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PCC NONCER11PIED EQUIPMENT 

Warning: This equipment generates, uses, and can raaiate radio frequency 
energy and if not installed and used in accordance with the instructions 
manual, may cause interference to radio communications. As temporarily 
permitted by regulation, it has not been tested for compliance with the limits 
for Class A computing devices pursuant to Subpart J of Part 15 of FCC Rules, 
which are designed to provide reasonable protection against such interference. 
Operation of this equipment in a residential area is likely to cause interference 
in which case the user at his own expense will be required to take whatever 
measures may be required to correct the interference . 
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MODEL 9219 SPECIFICATIONS 

1.1 INTRODUCTION 

Till• i11cJ11..,t1·~· l'o111p11lillle '\lod<'I !Ii I \I ,.., ll<·sq.!;rl<'d tn 
fo1·11111l s1·v1•11 1111d 11111t• tr·m•I\ NHZI arictor pl111'l' 
('JH'odccl tnpc.... It l'all bl' ll"l'd Ill l'OllJLHH'tioll wit Ii I fl 
t111·ougl1 12:, ip ... lHPl' ll'llllSpOl'l ... 1111d <'Olllnin~ !ht• 
C'!Pl'tronies l'C't;111rPd tu l'C'Hd or write .·\NSI nml 11!\1 
l'o111p11tii>ll' rurmah. \\.hell Olli~· thl' N HI.I l'ur1111tl ,.., 
dc~ired, till' UllUsed ph11..,p l'IC'<'ll'Ollics 11111~' tw ornitlt>d. 
Eleetricul alld n11'l'i11111it•al spC'l'ifit•11tions are provided 
in rar11graph 1.2. 

The address and control logic circuits accept input 
commands from the computer and convert these 
commands into signals which initiate the desired 
operations of the selected tape transport. 

All timing, as well as data transmission to and from 
the tape deck and formatter, is controlled by means 
of a 12 bit bipolar Shottky microprocessor. The time 

1.2 ELECTRICAL AND MECHANICAL SPECIFICATIONS 

Dimensions 
Formatter mounting 
Height •••. , ••..• , . 
Width •••..•••••••• 

required to execute one complete instruet ion 1s :l4 7 
nsec. Several options have been n11J<le av11il11IJIP 
through switchable !C's on the 4831 interfnl'l' board. 
The formatter can also be selected for the spPPds 11nd 
densities of any one of up to four tape unih. (f{ef Pr 
to paragraph 2.5.) 

The 1 to 1 wiring configurntion of the m11stcrl>o11rd's 
foil pattern permits the user to interchunge th<' 
circuit boards. This eliminates the possibility of 
inserting a circuit board into the wrong slot and 
possibly overloading !C's. It also mukes the bonrds 
easily accessible for troubleshooting. 

The unit is mounted on a 3.5 inch panel for 
installation in a standard 19 inch EIA equipment rack. 
Figure 1-1 is an Outline and Installation Drnwing. 

There are no controls or indicators on the Model 9219 
Formatter. A switch for selection of 115 vac or 230 
vac primary power input is located at the rear of the 
formatter. 

Depth (from mounting surface) •••.•••••••• , •• , • , •••••• , 
Depth (overall) ••• , • , • • • • • • •• , •••••.•.•••••.•• , •• 
Front panel width •.• , •...• , ••••••.•••••.•••• , ••••••• 
Wt~ight . I •••• I •• I ••••••• I •••••••••••• I ••• I • I I •••• 

Shipping weight •••• , ••• , •••.• , • , ••• , •••••••• , ••••••• 

3. 34 inches (8. 48 cm) 
16. 76 inches (42. 57 cm) 

14. 0 inches (35, 5G cm) 
14. 62 inches (37 .13 cm) 

19. 0 inches l·IH, :w l'm) 

20. Ii pounds (H. :1:1 kg) 

22.G pounds (10.2·1 kgl 

Operating environment 
0 () 

Ambient temperature ••..••. , •••••.•• , •.• , ••••••••••.••. , • . • +2 to ~ ;;o c 
Hclati ve huin idi ty (noncon<lensing) •..... , •...•.... , .. , •• , • , .•...•. , 1 ;:y·; to !J;;··; 
Altitude ••••••••..•.•••••••••••..••• , •• , . • • • • • • • • • • to :io,oon fvet (!Jl20m1 

Power n•quirements •• 

Singh• density 
NHZl and phase eneoded 
IJrivC'rs •••.•••••••. 
Hl'l'ei ver s .....•.... 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 Li or 220 \':tl' ( 10%1 
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50 to (iO llz, singil• phas1! 
•••••• , • • • • • • • • • • • • • . . 50 \'A 

• • ....•... • • i:i \'A 

open l'Olll'('tor l_\'Pl' 
standard 220, :1:l0 ohm 
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Figure 1-1 . 

Outline and Installation Drawing 

Model 9219 
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MODIL 9219 INTIRFACE CHARACTERISTICS 

• 2.1 INTBRFACE SIGNAL CHARACTERISTICS 

Signals from the controller to the Model 9219 must 
conform to the following specifications: 

Levels: Low=true=O volt 
High=false=+3 volts (approx) 

Pulses: Low=true=O volt 
High=false=+3 volts (approx) 

Minimum pulsewidth: 1 microsecond 

Edge transmission delay: No greater than 
200 nsec over 20 foot cable 

Output signals from the Model 9219 are driven by 
open collector type line drivers capable of sinking up 
to 36 ma (25 standard unit loads) in the low true 
state. The interface circuits are designed so that a 
disconnected wire results in a false signal. 

Figure 2-1 shows the configuration of the line drivers 
and receivers. A twisted pair is required for each 
input and output. Maximum recommended length of 
the Interconnecting cables is 20 feet. The connector 
pin assignments are provided in paragraph 2.4. 

TTL74~: 
OR EOUIVALENT I 

r1 
I 

2.2 INTERPACE INPUT SIGNALS 

(Controller to Formatter) 

The following paragroaphs describe the specifications 
and functions for each input signal required from the 
computer interface to the formatter. Under the 
signal r.ame are listed its mnemonic designation and 
the connector and active pin designations for the 
input signal line. Connector designations refer to the 
interface cable connector that mates with the cor
responding card edge connector on the formatter. An 
1/0 signal list is provided in Table 2-1. 

PORMA'ITER ADDR~ 

FAD Level PlOl-Bl 

A level which selects one of two formatters. FAD 
false selects formatter address O; FAD true selects 
formatter address 1. The formatter addresses are 
determined by an address switch on the formatter 
PCBA. Normally, the formatter must be selected in 
order to perform any formatter operations. 

+SV 

COMPUTER 
INTERFACE 

20 FT MAX FORMAT 
CONTROL UNIT 

TTL 7404 
OR EQUIVALENT 

lll·lllS 

+SV 

..• 

I 
I 

:~ 
I 

)-----, TTL 7 4 38 
I . * OR EQUIVALEtd 

TYPICAL WAVEFORM OBSERVED 
AT LINE TERMINATION 
END OF TRANSHI5SION LINE 
TYPICAL TRANSMISSION DELAY • 30 NSEC 

Figure 2-1. Typical Interface Configuration 
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LEVEi. 
OR 

~ MNEMONIC ~ 
INTERFACE INPUTS 
(cbN I kbll.t.k lb FoRMATTl-.111 
FORMATTER ADDRESS FAD L 
TRANSPORT ADIJRF.SS TAIJO,TAlll L 
INITIATE COMM AN LI GO p 
RE\' ERSE/FOR WAR •J REI' L 
WRITF.iREAll WRT I. 
WRITE f'll.E MARK WFM L 
F.IJIT EOIT I. 
ERASE ERASE I. 
REWIND REW r 
DENSITY SELEr~T DEN L 
PARITY SELECT PAR I. 
OFFLINf. COMMAND OH I' 
LAST WORIJ Ll\'ll I. 
FORMATTER ENABl.F. FEN I. 
WRITE DATA LINES WP,WO-W7 I. 

INTER~'AC'E OUTPL1TS 
itokMA ITEK To C'ONTROLI.ERJ 
FORMATTER BUS\" Fil\" I. 
DATA BUSY llll\" I. 
HARD ERROR HER p 
CHECK CHARACTER GATE CC'G I. 
IDENTIFICATION IDENT l. 
CORRECTED ERROR Cf:R p 
FILE MARK FMK p 
WRITE STROBE WRST p 
READ STROllE RSTR p 
READ DATA l.INF.S RP, RO-R7 L 
READY ROY L 
REWINDING RWIJ I. 
LOAD POINT I.DP I. 
i TRACK/9 TRACK 7TK/9TK L 
ONl.INE ONI. I. 
FILE PROTEl'T Fl'T L 
ENIJ OF TAPE EOT I. 
NRZl/PF. NRZl/PE I. 

Table 2-1. Input/Output Signs/ List 

TRANSPORT ADDRFJ!;S 

TADO 'T'~Dl Levels PlOl-Al; PlOl-83 

The states of these lines determine which of up to 
four transports are selected by the formatter. The 
following lists defines the tape transport addresses 
produced as a result of the various TADO, TADl. 

TADO TADl ADDRESS 
0 0 SLTO 
0 I SLTI 
I 0 SLT2 
1 1 SLT3 

GO 

INITIATE COMMAND 

Pulse P101-A3 

A pulse which initiates any command specified by the 
command lines described in the following paragraphs. 
Information on the command lines is copied in the 
corresponding formatter flip-flops on the trailing 
edge of the GO pulse. F8Y is set true when the GO 
pulse is given with the formatter and the selected 
transport ready. 

COMMAND LIN~ 

The levels on these lines issue a command to the 
formatter on the trailing edge of the GO pulse. The 
REV, WRT, WFM, EDIT, ERASE, PAR and DEN levels 
must be held steady from 0.5 microsecond prior to 
the trailing edge to 0.5 miscrosecond following the 
trailing edge of the GO pulse. 
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REVERSE 

REV Level PlOI-84 

A level which initiates reverse tape motion when 
true. When false, this level specifies forward tape 
motion. 

WRITE 

WRT Level Pl01-A4 

Write mode is specified when this level is true; read 
mode is specified when this level is false. 

WFM 

WRITE FILE MARK 

Level Pl01-A25 

When this level and WRT are true, the formatter will 
write a file mark on the tape. 

EDIT 

EDIT Level PIOI-A6 

EDIT true and REV true modify the read reverse stop 
delay to optimize head positioning for a subsequent 
edit operation. When the EDIT level is true and WRT 
is true, the OVW (overwrite) line is activated and the 
selected transport operates in the edit mode. 

ERASE 

ERASE Level PlOl-87 

ERASE trui" ahcl WRT true cause the formatter to 
execute a dummy write command. The formatter 
will issue a normal write command but no data will be 
recorded. A length of tape, as defined by LWD, will 
be erased. A dummy write file mark command will 
be issued when ERASE, WRT/READ and the WFM 
command lines arc true. During this operation, 
approximately 3.75 inches (9.52 cm) of tape will be 
erased. 

DENSITY SELECT 

DEN Level PIOI-A9 
(Optional, 7 Track NRZI only) 

When true, this optional level selects the lower of 
two possible data transfer packing densities. When 
this level is false, the higher packing density is 
selected, 

PARITY SELECT 

PAR Level PIOI-810 
(NRZI only) 

The levels on this line control the parity mode for 
write or read data transfer. When true the even 
(BCD) parity mode is selected; when this level is 
false, the odd (binary) parity mode is selected. 

• 

• 

• 
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REW 

REWIND 

Pulse PlOl-812 

A pulse which causes the selected on line transport to 
rel'fiwl to load point. This pulse is directly routed to 
the transport and does not cause the formatter to go 
busy. 

OFL 

OFFIJNK COMMAND 

Pulse Pl01-A12 

This pulse causes the selected transport to go offline 
without causing the formatter to go busy. 

LAST WORD 

L\\'D Level PlOJ-Bl:! 

When this level is true during u write or cruse 
command, it indicates that the next character to be 
strobed into the formatter is the last character of the 
record. LWD goes true when the last data character 
is placed on the interface lines. 

FORMA'ITER ENABLE 

FEN Level Pl01-Al3 

When false, this level causes all formatters in the 
system to revert to the quiescent state. This line 
may be used to disable the formatters if controller 
power is lost or to elear formatter logie when illegal 
commands or unusual conditions oecur. 

WRITE DATA PARITY & WRITE DATA IJNES 

WP, WO-W7 Levels (Refer to Pin List) 

These lines are present in both NRZI and PE 
formatters and will be defined for each applicatioh. 

(1) N RZI Formatter 

These 9 lines transmit write data from the 
controller to the formatter. Lines WP, 
WO-W7 are utilized for 9-channel oper
ation; lines WP, W2-W7 are used for 7-
channel operation. 

For 9-channel operation the 8 data bits 
appearing on WO-W7 are written onto the 
corresponding channels on tape; for 7-
channel operation WO and Wl are not 
utilized and the remaining 6 data bits are 
written onto tape. In either case, W7 
corresponds to the least significant bit of 
the character. 

Line WP is optional and is utilized only if 
it is required to write the parity bit 
specified by the customer. When this 
option is not employed the formatter 
generates parity internally on the basis of 
data contained on WO-W7, together with 
the current parity mode. 
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l'he first character of a record shouid be 
available on these lines within onP. chur
ucter period after DB Y goes true and 
remain until the trailing edge of the first 
WSTR is issued by the formatter. 

The next charaeter of information must 
then be placed 1rn these lines within rmc
half of a character period. 

Subsequent characters of a record Rre 
processed in this manner until LWD is set 
true by the controller when the last 
character is transmitted. 

(2) PE Formatter 

The 8 write data lines (9 in the case of 
external parity option) are utilized to 
transmit write data from the controller to 
the formatter. WO corresponds to the 
most significant bit and W7 to the least 
significant bit of each character. 

The first character of a record should be 
available on these lines less than 40 
character periods after DB Y goes true and 
remain until the trailing edge of the first 
WSTR is issued by the formatter. The 
next character of information must then 
be placed on these lines within one-half of 
a character period. 

Subsequent characters of a record arc 
processed in this manner until LWD is se~ 
true by the controller when the \'1st 
character is transmitted. 

2.3 INTERFACE OUTPUTS (formatter to controller) 

7he 7 truck interface output signnl is used exclusively 
in the NRZI formatter; nil other interface outputs ure 
common to both NRZI 1rnd PE formatters. Pins 824 
and 823 (grd) output the CHECI\ CllARJ\C'TEH Ci!\ TE_.,, 
from NRZI formatters and ttw IDENTIFICATION 
from PE formatters. The controller must nllow for 
this signnl when combination NHZl/PE formatters nrc 
used. All pulscwidtl1s must be I microsecond wide 
(min.). 

FORMA'ITER BUSY 

FBY Level Pl01-B22 

\\'lle11 true, this level inhibits further commands to 
the formatter. The level goes true on tile trailing 
cdg-c of (10 when /1 command is issued by the 
controller. FBY will remain true until tape motion 
ceases. 

DBY 

DATA BUSY 

Level P!Oh\22 

This level goes true when the tape is up to speed, hns 
traversed the I BG, and the formatter is about to 



write data or look for a read signal on the tape. OBY 
remains true until data transfer is eompleted and the 
appropriate post record delay is completed. DBY 
goes false when the cuµstun starts to decelerate the 
tape. 

HARD ERROR 

llER Pulse P101-A24 
(NRZI :\lode) 

When true, this pulse indicates a read error. This line 
will be true during read operations when one or more 
of the following occurs: 

(1) Longitudinal parity error 
(2) Improper record format 
(3) C' RCC parity error 
(4) Vertical parity error on a data character 

In all cases except a vertieal parity error, HER will 
be pulsed after the complete record has been read. In 
the cRse of a vertical parity error, the HER line will 
be pulsed when a read strobe (RSTR) pulse is issued 
for the character in error. OBY goes false after all 
error information has been transferred to the 
controller. 

CORRECTED ERROR 

CER Pulse P101-B25 
(PE Mode Only) 

When true, this pulse indicates that a single track 
dropout has been detected and the formatter is 
performing an error correction. 

HARD ERROR 

HER Pulse Pl Ol-A244 
(PE Mode) 

When true, this pulse indicates that an uncorrectable 
read error has occurred and that the record should 
either be reread or rewritten. Here is a table 
illustrating the possible HER/CER o;ignal combin
utions, together with their meaning: 

SIGNAL STATES 
HER CER 
0 O = No Errors Detected 
0 1 = Single Channel Error 
1 0 = Postamble or VRC ERROR Only -

All Channels Believed Good 
1 = Multiple Channel Errors or: 

Excessive Skew or: Single Channel 
Failure w/Postamble VRC Error 

This timing chart illustrates the HER/CER minimum 
pulse widths at various tape speeds: 

HER/CER 

A: 2 msec min. (12.5 ips) 
1 msec min. (25 ips) 
0.67 msec min. (37 .5 ips) 

CHECK CHARACTER GATE 

CCG Level 
(NRZI mode only) 

P104-B24 

This level is set true by the NRZI formatter when the 

206-9219-040(' 

read information being transmitted to the controller 
is a cyclic redundancy check character (CRCT) or 11 

longitudinal redundancy check character (LHCC). 
When data characters are transmitted, C'C'(i goe~ 
false. Data and check information can bC' distin
guished by gating READ STROBE (RSTB.) with CCG 
or its inverse. 
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IDENTIFICATION 

!DENT Level P101-R24 
(PE Mode) 

When true, this level identifies PE tapes. PE tape.;; 
are detectable in the read forward mode bv the 
presence of an identification burst on the purity 
channel. 

