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MANLIAL PART NO, 13255-91223
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The information contained in this document is subject to change

without notice.

HEWLETT-PACKARD MAKES NO  WARRANTY OF  ANY KIND WITH REGARD TO THIS
MATERIAL , INCLUDING, BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF
MERCHANDABILITY AND FITNESS FOR A PARTICULAR PURPOSE., Hewlett-Packard
shall not be liable for errors contained herein or for incidental or
consequential damages in connection with the furnishing, performance,
or use of this material,

This document contains proprietary information which is protected by
copyright., All rights are reserved, No part of this document may be
photocopied or reproduced without the prior written consent of Hewlett-
Packard (ompanvy.

Copyright 1980 by HEWLETT-PACKARD COMPANY

NOTE:  This document is part of the 264XX DATA TERMINAL product
series Technical Information Package (HP 13255,
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13272 FLEXIELE DISC SYSTEM, 13255-912823/7%

INTRODUCTTON

The 13272 FLEXIRLE DISC SYSTEM consists of one MINIFLOPPY CONTROLILER
PCA  (02640-60223) in the HP 264X terminal, and up to two external
Flexible Disc Drives (13270-60013). In a one drive system, the DISC
DRIVE is connected to the CONTROLLER PCA through the CONTROLLER CARLE.
In a two drive confiquration, the second drive is daisy chained to the
first one using the T-BLOCK and the NEXT DRIVE CARBLE., The file system
needed to support the FLEXIELE DISC SYSTEM is presently only in the
terminal firmware of the 2642A. The disc system hardware is compatible
with all other members of the 264X family except the 2640k,

The MINIFLOPPY CONTROLLER PCA provides the control logic and processing
capabilities needed to interface the HP 264X terminal with the DISC
DRIVES, The MINIFLOPPY CONTROLLER PCA contains a Processor (Z80-A) and
ROM (8K X 8bits), which enable it to directly execute DISC COMMANDS
received From the Terminal PROCESSOR (02640-60209).

The DRIVE itself is composed of the DRIVE ELECTRONICS PCA, the SERVO
CONTROL. PCA, and the DRIVE MECHANISM, It wvses 5.25 idinch (13,4 c<m)
FLLEXIBLE DISCS,

The function of the DRIVE ELECTRONICS PCA is to write and read magnetic

transitions to and from the disc. It receives digital data Ffrom the
controller and converts them to analog form for magnetic storage on the
disc, It also takes these magnetic transitions from the media and,

after amplification, filtering, and differentiation, converts them back
to digital form for decoding in the controller.
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13272 FLEXIBLE DISC SYSTEM, 13255-91223/4
0 OPERATING PARAMETERS

A summary of operating parameters for the MINIFLOPPY DIGC MODULE is
contained in Tables 1.0 to 5.8,

Table 1,0 Physical parameters

Part | | Size (L. X W X DY | Weight |
Number | Nomenclature | /- 0.2 M I (kg? l
1 l l |

0264060223 | MINIFLOPPY CONTROLLER | 2.6 X 10.2 X 1.4 | |
| | | |

13270-60002 | DRIVE ELECTRONICS PCA 1 16.3 X 14,4 X 1,0 | |
! | 1 |

1327060013 | DRIVE (in packaqge) i 28.8 X 12.8 X 18 [ 4,4 |
1 1 | !

1327060003 | CONTROLLER CABLE I 1.2 m (length) | |
| | ! |

1327060004 | NEXT DRIVE CARLE | 0.7 m (length) | |
] 1 ] |

1327060005 | T - BLOCK | 10.5 X 3.6 X 1.8 | |
| | | ]

!

Number of backplane slots required: 1 !

]
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Table 2.0 Reliability and Environmental Information
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Environmental: ( X ) HP Class R

Restrictions: Type tested at product level., This environmental
classification does not apply to the disc itself., The
temperature and humidity specifications for the flexibl
disc are as follows:

o — e - —
o

Ambient temperature 1o C - 40 C
Relative humidity 20 %4~ 80 X%
Maximum wet bulb 25 C

Failure rate: MINIFLOPPY CONTROLLER PCA : 3.1 % per 1000 hours
DRIVE ELECTRONICS PCA 1 1.5 X per 1000 hours
SERVO CONTROL PCA : 5 % per 1000 hours
DRIVE MECHANISM ¢ 2.5 % per 1000 hours

(at S%Z motor duty cycle)

——— —— ——

Table 3.0 Power Supply and Clock Requirements
MINIFLOPPY CONTROLLER PCA
(At +/- 5% unless otherwise specified)

