






zero is in RDl. On the basis that U03 is set (search for end of preamble) and U02 

is set (found end of preamble), UOl and U03 are reset on the next clock. 

sU02 = 02F UOI U03 S03 RDl eLK ----;" J �i�'�F�>�t�¢�~� o.J �:�~�~� 

rUOl = 02F U02 U03 �C�~� 

rU03 D 02F UOI U02 OOM �~� 

The parity flip flop POI through P04 are set prior to reading data so that the 

longitudinal parity may be checked at the end of the data read time. 

yPOl =SPR 

yP04= SPR 

where SPR = 02F 1101 U02 

RBAJl;nATA FIgure 3-22 shows the timing relationships used in reading the preamble and data, 

and also how the <h aracter is transferred to the Input/E)utput Channel. Each triac:k 

Will r.ead 384 bits of dat,a which will· set into the S register and be shifted twice. 

Then it will then contain one 12 bit character. 

sS03 �~� LRI CLK 

rS03 = LRI eLK 

sS06 = LR2 CLK 

rS06 = LR2 eLK 

8809 = LR3 CLK 

rS09 = LR3 CLK 

sS12 = LR4,9g 

rS12 = r:R.4 CLK 

Where LRl-4 is the output of the read circuits gated by 02F. 

POI through P04 are toggled whenever a one is read in from the corresponding 

track. 

tPOl = LRI U02 CLK 

tP02 LR2 U02 �~� 

tP03 = LR3 U02 �~� 

tP04 = LR4 U02 CLK 

11Aro 12 bit buffer registers are supplied to provide the buffering required to 

operate with the 92 computer as well as with the 930,940 and 9300 computers. These 

two buffer registers also allow sufficient time for lower priority time·; share 

operati.ons to occur when using a TMCC. These two registers are called the Z and V 

registe,rs. At each OOM clock, a l2bit character is transferred from the S register 

to the Z register. DC flip flops are used in the Z register and the information is 

thus transferred at the ' ... .ibni.q of the clock pulse, CLK. 



8Z01 = I,RC SOl 

rZ01 LRC SOl 

sZ12 = LRC S12 

r Z 12 = LRC "ST2' 

where LRC is the term which allows this transfer 

LRC = 02E~ OOM CLK 

The X09 flip flop is used to record the fact that the Z register is full by 

being reset every OOM time during the data transfer portion of a sector. 

rX09 = OC~ U01 02F CLK 

~he transfer of data from the Z register to the V register occurs under contra 

of the X07 flip flop in every case except when the response to the ECW (signified by 

flip flop X06) is so late that X08 flip flop must be used on the other clock phase 

as describedl1ater, inttbLis:. secti.on. 

sV01 LVR ZOl 

rV01 LVR ZOl 

sV1L = LVR Z 12 

rV12 LVR Z12 

Where LVR enables this transfer 

LVR = 02F X07 X08 CLK + .. . 
A 1.5 Ilift., 1fxT" ... C)AC1.6 IJR'E-fJ 

Except at the beginning", the sequence of events is initiated by the first clock, 

CLK, to occur during W5 W6 time, which indicates that the previous information on thE' 

Zw lines (from to V-register to the I/O channel) has been accepted by the I/O chann.,:l. 

Thus X06 is set to indicate this condition. 

sX06 = 02F W5 W6 U04 f1! 
On the next clock leading edge the X07 flip flop is set if the data presently 

in the V register had not arrived directly from S (as indicated by X09 being reset) 

or if it had, it would be at some clock time other tham 02M. 

sX07 02F X06 X09 CLK ;fiko V) 
1.,"-/ ---

sX07 = 02F X06 MOl .f.!& (S to 6 to V) 

If the clock time is 02M and X09 is set, V should not be loaded, for the same 

,character would be transferred twice to the I/O channel. The character is then 



allowed to be sent to the V register only while X07 is true. On the follmving 

clock l..ct.q edge X07 is reset. 

rX07 = CLK 

The same terms which set X07 also reset X06 i.f not ~n._ the preamble and if the terminati:, 
':Jlv~ 

flip Flop U03 has not been s,et. .. ~ .0-6'-' 
.:, - . ;.t 7:'"-

rX06 = 02F UO,) UOI eLK ('MoT + x09f 

The ECW clocks to the channel are based on X06, which indicates that the previous 

character has been accepted by the I/O channe1.t·::l'he IjO·~a.eircet'm8~W5 and.Wba:ce; 

lJ.~1~ ir..~ the: aew-, Ibgicy 'to I al1owatlata~ traDsf-ert Tatea, close:' to:'~h~ maximum,of 286K 

bytes/ sec. ECW = 02F U04 W5 :~6 DMW (X06 + U53 X09) 
U04 is included for initialization as described later. 

If an interfering time share operation occurs at a time that the I/O channel wanLs 

to access memory, the process will be delayed and WS will stay on for an extra 

me;nory cycle (W6 W5 W4) and the channel cannot accept another character. In this 

case, X07 will not become true at OOM clock time and the character transferred fro';; 

S to Z will not be transferred to V until a later clock. In the case of a second 

interfering time share, the transfer to V must take place later than the second 

c1Jck past DOM, but :)efore OOM ':!LK, in order to prevent the transfer of the next ·~~.::r-

acte~: into Z. This case, which is defined by X08 being true, is clocked 

differently. 