FILE MARK 

FMK Pulse P101-A25 

File mark is pulsed when a file mark is detected on 
the tape during a read operation or during a write file 
mark operation in a read-after-write transport. The 
FMK line will be pulsed after a complete file mark 
record has been read. Error conditions should be· 
ignored when a file mark is detected. 

TRANSPORT STATUS AND CONFIGURATION LINES 

These lines indicate the status and configuration of 
the selected transport to the controller after being 
gated with the formatter address signal. FAD. The 
low true transport status lines are: READY (ROY). 
ON LINE (ONL), REWINDING (R\\'D), FILE PROHCT 
(Fi>T), LOAD POINT (LP), and END OF TAPE (EQT). 

Transpc."t configuration lines are NRZ/PE, 7TK/9TK 
and LOWil-llGH. 

\\'STR 

WRITE STROBE 

Pulse P101-A34 

This line pulses each time a data character is written 
onto tape. WSTR samples the write data lines \\ P. 
W~-\\'7 from the controller and copies this inform
ation character by character into the formatter write 
logic'. The ~irst character should be available prior to 
the first write strobe pulse and succeeding characters 
should ~~ set up within half a character period after 
th~ trailing edge of each write strobe pulse. The 
write strobe 1s also active during variable length 
erase commands.; however, the data being copied into 
the formatter will have no meaning. 

RSTR 

READ STROBE 

Pulse PlOl-836 

This line consists of a pulse for each character of 
read information to be transmitted to the controller. 
These signals should be used to sumple the read data 
lines RDP, RDO-RD7. 

In NRZI formatters, the transmission of CRC and 
LRC data characters will be flagged by the checJ.' 
character gate (CCG) signal as described under 
HARD ERROR (HER). 

• 
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• READ DATA LINES 

RP, RO-H7 Levf'!s (See Pin List) 

In the NHZI formutter, RP nnd RO-R7 are utilized for 
g channel operution; lines RP and H2-H7 ure utilize~ 
for 7 ehunnel operution. In PE formutters the 9 PE 
chunnels are assigned to RP, RO-H 7. 

Each churoeter reud from tape is mude available by 
parallel sampling the read lines with READ. STHOBE. 
Since the dota remains on the read data !Ines for a 
full character period, the corresponding RSTR pulses 
are timed to occur after upproximatP!y the center of 
the character period. 

2.4 INTERFACE CABLING REQUIREMENTS 

The cables connecting the Format Control Unit to the 
tape transports are normally supplied with the 
system, and so are the cubic connectors that mate 
with the curd edge connectors on the units required 
for the interface cabling. The intercabling 
requirements are the same for NHZI or the dual 
density N RZl/phase encoded systems. 

Twisted pair cabling should be used to reduce 
intercable crosstalk. All wires should be 24 AWG, 
minimum, with a minimum insulation thickness of 0.1 
inch. Each pair should have not less than one twist 
per inch, and maximum cubic length should not 
exceed 20 feet. 

READ 
CLOCK 
( f RC L K 1 

2lllHl21D-5-00A 

2.5 OPTIONS, SPEED AND DF.NSITY SELECTION 
(He fer to Tnble 2-l ). 

Tupe speed and density LIS well as certliin opt ions Hl'P 

controlled by meons of El through E4 on the 
interface bourd. Tope unit 0 is control!e<l by E4; tape 
unit l is eontrol!ed by E3, etc. 

The options are selectnble by switches SJ on J·:J 
through E4. Switches SJ on ICs El ond E2 determine 
whether formatter 0 or I is addressed. The positions 
of E3-l and E4-l determine whether internal or 
external parity is written on tupe. Switches S2 
through S7 on El through E4 supply tupe unit 
commands and status sigrmls to and from the 
individual tape units. Switch S2 on El thr0ugh E4 is 
turned ON to select u 7 track tape unit; OFF to 
select a 9 truck tape unit. 

Switch S3 selects between 556/800 cpi und 200/556 
cpi tape densities for 7 track tape units. 

Switch S4 is reserved for PE applications und selects 
bet ween a preset high or low tape speed. Since the 
PE board can only operutr at two speeds, the 
formatter must be set up so that only two tape speeds 
are selectable ut 1600 cpi. NRZI units have no such 
limitations. 

Switches 5 through 7 can be set to various binnry 
combinations for tape speed selection. Tape speeds 

·possible are: 10 ips, 12.5 ips, 15 ips, 18.75 ips, 25 ips, 
37 .5 ips, 45 ips and 75 ips. 

--iO 

I 

-----J· -1- 90· 
~-0.S .)[( M:N. ---j 
I 

READ 
DATA 
CHANN~LS 
( F TR DD 
THROUGH 
FTRD7) 

' 
f--u.2'.i l".tC 

~IN. 

fALSE OAT~ 

TRU[ OAP 

Figure 2-4. Read Data Timing 
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MA;, 



~~ ---------------------------~ 

E4 

ON 1 2 3 4 5 6 7 

f ~ ~ (~a~ ~lt~) ~ 

E3 E2 

1234567 1 2 3 4 5 6 7 

~~~~~~~ ~ ~~~~~~ 
(Tape Unit 1) (Tape Unit 2) 

OPTION SETTINGS 

El-1 ON/E2-1 OFF selects Formatter Address O (FADO) 

El-10FF/E2-1 ON selects Formatter Address l (FADl) 

E3-l ON/E4-l OFF: Selected Tape Unit writes externally 
generated parity. 

E3-l OFF/E4-l ON: Selected Tape Unit writes 
internally generated parity 

DENSITY SELECTION (ON = Ill) 

S2 S3 
9 Track 800, 16002 C Pl 

~ 7 Track 556, BOO CPI 

7 Track 200, 556 CPI 

S4 
1600 CPI low speed select 

~ 1600 CPI high speed select 

SPEED SELECTION (ON = * ) 
S5 S6 S7 

r 
IPS (125 IPS) 

* * * 
NOT AVAILABLE 12.5 JPS * * IN 125 IPS MODELS 15 IPS Cl * 

18, 75 IPS • 
25 lPS • • 
37.5 JPS * 
45 IPS * 
75 IPS 

NOTES 

1El-Sl ls reserved. 

21600 CPI density requires P. E. rp ci 1·ecovery board. 

1 

~ 

Table 2-6. Option, Speed and Density Settings 
/C's E1 through E4 located on 4831 Interface Board 
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El • 2 3 4 5 6 7 

~~~~~~ 
(Tape Unit 3) 

• 
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2.6 DAISY CHAINING 

The Model 9219 formatter can be connected to as 
many as four tape transports of varying tape speeds 
and character densities. 

To connect the Model 9219 to Model 9000 transports, 
order one 190-4999-001 cable, one 190-4679-001 
control adapter and one 190-4779-001 data adapter 
per transport. Figure 2-5 illustrates the daisychain 
connection. Note that the 3860 Data Terminator and 
the 3841 Control Terminator cards are only installed 
in the last deck of the daisychain. 

To connect the Model 9219 to 9100, 9300, 9700 and/or 
9800 tape transports, order one 190-4747-001 adapter 
board per transport and two 190-4999-NLL cables. 

NOYll 

.a ~ • 'J. a : 1 r' I ;. ' ' 'j i • r, ~ I II' ~ A 11 .J I 
·,1 :1:• 

b : ';ti'•:, &.t &> • i ' 4' ''t P,. r,~ I"' C 
.1;J I 11 :1·.• 
'f! •,! ~ ,f J. •; ' { '•, JI AB'. - I &CAP fl II 
~.u:• ... , .. L'.l"'H~'!"·· "1 r.lO!'.. 

Al. ": Be 'I : 'I' l ~cr.1111 I . ' f AB, I •, 11 'JI. 
11&' 'I• '' ·~a~· 1 u, •:.IS.' It •· ''U· If t' 
UI :!1 .. ·:.1, 

1 r1e:r1111 • .. 1a11r.;i ·v. •f•S '.'" 1as.!, 
1011111•·11., Allt l[1.UIP B':lU[ U1filfrf(, 
'•Jll', 

r 4 I ;e: I~ ol • : I (11111&" I~ .u:. • Cl "r I. 

~I" r . 'Hf frl 11 (.Ill A\ \" 'l•ll l ft(• 11 11"1 Ii 
1"' f 11' . ""I : ' I Ill< ~.I!~•. ••i P• 

·•. : • .&' J. Hll, All[ 1.•,11•11··, ltl41 'I lt•ll'l:1:,1t 

•• ' " :1 •. .,. ! Jiii ~ 1 • .- 1 ~ r .. 1 • •, • ~) r r , c ' 
t A: ) • .. a I 'I r, ~. , 

'~ ' : r . ' • '. '. II I ... ) ~ [ l I. . I'.. :..1 'I '" I 'tr ~ e' 
:•.1,•i. .. 11a~·l~8(..Ari~ •,tif" "~ ·, '.•P ~· 

~ • l ~A, "'lJt T f• &Jtf. Jlt I ' :d , I ' 
~. : . .. 

Figure 2-5. Daisychain Connection-

9219 to 9000 Transports 
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(When ordering, substitute the number of transports 
in the daisychain for N; and the total cable length in 
feet for LL. Twenty feet is the maximum length 
available.) Figure 2-6 illustrates the daisychain 
connection. As in Model 9000 daisychain instal
lations, the 3860 Data Terminator and the 3841 
Control Terminator cards are installed in the last 
deck of the chain only. The 4747 adapter board 
contains a tRpe unit address select switch. Thus, 
each deck in the chain can be assigned an address. 
(SWl on=tape unit one on; SW2 on=te.pe unit 2 on, 
etc). The tape unit address can also be controlled by 
the address select switch on the front panel of each 
transport. In this instance, all address switches on 
the adapter boards shollld be in the OFF position. A 
190-4910-001 cable is used to connect the tape wiit 
address switch to the 4747 adapter board. 

10 
CONTROL 

AIOJ I 

Hll 
FOIMATHR 

10 
DATA 
Al IJI 

c::::::::Jj,, c:::::Jj,, 

ADAPT[ A 
190·4747·001 

~-~----DECl 2 

i=::::lA c:::::::JA 
D 

O[Cl 4 

OISERVE TRIANGLE(.) l[IS ON CABLE, FORMAIHA, 
AND ADAP!ER IOARD CONNECIORI. 

Figure 2-6. Daisychain Connection-
9219 to 9100,9300.9700.9800 Transports 



PIN 
(SIG/GRD) 

Al/A2 

A3/A2 

A4/A5 

A6/A5 

A7/A8 

A9/A8 

AlO 

A12/All 

A13/A14 

A15/A14 

A16/ Al 7 

A18/Al 7 

A19/A20 

A21/ A20 

A22/A23 

A24/A23 

A25/A26 

A27/A26 

A28/A29 

A30/A29 

A31/A32 

A33/A32 

A34/A35 

A36/A35 

A37/A38 

A39/A38 

A40/A41 

A42/ A41 

A43-47 

A48,49,50 

Bl/B2 

B3/B2 

84/B5 

B6/B5 

B7/B8 

89/88 

810/811 

812/Bll 

813/814 

JlOl, Model 9219 Formatter. Mates with PlOl from Controller 
(SEE NOTE 0 

MNEMONIC SIGNAL 

TADO Transport Address 0 

GO Initiate Command 

WRT Write/Read 

EDIT Edit 

THRl Read Threshold Level 1 (Not Used) 

DEN Density Select (See Note 2) 

No Connection 

OFL Offline Corn rnand 

FEN Formatter Enable 

WP Write Data Parity 

Wl Write Data 1 

W3 Write Data 3 

W5 Write Data 5 

W7 Write Data 7 

OBY Data Busy 

HER Hard Error 

FMK File Mark 

ONL On Line 

FPT File Protect 

EOT End of Tape 

NRZl/PE NRZl/PE 

SGL Single (Not Used) 

WRST Write Strobe 

RP Read Data Channel P 

Rl Read Data Channel 1 

R3 Read Data Channel 3 

R5 Read Data Channel 5 

R7 Read Data Channel 7 

No Connection 

+5vdc 

FAD Formatter Address 

TADl Transport Address 

REV Reverse/Forward 

WFM Write File Mark 

ERASE Erase 

THR2 Read Threshold Level 2 (Not Used) 

PAR Parity Select (See Note 2) 

REW Rewind 

LWD Last Word 

Table 2-2. Interface Pin List 
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IN/OUT • IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT • OUT 

OUT· 

OUT 

OUT 

OUT 

OUT 

OUT 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN • 



• PIN 
(SIG/GRD) 

816/817 

818/817 

819/820 

821/820 

822/823 

824/823 

824/823 

825/826 

827 /826 

828/829 

830/829 

833/832 

834/835 

836/835 

837 /838 

839/838 

840/841 

842/841 

• 843-47 

848,49,50 

NOTE 1: 

NOTE 2: 

NOTE 3: 

• 

206-9219-090(' 

JlOl Model 9219 Formatter (continued) . 
MNEMONIC SIGNAL IN/OUT 

WO Write Data 0 IN 

W2 Write Data 2 IN 

W4 Write Data 4 IN 

W6 Write Data 6 IN 

FBY Formatter Busy OUT 

CCG Check Character Gate (Note 2) OUT 

lDENT Identification (Note 3) ·ouT 
CER Corrected Error OUT 

RDY Ready OUT 

RWD Rewinding OUT 

LDP Load Point OUT 

7TK/9TK 7 Track/9 Track OUT 

SPEED Low/High Tape Speed (Not Used) OUT 

RSTR Read Strobe OUT 

RO Read Data 0 OUT 

R2 Read Data 2 OUT 

R4 Read Data 4 OUT 

R6 Read Data 6 OUT 

No Connection 

Ground 

Due to space limitations, the 8 terminals are unmarked. However, the 8 terminal numbers 
correspond to the A terminal numbers on the opposite side of the circuit board .. 

Used in N RZI configurations only. 

Used in PE configurations only . 
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Control Connector, Model 9219 Formatter 
Mates with 190-4999-XXX Control Ca~le 

PIN • SIG/GRD MNEMONIC SIGNAL IN/OUT 

1/2 SEL3 Tape Address Select 3 OUT 

3/4 SEL2 Tape Address Select 2 OUT 

5/6 SELl Tape Address Select 1 OUT 

7/8 SELO Tape Address Select O OUT 

9/10 RNG Tape Running IN 

11/12 EOT End of Tape IN 

13/14 ROY Ready IN 

15/16 Not Used 

17/18 LDP Load Point IN 

19/20 FPT File Protect IN 

21/22 RWD Rewind OUT 

23/24 Not Used 

25/26 Not Used 

27/28 Not Used 

29/ 30 ONL Online 

31/32 OFFC Offline Command OUT 

33/34 sws Set Write Status OUT 

35/36 SEL Tape Unit Select OUT 

37/38 RWC Rewind Command OUT 

39/40 HDI High Density Indicator IN • 41/42 SRC Synchronous Reverse Com mend OUT 

43/44 HDS High Density Status OUT 

45/46 SFC Synchronous Forward Command OUT 

47/48 ovw Overwrite OUT 

• 
2-10 
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PIN 

SIG/ORD 

1/2 

3/4 

5/6 

7/8 

9/10 

11/12 

13/14 

15/16 

17 /18 

19/20 

21/22 

23/24 

25/26 

27 /28 

29/30 

31 /32 

• 33/34 

35/36 

37/38 

39/40 

41/42 

43/44 

45/46 

47/48 

49/50 

• 

Data Connector, Model 9219 Formatter 
Mates with 190-4999-XXX Data Cable 

MNEMONIC SIGNAL 

RDS Reed Date Strobe 

RDP Reed Date Channel P 

RDO Read Data Channel 0 

RDl Reed Data Channel 1 

RD2 Read Data Channel 2 

RD3 Read Data Channel 3 

RD4 Read Data Channel 4 

RD5 Read Data Channel 5 

RD6 Read Data Channel 6 

RD7 Read Data Channel 7 

RGAP Read Gap Detect 

Not Used 

Not Used 

Not Used 

WDS Write Data Strobe 

WARS Write Amplifier Reset Strobe 

WDP Write Data Channel P 

woo Write Data Channel 0 

WDl Write Data Channel 1 

WD2 Write Data Channel 2 

WD3 Write Data Channel 3 

WD4 Write Data Channel 4 

WD5 Write Data Channel 5 

WD6 Write Data Channel 6 

WD7 Write Data Channel 7 
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IN/OUT 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 
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THEORY OF OPERATION 

3.1 GENERAL 

The Model 9219 Forrnnt ter consists of o 
microprol'cssor, an interfacc> board, a masterboard 
and an optional PE read board required for phase 
encoded data applications. The 011c-to-one circuitry 
configurntion of the masterbourd mukes nil tape deck 
110 signals available to these boards nt the same 
relative pin positions. 