B S L o T i 3 L R S L s i o o I s S S S S S S A S S n O R O A I NN S SN SR N N NN T N I A an IR IR S R i Rt SN s N I m i an mn SN sn 2N

+ 5 Volts DC ~-12 Volts DC

! |
| |
| |
@ 875 méa  typ | @ 35 mA  typ @ 16 mA  typ |
1 X I
| !

| i |
| ] 1
| | |
| ) @ mA |
! 1400 mA max 4% mA max | 30 mA max |
| | NOT APPLICARLE |
i | |
| 115 Volts AC | 220 Volts AC |
| | 1
[ ® A | @ A |
| | |
| NOT APPLICARLE | NOT APPLICARLE |
i |
| Clock frequency: 16,0 +/- ,05 MHZ, |
} generated on board, |
| |
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Table 3.1 Power Supply Reguirements
DRIVE ELECTRONICS PCA
DRIVE MECHANISM
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! |
| +3 Volts DC I +12 Volts DC I =12 Volts DC I ~42 Volts DC |
| | | | |
] @ 280 mA I 460 mA (drive | @ mA | @ MA |
I(drive electronics | electronics PCA | | |
I PCA> I+ Stepper Motor. | | !
| I 320 ma for Stepper | NOT APPLICAERLE 1 NOT APPLICABRLE |
| I Motor alone) | | !
| | | I |
| I 600 ma (Servoe PCA) | | |
| | ) | |
[ I +12 VA @ 84 mA | | !
1 | (see note 1) | | I
} ] | | |
l 303 500 209 2030 I3 IY I3 T IS0 3012 U0 T DI 5 3T NI LD AN INNE N 2h N 00D 3w m ::'::x;:: S350 3307 $853 3007 2320 2023 2525 3200 S350 2527 387 2502 8207 5350 SIS0 2203 S 300 327 2007 g0 252 0002 2307 28 257 S22t 2020 2% S92 22T S203 I gme 220 233 22N 33D oM ages dam dn mm l
| | |
] 115 Volts ac | 220 Volts ac [
l | |
l I |
| NOT APPLICABLE | NOT APPLICARLE |
| | !
l 3333233 550 23 3 I e I IR T DY SI3 NN NN NGRS NSNS NN IS I UIN S0TO TR NN III0 S0 SENT 0N N NS SN UM TN I NN OTTI T TN LI AN O N SN I Nn NN NS NN Nm SN N Im N An NN IR I NN sn o sn I N IR an R s nr s '
| |
| Clock Frequency : NOT APPLICARLE |
| |

NOTE 1: The DRIVE ELFECTRONICS PCA receives power from the CONTROLLER PCA
throuvgh the CONTROLLER CAEBLE., A total of six lines is dedicated
to +12 volts., Two of them are named +12 VA on the DRIVE ELECTRONICS
PCA, +12 VA has a separate LC filtering network on the DRIVE
ELECTRONICS PCA to keep the large transients associated with the
spindle motor from disturbing the read/write circuits.
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Table 4.0 MINIFLOPPY CONTROLLER PCA
Eackplane interface connector

I Connector | Signal | Signal |
I and Pin No | Name I Description 1
| l | |
I P1 pin 1 | +5 V I +% Volts dc power supply |
| [ | I
! - 2 | GND ! Ground common return (power and signal) 1
! ] | |
l - 3 | not used | ]
| l ] |
] - 4 ! -12 V ! ~12 Volts dc power supply !
! | S ! I
1 b | ADDRO | Negative true, address bit 0 i
I | I ! |
I - b | ADDR1 1 Negative true, address bit 1 1
| | I |
! - 7 ! ! Not used !
| | 1 |
| -~ 8 | I Not used ]
| ! R I !
| - @ | ADDR 4 | Negative true, address bit 4 1
| | 1 |
! -10 | | Not used . |
l [ ] |
1 -11 ! | Not used |
I I i |
I 12 I ] Not used |
| | 1 |
| ~13 | ! Not used |
I ! . ! |
) -14 ] ADDR®? | Negative true, address bit 9 |
I ! e e I [
| ~15 l ADDR10 | Negative true, address bit 10 |
I I R ! !
| -1é | ADDR11 l Negative true, address bit 11 !
| | I |
| -17 | ! Not used I
| | | |
| -18 | I Not used |
! i | l
| -19 | | Not used |
| 1 | !
} -20 | | Not used !
| ! o i |
| -2 [ I/0 ! Negative truve, Input Output / Mewmory !
| ] ! |
I -2a ! GND 1 Ground common return (power and signals) |

4003 420 T3t muw ogn sees Svn ISES NN ST S30% IR TSI SI08 1eR 28 S 0588 3208 2600 2000 T307 8033 a2 (om% S98% Suf6 e suwe Sueg Swes tem sass ess s S o e Meee B suE gemm 330 200 e Sem Sesm feee g SEES SIS Sewe S Srve sese wse sews Sam sems e s sasg SoEE S eas Sbes gen: deme seumeemy sems suet soms tom sem sevw sode o0 SiE



Table 4.0
| Connector | Signal
I and pin No 1 name
I P1 pin A | GND
| i
! | POLL.