LVR = 02F X08 OOM CLK 

If the X07 is not set on the leading edge of the clock in 02M, X08 is used 

to transfer the data, if it becomes available before the fall of CLK in 02M. This 

only occurs with interfering time shares by another device on another I/O 

channel operation simultaneously . 

.x08 = 02F X09 02M X06 CLK 

It is reset at the following clock leading edge. 

rX08= 02F eLK 01.M 

A rate error is declared if the data is not transferred out of the Z register, 

as indicated by X09 still being reset by OOM CLK time. 
----sX04 = 02F X09 UOI OOM CLK DMW PST 

Wes = X04 

Flip flop X09 will be set when Z is trans·ferred to ¥ as determined by X07 or X08 

sX09 = 02F X07 ~ 

+ 02F X08 CLK 

To initialize this 'sequence it is necessary to delay the sending of ECW clocks tc 

to the I/O channel until the leading edge of the second OOM in the read data portion 

of 02 when the first 12 bit character has been read. This accomplished by having 



U04 in the ECW logic and not setting U04 until the proper time. 

sU04 = UOI OOM 02F 

This initial setting of X06 should occur at the leaili.a.g..;edteeof: CLK~ in· the first 

02:M so that the first S to Z to V transfer occurs on the second OOM eLK to occur 

in the read data portion of 02. ~~ -t/1J t ~ r-t~' cYl"~ 
--'"-<- --'--~-''''~'''' 

sX06 = 02F 02M UOI UO~ eLK 

Termination of the ECW pulses for a sector must occur on the l28th ECW. 

Flip flop U03 is set to indicate that X06 should not be reset after its setting for 
f· ~ 

,?(~~-,!:~ the l28th time. ~l1~~ 
l_"'_' '_ ~ __ 

sU03 02FIUOl U02 X07 X08 CLK 
-- -- X07XOi 

The condition of UOI U02"indicates the clock at which S is transferred to Z 
(t---9!.r) 

for the l28th time. 

rU02 02F NXL LSC ~ 

where LSC 

and NXL 

K07 MOl 

KOl K02 K03 K04 K05 K06 

(every sixth count) 

In the case in which the next to last character is transferred to V in the. fir';t 

part of the same OOM that the last character is transferred from S to Z, there w.ill 

be two ECW's required to transfer out all of the data. f.y including X07 X08 in the 

set U03 equation, U03 does not get set until the last character is transferred to' t:Le 

V register. 

,kQNGlTUDlNAL PARITY CHE(n< 

Thte;~ lDnSit:dll.nal parity bit which innnediately follows the last data bi:t of t le 

sector is compared against that which has been formed in the P flip flops while r2a(1l n; 

+ P04 LR4 + P04 iD4 
When the last ~aracter is accepted, if an address overflow conditlon does not 

,exist (not band 77 sector 77), the address increment signal AIN is generated, whi.:h 

adds one to the address in the 'A register. It's generated if in the non~increlrent 

mode due to the X05 term in the AFL. 



AIN = RFl 1tFL eLK 

The read phase ends when the last character is accepted by the I/O channel, and 

the coupler returns to phase O. 

rFOl = RFI eLK 
-- --where RFI = 02F UOI U02 02M K06 

AFL = A12 Al3 .... A23 XOS 

The flip flop U03 is reset unless AFL is true in the non-increment mode. 

rU03 = RFI AFL eLK 

If U03 fails to reset, it will then be on at the time thdt the next SIP pulse 

occurs, thus indicating an address overflow-error by aetting E01. 

sEOI = OOF U03 SIP 

Flip flop liOS, the read enable signal, is reset at the time the last character 

is accepted by the channel, in order to prevent any transtions into the read circuits 

at the time that the A register increments. 

rUOS -RFI 

Flip flop U04, which signifies the time for read ECW's, is also reset !Jy RFl 
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If a rate error has occured in phase one or two the flip flop X04 is in the 

set conditon. To prevent any further reading or writing beyond that sector in which 

the error occurred, the connected flip flop X03 is reset in the next 0~ and the opera­

tion terminates. 

rX03 = OOF XOL~ CLK 

X04 is also reset at the Same time 

rX04 OOF CLK 

PIN OPERATIONS 

A PIN instruction transfers the contents of the D register (current sector 

address) to the specified core memory location. The contents of D01-D06 are 

transferred to memory word bits 18 through 23 respectively by the computer C register 

C18-C23 See Figure 3-23, Sector Counter PIN Flow. 

The PIN instruction does not affect the current status- of the addressed selection 

unit or the coupler, and may be executed during any phase or operation of these uni.ts. 

ALERT TO PIN 

An EOM, Alert to PIN instruction must preceed the PIN Operation. This EOM alerts 

the coupler that a PIN is to follow by setting f1ip-f1opX02 true. 

aX02 = IDN 

IDN = C 16 IOC DMA I _~ -f /U1-li'-fJJ dw 
~- ;.(fr, .:;.- 1J. 

RTO = XOI X02: ENP:U-~- -D rllJ-'1,14 .. t 

X02:will-remain true-until Rti from the computer signals that the PIN instruction ha.s 

terminated. 

rX02 = RTI + .... 
The Alert to PIN EOM instruction also se1cts the addressed selection unit by 

setting the address code into the unit address regiser, G01-G02. 

sG01 IDN C12 

rGOl IDN C12 

sG02 = IDN C13 

rG02 IDN C13 

The outputs of G01 and G02 are gated to be used as cable drive inhibit terms 

in each of the se1ction units. 

lz... 