The interfaC'e bonrd adapts the Model 9219 to the 
Pertee controller. All read nnd write data, computer 
commands, and tape transport stn tus signals pnss 
through this board. Most tape transport status signals 
enter the interface board from the masterboard, 
while write data and computer commands are input 
on interface board connector J2. Interface board 
connector JI outputs read data and trnnsport status 
signals to the controller. 

The microprocessor board is connected to the 
interface board, the tape uni t(s) and the controller 
through the masterboard. It is capable of driving and 
seleeting tape decks, outputting com rnunds to t11pe 
decks and reading status from tnpe decks. On normal 
configurations the interface board selects tape 
transports, although the microprocessor board may be 
modified to do this.) In certain applications where 
responses must be immediate, the microprocessor 
may be bypassed, or it may look at tape deck signals 
simultaneously wit,h other formatter boards. 

The microprocessor reads and writt•s at nn internally 
determined data rate which is seliJ~tnble from 10 to 
75 ips in any one of five formats. For seven track 
tape decks, select11ble densities nre 200/556 cpi or 
556/800 cpi. For nine track machines, 800 or 1600 
cpi densities may be selected. The only limitntion is 
that no more than two tape speeds are selectuble at 
1600 cpi. Selectable speeds include; 10 ips, 12.5 ips, 
15 ips, 18.75 ips, 25 ips, 37.5 ips, 4~· ips, und 75 ips. 

Speed selection, density and certain other options urc 
controlled by switches El through E4 on the intcrfncc 
board. (See Table 2-6 for IC switch settings). 

3.2 TYPE 4632/4832 MICROPROCESSOR BOARD 

This board is microprogrumed to control data, 
transport command and trunsport status flow between 
the selected tape transport and the controller. All 
inputs and outputs to the microprocessor board ure 
made through the A and B busses of the mnsterboard. 
Tables 4-1 A and 4-1 R in the mnintenanl'e section list 
all m11sterboard connections. The muintenance 
section also contains the basic, NRZI, and PE 
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programs for the formatter. (The program sequence 
begins on the busic flow chart, then brunches to 
either the NRZI or PE flow chart, depending on 
formatter type und recording density.) 

The major functional components of the board 
include: six bipolar Shottky 3002 Central Processing 
Elements (CPEs), one 3001 Microprogram Control 
Unit (MCU) and, depending on formatter application, 
8 or 16 3601 Programablc Read Only Memories 
(PROMs). Figure 3-1 is a block diagram showing the 
interrelationship between these mujor functional 
clements. 

3.'.'. I The 3002 Central Processing Elements 

There arc six of these devices per microprocessor 
board and all of their input control lines are parallel 
connected. The Central Processing Elements, or 
CPEs, are controlled by part of a 32 bit 
microinstruction word which is output from the 
programable read only memories during one 
microinstruction cycle. (Refer to Figure 3.2.) Seven 
bits of this microinstruction word are output on bus 
lines FO-F6, the microfunction bus. The F bus 
controls tne six CPEs, but its commands can be 
altered by the 12 bit K, or masking, bus. This bus can 
modify the F bus commands by selecting or 
deselecting the Arithmetic Logic Units ' (ALUs) 
within the six CPEs. In fact, the K bus expands the 
number of functions which may be performed by this 
masking action. 

The remaining 13 bits of the 32 bit microinstruction 
word are routed back to the 3001 Microprogram 
Control Unit (MCU). The function of these bits will 
be discussed under the paragraph entitled 300 l 
Microprogram Control Unit. --

Each central processing element has two input busses, 
designated 1 and M, and two output busses, termed D 
and A. The I bus inputs tape transµort commands 
from the computer and tape transport stutus 
information from the selected tape drive. The M bus 
inputs reud or write data to the central processing 
clements. Since data and command signals are 
multiplexed on these 1/0 bus lines, an enabling 
command is output from the CM and CD busses to 
select the appropriate signals at a particular point in 
the formatter program. These commands will be 
discussed shortly. 

Output bus lines AB through A 11 make up the Next 
Column Address Bus. These lines are connected 
through quad D flip-flop C9 to the PX4-PX7 inputs on 
the microprogram control unit (MCU). Data on these 



10 e eu~ 
.... """ : .... ~ ~ ::: ClJ 

..., ;;: ;: ~ ~ ~ 

CD1 

INAILI 

PARITY TRll AOORI:~ -o-----llol 
© Dl·DI 

TO I •us 
lltTlll 

IDHD 

.. 

© 
CPE 

AC2 

•c1 
ACO 

LOAD 

CLk 

GNO 

ICC 

Q)A8 A°9 ilO ill 

1rao•1 !~W~m, io•::R~o;.1.r__.__. ...... ., 

©.1tLK 

llO· lOl 1 

3001 MCU 

0 " .. .. .. 

® 
·.o• 

•o 

,, e e"' . ~ ~ 

" n 0 n 0 0 <• 0 .. . .. .. . .. . .. 

Mii.i Tl 

3002 CPl (xi) 

ARITHMETIC/LOGIC SECTION 

~ .. 
10 B BUS 

00-01 

306-9219-2-00A 

f[V[N 

STROll(lll@ 

SiiOii Im@ 

CPI CLOtl© 

!CLOCK@ 

CY(All) 

l-++---1--1-4>- CI 'iCiiiC'k© 
nu isl 
O(AJ4) 

motl© 
Cl(IJ4) 

(All) iiiJ~IAO DAT'(V 
(Ill) CDJ ENAILE 

;::;~t@ 
(!}cMU-11 

INAILE fV\ 
(L) CRC SHlf~ 

;;;; @® 
;w0 
l§l§IBIB1813 

CNll·ll 

<D 

Figure 3-1. 

SU - - (,JQ 
SECONOAAY 
lli!STAUC110N 
BUS 

Model 9218 
Microprocessor, 
Block Diagram 

Figure 3-1. Microprocessor Block Diagram 

3-2 

• 

• 

• 



• 

• 

• 

lines is tested by the MCU to determine the next 
eolumn address it will output to the PROMs during a 
JPX (Jump Instruction) eommund, which will be 
cxpluincd later. Bus lines AO through A3 urc the 
tape transport select bus. However, sinee tupc 
transport selection is norrnully performed by the 
controller, these lines arc not used in the standard 
9219 forrnutter configuration. Bus lines A4 through 
A 7 arc unused. 

Bus lines DD tt1rougt1 D8 transfer rcud or write dnta 
to the interface. (Write dntu is clocked out of D 
lntehes J7-J8 on the mieroproecssor to the R bus of 
the masterbourd; rend data is transferred through tt1e 
A bus of tlie nrnsterboard to the 4831 lnterfnec 
board.) Bus lines DD through 08, the eomplernents 
of the DD through D8 bus lines, loud four bit binary 
counters F7, F8, F9, whict1 determine the read or 
write dntu rate. D bus data is also eheekcd for 
proper purity by Purity Tree IC' K4 und exelusivc-OR 
gu tes E7. 

3.22 Commund Bus C~1!6, C!\117, C~ll8 

As can be seen, read or write datu and tape transport 
status und cornrnund signals arc upplicd to common 
I/D busses ut the CPEs. To organize und synchronize 
rend and write data and the tupe transport status and 
command signals, PROM puir 4 has been programed 
to output eornrnands D through 7 in hex code on 
eommand lines Ci\1 16, 17 and 18. Linc CM 18 
outputs the most significant bit; CM 16 outputs the 
least signifiearit bit. Additionally, during most 
eomrnand times, a corresponding pulse (CDl-7) is 
given to enable the appropriate D latches AND/OR 
gates. Commands 0, I and 3 select and transfer dnta 
to and from the inter·face. Commands 2,4,5,6,7 and 
8 control the operation of the rnicroproeessor board. 
Table 3.2 illustrutcs the bits present on the 
significant bus lines during a given command time. 

romrnund 0 (0 states on CM lfi, 17 and 18) plnccs nny 
available write datn on M bus lines 0-8. It also places 
the selected trnnsport's speed, bit density, parity und 
the FBY line on the l input bus. This is the normal 
microprocessor situation until nnothcr command is 
issued. 

Command l trnnsfers reud duta out of the CPEs to 
the interface on D bus lines DO-DB. These lines are 
input to type D flip-flops 88/89 on t11c 4831 Interface 
board, where they arc clocked out on each succeeding 
read duta strobe. Command I would neecssarily be 
preceded by eornmnnd 5, which inputs read data into 
the l\1 bu.;; of the CPEs for processing. 

Command 2 places status information from tt1c 
selected tupe transport on the CPE's I input bus. 
Comrnnnd 2 also enubles ENABLE CRC SHIFT, which 
transfers the pnrity of the least significant nine bits 
contained in the CPE internal accumulators through 
the D bus onto line 9 of the !\l input bus. This 
performs a partial VRC und CRC pnrity cheek, 
reducing the number of instruC'tions required for 
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oarity checking later. lneidentally, IC K4 eheeks 
purity, while the exclusive-OR gates E7 generate the 
lfli\1-cornputible CRC ehcck eharueter. 

Commund 3 enables NAND gates F3/H3/H4, applying 
one read dntn byte to the M input bus of the CPEs. 
These NAN D gu tcs ure connected to the Q outputs of 
D lutehcs 111/H2, which are clocked by a read data 
strobe pulse nnd cleared by u CD5 pulse issued during 
eommund 5 time. Thus, CD3 and CD5 must both be 
trul' before rend dutu cun be input to the eer.tral 
processing elements. 

Comrnnnd 4 parullcl-londs write duta ehunnels WP 
through W7 onto CPE output lines DO-DB. It is passed 
through D lntct>:?s J7 /J8 and out to the tape 
trunsport. The W DS and WARS lines are also enabled 
to insure proper write dntu timing. 

Command 5 transfers one byte of rend duta onto M 
input bus lines 0-8 of the CPEs after command 3 is 
issued. In PE formatters, command 5 also transfers 
PE read data status information onto I bus lines ID 
tt1rougt1 111. lf n read duta eharaeter is present 
dur·ing commnnd 5 time, u curryout is generated from 
the CPE and applied to the F IN input to the 3001 
!\1ieroprogrnm Control Unit. This generates CD5 true 
from PR0!\1 pair 4, clearing D latches Hl/H2 and 
enabling the read data bus to respond to the next read 
clock. If no rend elrnraeters ure present FIN would be 
fa Isl' and the D In tehes would not be C'leared. The 
rend bus is not cleared until eommand 5 oceurs and a 
curryout exists in the rnieroprocessor. However, read 
duta still won't pass to the eontroller until command 
l hus been issued. 

Corn mand 6 purullel loads a progra mable counter with 
the bit eomplernent of the D bus. The clock defines 
the read or write datn rnte. (Refer to !Cs H7, H9, 
F7, F8, F9 et nl on the first page of the 
mieroproeessor· schernutie.) This assures even 
multiples of tape speeds und results in aeeurate 
ulignment between tupe speed and recording density. 
The cycle time of the programable counter is 6944x 
(nccurnulutor '!) microsecond. The number of 
instruC'trons exf'euted per miero-instruetion cyele 
time is defined by the cycle's rnieroinstruction eount. 
This is equul to two times the microinstruction +2. If 
11 hexidcein111l OD8 were output from the necurnulator 
bus, for example, and eommand 6 is issued, the 
number of instructions executed per cyele ti rne would 
be 2x8+2, or 18. The maximum cvcle instruction 
eount is Bl92 instructions per eyclc time and the 
minimum t'yr'le instl'Uetion count is 4. The 1.02 
microsecond STROBE nnd STROBE pulses ure ulso 
produced, which nre used to develop the WDS and 
WARS strobe pulses. 

In standard formatter configurations, eom mand 7 
eloeks Hex D flip-flop J6, passing tape transport 
cornnwnd(s) available on the A and D busscs to the 
selected tnpe trunsport. Commands include: SFC, 
SHC, SWS, !IDS, HE\\' and OFFC. In speeinl 
formatter configurntions, sueh ns buffered tape 
transports where tape drive selection should be rnHde 
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0 

II 

II 

0 

II 

ROY 

II 

COMMANU Q ' 
(lnterreee Boord Dela to MicroprO<'essor Boord) 

I BUS• 

10 

.,.___SPEED---.. 

COMMAND llEXIUF.C"IMAI. l'ODI: 
7 - ERASE \AR 
6 - ERASE FIXEI> 
5 - WFM 
4 - WRITE EUil' 
3 - WRITE 
2 - BACKSPM'E Ellrl 
I - BACKSPACE 
0 - R~:AD 

"When lnlerrnce Board is cn•bled 

lll!ill 
Sl'l:l-:11 

When Dll =I: <Reed Date, Read Strobe, Hord Error to Conlrollcrl 

D BUS 

10 

x HER I RP RO RI R2 

When Dll = 0: (Formatter Status to ControllNI 

10 

x x I !DENT I FBY 

10 

RWD LOP FPT HDI 

MTU STATUS 

10 

DO 08 

D BUS 

OBY I FMK 

COMMAND2 

I BUS 

5 

EQT I ONL 

M BUS 
(Before Eneble) 

6 

M BUS 
(After Enabling) 

R3 R4 

4 

HER I \ER 

4 

RNG I 

R5 

2. 

x 

II I 0 6 5 4 

LWD I 

11 10 

0 PE 
CORR HIGH 
ENAB SPEED 

0 

9 

SEL 
WRT 

DATA 

p 

FWD x 

COMMANU 3 

D BUS 

5 

TO PE CARD 

When DO = I: PE Read Cord Enablerl 
When DO = 0: lntedace Cord Eneblec1 

0 

ENABLES 
INTERFACE 

CARO 

R6 

I. 

x 

02 

6 

llUSY 

R7 

x 

DI 

0 

'I 

ENB 

READ 

PE 
CARD 

Table 3-1A. Command Time Bus Assignments 

:l-4 

306-9219-4-00B 

• 

• 

• 



• 

• 

• 
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COMMAND 4 
(MioroprO<!essor Card) 

D BUS 

I wiitt2 hAfA 
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1·\1r1 ON Ul 1 1"\Kll INHZI \loclrl 

M RUS 

II Ill 

11:1:·\1~1 
I KO\I \1,.\1; 

C"'l~1 ON pr 1· \Hll \lirroproc•r,,or Ho11rcl 

II Ill 

When Dll = t: 

II 111 

I( 111' 

When Oii = 0: 

11 Ill 

0 \\'llLN l:NAlll.1:11 
1'11:1 llll 

11 Ill 

\ \ 

Hll 
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0 1 lll1S 
IPE \lodel 

0 11 lll'S 
IPE \lodel 
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Kl 112 
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D BUS 
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I HJ 

ll:H~ 
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114 
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D Bt:S 
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11'011 Niil.ii 

K~1 llfi 

Table 3-18 Command Time Bus Assignments 
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directly from the fornrntter, ('ommund 7 also enables 
one of eight transport select signals, SLTI through 
SLTS. J5 and K5, the !Cs from whiC'h these signuls 
would be output, ore omitted from standard 
microprocessor bourds. 

3.2.3 Time Out CvC'le 

The microprocessor's clo('k C'irC'uitry includes n 
progrumable divider which enables 1111 interrupt. This 
interrupt permits the microprocessor to test for 11 

time-out cyC'le while simultaneously executing the 
next instruct ion. If a ti me out is detected, the 
processor muy he forced to brunch, i.e., line ACO will 
be forced low, and the next loC'ntion in the memory 
address register would be un even row or column. 
Thus the microprocessor eun very quickly ttscertain 
whether it should sample the write dutu registers to 
determine whether dutu should be transferred to the 
formatter. or perform other ti me-dependent 
functions. 

3.2.4 The 3001 Microprogram Control Unit (MCU) 

Through its MA address lines, the 3001 chip 
determines the microinstruction sequence output to 
the central processing clements from the 
programnblc read only memories. Eleven bits of the 
microinstruction word output by the PROMs are 
returned to the 3001 MCU for next address (ACO
AC6) ahd jump function (FCO-FC3) control. The MA 
bus lines provide a row and column address to the 
PROMs, whiC'h employ memory mntrixes for storing 
the individual microinstruction word bits. Lines 
MA0-3 specify the column address; MA4-8 specify the 
row address. Each PROM matrix can contain up to 32 
row addresses and 16 column addresses for n total of 
512 microinstruction addresses. 

The next address logic in the 3001 MCU makes 
extensive use of this addressing scheme. For 
example, from u particular ·ow or address it is 
possible to jump either uncond'tionnll~ to any other 
location in u particular row or column. or 
conditionally to other specified locations in one 
operation. For a given uddress matrix location, there 
is a fixed subset of microprogram addresses that may 
be selected as the next address. These nre referred 
to us u jump set nnd each type of microprogram 
control unit address control jump function has its 
associntcd jump set. 