1 |

| ]

! -G +12 v
1 !

| -0

| S R BUSO
] ]

i o BUSH
| ! S
] ~H BUS2
| -3 BUS3
| |

| o (O RUSG4
! .

| e W BUSS
! I S

| Mo BUSS
| ]

J N BUS7
| I

| S WRITE
| I

| =R ATN2
! ]

| |

! -& 1

| |

] =T | PRIOR IN
| |

| - PRIDR OQUT
| i

] |

! W

| i

1 -X

| ] S
| -Y | RER
] |

i |

|

Not used
Fus
Bus
Not used
Not used
Not uvsed

Negative

currently valid)

Not used

controller

controller

truve,

priority input

priority oautput

Request (Bus data

13272 FLEXIBLE DISC SYSTEM, 13255-91223/8
Backplane interface connector (cont’d.)
| Signal |
1 Description |
| Ground common return (power and signals) |
I ]
! Negative truve, Polled interrupt |
| Tdentification Request |
I |
| +12 Volts DU Power supply |
| ]
] Not used |
] |
| Negative trve, Data bus bit 0 |
] |
| Negative true, Data bus bit 1 |
! |
i Negative true, Data bus bit 2 !
| |
I Negative true, Data bus bit 3 |
| |
| Negative true, Data bus bit 4
1
| Negative true, Data bus bit $
I
| Negative true, Data bus bit 6
!
[ Negative true, Data bus bit 7
I
| Negative true, Write/Read type cycle
|
| Negative true, CTU and Polled interrupt
| Request
|
!
|
i
i
1
!
|
|
1
|
|
|
1
|
|
|

S e e v e e S - —— — o — — — T —— — " — oy o,
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Table 4.1 MINIFLOPPY CONTROLLER PCA AND DRIVE ELECTRONICS PCaA
Drive interface connector (SEE NOTE 2D

i
3

a2y
HERw i
T i =n i

o=~ — i
i#

i}

rg it oo Oy H
NHIJe

<
(=
P

Qutput, Drive address Rit 0 (SEE NOTE 2D
Output address to next drive (MSE) (SEE NOTE 2)

DA1/INDA1 Output, Drive address Bit 1 (SEE NOTE 2)

- 3

GND Ground common return (power and signals)

INDEX Input, Index pulse, Indicates that the first
physical sector of the track follows, (low
assertion)

GND Ground common return (power and signals)

HEAD L.OAD Qutput, This signal commands the drive to lower
the head onto the disc. HEAD L.OAD is latched by
the addressed drive when the STROBE signal is
asgserted, The latched signal is also used to
change the definition of P2-13 and 11. This

(low assertion)

DISCIDI Input, Disc identification bit 1, The middle
bit of the identification code that allows the
controeller to find out what type of drive is
connected,

STROBE

=10 Output, Strobe signal, Latches the following

signals on the DRIVE ELECTRONICS PCA: MOTOR ON

DRIVE SELECT, HEAD LOAD, and SIDE SELECT. (low
assertion)
DISCID2 Input, Disc identification bit 2 (MSE),
This signal is the disc ID when the latched
HEAD L.OAD signal is false. When the latched
HEAD LOAD is true, this signal is used during
self test to indicate that read data or write
data pulses are occuring more frequently than
] I every ? uBec.

S5 TASS ST e I 123 NSO I D030 e S I IS DaNE 0 S50 3330 tee (IO INNF 200 S0 ot s suve R SRR 508 1020 3354 d3nn gm0 1 ke et sede srme sees sukd sees sen sess neee semn sech sems seud uwm et 1ste seen goee seun oede sumw s e enze saee soms vemt s saws e 2o somt semn govt Toan smae sean e sees sont tenn sems eee

| I
1 |
| I
I [
| !
! ]
i |
| I
| i
| I
I |
] ]
! |
| |
| |
] |
] ]
| |
| |
| I
[ ]
I signal has no mechanical effect on the TANDUN !
I DRIVE, since there is no head load solenoid, |
| !
i !
] ]
| !
! |
| I
I !
| |
| I
| I
l |
| |
I !
l i
} |
i !
! !
i |
| I
[ !