-- --
GSI .- ,GOI G02 Selection Unit 1 

GS2 GOI ;-;02 Selection Unit 2 

GS3 GOI G02 Selection Unit 3 

GS4 GOI G02 Selection Unit 4 

In each selection unit the GS address term unique to the unit becomes the t(!rn 

PSL. See Figure 3-24, Unit Select for PIN Ope~ations. The PSL term is precessed 

on the cable connector moclul •• in the same way as they are for unit selection durin:­

read and write selection. See Figure 3-12, Unit Select for Read/Write Operatimls. 

If the contents of the D register happened to be transferred into the ill) f j:er 

at the instant the register is counting up, an erroneous sector address could bE; 

obtained. To prevent this possiblity, the RTO signal will be delayed by the 

YSC flip flop to allow the D register to settle. The term YSC comes from the Lilse 

output of the sector increment flip flop which is triggered by the .ector pulse 

SEC. Normally the false output of YSC is low., When the sector pulse SEC appears, 

YSC goes to Ov for 1.2 microseconds which causes the signal ENP to del'1Y RTO. 

RTO XOI X02 ENP 

ENP YSC + PSL 

~ GSI + GS2 +-GS3 + GS4 

If the Sector increment pulse is not present during a PIN operation, tIle fSC 

flip flop will be in its normally true state and RTO will not be del~"yed. 

The current secotr address in the D register is transferred tn t~_e C re~ister 

on lines Cd18-Cd23. 
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Cd18 :: DOl DAP 

Cd23 D06 DAP 

DAP == X01 + X02 

NOnaal PIN Operation timing is shown in the timing diagram of Figure 3-25. 

Figure 3-26 timing diagram shows the timing when a PIN operation occurs as the 

D register is incrementing. 

SKS INSTRUCTIONS 

The SKS instructions do not affect the current operation of the coupler in any 

way; thus, and SKS instruction may be executed while the disc file is reading, 

writing, or while it is in the standby condition. Each of the SKS instructions tes!:s 

the status of the SIOline for a true or false condition. The logic levels of the 

SIO term are inverted. If SIO is at ground level, the computer skips the next sequen­

tial instruction; if the SIO signal is at a positive level, the computer executes 

the next sequential instruction. 

When SIO is not bei.ng tested it is positive. It can go to ground level only 

when it is being sensed and the condition being tested exists. The conditions tested 

and the corresponding control terms are: 

Skip if Disc Ready 

Skip if No Disc Error 

OOF X03 + OOF U01 U02 Xo3 
E01 

Skip if Track Not Protected WLK 

SKS Operations 

where 
and 

S10 DNA :':13 Cl4 PDF X03 PuJl< 
+ D~~ CI1 C14 ~ 
+ DMA C13 Cl4 WLK 

---PUF OOF + O~.· U01U'02-
WLK (3and Protec:ted by switch).USL 
USL USl A09 Al{) Selection Unit 

+ 1S2 A09 Al]' Selection Unit 
+ U53 AIT9 AlO Selection Unit 
+ US4 A09 AlO Se1ecti.on Unit 

-'f 

1 
2 
3 
4 
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SECTION IV INSTALLATION AND MAINTENANCE 

The 9367 RAD is provided with a comprehensive diagnostic program (594003) 

that provides an extremely useful and versatile tool for testing and trouble­

shooting the RAD system. However, to effectively use this tool, it is first 

necessary to determine that the RAD can perform the basic functions outlined 

below: 

1. Respond properly to computer tests. 

2. Accept an address correctly. 

3. Communicate with a TMCC or DACC. 

This section is intended to provide guidance in testing these functions. 

It should be remembered that total testing of the RAD requires the use of 

the RAD apocalyptic Diagnostic and that the procedures herein will test 

only basic operation. 

The following instructions control the 9367 RAD operation and are configured 

for operation through the E channel of the DACC. Operation through ch~nne1s 

other than E require instruction modification for channel selection. 

SKS 50026 Skip if RAD ready 

This SKS instruction shall cause the program to skip if the RAD error 

Flip-Flop is not set. The RAD Error Flip-Flop is set by the following 

conditions: 

1. An attempt is made to POT new address and the controller 
is not ready. 

2. An attempt is made to write in a write protected area. 

3. The address register increments across a unit boundary. 

SKS 53026 Skip if band not write protected. 

This SKS instruction shall cause the program to skip if the currently 

addressed band is not located in a write protected area. A minimum of 0.6 

milliseconds must elapse between the potting of a new RAD address and the 

write-protect SKS for the SKS response to be valid. 

EOD 10026 Alert to POT 

EOD 11026 Alert to POT, inhibit band incrementing. 

Either instruction shall enable the controller to accept a potted addresss 

provided the instruction is performed when the controller is in the ready 



state. The address is located in COg to C23 of the potted word. 

Unit Band Sector 

[COg, CIO, CII, C12, C13, C14, CIS, C16, C17, C18, C19, C20, C21, C22, C23] 

Should the alert to POT instruction be performed when the controller is 

not ready the subsequent POT shall not alter the address but will set the 

RAD Error Flip-Flop. 

When the alert to POT, inhibit band incrementing is used to alert the 

coupler, band incrementing is inhibited during the subsequent write or 

read operations. 

EOD IN226 Alert to PIN 

This instruction enables the controller to gate the contents of the sector 

counter located in unit "N" to the computer by a PIN instruction. 

N Unit 

° or I 0 
2 or 3 I 

4 or 5 2 

6 or 7 3 

Contents of effective PIN address 

0's Sector 

lcO----~-----CI7 I [C18------------C23I 

EOD 02266 Connect RAD memory write. 