The M CU's jump function logic actually determ in cs 
the sequence in which microinstruction words arc 
aC'cessed from the miC'roprogrnm memory by 
controlling the next address logic within the 3001 
MCU. The program memory uddress is held in the 
Microprogram Address Reg·ister (MAH). 

The next address. is nlso influenced by data on btJs 
lines FO-F 4. Through flag output line FO, the C and Z 
flags within the 3001 MCU latch und control the 
value of the curry and shift inputs to the centrnl 
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processing elements. Under microprogram control 
the flag logic simultaneously forces the state of this 
flag output line to l or O or the value of the C and Z 
flogs in the MCU. 

3.2.5 The PROMs 

Depending on whether it's a NHZl or NRZl/PE 
application, there are 8 or 16 socketconnected 3601 
PROMs in the microprocessor. They ure bipolar 
Shottky with a 50 nsec access time. Each PROM is 4 
x 256, or 256 locations of .t bits eueh, and each PROM 
is specifically programed for use in the Model 9219. 
The 256 bit locutions require lines of addressing (MA 
bus lines 0-8). The PROMS ure paired and parallel
connected. The outputs are corn mon and the chips 
are wired to hnve common addresses which are 
ulternately enabled or disabled so that only one chip 
of a pair operates at any given ti me. This 
nrrangement can provide up to 512, 32 bit programing 
words for use in the formatter. However, in 
applications requiring 256 or less program words, 
NRZl-only machines for example, one set of PROMs 
may be omitted. The PROMs output a 32 bit wide 
microinstruction word during one microinstruction 
cycle. Here is a breakdown of PROM functions: 

PROMs 0 AND 1 
(!Cs A7, AS, AlO, All) 

Output the microinstruction bits which help define 
the next instruction to the output from the 3001 
MCU. These are input on lines ACO-AC6 of the 3001 
chip (Al2). PROM 0 contuins the least significant 
bits (AO-A3); PROM l contains the most significant 
bits (A4-A6). PROM 1 also outputs FCO-FCl, which 
control the flags influencing the MCU's next address 
logic. A true condition on this line results in a 
conditional branch in the program. 

PROM 2 
(!Cs A5, A6) 

Contains the least significant bits of the CPE's 
microfunction bus. These bits are found on lines FO
F3. 

PROM 3 
(!C's 87, 88) 

Outputs the most significant microfunetions which 
ure on lines F4-F6. PROM 3 also contains a flug 
control which sets an outgoing carry fed to the 3001 
microprocessor. This is FIN, which is transmitted on 
Al2, line 17. FC 3 (Al2, pins 12 and 13) controls the 
holding of an internal storage state in the 3001 chip. 

• 

• 

• 
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PROM 4 
(ICs A2, A3) 

Outputs the command bus {CM16, 17 nnd 18). It also 
contains Cl\119 which controls the timing interrupt 
bit. When true, the intcrruµt count will be tested to 
determine whether a timeout has occurred. If it has. 
ACO will be forced to 0, causing un unconditional 
program brunch. 

PROM 5 
{ICs, BIO, BJ 1) 

Outputs the most significant four bits of the K 
(masking) bus. 

PROM 6 
(ICs 85, 86) 

Outputs the middle four bits of the I< bus. 

PR0!\1 7 
(ICs 82, 83) 

Outputs the least s1~nificant four bits of the K bus. 

3.3 THE !NTERF ACE BOARD 

All signal flow bet ween the computer, the tape 
transports and the microprocessor board is p~ocessed 
through this card. The two pages of the interface 
card schematic can ·be divided into several functional 
blocks -- Tape Speed/Density Select Switch, Tape 
Transport Stntus Ciutes, Read Data Logic, Address 
Select Gates, Write Data Gates, and Command Logic. 
etc. 

3 .3. I Tape Speed/Density Select Switches 

Tape speed and density us well as certain options are 
controlled by means of EI through E4 on the 
interface board. Tape unit 0 is controlled by E4; tape 
unit 1 is controlled by E3, etc. 

The options are selectable by switches Sl on El 
through E4. Switches SJ on ICs El and E2 determine 
whether formatter 0 or 1 is addressed. The positions 
of E3- I and E4- l determ inc whether in ternul or 
external parity is writ ten on tupe. Switches S2 
through S7 on El through E4 supply tape unit 
commands and status signals to und from the 
individual tape units. Switch positions of S2 through 
S7 are directed to the the microprocessor on 
corresponding I bus lines 12 through 17. Switch S2 on 
El through E4 is turned ON to select a 7 track tape 
unit; OFF to select a 9 track tape unit. 

Switch S3 selects between 556/800 cpi and 200/556 
cpi tape densities for 7 track tape units. 
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Switch S4 is reserved for PE upplications and selects 
bet ween a preset high or low tape speed. Since the 
PE bonrd can only operate at two speeds, the 
formatter must be set up so that only two tape speeds 
arc selectable at 1600 cpi. NRZJ units have no such 
limitations. 

Switches 5 through 7 cun be set to various binary 
combinations for tape speed selection. Tape speeds 
possible are: 10 ips, 12.5 ips, 15 ips, 18.75 ips, 25 ips, 
37 .5 ips, 45 ips and 75 ips. 

3.3.2 ]'ape Transport Status Gates 

Tupe transport status signuls ure input to the 
interface board on the R bus of the motherboard; then 
gated with FORMATTER ADDRESS and directed to 
the controller at interface board jack JI. Formatter 
Address l {FAD 1) must be selected (i.e., E2-1 
ON/El-1 OFF) to enable the NANO gates controlling 
the tupe transport stu tus signals. These signuls are: 
High Density lndieutor, File Protect, End of Tape, 
Loud Point, Rewind, On Linc and Ready. 

3.3.3 Read Dutu Logie 

Read data channels P through 7 are assigned to the D 
output bus of the microprocessor and directed to D 
latches 88 und 89 on the interface board. They are 
clocked out to the computer during command 1 (CD!) 
ti me when pulses from D 11 fire one shot C7. (This 
one shot also provides the necessary timing delay for 
the read strobe {RSTR) which is output at Jl-31.) 

The rend data of the D bus is also directed to D latch 
85, which outputs any available CER and HER read 
error signals, us well as IDENT/CCG during command 
1 time. 

CHECI\ CHARACTER GATE is set true by u NRZI 
formattrr when the read information contains a 
CRCC or LRCC cheek character. The HARD 
ERROR true signal can either be a pulse or u level. 
NANO gate 87 will pass a HER true pulse during the 
read strobe when there is u vertieul parity error. 

DATA BUSY false will cleur D lutches 89 und 88 to 
stop read data transmission when tape speed starts to 
decelerute. Similarly, INITIALIZE true clears D latch 
85. 

3.3.4 Address Select 

The states of controller signuls TADO and TAD! 
determine which transport is selected. The selected 
tape deck is addressed through the B bus of the 
formatter mothcrbourd (824 through 827). Here is u 
list of the TADO-TADl combinations with their 
corresponding addresses: 

TADD 
0 
0 
1 
1 

TAD! 
0 
1 

ADDRESS 
SLTO 
SL Tl 
SLT2 
SLT3 
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(LSB) • (MSB) Jl-2 Jl-3 Jl-4. Jl-7 Jl-6 Jl-5 Defined Default Output 
Jl-1 B'JSY REVL WRTL WFML EDITL ERASEL Output Output Code 

0 0 0 0 0 RF 7 

0 0 0 0 RF 7 

0 0 0 0 RF 7 

0 0 0 1 RF 7 

0 0 0 0 RF 7 

0 0 l 0 RF 7 

1 0 0 l 0 RF 7 

0 0 1 1 RF 7 

0 0 0 0 WRT 4 

0 0 0 ERV 0 

1 0 0 0 WRTE 3 

0 0 1 ERV 0 

0 0 (J WFM 2 

0 1 ERF 1 

0 1 0 WFM 2 

0 1 1 ERF 1 

1 0 0 0 0 RR 6 • u 0 0 1 RR 6 

1 0 0 1 0 RRE 5 

0 0 1 RRE 5 

1 0 0 0 RR ' 6 

0 1 0 1 RR 6 

1 0 0 RRE 5 

1 0 1 1 1 RRE 5 

1 1 1 0 J 0 RR 6 

0 0 RR 6 

0 1 0 RRE 5 

1 0 1 RRE 5 

1 1 0 0 RR 6 

1 1 1 0 1 RR 6 

1 1 1 RRE 5 

1 1 1 RRE 5 

MSB = Most Significant Bit 

LSB = Least Significant Bit • Table 3-2. Input/Output Combinations. Command PROM J1, Interface Board 
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3.3.5 Write Data Gates 

Write datH from the computer is inverted; then 
applied to quad D flip-flops C3 and C4. The write 
dRto is clocked out of the flip-flops on the leading 
edge of each suceceding write strobe. Datu Busy 
must be false und WRITE GATE must be true to 
enable write data transmission. (DATA BUSY goc-; 
true when read detn is output from the D bus of the 
microprocessor. WRITE GATE goes fulsc when strobe 
pulses no longer clock J-K flip-flop H4. 

3.3.6 Command Logic 

Computer commands arc input nt J2-l 7 of the 
interface bourd und gated with luud point, file 
protect and initiate cornund signuls. LP true, and 
FPT true will disable the commund line AND gutcs 
when write or reverse corn munds urc issued. no 
fulsc disables the cornrnund gates under uny 
condition. 

Any available computer eornmand sets its respective 
J-1< flip-flop and is clocked out to Jl, a program able 
rend only memory, on the truiling edge of the next 
GO pulse from the computer. 

The command inputs to the PROM are read as two 
hexidrci mal codes which ure used to access nn output 
code from the PROM memory. This binary code is 
output to I bus lines 8, 9, I 0, and ci of the 
microprocessor. (Table 3-2 lbts the vurious output 

CHANNEL P 

WAVE 
SHAPING 

WAVE 
SHAPING 

WAVE 
SHAPING 

CLP 

(I 

CLO 

t 1 

c 1 

~--
~~ 

~~ 
~1-
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TRIPLE 
9: I I 

MULTI 
Pl EX ER 

L ~/l}t.l),' 

11] I) 
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Al 

AO 
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Actions developed as a result of various computer 
command combinations. Some of these combinations 
arc illegal and will cause the PROM to access the 
RUN FOHWARD code. The microprocessor samples 
und tests the output of PROM JI to determine its 
own operutional sequence. 

3.4 PHASE ENCODED READ 

3.4.1 INTRODUCTION (Sec Figure 3-2) 

The phuse encoded rend electronics perform the 
following funetions: detect input data transitions 
from the transport, decode and deskew read data, 

· ge11erttte the read clock, deteet any formatting or 
parity errors, correct single traek errors, and deteet 
file marks. 

While the detection of input data transitions is 
performed scparutcly for each channel, the data is 
multiplexed after the initial detection stages and the 
functions listed above ure performed by a single set 
of electronics for oil nine channels. This is 
accomplished by scanning the nine channels 
sequentially, processing one channel at a time. The 
status of the control circuits is updated (UPDATE 
true) after each nine-channel scanning. When all 
functions have been performed the decoded data is 
demultiplexed by the deskew circuitry and supplied to 
the M bus of the microprocessor and ultimately to the 
;nterface . 

SCAN 
COUNTER 

CJ 

CLOCK 
GEN 

(6/8\/ 16 

DATA RATE 
SENSOR 
A7/A\/A6 

BCD 
DECODER 

C4 

i"lo 

CID 

H L 
I o 
F F 

r-'-"---i--.- C I D 
LOGIC CU 

A3 ...__ __ ,---... c 1 

00 PHASE 
01 REG 
DSlt E2/H2 

INX6 

SS ( X) 

500 
1-------< ... DSlL IJ LOGIC 

.I I I K 1 

f;AVE 
,~,,----,SHAPING 

I I[). 0 I 4 3 

c 1 

I IJA•·H 
(I ( 1 I - oo CtJl!NTER 

·-- DI ~L~ 

12 

x 7 X6 

Figure 3-2. Block Diagram, Type 4657 PE Read Board 
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The various functions performed by the phase 
encoded read electronics are described in the 
following paragraphs. The description is divided into 
several parts, including the timing circuits, data 
transition detection, data decoding and deskewing, 
read clock generation, and read data detection. 

3.4.2 TRACK ERRORS 

The following conditions would cause a truck error: 

l. Crowded transitions, defined as more than 
one transition occurring within 25 percent of 
u character frame. One case is the 
detection of a transition within 25 percent 
of the character frame since the previous 
data transition. Alternately a crowded 
condition is recognized when an interphase
transition (defined us the midpoint of the 
character frame) is followed by a transition 
OC'curring before the 7 5 percent point of the 
frume. 

2. Missing transitions, a condition defined as 
the ubsence of u transition within 125 
percent of u character frame since the last 
data transition. 

3. Inverted trensition polarity. This error 
check samples the polarity of the present 
input data character, that of the previous 
data character and the state of the data 
transition detector. 

The parity of these signals should always be 
odd: otherwise an error is detected. For 
example, if the present input character is a 
I and the preceding character is also a 1, 
the interphase detector output should be 
true, indicating that the interphase 
transition was deteeted bet.ween the 
successive 1 's. Similarly, if the input 
character is a 0 and the previous charaeter 
was a l, the output of the interphase
tronsition detector should be false, since no 
interphase transition should occur between a 
l and o O. This error check detects spurious 
transitions caused by noise. 

When anv of the above conditions is detected, the 
DAT A signal of the respective track is disabled for 
the remainder of the block, as is the SHIFT SERIAL 
Ss(X) signal, which shifts the input character into the 
deskew shift register. If the error occurs on one 
track only, it is correctable. However, if an error is 
detected on more than one track, a MULTIPLE 
TRACK ERROR (MTR) is indicated, inhibiting the 
DATA ENABLE (DE3) signal, which in turn inhibits 
the output data lines. 

3.4.3 READ DETECTION CIRCUITRY 
'See Schematic 401-4657~001, Page 3). 

Read detection circuitry includes a BCD counter 
(C5), an eight bit binary counter C8/C9, JK flip-flops 

.. 
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D7, DI o and several logic gates. This circuitry 
detects proper read circuit operation as a block of 
information is being read. Whenever READ ENABLE 
signal goes true to indicate that data reported in a 
phase encoded format is to be read, the clear on the 
BCD counter is disabled to permit it to operate 
during u sampling cycle to count the number of 
channels on which error-free datu hus been detected. 
The signal INX6 indicates whether or not error free 
duta has been detected on u sampling channel. If 
error free data has been detected on all channels, the 
BCD counter will C'ount to nine by UPDATE time and 
the complement of the single track error signul. STR, 
will go high as the C/O output of the BCD counter 
goes true on the ninth count. If error-free data is 
detected on only eight channels as indicated by signal 
INX6, the BCD counter will only count to eight at 
the end of a same.!l.!!g cycle and a logic one single 
truck error signal, STR false, will be generated as the 
complement of the C/0 output of the BCD counter. 
Output QD will be fl logic I to indicate a count of 8 
and the multiple track error signal, MTR, which is 
generated us the complement of output QD, will be at 
logic O. 

In the event that duta detected signal INX6 falls on 
.two or more channels, the count will be less than 
eight ut UPDATE time and both multiple track error 
signal MTR and the single track error signal "S'l'R will 
be generated. 

3.4.4 INPUT DATA TRANSITION DETECTORS 
AND MULTIPLEX 
(See Schematic 401-4657-001, Page 1). 
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The data lines are input from the B bus of the 
musterboard; then applied to data input registers 
M4/M 5. BeC'ause the data detectors are synchronous 
systems which operate in response to the master 
clock pulse signal Cl, they arc in effect high speed 
sample duta systems which sample the read head data 
signals (TD X) 48 times during each nominal data 
frame interval. 

The data detectors are sampled at a rate of 256 kHz, 
which would normally perm it a resolution of elapsed 
time between transitions of no more than 3.9 
microseconds, or 1/6.4 of a data frame interval. 
However, digital timing information provided by the 
data detector euch time it is sampled permits 
information transitions of a much higher resolution. 

Each data detector includes a pair of D input flip
flops, (L4), an exclusive OR gate (K4) an OR gate 
(K5), a four bit binary counter (J5) and a pair of J-K 
flips-flops (J 4) To understand the operation of the 
data detector, assume the read data parity (RDP) 
channel is initially low and has been low for at least 
, /4 of a datu frame interval period. Flip-flops IA and 
the first J4 flip-flop arc ut a logical zero state; the 
second J4 flip-flop is ut the logical l state and 
counter J5 is counting. Should RDP signal go high, 
the next low to high transition of cloC'k signal Cl 
which is generated by the data rate sensor circuitry, 
sets the first L4 flip-flop. At the following transition 

• 
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of C'l, the second L4 flip-flop is set. During the 
1nterrnl between the setting of flip-flops L4, 
exclusive OR gate K4 generates un output pulse, 
setting the second J4 flip-flop. The output pulse 
from the exclusive OH gate also resets counter J5. 
TtlC' curry output signnl from the counter indicates 
the C'nd of 11 data frame interval qw1rter. This carrv 
output pulse ~es ttlC' second ~-flop, causing 
1t to output CT\P) true signal. C'T(P) signal is then 
directed to multiplexer J3, where it indicates 
whether un even or odd number of quarter data frame 
intervals have elapsed after the latest information 
trnnsition. 