!
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Table 4.1 Drive interface connector {(cont’d.)
I Connector | Signal I Signal |
| and pin No | name | description ]

5259 $35% SEm% 5o geus sz 773 35 03 mes sess 108 Sem temw seey suc sumw gees sove sowy sese s4y Trew Sews tews 1eme Im N semn e e e meed seme sums sowe s see sese Tavw Seme gems Sows seeh seee naw som ook sued S0 2% Temt swes fews musw s et Se Sk tve swes fess tods Seas duwe IoRe sase seer eiod desa sede S0 Semt sme geas beme sewe rems e

DRIVE SELECT! Qutput, Indicates that the drive is being

| selected for reading, writing, seeking, or
returning status to the controller. DRIVE SELECT
is latched by the addressed drive when the
STROBE signal is asserted. In addition,
circuitry is provided on each drive board to
deselect the drive if another drive is selected,
This prevents buffer contention, since the
latched DRIVE SELECT signal is used to enable
the outputs from each drive that are wired in
parallel on the interface. (low assertion)

IP2/J1 pin12
|

|
}
I
!
|
1
I
!
|
1
-13 DISCIDO I Input, Disc identification bit 0 (LSR).
| This signal is the disc ID when the latched
I HEAD LOAD signal is false. When the latched
I HEAD LOAD signal is true, this signal is used
I to indicate that a disc is installed and is
I spinning (i.e. that index pulses are occuring
I more frequently than every 300 msec)
!
-14 STEP I Output, Commands the selected drive to move
|  the head one track in the direction indicated by
I the DIRC signal. (low assertion)
1
DISC CHANGE! Input, Indicates that a disc has been removed
| from or inserted into the drive., Transitions of
I  the write protect switch cause the disc change
I flip~+flop to be set, Thisg flip-flop may be
I cleared by addresssing and strobing the drive
I with DRIVE SELECT, HEAD LOAD, and MOTOR ON
I deasserted. (low assertion)
|
I Output, Specifies which direction the head is
| to be moved by the STEP pulses. The head moves
I dipward (i.e. toward higher numbered tracks)
I
|
i
|
|

when this signal is asserted, (low assertion)

~16 DIRC

READ DATA Input, Serial data read from the drive. This
signal pulses each time a flux transition is

detected by the read circuitry. (low assertion)

2099 3308 2o ssms sewr sess shen 2988 tum sese ysse suee mme e shes suee suse sees sesn smms e S99 Sebe S siew Soew Sues e sems Seee S48 bmmm suse tuee o tove Sedd Sues esm Sess sem IS Smd TMM SAm sems doue ey 4red feke Mesn SuRS sy fare Sase s Seme Sats TUES sias Sue Sene eSS te% Sae S8 semy same feve Sase om Ueee f308 Sass sewe tome TN TS yeer
MESSmSmEmEmmmnSmanmEmmnmImIt m I m I mINmmmEmm IImm NI S mmSRsoomnsmmmammnsmmEmes

— — — o —— —— — —— — — — - — — — —— — —
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it
1

I3
oo i
3 i

i

W

P2/J1 pini8 Qutput, Commands the drive to turn on the
spindle motor. MOTOR ON is latched by the
addressed drive when the STROBE signal is

asserted, (low assertion)

Output, Indicates which side of the diskette is
being read from or written to. SIDE SELECT is
latched by the addressed drive when the STRORE
signal is asserted,

ASSERTED = Head 1 selected

NOT ASSERTED = Head 0 selected

| I
I ]
l |
i |
! /
| |
! !
] |
| |
| |
! !
| I
I |
| |
] |
I Qutput, Write Gate. Enables writing on the |
I selected drive., It is asserted by the FDC chip |
I to turn on the write and erase currents. (low |
I assertion) |
! !
-1 I QOutput, Power on reset, Sets the drive board |
I in a known state following application of power |
I or reception of a soft power—-on from the !
I terminal., The reset state is DRIVE SELECT, |
I MOTOR ON, HEAD LOAD, and SIDE SELECT deasserted |
I In addition, writing is disabled during the !
I assertion of POR. (low assertion) |
| |
| [
| |
| |
] 1
| |
| |
I |
| |
I |
| |
| |
i I
I I
| !
1 I
| |
I |
| |
| i
| I
]

Output, Write Data, This signal is pulsed by
the write circuitry for each transition to be
written on the disc., It is vused in conjunction
with the WG signal to write data on the disc.
(low assertion)

-3 Input, Indicates that the state of the write
protect switch will not allow writing on the
disc. (low assertion)

TROO

-24 Input, Track 0 Indicator, Signals that the
head assembly is positioned on track 0 (the
ovtermost track). (low assertion)