This instruction shall cause the RAD to connect to the channel and write 

a consecutive number of words as defined by the contents of the interlace 

registers. Operations involving less than a mUltiple of 64 words result 

in the unused portion of the last sector being filled with all zeros. An 

attempt to write on a write protected band shall cause the RAD to discon­

nect from the channel and shall set the RAD Error Flip-Flop. 

EOD 02226 Connect RAD memory, Read. 

This instruction shall cause the RAD to connect to the channel and read a 

consecutive number of words as defined by the contents of the interlace 

registers. Parity is tested at the end of each sector. A parity failure 

will resul t in the Channel Error indic,ation. 



The following test loops may be used to test basic RAD functions: 

SKS 50026 Skip of RAD ready test. 

This loop tests the R~D response tb the Ready Test. 

Insert Program 

100 

101 

102 

04050026 

00100100 

00100100 

SKS test ready 

BRU return, not ready 

BRU return, ready 

Step through the program. The program shall skip from 100 to 102. 

Ground 37A03 in the coupler. The RAD shall now test busy and the program 

shall step through 100 and 101. 

SKS 51026 Skip of no RAn error test. 

This loop tests the R~D response to the Error test. 

Insert program 

100 

101 

102 

04051026 

00100100 

00100100 

SKS, test no error 

BRU, return, error 

BRU, return, no error 

Step through the program. The program shall skip from 100 to 102. 

Ground 3lD23 in the controller. The RAD shall now test errors and the 

program shall step through 100 and 101. 

SKS 53026 Skip if band not write protected test. 

This loop tests the RAD response to the write protect test. 

Insert program 

100 
101 
102 

04053026 
00100100 
00100100 

SKS, test not write protected 
BRU, return, write protected 
BRU, return, not write protected 

Push start. 
the program. 

Check that the write protect switches are down. 
The program shall skip from 100 to 102. 

Step through 

Set the first write protect switch. The program shall now step through 

100 and 101. 

EOD 10026 Alert to POT test. 

This loop tests the ability of the RAn to accept ones and zeros into its' 

address register. 



Insert Program 

100 00610026 EOD, alert to POT 
101 01300105 POT, zeros 
102 00610026 EOD, alE~rt to POT 
103 01300106 POT, onE~S 

104 00100100 BRU, return 
lOS 00000000 Cons tant:, zeros 
106 77777777 Constant, ones 

Step through the progra~ and observe the contents of the Address Register 

following each POT. 

EOD 10226 Alert to PIN and PIN test. 

TIlis test verifies that the RAD releases the computer from the PIN operation 

and displays the result of the PIN in the A register. The validity of the 

PIN data is not tested. 

Insert Program 

100 00610226 EOD, alert to PIN 

101 03300104 PIN, input sector address 

102 07600104 LDA, display result 

103 00100100 BRU, return 

104 PIN, data area 

Display the A register. Step through the program. The data displayed in 

the A register shall vary between 008 and 778. 

EOD 02266 and EOD 02226 Connect to Write or read test. 

This program loop can be used to write or read from any location in the 

RAD units. The starting RAD address can be changed by altering the con­

tents of location 130. Locations 131 and 132 respectively contain the 

write and read interlace values that may be modified to test multiple 

sector transfers. BPI reset enables the write operation, BPI set enables 

read. 



Insert Program 

100 
101 
102 
103 
104 
105 
106 
107 
110 
111 
112 
113 
114 
115 
116 
117 

130 
131 
132 

1000 - 1777 
2000 -

Ol+050026 
00100100 
00610026 
01300130 
Ol+020400 
00100113 
00650000 
00614200 
01300131 
00602266 
00100100 
00650000 
00614200 
01300132 
00602226 
00100100 

010000000 
0·4001000 
0·4002000 

SKS, test busy 
BRli, return, busy 
EOD, slert RAD for POT 
POT, RAD address 
BPT1, test breakpoint 1 
BRli, branch to read 
EOD, alert interlace 
EOD, set conditions 
POT, load interlace 
EOD, connect to write 
BRli, return to start 
EOD, alert interlace 
EOD, set conditions 
POT, load interlace 
EOD, connect to read 
BRli, return to start 

Constant, disc address 
Constant, interlace data, write 
Constant, interlace data, read 

Data area, write 
Data area, read 

Run this loop with various record lengths and patterns, first by loading 

the write area with a known pattern then writing in on the disc and call­

ing it back. When the RAD can be operated without error, using this pro­

gram, the RAD Apocalyptic Diagnostic should then be used to complete 

testing. 
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SECTION ~ 

LOGIC EQUATIONS 

GENERAL 

This section contains a listing of all the logic equations that apply to the 

operation of the 9367C RAD coupler and selection units. This section is div­

ided into the following three parts: 

a) Logic Symbol Convention. A brief explanation of input 

g.ating structure, mechanization and terminology. 

b) Logic Equations. Input equations for all register and 

control flip-flops, and output equations of unbuffered 

gates or gates buffered by logic amplifiers or inverters. 

c) Glossary of terms. 

LOGIC SYMBOL CONVENTION 

A complete logic term is made up of three parts: a one-digit polarity or function 

identifier; a three-digit mnemonic; and a one-digit source tag. These three 

parts are described in the following paragraphs. 

First Digit. 