'.hrcc 8 input multiplexers receive the three outputs 
from each data detector. The multiplexers output 
D(X), TD(X) and CT(X) signals in accordance with the 
addressing performed by binary coded decimal 
counter C3. (Lines AO-A3). This same address output 
1s used to address I to 8 demultiplexer L5 which is 
capable of clearing any of the detector J-K flip-flops 
handling CT sig-ni1l. Cl D true enables the 
demultiplexer, which will clear the flip-flop 
controlling th~data channel currently being 
processed. CID signal indicates a channel 
multiplexing sampling interval as opposed to an 
update multiplexing sampling interval. A TD(X) 
signul. which indicates the presence or absence of an 
informntion transition during the preceding multiplex 
sampling interval, is also required to enable the 
multiplexer. When enabled, 11 clear signal for a given 
channel is generated during the multiplex samplihg 
mterval 1mmed1ately after the multiplex sampling 
interval for that channel. 

This delay of one clock pulse period insures that the 
J4 flip-flops are reset as soon as possible to prevent 
the loss of Information without interfering with the 
sampling of information during a channel sampling 
mtervul. However, counter J5 is reset directly in 
response to a datn transition. Flip-flop J4 is then 
resynchronized with counter J5 as soon as 
information is taken. 

During n multiplex sampling interval, three separate 
mformation signals nrc sampled. A data signal, D (P), 
gen.crated by the Q output of the second L4 flip-flop, 
1nd1cutes the current data information state and the 
T (P) signal. generated by the Q output of the second 
J4 flip-flop, permits trunsitions in this flip-flop to be 
counted for detcrrn ining quarter du tu frame interval 
periods. For multiplexing purposes, master clock 
signals Cl . nre divided into ten sequential 
mult1plcx111g 1ntervnls. The time multiplex sampling 
of the outputs from the dut1:1 detectors thus occurs at 
un avcrugc of 4.8 sample intervals per data frame 
intervnl at 125 ips. Because of counter J5 and the 
second J4 flip-flop, the relatively slow multiplexing 
rate is sufficient to insure thnt information cannot be 
1ost from the dutn detector. 

3.4.5 DATA DETECT CIRCUITRY 
(See Schematic 401-4657-001, Page 1). 

'.\16, the nine bit data detect shift register, is clocked 
b~· the elock input dnta signal, Cl D, to keep track of 
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whether crror-frcr data h1:1s been detected on a given 
channel. Xfi true from type D flip-flop Fl indicates 
rrror· free d11t11 f111s been detected on 11 channel 
corresponding to a current multiplex sampling 
interval us designated by BCD counter C5. Once an 
error 1s detected on 11 given channel, that channel is 
disabled by u logical zero in the M6 data detector's 
storage locution for thnt channel until u block of data 
hus been read suel'cssfully. Lines A-H are output to 
the microprocessor's M hus. 

The X6 term in the I NX6 functio11 permits a logic I 
state to be eontinued for 11 channel position once data 
has been detected unless one of the error conditions 
is indicated. The TD(X) term indicates that an 
information transition has been detected by a data 
detector for u given ehunnel and the data (X) term 
requires thnt ltlC' information transition be of the 
logic11l ll polurity. X6 and TD(X) permit 
sy11chroniz11tion of the channel and generation of a 
logic I input to data detector register M6 while a 
string of zeros is being read from the preamble of a 
block of information (or postamble when reading 
buck wards). 

3.4.6 DATA FRAME COUNTER 
(Sec Schenrntic 401-4657-001, Page I). 

The function of the Data Frame Counter is to 
correlnte the nsynchronous input data transitions antl 
the synchronous functions of the Format Control 
Unit. The counter identifies the time of each 
detected transition with respect to the standard 
character frame. The timing of the transition is used 
to distinguish between data transitions and phase
reversul transitions occurring bet ween successive 
identical ctrnracters, and is also used to detect bit 
crowding or missing bits. 

The frnrnc counter (E2, F2 and 112) is fl three bit 
counter with the three bit positions for a given 
channel urranged vertically in three separate nine bit 
shift registers. (On the schematic, each shift register 
1s made up on one eight bit shift register with its 
eorrrcsponding type D flip-flop, which adds the ninth 
bit. During the course of 11 multiplex sampling cycle, 
the tlH·re bits which correspond to each channel are 
shifted from ldt to f'ight by one bit position for each 
multiplex surnpling intervul so that the output signals 
eorresponcl to a eurrcnt sumpling interval. Within the 
fr11rne countrr. the lowermost nine bit shift register 
F2 stores ll1r second least significant bit and 
uppermost nine bit shift register E2 stores the most 
signifiea11t bit. Each of these registers responds to 
one of two inputs in 11ccord11nce with un address 
input. The transition detected signal, TD(X). is 
connected to drive the address input so thut the DO 
inputs HI'<' 11ddrcssPd when 11 transition is not detected 
und tl1e !JI inputs urc addressed during u sumpling 
1nterv11l irnmediutcly following the detection of an 
information trn11sition by datu detector M6. The DI 
inputs of rrgistcrs F2 11re connected to ground while 
the DI input .of register F2 is connected to the signal 
SOD. In tl11s way the phase counter for 11 given 
chnnncl 1s preset to eount 0 upon detection of a data 
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;nformation trunsition nnd preset to count U 111 upon 
detection of a phuse trnnsition. The frurne counter is 
thus resynchronized with the actual occurcnl'e of 
informution trunsitions upon detection of eut'h 
information transition. The DO input to the lcnst 
significant bit register F2 input is rcsponsiv~ to the 
multiplex signul CT(X). The DO inputs of registers F2 
have their inputs, 1NX2 and 1NX3 connected to 
respond to conventional eounting circuitry to permit 
the frame counter to be incremented each time signul 
CT(X) changes stntes. The outputs from the frame 
counter are designated Xl, X2, nnd X3 respectively, 
and indicate the binnry count of the number of ut 
least partially elapsed quarter data frnme intervnls 
subsequent to u preceding dutu information transition 
for a given chunnel sampling period during its' 
multiplex sampling interval. 

Logic Jl, which generates the INX6 datu detected 
signal, also generates the phase trnnsition signal to 
indicate a phase transition. Logic circuitry Jl ulso 
generates shift serially signal SS(X) which serves as 11 

clock signal for deskew circuitry. This signal is 
generated each ti me an information transition is 
detected on a currently sampled channel and the 
transition is not a phase information transition and no 
errors are detected. 
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:l.4.7 DATA DESl<EWINCl CIRCUITRY 
(Sec SC'hemutic 401-4657-001, Page 2) 

The deskewing circuitry corrects sk.:w variations 
bC'tween the nine input dutu channels. A muximum of 
threc-churucter skew can be corrected. In addition, 
the deskewing circuitry is used to detect the 
preurnble und the postumble. supplying only the valid 
dutu to the output with a read clock. 

The deskew circuitry consists of six shift registers 
(132, C2, D2), and six multiplexers (81, Cl, Dl, E3, E4 
und E5). Euell of the shift registers comprises a stage 
of the deskew register. The multiplexed input data is 
shifted into the deskew register by Cl D, whenever a 
dutu trunsition is detected, provided that it is not an 
interphuse trunsition and that no track error is 
detected. ClD shifts the data along the deskew 
register, supplying the present input character into 
the first stage, I NX7, while the contents of the 
register ure shifted on0 stage up. Until the first 1 bit 
of the prenmble is input into the deskew register the 
40 O's of the preamble are ignored by the output. 

As the first one bit is shifted vertically upward, it 
marks the demarcation between preamble or 
postamble zero information and data information. 
(See Table 3-3). Thus, the information stored in a 

TYPICAL CHANNEL WRITING Al TEHATE 11 AND OS 

REGISTER REGISTER STAGE NUMBER CONTENTS 
1 2 3 4 5 6 

OUR ING 
0 0 0 0 0 0 PREAMBLE 

FIRST l (POINTER) 0 0 0 0 0 BIT 1 
FIRST DATA DATA (POINTER) 0 0 0 0 BIT 1 1 
SECOND DATA DATA DATA (POINTER) 0 0 0 BIT 0 1 1 
THIRD DATA 

(POINTER) BIT, DIR DATA DATA DATA 0 0 
GOING TRUE I 0 1 1 
DATA IN ALL DATA 1 CHANNELS, DIRS DATA DATA LJATA TO (POINTER) 0 GOING TRUE, 0 1 0 INTERFACE IL. 1 CHARACTER OUTPUT 
FOLLOWING DIRS, 

0 I 0 
(POINTER~ 0 0 POINTER RETURNED 1 

OVERFLOW 
CONDITION I 0 1 0 1 0 (POINTER) 
IF SS(X) IS l 
ISSUED 
POSTAMBLE 
CONDITION 0 0 l (POINTER) 
IF TRUE FOR l 
ALL CHANllELS 

llO·OOlt 

Table 3-3. Deskew Shift Registor Operation 
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vertically extending channel register below the 
pointer bit is data information. The vertically 
extending channel registers are operated as first· in
first-out shift registers with data information being 
output from the register position immediately below 
the pointer bit. As information is output from a 
channel register, the pointer bit is shifted vertically 
downward to the position from which the data 
information was output and is replaced with a zero at 
the former position. 

The inputs INX7-INX12 to multiplexers E3, E4 and E5 
are provided from the outputs of multiplexers, Bl, Cl 
and Dl. Cl and Dl are addressed at data inputs SEL 
A and SEL B. Bl is only addressed at SEL B. The 
least signi ficunt SEL A inputs are responsive to the 
complement of the shift serially signal, Sx(X). The 
SEL B, or most significant, address inputs of 
multiplexers Cl and Dl are connected to data input 
ready shift signal, DIRS. SEL B on multiplexer Bl is 
connected to Ss(X). DIRS true is generated when the 
available data has been detected on all active 
channels during the preceding multiplex sampling 
cycle. This causes data to be output from the deskew 
register. 

Usually, DIRS is false because data is not being 
output and signal Ss(X) is true for the same reason. 
At this time the Cl inputs to each of the multiplexers 
are addressed and data is merely circulated from the 
outputs to the in~of the shift registers. In the 
event that signal Ss(X) goes low, the 2Cl inputs are 
addressed~ut 2A to multiplexer Bl is responsive 
to the DATA TIO signal and receives the data 
information state corresponding to a data information 
transition which caused the generation of the shift 
serially signal. The CO inputs on each of the other 
multiplexers is responsive to the output of the shift 
register which is one bit position below the bit 
position to which the multiplexer corresponds. Thus, 
data is shifted vertically upward one bit position as 
new data is entered into a vertically extending 
channel register. 

The overflow signal, OVF, is output at 81-9 whenever 
the shift serially signal indicates that a new data 
transition hus been detected while the [>0inter bit is 
in the Xl2, or maximum, position. 

Multiplexers E3, E4, and E5 output a serial dntn 
signal, RDATA (X), which indicates the contents of 
the bit position in the deskew register immediately 
behind the pointer bit when it is at position XIO, Xl 1 
or X 12. These demultiplexers comprise the 
deskewing network, and also output a postamble 
(POST (X) ) signal whenever data is available for 
output from the deskew register and a sampled 
channel has the data content of a logic one followed 
by two zeros. Although the actual postamble 
contains a logic one followed by 40 zeros, postamble 
detection is assumed when a logic one followed by 
two zeros is detcC'tcd on all active channels. If the 
pointer bit is at positions X7, XB or X9 in ·the deskew 
register, the POST (X) signal goes true. However, 
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since the pointer bit is not in one of the deskew 
register positions which permits outputting data 
information, these signals are not acted upon by the 
read system. The POST (X) signal will be generated 
if position XlO stores a logic one while positions X9 
and XB store logic zeros. 

3.4.8 DATA OUTPUT REGISTER 
(See Schematic 401-4657-001, Page 2). 

The serially loaded data output register consists of IC 
El 0 and type D flip-flop J 11, which sl!pplies the ninth 
bit. RDATA (X) from the deskewing network and 
deskewing buffers supplies the data output register 
with data bits. These bits are output to the M bus of 
the microprocessor on lines MO through M8 during 
SHIFT DATA CLOCK true time. The read data 
output NANO gates are enabled by READ OUTPUT 
ENABLE true, which in turn is enabled by logic ones 
on microprocessor command lines CM 16, 17 and 18, 
as well as DIRS true. 

3.4.9 CLOCK GENERATOR, DATA RATE SENSOR 
& LOGIC (See Schematic 401-4657-001, Page 3). 

The data rate sensor consists of track selection 
circuitry (J-K flip-flops A2, AND gates A5, NOR gate 
A5) as well a count by five counter A6. Because the 
phase encoded read system is capable of operating 
with one of the nine channels disabled after the 
occurrence of a single track error on the disabled 
channel, the feedback mechanism for detecting 
actual data rates must be responsive to two separate 
channels in case an error is encountered on a selected 
first channel. The data rate sensor is responsive to 
either channel 6 or channel 7, depending on which 
channel first detects a data information transition. 
Whichever channel first becomes active then remains 
active until an error is detected on that channel. 
When an error is detected, the alternate channel 
becomes activated to provide data rate feedback 
control. 

During the course of reading an interblock gap, both 
A2 flip-flops are reset by signal X6 when clocked 
Resetting these flip-flops disables the clear inputs, 
which are cross-coupled. As soon as error-free da tu 
is detected upon reading the preamble of a data 
block, as indicated by shift serially signal SS (X), the 
corresponding flip-flop is clocked to the set state. 

In the event that an error is detected on channel 7 
~ing the course of reading a block of data, signal 
X6 goes true during the channel 7 sampling interval, 
causing flip-flop A2-12 to become reset. This enables 
flip-flop A2-2. During the next channel 6 sampling 
interval during which a data transition is detected, 
shift serially signal SS (X) goes true to set flip-flop 
A2-2 enables the T input of counter 72 during channel 
6 sampling intervals. Four-bit counter A6 now begins 
counting sequences of five data frame intervals 
occurring on channel 6. · 

While counter A6 is counting groups of five data 
frame intervals, counter C5 begins counting down 



from 33 in response to multiplex sampling cycles. 
With the master clock operating at synchronous 
speed, there should be 6.4 times 5, or 32 multiplex 
sampling cycles during each group of five consecutive 
data frame intervals. 

The output of inverter Ell is applied to a voltage 
controlled oscillator and a pair of LS 124 one shots 
(A3). The VCO frequency is approximately one to 
two percent above the .synchronous speed as 
determined by the counters. Optimum accuracy 
occurs when the clock generator is running slightly 
fast. 

The output of the voltage controller oscillator 
becomes Cl, which is the master clock signal used for 
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interval timing. Its complement, Cl, is used to clock • 
control clock flip-flop 84, concurrent with every 
tenth master clock pulse. 

3.5 SCAN COUNTER (See 
ISee Schematic 401-4657- 001, Page 3). 

The scan counter consist of clock C3 and 
demultiplexer C4. The clock divides the basic Cl 
master clock frequency into specific scanning periods 
for each channel. AO-A3 from this clock are applied 
to the 8 to 1 demultiplexers in the data transition 
detect circuitry. UPDATE output and its 
complement, UPDATE from the demultiplexers are 
used extensively throughout the control circuitry • 

• 

• 



I 

-

-

I 



• 

• 

I :. 
I 

406-9219-1-00 

SECTION IV 

MAINTENANCE INSTRUCTIONS 

4.1 INTRODUCTION 

This section contains several troubleshooting aids 
which will help pinpoint the faulty component(s) if 
their use is understood. 

Table 4-1 is a pin list of the A and B buses on the 
masterboard. With the aid of this table, many 
problems can be isolated to either the interface 
board, the microprocessor board or the PE read board 
in formatters having PE read capability. 

Tables 4-2 thru 4-7 eontain the BASIC NRZI and PE 
programs of the microprocessor board. (Two sets of 
programs are provided for the two revision levels of 
PROMs currently in use.) The progrums contain the 
hexidecimul addresses found on the MA bus lines. 
These are parallel-connected to the microprocessor 
PROMs and originate in the 3001 Central Processing 
Element. (Refer to Figure 4-1 for a simplified block 
diagram of the 3001 Mieroprogram Control Unit, the 
3002 Central Processing Elements and 3601 Program-

able Read Only Memories.) The 3000 ACTION listing 
indicates actions performed by the 3001 MCU and the 
3002 CPE. 

The commands from command lines CM16, CM17 and 
CM18 are also referenced. These commands are 
defined in Table 4-8, the Microprocessor Command 
Summary. This list indicates the significant bus 
line(s) and thus the significant 3002 IC during a given 
command time. 