EN2 Not uvused on Controller Module

Input, Enables Controller output driver, This
prevents buffer contention if the controller to
drive cable is connected to the wrong side of
the T-block when connecting a two drive system.

e T e e e e e e e o e e e e e o e e e e e o o (e
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Table 4.1 Drive interface connector (cont’d,)

I and pin No | name ] description 1
‘.;/upmun.cdfmdg“.
[ -28 : GND : Ground common return (power and signals) :
: -9 : +5 Y : + 5 Volts D C Power supply :
: ~30 : GND : Ground common return (power and signals) :
: -31 : +5 V : + 5 Volts D C Power supply :
: -32 : +35 V : + 5 Volts D C Power supply :
: ~33 : GND : Ground common return (power and signals) :
: ~34 : GND : Ground common return (power and signals) :
: -33 : +12 VA : + 12 Volts D C Power supply (Analog) :
: -3b : +12 VA : + 12 Volts D C Power supply (Analog) :
: -37 : +12 V : + 12 Volts D € Power supply (Motors) :
: ~-38 : +12 V : + 12 Volts D C Power supply (Motors) :
: -39 : +12 V : + 12 Volts D C Power supply (Motors) :
: ~40 : +12 V : + 12 Volts D C Power supply (Motors) :

NOTE 2 ¢ The drive interface connector is named P2 on the CONTROLLER

PCA, and J1 on the DRIVE ELECTRONICS PCA. The pin assignment
is the same, except for pins 1 through 4, These four pins
are vused to daisy-chain the address to the second drive. The
address is sent from the CONTROLLER PCA to the first drive on
pins 2 and 4, The first drive then outputs the wmodified

to the second drive on pins 1 and 3. The T-BLOCK

address
shifts these signals to pins 2 and 4 of the next drive
drive also receives the

connector s0 that the second

(modified) address on pins 2 and 4., This allows the
CONTROLLER and NEXT DRIVE CABLES to be wired point to point
(ie, pinl ~-) pinl, pin2 --) pin2, etc.).

All the signals are shown in this table as inputs or ovutputs
for the CONTROLLER PCA (P2). These directions are reversed

for the DRIVE ELECTRONICS PCA (J1).
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Table 5.0 DRIVE ELECTRONICS PCA
Test point connector

Connector Signal | Signal |
! Name | Description ]

3020 5200 oo same S fas 00 e ey savH J0R% s damy some 4000 s come seue tem e suss sa smws riee gmee s seey s duse S teew ot famm e snee smms faes suam Send sems sece e 2070 soms st smms s Sem et soms sees e Shed seas wems same seey Tovt dmsg seee nass deme pene

|

]

|

] !
g2~ 1 | GND | !
| | ! I
| - 2 i TP1 I Test point 1 Filtered Preamp I
| ! | 2 output |
| - 3 | TP2 I Test point 2 (differential) |
| I ] I
| - 4 | TP3 I Test point 3 differentiator [
| | ] 2 output !
| - 5 | TP4 I Test point 4 (differential) i

Table 5.1 DRIVE ELECTRONICS PCA / DRIVE INTERFACE
Head 1 connector (Top Head)

IConnector | Signal } Gignal |
I | Name | Description |

£330 5223 135% 120 seta IR sTen saed sesy sese seer e sues paey $36 et g seme ey Saw Seat fees fese uase Sess $OnS S9N sese SwWS S St mees sese 9% SO0 4300 Seay SO Shse seer suas best o e Sues gams 000 faee e 1307 SURs sasy Seet deee s0e S0an Syed I fmse tase swee $302 SOEY

I J5- 1 I GND I GND wrapped around head leads :
: -2 : ERASE : Erase coil in head assembly :
: - 3 3 R/W 1 : Read/write coil; +first half :
: - 4 : cC.T. : Center tap of head assembly :
: -3 : R/7W 2 : Read/write coil; Second half :

5084 4320 20m% oo su0n o0se S080 $10 tawe saws sess 5008 e Suve Seay SO M 2340 2eus Som TS eus 4000 Somp suse IR0 S7r Aus feme st SSm: Eees iues sere SESs I3 rex see bous SESS Srse S0em Sess sors SIS Sare ity sass Som% s Swss sere rees Sore Ssae bae sess aees S128 Doy sems sess sss simm seee
IR0 T30 IS0 I TN 4D 000 DT IND NN 1IN LD R SR 420M 2NN SR 0 T I R I I L I A I I I R L N S i I N N NN NN AN NN R SN IR IR SN SN N NN S SR SN NN SN AN N S SR N an