The first digit, when numeric, serves to identify the signal with its polarity 

and the type of connection it is making within the system. An odd number is 

assigned to a false or negated signal (true when at Ov). An even number is 

assigned to a true or assertive signal (true at +8v). The numbers "a" and 

"I" are reserved for flip-flop outputs onl~,~ 1:.0" b~~!lg .. r.~~erved for the set 

and "I" being reserved for the reset sideJThe numbers "2" thr~~~h-'7;5-;;--;r~--"\ 
"'.-.--"".~-.-~---... ~-... -,.--~ .. ------,,-"---.----

used for buffer amplifier and inverter outputs; "4" and "5" being the second .,1: 

stage outputs, "6" and "7" for diode gate outputs, and "8" and "9" for cable _ 1 f ts i~n~ 1 ~_ ~".-~ "~,= ~, • -

A letter instead of a number is used when a signal is ,generated or gated for 

the sole purpose of connecting to one of the inputs shown in figure 5-1. 

The first digit is left blank for signals whose polarity is either undefin­

able or insignificant such as write driver outputs and ground jumpers. 

Middle Three Digits 

Three alphabetic characters from the basic mnemonic of the signal. Signals 

of external origin, such as those from the computer buffer, retain their 
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identity as much as possible with the addition of zeros when necessary to make 

up the three digits. 

Last Digit 

The last digit is a letter, or source tag, that defines the unit in which thE~ 

sJ:..g!lal __ !_?<?~},g!t:;l_?,.,~~.ewu:~<!. The letters are assigned as follows: 

A Coupler signals '''~ 0 ___ O~ ~O 
C Computer signa.ls .,'\ 

S Selection unit signals \ 

W Computer buffer signals 

The last digit is a numeric for a ground or jumper wire where the above con­

vention is not used. 
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A09-A23 

ACT 

AFA 

AFB 

AFC 

AFL 

AIN 

BSC 

BUC 

C09-C23 

CDl-·CD6 

CLR 

CLK 

CMC 

CNT 

CUR 

Address Register 

Clear the A register on Alert to POT 

Address bits 17 and 13 hoth true 

Address bits 14 through 17 all true 

Address bits 18 through 23 all true 

All bits true in A register (12 through 23) 
(Band 77 sector 77) 

Increment the address in the A register 

B 

Beginning of sector pulse triggered by trailing edge of SIP 

A signal from the computer that is true l1uriuv an EOM buffer 

control mode instruction. 

C 

Computer C register terms. 

Current sector address from the selected unit to be compared against 

the sector bits in the address register. 

Lower half of sector address compare. 

Basic clock. Derived from clock track in phase zero and one. In 

phase two it comes from the read data signal from disc. 

Write enable signal inverted to center taps of read transformers. 

A signal that allows the M and K registers to count. 

Upper half of sector address compare 



D 

D01-D06 Current sector address register. 

DAP Enables DOI-D06 cable drivers for PIN 

DMA RAD address contained in C register. 

DMW RAD address contained in Unit Address register. 

DRA Direct reset to A register. 

DRK Reset count regi.sters M and K 

DRV Direct Reset V register 

DRZ Direct Reset Z register 

E 

EOl Error flip flop 

ECW Data character transfer clock to I/O channel. 

EDSW A signal from DACC when word count ==4, used foe an early 

j3 tit< t i )) ) 6 at) JUlJ~; ~\ ~ \ G.. N t\ L 
~nterrupt on a scatter read operation. 

ENP True while D register is incrementing at sector pulse time. 

ERW Enter read or write phase from phase zero. 

F 

F01-F02 Phase counter flip flops 

GOl-G02 Selection unit address register used for PIN operation. 

GSI-4 Selection unit address gates. These four lines are used to select 

the addressed storage unit whose sector address is required for the: 

PIN operation. 

f0 2 



HSO 

IOL 

ION 

lOT 

lOX 

INT 

IOC 

JK57 

KOl-07 

LOA 

LOS 

LOV 

LOZ 

H 

A conditional signal level required in phase zero to trigger 

the beginning of sector one shot, BSC, with the sector increment 

pulse, SIP. 

I 

Address increment period. This one shot is true during the 

time that the A register is incrementing. 

An Alert to PIN command is in progress. 

An alert to POT connnand is in progress. 

IneEK pu ls€! from disc, which is used to'- reset .. :that '.ctb'r' CDaMer 

The interrupt signal generated when the sector address equals 

the current sector location. 

A signal from the computer dellotlna that an EOM command in the 

Input/Output control mode is being executed. 

J 

A Signal that enables the resetting of the character counter at 

the end of the 1PI't •• bp~'eamble. 

Character counter register. 

L 

A signal to load the address register on a POT connnand. 

A signal to load the S register with data from the Z register. 

A signal to load the V register with data from the Rn lines 

from the I/O channel. 

A signal to load the Z register with data from the V register 

t03 



'", 

LRl-4 

LRC 

LSC 

LVR 

MOl-·M02 

NNL 

NXL 

NUF 

POl-P04 

PCP 

Data lines from the controller cable receivers. These four 

bits of data from the selection unit are placed into the S register 

during phase two. 

A signal to load the Z register with data from the S register. 

A signal that denotes two 12 bit characters have been written 

or read. It is true every six pulse times. 

A signal to load the V register with data from the Z register. 

M 

Modulo 3 count register. Each full count of this register signi.fies 

that one 12 bit character has been written or read. Each full 

count of this register toggles the character (K) counter. 