4.2 TROUBLESHOOTING THE MICROPROCF.SSOR 
BOARD 

Equipment Required: Logic Analyzer (Hewlett 
Packard HP 1607 
or equivalent) 

Kennedy TB 9219 Test Box 

Kennedy PROM Tester 
PN 190-4780-001 

K-BUS 0-11 

ROM 

AODR 

REGISTER 

co ., -< 

co 

..... ,.: 
Q ... z . 
CID 
x-x:ic 
o"' 
u 

3002 's 
CI 

D BUS - A BUS :c 
0-11 VI All·B 

u 
IX 
u 

DECODER 

Figure 4-1 Partial Block Diagram, Microprocessor Board 
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4.2.1 PROM Testing 

The PROM's may be tested for the required odd 
parity with the 190-4780-001 PROM test card. The 
PROM tester is inserted into one of the card slots of 
the masterboard; then one PROM at a time is 
removed from the microprocessor board and inserted 
into the PROM testing receptacle. A lighted PARITY 
LED on the test card indicates the PROM has even 
parity and is therefore defective. The remaining 
three LED's are numbered 1, 2, and 4, which light to 
indicate in BCD code the last digit only of the PROM 
under test. The PROM Locations chart in the 
schematic section of the manual should be checked to 
verify that the PROM was inserted in the correct 
PROM location. 

IMPORTANT NOTE 

When replacing PROMS, make certain the 
replacement PROM(s) is/are at the correct revision 
level. This is marked on the IC. Revision levels must 
never be mixed, since new and old PROM programs 
may not be compatible. PROMS with dissimilar 
revision levels must be replaced as a complete set. 

4.2.2 3001 MCU Testing 

This IC is most rapidly checked by substitution. 

406-9219-0208 

4.2.3 3002 CPE Testing 

Operate the formatter in the program section most 
likely to cause the malfunction. Note the command 
time currently in operation and compare the state of 
the significant 3002 bus line(s) with the states 
indicated in the Microprocessor Command Summary, 
Table 4-4. Obviously, a mismatch may indicate the 
3002 CPE is defective. The outboard components 
may be tested by comparing the state of the 
significant bus lines at the masterboard with readings 
made at the significant 3002 IC. 

4.2.4 Type 4657 PE Read PC Board PLO Adjustment 

l. Connect oscilloscope test probe to test point DD. 
Set for AC measurement, using chassis ground 
reference. 

2. Commence PE read operations in high density 
mode. 

3. Adjust HI trimpot connected to one-shot IC A3-3 
for AC null. 

4. Switch to low density PE read operations. Adjust 
LO trimpot connected to IC A3-2 for AC null. 
Adjustment is complete. 
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• MASTERBOARO CONNECTORS "A" SIDE 
4657 4831 4632/4832 TRANSPORT 
PE INTERFACE CONTROL rONNECTOR 

PIN NO. MNEMONIC' ROA RD BOARD ROA RD PIN NO. DESrRIPTION 

01 GRD C:RD GRD C:RD ClROUND 
02 +S VOi.TS +S VOLTS +!\ VOi.TS •5 VOi.TS +!\ VOi.TS 
03 IT OUTPUT (Nrl TT SF.l.fTT !OPTIONAi.) 
04 AT OUTPUT (NC') TT SF.I.Err (OPTIONAi.) 
O!\ It'! OUTPUT (Nr) TT SF.l.F.C'T !OPTIONAi.) 
06 A! OUTPUT (Nr) TT SF.l.F.rT (OPTIONAi.) 
07 n OUTPUT (Nr) Nr' 
OB u OUTPUT (Nr) A nus Nr 
09 Al OUTPUT (Nr) Nr 
10 A'I OUTPUT (Nr) Nr 
II A§' OUTPllT (Nr) 
12 i\lr OUTPUT (Nr) NEXT 
13 m OUTPUT (Nr) l\DIJRS 
14 m OUTPUT (Nr') nus 
15 mr INPUT OUTPUT IAB-11 l 
16 m INPUT OUTPUT 
17 n! INPUT OUTPUT 
IB n1 INPUT OUTPUT 
19 m OUTPUT !Nrl 

iiiiUs 20 M" OUTPUT !Nr) 
21 m' OUTPUT !NC) 
22 m OUTPUT !Nr) 
23 Im OUTPUT !Nr) 
24 m OUTPUT (Nrl 
25 Im! OUTPUT (Nr) 
26 mT INPUT OUTPUT 
27 DO INPUT INPUT OUTPUT DRUS 'JrrCrMtl 
28 DI INPUT INPUT OUTPU r lnrCrMll 
29 ~ OUTPUT I COMMAND RUS 30 ~ ll'<PUT INPUT OUTPUT 
31 mm INPUT INPUT OUTPUT 
32 nm"' INPUT OUTPUT INPUT MASTER RESET 

• 33 SIRUBE! OUTPUT (NC:) STROBE CLOCK 
34 ~ OUTPUT (NC') ~CLOCK 
3S rr INPUT OUTPUT r;f{cLOCK 
36 GRD GRD GRD GRD GRD 
37 GRD GRD GRD GRD GRD 
3B nr OUTPUT OUTPUT INPUT VRC ERR (CMS)• 
39 TT OUTPUT INPUT POST ERR (CMS)• 
40 Jr OUTPUT OUTPUT INPUT 91'1nr!CM3) MTRK (CMS)• 
41 i3 OUTPUT OUTPUT INPUT MfgDD (CM3) STRK (CMS)• 
42 T4 OUTPUT OUTPUT INPUT (CM2) 1600 BPI (CM3) SKEW (CMS)• 
43 Ir OUTPUT OUTPUT INPUT I BUS mft (CM2) PMKD (CMS)• ' 
44 rr OUTPUT OUTPUT INPUT EOT (CM2) LO SPEED (CM3) READ ENAaLE (CMS)• 
4S rr OUTPUT OUTPUT INPUT HDI (CM2) HI SPEED (CM3) POST DET (CMS)• 
46 re OUTPUT OUTPUT INPUT FWD SEL (CMS)• 
47 rr OUTPUT OUTPUT INPUT LOP (CM2) DE3 (CMS)• 
48 mr OUTPUT OUTPUT INPUT RWD (CM2) BLOCK (CMS)• 
49 Trr OUTPUT INPUT ROY (CM2) CORRECTION ENABLE (CMS)• so MO OUTPUT INPUT RD7 (CMS) WD7 (CM3) 
SI Ml OUTPUT INPUT RD6 (CMS) WO& (CM3) 
S2 M2 OUTPUT INPUT RDS (CMS) WDS (CM3) 
S3 M3 OUTPUT INPUT RD4 (CMS) WD4 (CM3) 
54 M4 OUTPUT INPUT M BUS RD3 (CMS) WD3 (CM3) 
55 MS OUTPUT INPUT RD4 (CMS) WD2 (CM3) 
56 M6 OUTPUT INPUT RD! I (CMS) WDI (CM3) 
57 M7 OUTPUT INPUT RDO (CMS) WOO (CM3) 
SB MB OUTPUT INPUT RDP (CMS) WOP (CM3) 
S9 V§' OUTPUT INPUT 
60 mir OUTPUT INPUT 
61 mt OUTPUT OUTPUT INPUT 
62 04 INPUT OUTPUT WD3 (CM3) R3 (CM!) 
63 OS OUTPUT WD2 (CM3) R2 (CMI) 
64 06 OUTPUT WDI (CM3) RI (CMI) 
6S 07 OUTPUT D BUS WOO (CM3) RO (CMS) 
66 DB OUTPUT WOP (CM3) HOS (CM2) 
87 09 INPUT OUTPUT 
88 DID OUTPllT 
69 Dll INPUT OUTPUT 
70 -12 VOLTS -12 VOLTS -12VOLTS -12 VOLTS -12 VOLTS 

• 71 +S VOLTS +S VOLTS +S VOLTS +5 VOLTS +S VOLTS 
72 GRD GRD GRD GRD GROUND 

• Signal pre11ent In PE formatters only. CM stands for command. WOP (CM3) means WOP is present during command 3 time, 
for example. 

Table 4-1A Masterboard Pin List - 'A' Side 
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MASTF.RROARO roNNl!rTORS "R" SIOF. • 4832 9000 !1100/ 
4832 46S7 4831 TRANSPORT 9300/ 

CONTROL PF. INTERFArF. rONNF.rTOR 9700 
PIN NO. BOA RO 80,,RO BOA RO MNF.~ONlr TR,,NSPORT llF.SrRIPTION PIN NO. PIN NO. 

01 GRO GRO GRO GRO 
02 +5 VOLTS •5 VOLTS +S VOLTS +5 VOLTS 
03 INPUT ROS OUTPUT ltf."O llATA !ll'ROllF. (!'11315)•• A 1 IJl·A J3-1 
04 INPUT INPUT ONI. OUTPUT ON LINE cr021•• A I O.J 1-\1 Jl-\1 
OS INPUT INPUT 1.llP OUTPUT 1.0"0 POINT (rll2)U o\ lOJl-H 
06 OUTPUT' Sl.1'5 SELF.rT TAPE UNIT 5• 
07 INPUT INPUT RWn OUTPUT HF.\\'INlllNr. W02)•• Al OJ HJ .Jl-N 
08 INPUT INPUT FPT OUTPUT . Fll.F. PROTF.rT Wn2l .. A I 0,11-1' ,Jl-J' 
o~ INPLIT INPUT HllP OUTPUT Hf.AO llATA P (7 TRM'K C') (1'113/5)U "11.11-11 J3-I 
10 INPUT INPUT OllTPUT HllO OUTPUT HF.An n"T" 0 !rll3/5)U AllJH' J3-3 
II INPUT INPUT Hnl OUTPUT HF.All llATA I (rtn/5)•• Al lJl-ll J3-4 
12 INPUT INPllT R02 OUTPUT REAll llA1'1\ 2 (7 TH An; Ill (C'll3/5)" Atl.11-E JJ-8 
13 INPUT INPLIT ll ll3 OUTPUT RF.Ml llATA 3 (7 THA!'K Al (!'ll3/5)U AtlJl-1' J3~ 
14 INPUT INPUT 11114 OUTPUT HF.An nATA 4 (7 TRAC'K 8) (<'ll3/5lu AtlJl-11 J3-14 
15 INPUT INPUT ll ll5 Ol'TPUT HF.All nATA 5 (7 TRACK 4) (C'll3/5)U A 1 IJl-J J3-15 
lfi INPUT INPUT 11 llfi OUTPUT RF.AO llATA R (7 TRM'K 2}-ff'-1-};1/5)•• l\tlJl·K J3-17 
17 INPUT INPUT ll ll7 0l'TPU1' RF.An J),\T,\ 7 (7 TR,,rK l) (!'113/5) .. AtlJl-1. J3-18 
18 INPUT INPUT EOT OUTPU't F.Nll OF TAPF. crn2l .. "1OJ1-l' Jl-U 
19 INPUT INPUT ltllY OUTPUT TRANSPORT RF.AOY (rJl2)U AIOJl-T Jl-T 
20 INPUT II Ne; OUTPL'T T.\PF. Rl'NNIN(l (rll2l .. Al OJI•\' Jt-V 
21 OUTPUT' SF.LR SF.LF.!'T TAPF. UNIT fi• (r•117)u 
22 OUTPUT' SF.1.7 SF.l.F.rT TAPE UNIT 7' l<"IJ7)•• 
23 OUTPUT• SF.1.8 SEl.F.rT TAPF. UNIT 8• (r[)7)U 
24 OUTPUT' OUTPUT SF.I.I INPUT SF.l.F.rT TAPF. UNIT 1• 1rmi•• AIOJI·\\' J4-A,C 
2S OUTPUT' OUTPUT SEl.2 INPUT SF.LF.rT TAPE UNIT 2• (r07)•• AIOJl-X J4-0,F 
26 OUTPUT' OUTPUT SELJ INPUT SF.LF.rT TAPF. UNIT 3• (rll7) .. AIOJl-Y J4-H,K 
27 OUTPUT• OUTPUT SF.1.4 INPUT SF.l.F.rT TAPF. UNIT 4• (rfl7) .. AIOJl-7. J4-P,R 
28 INPUT INPUT 112 }"""' 29 OUTPUT INPUT rMlfi (I.EAST Str.NIFl<'ANT) 
30 OUTPUT INPUT CM17 rOM'VIANll AUS 
31 OUTPUT INPUT CM18 !MOST str.NIFlr.\NTl 
32 INPUT INPU't D3 0 AUS 
33 OUTPUT INPUT STROBE WRITE STRORF. • 34 OUTPUT ex ex rwn< 
35 OUTPUT INPUT CY rY CLOCK 
36 ORD GRD GRD GROUND 
37 ORD GRD GRD GROUND 
38 OUTPUT INPUT CDI COMMAND rLOCK I 
39 OUTPUT INPUT CD3 COMMA NO CLOCK 3 
40 
41 
42 
43 
44 AC UNREG PWR F"IL (ANALOG SIG) 
45 OUTPUT SRC INPUT SYNCHRONOUS REV COMMAND (CD7)" "IOJl-E Jl-E 
46 OUTPUT OUTPUT OFFC INPUT OFF LINE COMMAND (CD7l'' AIOJl-L Jl-L 
47 OUTPUT SFC INPUT SYNCHRONOUS FWD COMMAND (C07)''"10Jl-C Jl-C 
48 OUTPUT OUTPUT REW INPUT REWIND tOMMAND (CD7)U "IOJl-H Jl-H 
49 OUTPUT sws INPUT SET WRITE STATUS (CD7)•• AIOJl-K Jl-K 
so OUTPUT INPUT wnt INPUT WRITE DATA 7 (7 TR,,CK 1) (CD4)" A 1 IJl-Z J2-V 
SI OUTPUT INPUT wm INPUT WRITE DATA 6 (T TR,,CK 2) (CD4)" AllJl-Y J2-U 
S2 OUTPUT INPUT wm INPUT WRITE D"TA S (7 TRACK 4) (C04)" "1 IJl-X J2-T 
53 OUTPUT INPUT wm INPUT WRITE DAT" 4 (7 TR,,CK 8) (CD4) 0 • "I IJl-W J2-S 
54 OUTPUT INPUT wm INPUT WRITE DATA 3 (7 TRACK Al (C04)•• Al IJl-V J2-R 
5S OUTPUT INPUT wm INPUT WRITE DATA 2 (7 TR,,CK Bl (CD4) .. AllJl-U J2-P 
56 OUTPUT INPUT wm INPUT WRITE DATA I (CD4)u AllJl-T J2-N 
57 OUTPUT INPUT m INPUT WRITE DATA 0 (COO" AllJl-S J2-M 
58 OUTPUT INPUT W'ml INPUT WRITE DATA P (7 TRACK C) (CD4)U AllJl-R J2-L 
59 
60 
61 
82 INPUT INPUT ' HDI OUTPUT HIGH DENSITY INDICATOR (CD2)" AIOJl-F Jl-P 
63 OUTPUT OUTPUT HOS INPUT HIGH DENSITY SELECT (CD7) 0 • AIOJl-D Jl-D 
64 OUTPUT EDIT L INPUT EDIT AIOJl-B Jl-8 
6S OUTPUT WDS INPUT WRITE DATA STROBE (C04)•• AllJl-N J2-A 
66 OUTPUT WARS INPUT WRITE AMPLIFIER RESET (CD4)'' "llJl-P J2-C 
67 
88 
69 
70 -12 VOLTS -12 VOLTS -12 VOLTS -12VOLTS -12 VOLTS 
71 +S VOLTS +5 VOLTS +5 VOLTS +5 VOLTS 
72 GRD GRD GRD GRD GROUND • • Not used In normal configuration • 

•• CD denotes command time when line Is enabled, permitting signal to enter or exit micro processor board. 

Table 4-18 Masterboard Pin List - '8' Side 
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MA4-7 
MA0-3 

0. 15 

1 5 • l 5 

15,0 

1 5. 1 

15, 2 

15. 3 

15. 4 

15. 5 

15. 6 

15. 7 

15. a 

MREST 
LOAD 0,15 

AC~oo:_i 

MAR=OO:' 

COMMAND 
ENABLE 

BUSY !IJ=O 

SEr READ 
DATA ENABLE 
ON MICRO. PCB 

r ~;-:-SU-;R-;-U-;~;~AR ~;-L ~l 
I RB = BOO BPI TIMER RATE 1 
I R7 DENSITY RATE l 
I R6 = WRITE CRC I 

RS READ CRC NRZI 

I R4 READ LRC : 
R3 COMMAND I 
R2 = SCRATCH FFF 

I Rl = SCRATCH FFF _I 

L~ ~-SCR~TCH _F~ - - _ J 

MA4- 7 
MA0-3 

1 5' 9 

15' 1? 