13

58 ool
2855~

91

223

/13
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Table 5.2 DRIVE ELECTRONICS PCA / DRIVE INTERFACE
Head 0 connector (Bottom Head)

2438 s2m% mass spn smse e sake ress smu smwe smss seww summ aere taee sesw swwe eos sevw comd Susy sast S60% pues sevs dves Sese e Sure Segs Sess Sews ses sses et fame SeSw sers ese suss soms sess Saed Tew Samg st L SN SES) 2080 Saaw sued T sums fems smw sess sues faee sedu geas sews sber seme Sees
mmsumDmoioonmmumnmmmmImim It m IR I mm e S Im I annn s s s am v

IConnector | Signal I Signal |
| | | cription |
| mmammemman s mmom ] mmanIe o mim NSNS m s ISR AR A anam e |
I J6- 1 ] E | E d assembly |
I | i !
| - 8 | R/7W 1 I Read/write coil; first half |
| | | |
| - 3 | cC.T. I Center tap of head assembly !
i ! | |
| - 4 | R/7W 2 I Read/write coil; second half !
| ] ! !
| - 5 | (GND I GND wrapped around head leads 1
Table 5.3 DRIVE ELECTRONICS PCA / DRIVE INTERFACE
Write Protect 8Switch Connector
IConnector | Signal | Signal |
| I Name [ Description I
l £25% 5307 2078 35 SIS0 SBR 2000 335% ISR 2573 D 22 8530 3007 3% T3 ISSC IS 0T0 303% 03D 0553 I 23N I TD 3N 858 0300 830 8330 S 53 0300 MRS S3E IR U 5 on 0GR I DN amas 0d el JIND DD OeM TEDOIID MDD SIS AR In Im U NI LN I
I J8~ 1 | WPRT I Open when a write protected I
| | I disc is inserted. Grounded !
! | I otherwise |
1 | | I
I -2 | GND I Ground to write protect switch |
| ! I ]
I - 3 | N.C I No connection l
I | | l
| -4 | N.C. I No connection |

13255-91223/14
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Table 5.4 DRIVE ELECTRONICS PCA 7/ DRIVE INTERFACE
Drive Select LED Connector

1Connector | Gignal | Signal |
| ] Name ! Description [
' 3800 I3 IS5 1000 330 1320 33322 1502 1003 SUIG IR 208 3500 453 ISTN 000 5300 LI53S007 1253 2533 3587 C807 SaIy 050 53R ST 1533 SN0 INET U053 55D % 2020 IR 350 3530 1% SI00 IR IUNS 53 ISS3 IIND %8 I3 S3ND san v MmvE T NS oo "-::7“.:“::2’-22:'
! b e !
P J9- 1 I DRIVE SELECT | Cathode of the DRIVE SELECT ILLED [
I | | 1
1 - I ACTIVITY LED | Anode of the DRIVE SELECT LED |
| | | |
| - 3 I N.C, I No connection !
} ] | |
| 4 I N.C. I No connection |
Table 5.5 DRIVE ELECTRONICS PCA / DRIVE INTERFACE
Index Hole detector Connector

Signal | Signal
escription

PO

mmaniismonanan I NN it

Anode of index INFRARED emitter

§

i
i
#
i

Collector of Photo transistor
saensor

GND | Ground to INFRARED emitter

£307 2988 Za0% smee seee erm nene semk S sose sese ruer e sewy vuae ssme sy s Iren SN R OTDE SONG IINN DIN ST 33T SIS IISS 1523 SO IEID RIS DONR D3M% ISTT IR IST INIE IDN% 89S SRS DN I3 5348 3588 Inie IR S04 se3m 1pme seer mees sese e seap sves sees Swes seny sese sake oure swe e

P1223/715
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DRIVE ELECTRONICS PCA / DRIVE INTERFACE
Track 0 Switch Connector

! Signal |

1 Description I

mammnmInsnImamInIn AN SN N I an I R R s I an an m an mn I S e s 2N I l

| |

I Normally open, Grounded when head |

I is on track zero |

| Normally connected, Open when |

I head is on track zero |

I No connection ]

1 |

I Ground to Track 0 switch I

Table 5.7 DRIVE ELECTRONICS PCA / DRIVE INTERFACE
Stepper Motor Connector

iConnector | Signal ! Signal |
| | Name l Description !
‘ o mm RN NN NN NN N NN N I N N S I N s N A R N S A s s AN S I s R S S s R s R I R R s e '
I Ji2- 1 | PHASE 4 I Phase 4 of stepper motor |
] ] | |
| - a2 [ PHASE 2 I Phase 22 of stepper motor !
] I | |
| -3 1 PHASE 1 I Phase 1 of stepper motor |
] ] ] ]
| - 4 ! PHASE 3 I Phase 3 of stepper motor |
! ] | |
| 5 ! +12 V I Common to all phases of stepper |
| | I motor 1
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Table 5.8 DRIVE ELECTRONICS PCA / SERVO BOARD INTERFACE
Servo Roard PCA Connector