N 

A signal ~7hich denotes that the character (K) counter has a 

counted 12510 characters. (KOl-K05 are all true) 

A signal that marks the last (64th) word time of a sector. 

Phase zero or not postamble time. 

p 

Parity checking and generating register for each of the four tracks. 

parity compare signal used in checking longitudinal parities of all 

four tracks at the end of a sector read. 

A signal derived from the character and modulo 3 counter which 

inhibits setting of D03 after the 8th preamble character is writt'en, 

thus causing the last two preamble bits to be zeros. 
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PSL A signal in each selection unit that enables the output of the 

sector counter during a PIN operation. 

PST Data time or first 6 clocks in postamble. Time for setting rate 

error flip flop X04 on read. \ 
i 

PTI 
I 

The POT 1 signal from the compu ter. l/ 

PT2 The POT 2 signal from the computer. 

PTQ The same as PT2 although it is made up in the coupler of POTI 

and Q2 signals from the computer. 

PDF Postamble time or phase zero. 

PWR Power on signal. Normally true. It goes false when power fails 

or when the computer START button is pressed. 

Q 

Q20 The Q2 signal from the computer. 

R 

RCOl-4 The 600 ns one shot output of the clock discriminators. 

RCCl-4 The unused clock compensator flip flop in each of the four read 

circuits. 

RCDl-4 The 600 ns one shot output of the clock discriminators after it 

has passed through a 200 ns delay. 
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RCK The read clock pulse one shot. This generates the clock pulses 

used on in phase two. 

RCLI-4 The outputs :from the read limiter cicuits which feed the clock 

dicriminators. 

RCN The signal that is true only during phase two which selects the 

read clock signal for CLK. 

RCSI-4 The read clock signal out of each of the four read circuits. The 

RCS The ORed output of the four track read clocks, RCSI-4 

RDI-4 The data output flip flops of each of the four read circuits. 

RDAI-4 The outputs of the read preamps. 

RDDI-4 The outputs of the read data differential amps which feed the inputs 

to the read data flip :flops. 

RDLI-4 The outputs from the read limiter circuits which feed into the 

read data differential amps. 

REN Read enable signal to the selection unit which enables the portion 

of the X selection circuits that allows the read transformers to be 

used. 
~~'f A.'i{)it 

RFI A signal which is true only at the end of the readl\phase when the last 

character has been accepted by the channel. 

RTO The RT signal to the computer that gets a POT or PIN command out of the 

wait phase. 

RTI 
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SOl-12 

SAC 

SEC 

SHS 

SID 

SIH 

SIM 

SIO 

SIP 

SPR 

STO 

STV 

S 

The 12 bit character assembler/disassembler register. 

Sector address compare gate which is true when the contents of the 

sector portion of the address register is equal the sector address 

(D) register. 

Sector timing pulse out of the Index Sector Decoder. 

The signal that causes the S register to shift. 

The output of the Index Sector amplifier. 

The output of the Index Sector read head. 

A signal that is true during either the sector or index pulse time. 

The response signal to the computer during an SKS instruction. 

When this signal is true to computer skips the next instruction. 

Sector increment pulse. The pulse starts at the leading edge of SEC 

and lasts about 1.2 ~s. This delays the start of BSC to allow 

the D register sufficiently settling time after incrmenting. 

Initialize the Parity flip flops at the beginning of the read or 

write phase . 

. The signa 1 from the START bu t ton on the CPU 

250 _ one shot which is a strobe pulse to load the V register 

with the laDV signal. 
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TN! 

U01 

U02 

U03 

U04 

UOS 

U06 

USl-4 

tJSL 

VOl-12 

T 

This signal is true only during the EOM alert to POT and it allows 

the setting of the non·-increment mode flip flop XOS from C14. 

U 

This flip flop sets whl:n the controller accepts a new address at 

the sector pulse time after an EOM, POT sequence, or when phase one 

or two is entered. Essentially it defines leading gap and preamble 

time, and search for starting sector. 

This flip flow enables the character and module 3 counters to be 

clocked. 

This flip flop generates the preamble pattern during write preamble 

time. During read pre,amble time it defines the search for end of 

preamble time. It also signifies end of data transfer time on a read 
operation.Another use is to detect an overflow condition. 
This flip flop defines end of write time and also initiates read 

ECW's during phase two 

Generates the read enable signal 

Recognizes an EOM alert to POT command and remains set until a POT 

is executed. 

Four unit select circuits in controller which sample each of the 

four configurations of A09 and AlO. 

Unit select signal in selection unit. 

v 

V register (character buffer register). 
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WOI-38 

W9-W14 

W50 

W60 

W56 

W90 

\ WCA 

WCK 

WCH 

WCO 

WDI-4 

WDEI-4 

WEN 

WES 

WHS 

WLK 

WPC 

XOl 

XO:2 

X03 

X04 

W 

Write driver outputs 

Signals from the I/O channel unit address register 

Signal from W5 flip flop in I/O channel 

Signal from W6 flip flop in I/O channel 

A signal true when W6 is set and W5 is reset (Data transfer time) 

Signal from W9 flip flop in I/O channel. True on outputs from 

CPU only 

Output of clock read amplifier 

A clock signal used in the selection unit during phase zero and one. 

Outputs from the clock read head 

Output of phase zero and one one shot which generates CLK. 

The four \l7rite data lines from the controller to the selectionvunit. 

The four \l7rite data flip flops 

Write enable signal to the X selection gates. 

The error line to set the I/O channel error flip flop. 

The halt signal to the I/O channel. 