15' 13 

15. 14 

10' 14 

3' 14 

1 '14 

1' 15 

3000 ACTION 

RB=FFF 

AC=l/\OEO 
GET SPEED 
AT 15, 16, 17 

AC=AC+AC 
SHIFT SPEED 
TO D6, D7, DB 

AC=AC+AC 
SHIFT SPEED 
TO D7 D8 09 

C=AC+AC 
SHIFT SPEED 
TO DB, D9, DlC 

MAR=AC 
SPEED TO MAR 
AT AB A9 AlO 

AC= I 
GET COMMAND 

I, 15 

1\1 A4-7 

t~(50-3 

1,15 

I, 15 

1, 15 

l, 15 

l, 15 

AT IB, I9, 110, Ill 

l, 15 

SP E [fl 

1 0 IP S 
12.5 !PS 
15.0 !PS 
8. 5 

2 5 IP S 
37.5 JPS 
45.0 !PS 
75.0 JPS 

MAR=OOO 
GET SPEED 

(I 

0 
0 

3000 ACTION 
10 IPS 
YES 

12.5 JPS 
YES 

15 IPS 
YES 

18. 75 IPS 
YES 

25 !PS 
YES 

37 .5 IPS 
YES 

45 !PS 
YES 

75 JPS 
MAR=7001r----

I . s NO 

(I 0 0 
0 1 

0 
() 

M~A~l-3 :moo ACTION 

),] 

2.1 

1,3 R8=060 

2,3 R7=08A 

1,4 

2,4 

1,5 

2,5 

1,6 

2,6 

1,7 

2,7 

2, 14 

8, 14 

COMMAND 
TO MAR 

. 1. 
'-~ • l • 

:. , I a 

8. 14 

ii. 14 

8. 14 

8. l 11 

8. 14 
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PF 
....._ ___ ....., 8 . ,, 

;J[A~J FW[' 

READ PEV 

YES :; PF 
...___ ___ """' B . I' 

READ REV EDIT 

YES Wli.' WRITE 
...__ ___ _, 8. 3 WR l TE 

WRITE EDIT 

YES w~ 
----~s.5 WR I TE F ti. 

v [ S ER 
S.6 ERASE. 3 1/2" 

R3=Sl10 

S.7 WRITE ERASE 

Table 4-2A. Basic Program, 

Model 9219 Formatter. Page 1 of 2 

(For 149-4801-20X PROMs, Rev. E) 
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COMMAND TO MTT1 
. 11 

READ FWD I 
RITE ERASE I 

READ RVS 0 
SFC 

BACKSPACE 

MA4-7 .£2 MA0-3 
8,13 3000 ACTION 

AC=400 

9' 13 

CM7 
Ilo I9 Ia 
0 0 0 800 
0 I 0 900 
I 0 0 400 

SRC sws 

---"-------, 
R=403 
CM7 SET COMMAND 

TO t·:TT 

ST!\RT REVERSE 
TAPE MOTION 
SRC 

CMMD 

WRITE/ERASE READ 

3 

8,9 

AC=200] 

8,8 

AC=BOO+AC 
READ AC=800 
WRITE AC=AOO 

9,8 

R0=50 3 

1 

CM7 SET COMMAND 
TO MTT 

START FORWARD 
TAPE MOTJGN 
SFC 
(SWS) 

MA4-7 
MA0-3 

9 'g 3000 ACT ION 

R4=0 CM2 

MA4-7 
MA0-3 

6 15300 ACTION 

406-9219-070B 

X= ~---------'2~0~0~B~P~I~7_.:::,C~H-----------------, 
YES 

4 '0 
NO 

1,9 6,15 AC=AC + AC 
SHIFT TO LEFT 

AC=IAOOC CMO DENSITY? PX=l>---. HI DENSITY 

2' 9 

MAR=FFF 
RO =FFF 

4,9 

R9=006 

5. 15 

SH l FT 

3' 9 

AC=ACU ( IA080) CMij HDI? 

5' 9 

AC =AC +AC l 

6,9 

MAR=AC ] 

6' 14 

AC=RB 
800 TIME RATE TO AC 

6' 15 

r MA~=FFF 
R8=R8-_l 

NO 556 BPI 7CH 
L-----y E-S-1 

6,15 ~ 4,1[ ] 416 [ l AC=R7 AC+AC + AC 
PX=~.,~--- l.__ ____ _, SHIFT TO LEFT 

/ 800 BPI 9CH l ~ NO 

6,15 

NO 

I)' 15 

PX=3 
1600 BP I 

YES 

YES 

LOW DENSITY 
556 ?CH 

4 '4 X=4\.---""""4-------------1'----------, 

6, 15 NO 
YES 

v 
TO 9219 PE PROGRAM 

PAGE 0 LOCATION 4,3 

4-7 

---rAc=R7] 

... 

"' 
SET 2 md C FLAG 

TO 1 
( 7 CH) 

4 • 2 

R7=AC 
TIME RATE TO R7 

1 
TO 92~ PROGRAM 
PAGE l, LOCATION 0,2 

Table 4-28 Basic Program, 

Model 9219 Formatter Page 2 of 2 

(For 149-4801-20X PROMs, Rev. E) 



• 
NRZI INDUSTRY COMPATIBLE 

PG 0 FROM 
(149-4801-20X) 

MA4·7 3000 ACTION 

MAO- 3 
0,2 
0,4 
0,5 
0,6 
0,7 
0,8 
0,9 
0. 12 

7,10 
7,12 

4, 15 

3' 12 

PG 0 

10,0 RF 

• 
10,5 

• 

(UPPER PAGE) 

SET 800 CLOCK 

LP ~E ~1 ·0 WFM 
TEST LP + WR 

MA4-7 
MA0-3 

7' 11 
7, 13 

4, 15 

3,13 
4' 13 
4, 12 
8, 12 

RRE WN 

10,3 

MA4-7 
MA0-3 
10,7 
9' 15 

4. 15 

4, 15 

J' 14 
11, 14 

10. 3 

149-4801-2 lX 

REG! STER USES 

R9•SUBROUTINE VARIABLE 
R8•800 BPI TIMER RATE 
R7•DENSITY RATE 
R6•READ CRC 
RS• READ LRC 
R4•WRITE CRC 
R3•COMMAND 

Rl=FFF SCRATCH R2•FFF} 

RO• FFF 

FLAG SET IF 7 TRK SEL· 

COMMAND CODE ( R3) 

WE 10, 4 

11,B 

READ 

MA4-7 
MA0-3 

10,D 
9,0 
9,1 

9,9 

5,10 

5 ,11 
5,12 
5,13 
5,15 

15. 13 

15' 10 
NO 

15 '12 
6' 12 
1,12 
1. 7 
1,13 
1. 15 
l, 1 
1,0 
1,5 
9,5 

15,2 
15,0 
14,0 
14,1 

TO PG 2 OF PROGRAM 

RAW 

CO•O WAIT FOR CHARACTER 

LOAD FOR 
EOT TEST 

H:-!""':!'!""f~~+='~'*'"~ GET 7 TR K E o F , CR C 

rnmr----......-------......------ up DA TE L R c 

FMK 

406-9219-090d 

3, 11 

MA4-7 
MA0·3 

10, l 

10,8 

10. 10 

9' 11 
6, 11 
6,9 

8,9 

8,11 
8,6 
7,6 
7,4 
7,5 
7' 7 
7,9 

10,2 

CHARACTER 

SELECT DENS 

9 TRK 

CO•D 

CO• l MA4-7 
MA0-3 

8' 10 

8,8 
8,1 
8,0 
6,0 

11 ,0 
13,0 
13, 1 

13,2 

NO ERROR 

. 13, 10 

CO-<l 

13,3 
13 '4 
13 ,8 
13 '9 

2, 11 
2' 7 

2,6 
2 '5 

z '3 

Table 4-3A NRZI Program, Model ~ 279 Formatter 2, 2 

Page 1 of 2 (For 149-4801-21X PROMs. Rev. CJ 
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3000 ACTION 
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~ 
MAO- 3 3000 A<"'l IUf\ 

MA.l - 7 
t-'Au - 3 

IO. 4 

3. 15 

9,10 =R AFED 3,1 
9,7 O=AC WAIT 1,4 
9,6 l=Rl+AC 2,4 
12,6 C=R7 6,4 
12,0 C R7=AC•R7+1 SET TIMER 5,4 
12, l ~_:...__;;_..;;_~ FOR DATA RA TE 
12 • 7 i;.;...;.,...;.;.;;~,.,.._---4 
1 2 • 8 i;.,:-....;.;..: ___ __.;..._--4 

l 2. 9 ~;;.Q.11~~:--:-~~~ 
1 2 , 14 i.;.:..::.__:.:.;~~::.:...;;..;--T-__.;..C M_l~ 
12, 13 ~.:..-;.;.;..;.;;...;....__-4 
12,12 MS 

13,12 lll""~------
13,13 AC 
13. 14 --------4 
13. 15 ~-.:..:...:.......---4 
12,15 RO=AC 
11 , 15 ._A,_,C_= r __ ,,__ _ __, 

8 

4. 4 

5. 2 
5,0 
5. 1 
5. 7 
5. 6 
5. 5 

4. 3 
4. 1 

6. 15 

15. l 

~FROM 10,2/10,4 

:IUUU :\I" I ION 

R9 =R9 "040 CMl * *SET OBY, FBY (FBY ALREADY 

DELAY WAIT FOR IRG 

AC=R7 
AC=FFF CM6 SET TIMER FOR DATA RATE 
AC =AC :'IQC I 
RO=FFF CM! ENABLE WCLOCKS 
RO=ROA540 WAIT AND WAIT 

NOW TEST FOR 
YES LAST WORD 

INPUT WRITE DATA 
R4=R4 CRC AND OUT WDS 
AC=R4 
AC=MAlFF CM2 FORM CRC 
R4=AC 

CRC SHIFT 
AND SAVE 

AC=MfllFF CMS 

NO INPUT READ DATA? 

GO PROC NCl 

READ DATA 4,2 
PARITY 

NOP TIMEOUT? 
~...........,,..,_,,..,...... YES 

= BUSY) 

MA4-7 
MA0-3 

5. 3 
5,8 
5,9 
4,9 
4,8 
6,8 

R4=R4 
AC=R4 
AC=MfllFF CM2 
R4=AC 

6,7 AC=MAlFF CMS INPUT READ DATA, TEST 

6,3 
I),, 5 

11,5 AC=MfllFF CM5 11,6 AC=FFF 11 ,7 
RO DATA TEST 

TR 
I, 2 R4=R4$ ACAE28 

CO=O 

7 TRK 

WARS FOR LRC 
WDS FOR CRC 

6,2 

6,6 
8,2 

AC=FFF TIMEOUT? 
NO 

YES 
RO=R0+040 MAR=RO U 040 
MAR=FFF 

11, 9 
10,15 

9,0 

GET LAST BYTE 
CRC, AND WDS 

CRC SHIFT 

., 

r------------, 
RAW SUBROUTINE I 

I 
I 

406-9219-llOAl 

\ll\4-7 CRAW SUBR) 
:\IAU-3 I 

:iuuu Al"'llON 

6 , I 5 ~_...._.....__--1 
6 , I 3 ....... ..........,~...._--4 
3. 13 ~~~---l 
Fl , l 4 i..;R~6:.....=.:.:.R ~6 ----l 
9, I 4 i..;A.:.::C:.....=.:.:.R~6--~ 
9,~; AC=MAIFF CM2 
9 , I ? 1-R;..;:.6_= _A c ____ -4 

I 9 • I 3 i..;.:A~C _:= R.:...:2 __ ~ 
I 111,13 AC=M/,200 (M2 

10,9 AC=AC+800 
I 10,12 R2 AC=AC+R2 
I 10,14 MAR=FFF M 

I 
I 
I 

• c, y 

LAC !.DD 
CPr f..DD 

CRC ~HJFT 

SA', E 

VR C 

SEND RCLOC~ 

L ______ - - _______ .J 

r-----------------1 
NRZI STATUS SUBROUTINE 

(149-4301-?0X) fl, 14 PG 0 
STATUS NRZI 

STATUS 
ROUTINE 

0. 13 
l • 13 TEST RO 

1,10 AC=AC OED FMK I , 11 ~MK 

l. 12 R6=R6AFFF TEST P6 

3, 10 AC=JlCAOEO NO LRC 3. 11 LR( OR 
OR CRC CRC ERROR 
ERROR 

OUTPUT ERROR 

PG 0 

L-- - - --------------

4-11 

Tlible 4-38 NRZI Program. 
Model 9219 Formatter Page 2 of 2 

(For 149-4801-21X PROMs, Rev. C) 
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;,/R ! ~[ 
!r." 

• BURS l 

• 

FROM LOCAi 10~ 6.1~ 
BAS IC PROGRA~1 PAGE r, 
PROGRA~ FOR 149-4:;01-211 ~ERIES PR'f'M""·....,-

MA4-7 
MA0-3 

4. J 
4,] 

4,.; 

4, l? 
4. I l 
,, I) 
,, 14 

' " .J. 

b.: 

MA4-7 
~A0-3 

6.11 
6.17 
:· .12 

2, I I 
2, 15 
9, I 5 
9, 14 

CO=I 

2, 10 
2. 13 
6, 13 

4, 15 

3, l 3 

0, 15 

LP·W=O 

LP· W= 1 

'-1~~-i 

MAO-~ 

6, Jr. 
6.] 

~ .. ' 