MOTOR ON

J13- 1 Turns spindle motor on  (low true)

N.C. No connection

= —— ——————— =y

] |
] !
| |
] ]
- 3 I GND I Yervo PCA Ground
| |
] |

- 4 t+12 VY +t12 ¥V to Servoe PCA supply

13

-y IL‘;

fooa 804

G-1223/17
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OF OPERAT
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i1

“LOPPY

Refer to the Block Diagram (Figure 1), schematic diagram (Figure 18),
component location diaqgram (Figure 19), parts list (02640-60223), and
other figures, located in SECTION 7.0,

Throughout this section, components will be referenced according to
their designators in the schematic diagram (Fig 18). Functional blocks
in the HBlock Diagram (Fig 1), are referenced with numbers in paren-
theses; example: Z8B0-A CPU (3), RAM RUFFER (3.

FUNCTION

The function of the MINIFLOPPY CONTROLLER MODULE is to interface the
13272 MINIFLOPPY DISC DRIVE to the 264X Terminal, The DISC DRIVE
contains all the circuits to perform the transformation from digital to
analog pulses during write operations, and from analog to digital
during read operations.

The minifloppy controller is a single 264X size board, The controller
employs a Z-80A processor with 1 Kbytes of RAM, B Kbytes of ROM, and a
Floppy Disc Controller (FDC) chip (Western Digital 1791-02 compatible).
A single 40 conductor cable connects the controller board to the
external drive unit(s), This cable provides power to the unit(s) and
all of the interface control and data lines, In addition, the shield
is vsed to send earth ground to the external drive package,

The controller is comprised of three sections: the processor, the drive
interface, and the terminal interface. The Z-80A processor provides
the intelligent link between the drive and terminal interfaces, It
accepts high level commands (e.q. seek, read, write, etc.,) from the
terminal operating system and executes command routines with the help
of the FDC chip. The Z~80A also performs a self-test of the minifloppy
system,

The drive interface section is made up of the 1791 FDC chip and the

data encoder/decoder, The FDC chip is a specialized LSI chip that
replaces much of the discrete logic necessary in a floppy disc
interface, The FDC accepts command and data bytes from the Z-80A and

generates the control signals needed by the minifloppy drive., The FDC
controls CRC generation and checking, calculates write precompensation,
and performs seeking, reading, writing, formatting, and wvarious other
functions, Together, the Z-80A and 1791 FDC form a high throughput (31
Kbytes/sec) data channel., This data transfer rate cannot be fully
utilized in the 13272 system because of the 1 Kbyte/sec. limitation of
the terminal operating system,
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3.1.2 READ AND WRITE OPERATIONS

Read and write operations are performed on SECTORS on the disc. Each
SECTOR is 256 bytes long.

During a write operation, the 8 bit bytes to be written on the disc are
transfered by the Terminal PROCESSOR from the Terminal DISC RUFFER to
the MINIFL.OPPY CONTROLLER MODULE Backplane Interface. The Z80-A CPUC3)
transfers each byte from the Rackplane Interface(l) to the RAM
BUFFER(S), Then the Z80-A CPU{(3) transfers the data from the RAM
RUFFER(S)> to the FLOPPY DISC CONTROLLER CHIP(?), which performs a
parallel to serial transformation on the data. The FLOPPY DISC
CONTROLLER (7) converts the data into a series of pulses, according to
the Modified Frequency Modulation (MFM) code,

The WRITE PRECOMPENSATION circuit(9) then modifies the timing of the
data pulses to reduce the effect of bit shift which occurs during the
write/read process., Each WRITE DATA PULSE causes the DISC DRIVE to
create a magnetic flux transition on the disc.,

During a read operation, the DISC DRIVE sends a serial pulse stream to
the MINIFLOPPY CONTROLLER MODULE. Each READ DATA PULSE corresponds to a
magnetic flux transition on the disc.

The CONTROLLER decodes this serial pulse stream into 8 bit bytes, The
FLOPPY DISC CONTROLLER CHIP(7) performs this function, using the READ
CLOCK (RCLK) signal. The PHASE LLOCKED LOOP (8) generates the READ CLOCK
by locking to the READ DATA PULSE stream. Each byte reconstructed by
the FDC(7) is read by the Z80-A CPU(3), and written in the RAM
BUFFER(S) ., The CPU(3) then transfers these data bytes to the FRACKPLANE
INTERFACE(1), where they are read by the Terminal PROCESSOR.