An attempt: was made to write in a protected disc area. 

End of pre~amble signal 

X 

Generates RT signal to computer on a POT command 

True if POT a1ven at legitimate time or an alert to PIN command 

was executed. 

RAD connected indicator 

Rate error flip flop 



X05 

X06 

X07 

XOB 

X09 

X12 

YSC 

ZOl-12 

OOF 

OOM 

OlF 

DIU 

x (Cont'd) 

Non-increment mode indicator. This inhibits the incrementing of the 

band address with the index pulse. 

The R lines from I/O channel are ready with data on a disc write 

operation or the character on the Z lines to I/O channel has been 

accepted by the channel on a disc read operation. 

Time to transfer V register to Z register on a disc write operation 

or time to transfer Z register to V register on a disc read operation. 

Allows a late Z to V transfer on read if the I/O channel was temporar:Lly 
delayed in accepting a character. 
Z register empty indicator. 

12 bit Single Character Register selection line to I/O channel. 

Y 

The inverse of this signal allows setting the band address in 

the controller to the band address register in the selection 

unit during sector increment pulse time. 

Z 

Character Storage Register (Z Register). 

Phase zero signal 

Module 3 counter flip flops both reset 

Phase one signal 

UOI and U02 flip flops both reset which is phase 0 or postamble time 

of phase one or two 
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02F 

02M 

223U 

Phase two signal 

Flip flop MOl is set 

Flip flop UOI is reset and U02 is set which si\,ifies data read or 

write time. 
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Appendix A 

9367 B Differences 

The Model 9367 B utilizes a drum memory rather than a disc. The 9367 B is 

available in three different capacities. 

9367B-Ol 131,072 word capacity 
(524,288 alphanumeric characters) 

9367B-02 262,144 word capacity 
(1,048,576 alphanumeric characters) 

9367B-04 524,288 word capacity 
(2,097,152 alphanumeric characters) 

Additional memory is available by adding from one to three extender units. 

These have the same capacities as above but are called: 

9367B-ll, 9367B-12 and 9367B-14 

Mechanical Characteristics 

A standard Bryant Auto-Lift drum consists of a drum and spindle assembly, a 

high-performance pLated magnetic medium on the drum surface, an induction 

motor, a housing, dust-tight removable panels, and magnetic read/write Uni­

Just data heads which can be adjusted radially. 

The drum is 10 inches in diameter and vertically mounted and comes with a 

maximum of 512 data heads plus 6 pre-recorded timing tracks. It utilizes 

a 3 phase induction motor and rotates at approximately 1730 RPM 

actually room to mount 640 data heads. 

Recording Media 

There is 

Surfaces of standard Auto-Lift drums are coated with Bryant's super-finished 

magnetic plating. This plating has a tough, abrasive-resistant surface, and 

gives extremely uniform playback and resolution characteristics over large 

drum surfaces with a low noise level. 

Magnetic Heads 

Uni-Just aerodynamic data heads are used to optimize drum performance through 

a broad range of oplerating frequencies and recording densities. These heads 

can be adjusted for proper playback and the heads can be replaced, if required, 

without taking the unit out of operation. 
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Electrical and mechanical specifications are given in Table 1. 

TABLE A-I SPECIFICATIONS 

Pole Piece Gap Length 

Pole Piece Frequency 
Range 

Inductance-half-coil 
(at 140 KC) 

D-C Resistance 

Drive Current 

Balance-half-coil to 
half-coil 

Resonant Frequency 

Track Width 

Track-to-track Spacing 

Surface Speed Limits 

0.00025 inch 

Up to 2 Me 

17-22 
microhenries 

1 ohm 

to fit application 
(Up to 250 rna) 

10% 

3.8 megacycles 
(minimum) 

0.020 inch 

0.035 inch 

1,000 to 3,500 inches 
per second 

The drum heads are mounted on head ba'rs around the outer surface of the drum. 

These head bars are mounted in a vertical position and each can hold 20 heads. 

There are 16 of these head bars mounted around the upper half of the drum 

and 16 more head bars around the lower portion of the drum. These bars are 

numbered from 1 to 32 starting in the back of the drum on the top row and 

coming around the left side to the right side. There are four upper and four 

lower head bars in each quadrant. 

Each bar has the capacity of holding 20 heads but only 16 are mounted. Eight 

are at the top with a space for two under these; then eight more are mounted 

with two more spaces at the bottom of the head bar. The 6 pre-recorded timing 

tracks and their heads are located at the bottom position of head bars 26, 

27, 28, 30, 31 and 32. 

The clock and sector data is brought out on a separate cable than the data. 

The spare timing tracks are wired to separate connectors. Thus, changing 

from one set of timing tracks to another is accomplished by moving one 

cable plug to a different connector. 
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Magnetic drum memory design dictates that a magnetic pickup be ~aintained at a 

relatively fixed distance from a recording media and in extremely close prox-

imity to it under all conditions of system environment as dictated by the 

particular circumstances. These conditions include shock, vibration, thermal 

changes and extremesteady-state conditions, and different atmospheric densities 

and humidity levels. bryant has successfully achieved this goal with the Auto-T 

Lift Series of flying head drums. 

_ . ; ,~, .. t \..' ~. L. : f 

Auto-Lift drums feature a simple, automatic head-drum spacing mechanism which 

wworks together with an adjustable flying head to assure reliable operation 

Wholly different in concept and design, these devices have been operationally 

integrated with the drum to assure the ultimate in fail--safe performance 

by completely eliminating the prime cause of drum failure - inadvertenU 

head-to-drum contact. 