10 BURST 6, J 
COMPL[ T[' 6, l 

6,P 
I ( ~ 

~~~ ~ 
6,4 

4 .15 

J,4 
9,4 
9,6 
9,7 

RESTART 
BAS IC PROGRAM 

](1(1 .IC T ION 

© 

J, 15 

11.r. 

10,5 

T•JQN ON PE READ 
SET COMi~AND ON PE READ 

10,l 

10,6 
,,6 

4, 15 

( 3,6) 

*SET OBY, FBY (FBY ALREADY BUSY) 

10,7 
7. 7 

4,15 

3, 7 
11, 7 
IZ, 1 

lZ, 3 
IZ,6 
lZ,5 
lZ ,4 

CO•! 

(IZ ,Z) 

I 
I 

WRITE EDIT 
10,4 

10,11 
10,9 

8,11 

406-9219-130B 

READ BLOCK SUBROUTINE 

NOP 

AC=M CM5 
CO•ACl<EOO 

,......."""".,....,.,.. DATA FLAG • BLOCK • OE3 
CO•ACASOO 

9,11 

BLOCK • DE3 
TO CONTROLLER, RSTR 

9, 1 D CO•ACAZDO 

10,10 
10,IZ 

11,10 

11,lZ 
9, IZ 

DEJ•D 

DE3•1 

READ STATUS (SKEW• MTRIC •POST• YRC) 

CH5 

11, ll 

(Fii<, SICK) 
BLOCK 

IZ, 11 OUTPUT STATUS 

I RETURN 11, x 

L----------------------------------------~ 

4-13 

Ttib/e 4-4A PE Program, 

Model 9219 Formatter Page 7 of 2 
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WRITE 
DATA 
llYTES 

MM·1 
MAO·J 

12,8 
12,9 
12 .12 

14, 15 

14, 12 
13, 12 
13,lJ 

14,15 

14,IJ 

13,10 
15,10 

14, 15 

14,IO 

LWD•O 

WRIT[ PRCAMBL£ 40 O's 

OBY , FBY, WSTR (GCT FIRST BYTE FROM CONTROLLER 

WRITE SYNC OYTC 

LAST HYO[ 

TEST LWD 
AC •MASOO CHO 

LWD•I 

MA4-7 
MA0·3 

13, ll 
15,11 

14.15 

14, I l 
14 .14 
13,14 
13,0 

14, 15 

14,0 
12,0 
12, l 

14, 15 

14, l 
14,8 

10,11 

11,I 

WRITE FINAL DATA BYTE 

WR ITC SYNC BYTE 14,3 

WRITE POSTAMBLE 

GrNERATC WARS 

SPEC I AL ENTRY TO 'READ BLOCK' 

MM-7 
MA0·3 

12 ,? 
l?,IJ 
10,13 

ll, 15 

11, 3 

0,14 
7, 14 
7, 15 

4,15 

3, I 5 
I J.15 

1J,7 
13,6 

14 ,? 

13,2 

8 

AC•R8 
AC •FFF CM6 LOAD TIMER 
AC =AC/,')80 

DBY•O, FBY•l 
STOP TAPE MOT ION 

MA4·7 
MA0·3 

3,6 
J,5 
J,O 
3, I 

5, l 
5,0 

5, 3 

,,,."' 
,,,,. ,,,,. 

,. ,.,. 
/ ,,,,,, 

406-9219-lSOAl 

~----------------------------,,,"' I 
,,,./" WRITE ChAR WRITE CHARACTER SUBROUTINE 

MA4-7 
MA0-3 

14, 15 
14,4 

3000 ACTlflN 
NOP 

(r----------------lt1---+----..,.._------------------I 

t-------1 
9,3 
9,1 
9,0 
9,5 
6,5 

p WAIT 
CD• I MDI CHO 

DONE RETURN TO 
BASIC PROGRAM 

HST FOR NEW COltlAND 

13,3 

7. 9 
7 ,5 
7 ,4 
7, I? 
7, 13 

D WDRCG, WDS 
PE RDRCG M 

7,3 D INTRF ROREG, RSTR 

f 7,1 R9=R9·1 
I 
I 
I 9,2 

I 1 
I RETURN 14,X I 
.1.-------------------- I 

4-15 

---------------------
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4632/4832 MICROPROCESSOR COMMAND SUMMARY 
LINE CM2 TAPE UNIT STATUS AND PARITY CMS READ DATA INR7.I) 

0 
I 
2 
3 

4 
5 
6 
7 

8 
9 

10 
II 

I HUS M BUS I BUS M nus 

0 DI 
0 D2 
0 DO+ DJ 
0 DO+ D4 

TRNG DO+ DS 
ONL DO+ D6 
EQT D7 
HDI DB 

FPT DO 
LOP I +(DO•DJ• ... DB} 
RWD 0 
RDY 0 

0 RD CJJ 7 
0 RD Cll R 

0 RD Cll 5 
0 RD CH 4 

0 RD CH 3 
0 RD CH 2 
0 . RD CH I OlF7 TRK 
0 RD Cll 0 0 IF 7 TRK • 

0 RD Cll P 
0 0 
0 0 
0 0 

MUST BE ENABLED BY CM3 Do; 
DISABLE= CM3 DO. M BUS CLEARED 
BY CMS WITH 3002 CARRY MAYBE 
FORCED TO ONE IF 7 TRI\ EVEN 
PARITY BY ASSOCIATED INTERFACE 
BOARD. 

LINE CM3 DEVICE SELECT 
D BUS 

CM4 WRITE DATA 
D BUS 

0 0 FOR NRZI· I FOR 1600 BPI CH 7 WRITE 
I SELl CH 6 WRITE 
2 SELJ SELECT INTERFACE CODE CH 5 WRITE 
3 SEL~ CH 4 WRITE 

4 x CH 3 WRITE 
5 x CH 2 WRITE 
6 x CH I WRITE 
7 x CH 0 WRITE 

8 IF 1600 --, FWD SELECT DEFAULT CH P WRITE 
9 BPI WRITE DATA IN I x 

10 SELECTED HIGH SPEED 0 x 
11 AND IF NO SPEED 0 0: TO ENABL!.:Wf ~ocir 

CM3 DO__.. CORRECTION 0 I: TO OUTPUT WARS 

LINE CMS SET PROGRAMABLE DIV!DER CM7 SELECT AND SET 

0 
I 
2 
3 

4 
5 
6 
7 

8 
9 

JO 
11 

AND RESET 

D BUS D BUS A BUS 

COUNT LSB CYCLE TIME x SELECT UNIT CODE LSB 
COUNT .69444 (COUNT+!) usec x SELECT UNIT CODE 
COUNT x SELECT UNIT CODE MSB 
COUNT CYCLE INSTRUCTION x EN AB@: SEL@~:r 

COUNT=2 COUNT + 2 

COUNT X x 
COUNT NEXT INTERPRUPT= x x 
COUNT 2 COUNT+ 3 OFC x 
COUNT RWC x 

COUNT NEXT STROBE=: HOS x 
COUNT FROM_@_ 3 COUNT sws x 
COUNT THRU@ 3 COUNT+2 SRC x 
COUNT MSB ~c x 

INTERRUPTS ARE CLEARED BY FORCE EVEN ROM COMMANDS OR BY 
CMS. STROBES ARE I usec WIDE 

(FORCE EVEN QUED INTERRUPT) CAUSE ACO (3001 INPUT LSB) TO BE 
0, USUALLY CAUSING A JUMP TO AN EVEN ROW OR COLUMN 

406-9219-170A 

Table 4-8 Type 4632/4832 Microprocessor Command Summary 

4-17 
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506-9219-01-00 

llCTION Y 

PAITI IDINTIPICATION 

5.1 SPARE PARTS ORDERING INFORMATION 

This section describes the replaceable parts in your 
unit which are available only from Kennedy Company. 
Many parts of the unit are common commercial parts 
and can be obtained locally from the manufacturer. 
These parts are marked with the manufacturer's name 
and part number and are not listed herein. 

The serial number and part number are the keys to 
numerous engineering details applying to your unit. 
These numbers are on the serial number tag located 
on the rear panel of the unit. 

Changes to Kennedy units are sometimes made to 
accommodate improved components as they become 
available and to give you the benefit of the latest 
circuit improvements developed in our Engineering 
Department. If a part you have ordered has been 
replaced by a new part, a Kennedy representative will 
advise you concerning any change in part number. 

All parts orders should be addressed directly to 
Kennedy Company, Spare Parts Order Department, 
1600 Shamrock Avenue, Monrovia, California 91016, 
telephone (213) 357-8831 or (213) 681-9314, TWX 910-
585-3249 • 

5.2 IN-WARRANTY REPAIR PARTS ORDERING 
INFORMATION 

Repair parts for in-warranty units are made available 
on an exchange basis through the Kenhedy Company 
Spare Parts Department. The serial number and part 
number of the tape unit are necessary to insure 
shipment of the proper replacement parts. 

All inquiries should be directed to Kennedy Company, 
Spare Parts Department, 1600 Shamrock Avenue, 
Monrovia, California 91016, telephone (213) 357-8831 
or (213) 681-9314, TWX 910-585-3249. 

5-1 

5.3 EXPORT ORDERS 

Customers outside the United States and Canada are 
served by Kennedy 'company international sales 
agents. All correspondence regarding your unit 
should be directed to your sales agent. If you prefer, 
correspondence may be addressed directly to Kennedy 
Company, Spare Parts Department, 1600 Shamrock 
Avenue, Monrovia, California 91016, telephone (213) 
357-8831 or (213) 681-9314, TWX 910-585-3249, cable 
KENNEDY CO. 

5.4 ILLUSTRATED PARTS LIST 

To assist in perts identiflcatiori, an Illustrated parts 
list is included in this section with references to 
photographs of the machine. Part numbers beginning 
with 198 are listed again in the RecommefMled Spare 
Parts list at the end of this section. Kennedy 
Company recommends that these parts be ordered as 
spares to minimize machine downtime due to 
equipment failure. Certain parts on this list have no 
quantity Indicated. We recommend ordering one of 
each such parts for remote installations where 
delivery is time consuming. 

5.5 FIELD KITS 

Some replacement components may be supplied In the 
form of repair or field change kits. The repair kits 
contain parts that are matched or assembled and 
ll.djusted at the factory because of complexity or to 
aid the field technician. The components ordered as 
field kits either by correspondence with Kennedy 
service engineers or by direct order will be supplied 
with complete installation instructions. The change 
kits are intended for standard or special options not 
originally included in the unit • 



Item No. 

5-1-1 
5-1-2 
5-1-3 
5-1-4 
5-1-4 
5-1-5 

Part No. 

125-0083-004 
190-4767-501 
190-4657-xxx 
190-4632-xxx 
190-4832-xxx 
190-4831-xxx 

FIGURE 1 

MODEL 9219 FORMATTER FRONT VIEW 
(Top Panel; Pront Panel Removed) 

ILLUSTRATED PARTS BREAKDOWN FOR FIGURE 5-1 

~iption 

Card Guide 
Cable Connector Assy 
PC Read PC Board A;o.sy 
Microprocessor PC Boar(! Ass•; 
Microprocessor PC Board Asf'y (125 ips models) 
Formatter Interface I::nard 

NOTE 

1. Refer to circuit board to determine correct dash number when ordering. 

5-2 

~ 
6 
2 

506-9219-0208 

Notes • 

• 
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Item No. 

5-2-1 
5-2-2 
5-2-3 
5-2-4 
5-2-5 
5-2-6 
5-2-7 
5-2-7 
5-2-7 
5-2-7 

Part No. 

140-0006-001 
121-0126-001 
121-0126-002 
190-4681-001 
190-4611-001 
125-0032-001 
198-0073-001 
198-0074-001 
198-0077-0111 
198-0087-001 

FIGURE 2 

MOOEL 9219 FORMATI'ER 'l'OP VIEW 
(Top Cover Removed) 

ILLUSTRATED PARTS BREAKDOWN FOR FIGURE 5-2 

Description 

Power Supply - S11wyC'r 
Five Pin Molex Reecptaele 
Five Pin Molex Plug 
Ir1terfncc> PC Bourd i\ssy 
M11stcr PC Bo111·d l\ssy 
Fun, Rotron PN LY2:\I 
PROM Hepl !\it 4632-007 1\1iProproeessor F 111rd 
PROM Rcpl l<it 4632-008 Mit•roproeessor flour'' 
PROM Repl !\it 4832-007 Mieroproeesso•· Born• 
PROM Hcpl l<it 4832-008 Mieroproecs ' Bo111·J 

NOTES 

506-9219-030 D 

Notes 

2 
I 
I 
I 
I 

1. 
2. 

Each PROM kit eontttins 11 complete set ot programmed ROl\1s 1'01• .he rnieroproecssor board specifiC'd. 
Fan not included in ITT/LMT units. 

5-3 



Item No. 

5-3-1 
5-3-1 
5-3-1 
5-3-2 
5-3-2 

5-3-3 
5-3-3 

Part No. 

151-0133-~30 
121-0178-001 
125-0068-001 
190-4900-lxx 
190-4970-lxx 

121-0159-002 
190-4696-001 

1. ltem(s) not shown. 

FIGURE 3 

MODEL 9219 FORMA'ITER REAR VIEW 
(Top Cover Removed) 

ILLUSTRATED l>ARTS BREAkDOWN FOR FIGURE 5-3 

Description 

Fuse, Normal Bio, 3A, 250v (box of 5) 
AC Connector, Voltage Selector, Fuseholder 
Power Cord 
Cable, Formatter to Model 9000 Tape Transport 
Cable, Formatter to Model 9100. 9300, 9700 
or 9800 Tape Transport 
PC Connector, 50 pin 
PEC Interface PC Board 

NOTES 

2 

506-9219-0400 

Notes 

1,2,3 

l, 2 '3 
l, 3 

2. Substitute length required for the xx in the dash number. Standard lengths are 4 feet ( 104) and 10 feet 
(110). 

3. Controller to formatter cables to be fabricated by customer. Refer to Section I for pin assignments . 
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606-9219-01-00B 

SECTION VI 

WIRING AND SCHEMATIC DIAGRAMS 

This section contains the schematic diagrams for the 
circuit cards used in the Model 9219, which are 
arranged as shown below. Electronic symbols used in 

the drawings conform to MIL-STD-15. Abbreviations 
conform to MIL-STD-12 unless otherwise specified. 
Logic diagrams conform to MIL-STD-806C. 

System Wiring Diagrams 

PROM Locations -
Type 4632 Microprocessor Board 

Type 4632 Microprocessor 
Page 1, Clocks 
Page 2, Tape Unit 1/0 
Page 3, ROM Control 
Page 4, Central Processor 

PROM Locations -
Type 4832 Microprocessor Board 

Type 4832 Microprocessor 
Page 1, Clocks 
Page 2, Tape Unit l/O 
Page 3, ROM Control 
Page 4, Central Processor 

Type 4831 Interface 

Type 4657 PE Read 

Model 9219 Power Supply 
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606-0001-300 

NOTIS TO ICHIMATIC llCTION 

Certain conventions have been observed in preparing 
schematics for this manual: 

1. Resistor values arc given in ohms. If wnttage 
Is unspecified the resistor may be either 114 or 
1/2 watt. 

2. Capacitor values mar be given In picofarads or 
mlcrofarads. Those values for which neither 
designation is provided are assumed to be ob
vious from circuit function. Filter capacitors 
on certain supply lines do not have logic signifi
cance. In general, they are not shown on sche
matics. On PC board silkscreens they are des
ignated as CF. 

3. Normally, IC power connections arc on pins H 
(+5v) and 7 (ground) for H pin packages, and 1fi 
(+5v) and 8 (ground) for 16 pin packages. Some 
ICs - 7476, 7492, 7493 for example - have powrr 
coMections on pin 5 (+5v) and pin 10 (ground). 
Operational amplifiers In the 8 pin package have 
power coMectlons on pin 4 (-Vee) and pin 7 
(+Vee), Power coMectlons are not shown unless 
they are honstandard. 

4. Where multiple inputs are tied together only one 
pin may be designated on the schematic. 

5. Unused Inputs that are tied high are not normaliy 
Indicated unless the connection has logic signifi
cance. 

6. From and to designations are intended lo describe 
Inputs and outputs only. The same signal may 
be connected to several other points not shown 
on a particular drawing. 

7. Abbreviations used in from and to designations 
are as follows: 

CI 
PBC 
RG 
SA 
DT 
RA/CL 
RA 
WAl 
WA2 

Control Interface 
Pushbutton Control 
Ramp Generator 
Sensor Amplifier/Driver 
Delay Timing 
Read Amplifier/Clipping Level 
Quad Read Amplifier 
Four Channel Write Amplifier 
Five Channel Write Amplifier 
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8. Positive lobric Is shown for all Internal connec
tions. lnterf::ll'e coMections are zero true but 
the l>nr Is omitted. 

!), Integrated circuit symbols contain a circuit 
designator that corresponds to the number silk
sc rcened onto the l'i n·u It module nbove an under
lined number representing the IC: type. 

The IC type number is abbreviated and omits 
the portions of the manufacturer's type number 
pertaining to cnsc and vendor identification. 
Further, since the TTL 7400 series mnkes up 
most of the l'ircultry, the 74 is omitted on these. 
Thus n 00 designation Indicates n 7400 qund two 
input NANI> gale. T.1. 's l'om1>letc part numLcr 
is SN7400N. In multifunctional units In close 
proxi mlty lo l'lH:h other the type designation may 
be omitted, Thl' type designation may nm>car 
outside> the symbol if thL• symbol is too small. 

l\lilitary Standard l:!O<il' is the base for logic 
symbols. Additional l'onvcntlons arc shown be
low. 

Triangle indi
cates response' 
to edge (in this 
case positive) 

D Q 

10. Semiconductor types on schematics may be re
placed by their functional equivalents, If not 
indicated, diodes nrc 1N91-t, NPN transistors 
are 2N2714, and PNP transistors are l\IPS<i517, 

11. l'nless otherwise specified, light C'mittlng diodes 
are FLV102 or equivalent. 



12. Module connector pins are shown as 

-----i)E 

where no further connection Is shown on the 
schematic, and as 

22 
-0--

when there Is a coMectlon shown, 

13. Where an Input is represented by an arrow In
stead of 11 complete line, the Input source is 
designated, Where outputs are so shown thel r 
destinations may not be shown. 

14. Some schematics of modules Include certalh ex
ternal elements which aid In understanding the 
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15. 

606-0001-400 

circuit function, In this case all the connections 
to the element may not be shown In the Interest 
of clarity. 

designates a test point provided on the 
module, Letters proceed from top to 
bottom of card with the ground test 
point, If present, as the bottommost 
terminal, 

16, Socket terminals are designated With numbers 
for component side connections and letters for 
circuit side connections when a double sided 
socket Is useti. These are the designations on 
the socket, When a single sided socket Is pro
vided, all connections are designated by letters 
regardless of which side of the board they lie on 
the etch, Letters follow the 22 pin alphabet, 
ABCDEFHJKLl\INPRSTl'VWXYZ; numbers are 
1 through 22. 

. -
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TO CONTROLLER 

NOTE: DARKER SIDE IS "B" SIDE 

210-2085 

CONTROLLER 

TO 
FORMATTER 

J1 
4831 

INTERFACE 
BD 

FORMATTER 
TO 
CONTROLLER 

Type 4696 Interface PC Board 

J2 
TO 

4831 

INTERFACE 

BOARD 
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806-9219-5-00 

NOTE: The different types of 4632 Microprocessor boards vary according to the programming ot the 
Type 4801 PROM IC's. The PROM locations are indicated by the three digit PROM codes shown above. 
The "X" in XOl, X05, etc. is replaced by 8 1, 2, or 3, dependihg on the application for which a PROM is 
intended. The T'pe 4801 PROM dash numbers are organized as follows: 

100 through 107: PROM'S used ih NRZI brlly formatters. 

100 - 107 plus 110 tHru 117: PROM1S used in combination NRZl/PE formatters. (16 PROM'S required). 

200 thr11 207 plus 210 thru 217: PROM'S used in PEC compatible NRZI and PE formatters. (16 PROM'S 
required). 

300 thru 307 plus 310 thru 317: PROM'S used in Read Reverse and Dead Track Register NRZI and PE 
formatters only • 

PROM Locations - Type 4632 Microprocessor Board 
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NOTE: The different types of 4832 Microprocessor boards vary according to the programming of the 
Type 4801 PROM IC's. The PROM locations are indicated by the three digit PROM codes shown above. 
The "X" in xoi, X25; etc. is replaced by a 1 or a 2, depending on the application for which a PROM is 
intended. The Type 4801 PROM dash numbers are organized as follows: 

lOX: NRZI PROMs 

llX: PE PROMs 

12X: High Speed NRZI PROMs 

2XX: PROMs used in PEC compatible formatters 

Eight PROMs are required for NRZI only 4832 boards; 16 PROMs are required for NRZI/PE versions • 

PROM Locations - Type 4832 Microprocessor Board 
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