206BFM Buffered 206/207 (hi for 206) 06.01 
207BFM Buffered 206/207 (hi for 207) 06.01 
207FRER Firecode error (207 only) 20.04 
21ZR 21 zeros 20.04 
24ZR 24 zeros 20.05 

USEFUL TEST AND TRIGGER POINTS 

Signal Description Backplane Pin 

ADRIDXUP Pulses high when an address or 
ADRIDXUP Index mark detect DM rec,d MDC23 
Bit2*0 LHE28 
Bit2*1 LHE27 
Bit2*3 LHEtl 
BIT2*2 LHElO 
BIT2 3 LHEll 
BUFDCM Controller message QFC30 
CKlODRV 10 mhz clock from drive QHE06 
CKlOTEST Local or drive clock DDE17 
DMDATAIN Drive message (inverted) QHE19 
ENCLDIAG/ Jumper this to GND to enable 
ENCLDIAG/ The clear diagnostic feature LBC09 
FIRMCMPEN Goes high at start of FDC22 

FRERRTEST F.C.error on sector just read EBE24 
INTTRIG Triggering output of trig gate JFC16 
MODEOl GBE20 
MODE02 GBE06 
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MODE03 
MODE04 
MODEOS 
MODE06 
MODE07 
MODE08 
MODE09 
MODElO 
MODEll 
MODE12 
MODE13 
MODE14 
MODElS 
RAWDTAIN 
RDATA 
STOPCLOK 
STOPCLOK 
TRGPNTNN 
TRGPNTNN 
TRGPNTNN 
TRM32BT 
WORD2 0 
WORD2*1 
WORD2*2 
WORD2*3 
WORD2*4 
WORD2 S 
WORD2 6 
WRADR 
WRD 
WRFIR 

APPENDIX A CONT. 
Description 

Mode signals are high 
for the time the DDEC 
ls in that mode 

Data to and from the drives 
GOES HIGH AT START OF DATA RD. 
Triggers the clock stopper 
Feature when ENBSTP SW is down 
(S low true 8 high true) 
Triggering inputs of TRIG gate 
(S low true 8 high true) 
End of first 32 bits of 207 FC 
Binary output of sector 
Location counter 

Start of address write 
Goes high at start of data WRT 
goes high at start of F.C. WRT. 

Backplane Pin 

GBCOS 
GBE03 
GBC03 
GBE04 
GBE20 
GBE06 
GBCOS 
GBE16 
GBClS 
GBE13 
GBC12 
GBE12 
GBC16 
QFE23 
FDE23 
DDC28 
DDC28 
TOlS 
JFC03 
TDlS 
HHE28 
LFE25 
LFC2S 
LFClS 
LFC14 
LFE14 
LFE23 
LFE22 
FDElS 
FBE2S 
FDC14 
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