Flying heads were devised to maximize temperature performance capability as 

well as to expand the 'ata storage density of the. drum The major temperature 

problem with drums is the rapid shrinking of the housing when the drum is 

turned off because then the heads are moved closer to or in contact with 

the drum surface. This condition results in head-to-drum contact if the 

drum is restarted before the drum shrinkage has caught up with the housing 

shrinkage and has restored the proper head-to-drum spacing. 

Some types of flying heads used with conventional drums can "fly" only 

when drum speed is sufficient to produce a laminar film of air capable of 

supporting them. Therefore, the heads rub on the drum surface during stop/ 

start cycles and remain in contact throughout down periods. Obviously, the 

tension of the heads against the surface and the resultant friction varies 

with temperature. The former condition leads to wear and eventual failure 

of the drum coating and/or the head polepieces; the latter provides an 

opportunity for the heads to freeze to the drum surface under operating 

conditions where frost might be produced - a condition that almost always 

leads to motor failures and coating damage. 



The Auto-·Lift drum-head spacing mechanism overcomes these disadvantages by 

bringing the recording surface into close proximity of the heads only when 

the drum has reached a speed high enough to provide an adequate laminar air 

film (or "air bearing" support). 

An essential design feature of the Auto-Lift drum is its tapered recording 

surface design, a proprietary Bryant structural arrangement which has long 

permitted technicians to adjust fixed heads by manually positioning the 

drum rather than the heads. In the case of Auto-Lift Drums, however, fly­

ing heads are used and the drum is automatically moved up and down by the 

self-regulating drum-head spacing mechanism which is contained entirely 

within the drum itself. 

Operation of the Auto-Lift Hechanism 

The mechanism for moving the drum axially comprises a pair of simple scissor 

links which are straightened out by centrifugal force as the drum acceler­

ates to approximately 75% of its operating speed. Straightening of the 

links raises the drum against a precision stop which defines its operating 

position.. Thus, repeatability of the track location is exact. Spring 

tension is used to collapse the links and lower the drum as it slows down 

to approximately 65% of operating speed. 

In the static, or down position, the drum surface is 0.010 inch or more 

from the heads. By the time the drum rises to the up position, the heads 

have gone into a flying attitude approximately 0.0002 inch from the surface. 

Logic Differences 

The 9367B uses the same coupler and selection unit as the 9367C. The only 

difference in logic would occur on the largest capacity drum, 9367-04. This 

drum thus contains 512 heads which utilize 128 bands. (Addresses 00-177) 

therefore the head selection matrix must be larger. This is accomplished 

by the addition of 16 more Y selection circuits. 

See page 43 for the equations for the first 16 Y selection circuits. The 

additional logic required is given on the following page. 



--- :--- --- ---
Yl7 All Al2 Al3 Al4 Al5 

Yl8 All Al2 Al3 Al4 Al5 

Y32 = All Al2 Al3 Al4 Al5 

~e following table may be used for finding the X and Y selection circuits 

utilized for any given band address in the RAD Model 9367B. 
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-
Channel !t1 I X01 X02 X21 X22 XII X12 X31 X32c 

~ Channel ~t2 X03 X04 X23 X24 X13 X14 Z33 X34 ;1 ~./ 

'~E~:E"': .-
':~hanne1 ¥t3 X05 X06 X25 X26 XIS X16 X35 X36 u .LJ ; •• -
Channel ff4 X07 X08 X27 X28 X17 X18 X37 X38 \ 

'J 
I 

-
- -~. 

Y01 

I 
0 1 2 3 .-

-102 4 5 6 7 -
::03 I 10 11 12 13 ~j - ._. 
·{04 

I 
14 15 1.6 .. 17 

Y05 20 21 22 "';13" :: . .Lj\; 
,. - ::06 24 25 26 27 - ~" 

D 

7.07 • 30 31 32 33 SELEG' - - i.:ED 

SELEC:':" Y.08 34 35 36 37 
Y09 40 41 42 43 -
'l10 44 45 46 47 
~!11 50 51 .r=_.R._. __ 53 

"<'~.,", - -i12 54 55 56 57 - -
Y13 60 61 62 63 - ,~.~, 

Y14 64 65 66 67 ... 

Y15 70 71 72 73 
Y16 74 75 76 77 -

Channel if1 X41 X42 X61 X62 X51 X52 X71 X72 
X Channel if2 X43 X44 X63 X64 X53 X54 X73 X74 

SELEC'i' Channel if3 X45 X46 X65 X66 X55 X50 X75 X76 
Channel it4 X47 X48 X67 X68 X57 X58 X77 X78 

-
Y17 100 101 102 103 
Y18 104 105 106 107 
Y19 110 111 112 113 -Y20 114 115 116 117 o ,:'lil{ 

Y Y21 120 121 122 123 
-::22 124 125 126 127 SELEC' rED 

SEL2C:C Y23 130 131 132 133 
Y24 134 135 136 137 
Y25 140 141 142 143 
'126 144 145 146 147 --Y27 150 151 152 153 
Y28 154 155 156 157 
Y29 160 161 162 163 
Y30 164 165 166 167 
Y31 170 171 172 173 
Y32 174 175 176 177 ._,_ .. , . .., .... ,_., ""_ .. ' .. ~. 

Table A-2 
:x. 6t Y Driver Selection Chart 

Por Bryant Drum (9367B) 
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