3.1.3 PARTITIONING OF THE MINIFLOPPY CONTROLLER MODULE
The MINIFLOPPY CONTROLLER PCA can be described as ten functional

blocks., The following sections describe each of them in detail (see
Figure 1 —~ MINIFLOPPY CONTROLLER PCA BLOCK DIAGRAM)

1- Rackplane Interface ==) TERMINAL INTERFACE
&= Clock Generator )
3 CPU )
4~ ROM )==) PRQOCESSUOR
S~ RAM )
)

6~ Memory and 1/0 address decoders

7- Floppy Disc Controller )
8- Phase Locked Loop )
?- Write Pre-Compensation )
10— Drive Interface Drivers / Receivers )

==) DRIVE INTERFACE
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The interface between the Terminal Processor and the MINIFLOPPY
CONTROLLER MODULE is a set of four registers. The two input registers
are DATA IN (U23) and COMMAND (U33)., The two registers which output
information to the terminal processor are DATA O0UT (U43) and STATUS
(Us3) .,

MODULE SELECTION

The CONTROLLER PCA address dis I/0 MODULE 15, When the module is
addressed, the state of ADDRO, ADDR1, and WRITE determines which
register or function is selected (U34), The following table summarizes
the terminal interface registers,

Table 6.0 Terminal interface register addressing

I stoNALREG. 1 1
I SELECTED I READ/WRITE | ADDRESS i
oAt IN 1 WRITE 1 8Foo ]
e e
: .......;;;.8;..._‘.«..‘..‘-_.... : ......&F.e.:,[.;';...».« : ..............5;55........_... 'l
e B 7 e
e R
e et
T

POLL and ATN2

When the MINIFLOPPY CONTROLLER needs service from the terminal proces-
sor , the Z80-A writes 1/0 register EO0 (see appendix D). This sets the
interrupt flip~flop (U41), and asserts ATNZ on the backplane. When the
flip=Fflop is set, the CONTROLLER asserts bit & during & "polled
interrupt identification” operation, The interrupt flip~flop is cleared
by the terminal processor writing to memory address BF03 (see table
above).
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INPUT REGISTERS

The DATA IN register (memory address 8F00) is used by the terminal
processor to transfer data bytes to the CONTROLLER. When the register
is written, a handshake flip—~flop (U42) is cleared, indicating to the
Z80-A (I/0 address 80, bit 0) that a data byte may be read. When the
Z280-A reads the byte (I/0 address 60), the handshake Fflip~-flop is
automaticaly set.

The COMMAND register (memory address 8F01) is similar to the DATA IN
register. The handshake flip-flop (U41) is cleared when the register is
written, and can be read by the Z80-A as I/0 address 80, bit 2, When
the 2Z80-4 reads the command byte (I/0 address 40), the handshake flip-
flop is set.

OUTPUT REGISTERS

The DATA OUT register (memory location 8F00) is used by the CONTROLLER
to transfer data byte% to the terminal PROCESSOR., When the register is
written by the Z80-A (I/0 address 80), the handshake flip-flop is set,
indicating to the terminal (Memory address 8F01, bit 7) that a data
byte may be read, When the terminal PROCESSOR reads the register
(memory address BF00) the handshake flip-flop is auvtomaticaly reset,

The STATUS register (memory address 8F01) is used by the CONTROLLER to
transfer status information to the terminal PROCESSOR., The ZB0-A writes
inte this register as I/0 address A0, When the terminal PROCESSOR reads
the STATUS register (memory address 8F01), the ouvtputs of buffer US2
are enabled on the terminal backplane data bus, This allows the
terminal PROCESSOR to read the handshake flip~flops in the same
operation,

The three handshake bits (U42 and US2) are initialized by the 2Z280-4
writing I1/0 address (€0, The table below summarizes the resuvlt of this
operation,

WRITTEN IN THE
Co MMAND RLG[qTEQ

Table 7.0 Handshake bit description

I Handshake | Z80-A I/0 | Terminal | Meaning of | Indication |
| I reg. 80 I mem. add.| RESET statel !
I I bit # 18F01, bit#! | I
T I I I N R N O NN M N N N SN NI NN I s I S En I I I s s S SN I N s NN s G I m Em mn nmm s an m mm n un Nl
I DATA IN ] 0 i 6 | FULL. I TERMINAL HAS !
1 ] | | I WRITTEN IN THE DATA |
[ i 1 i I IN REGISTER. l
1 | ] 1 | ]
I DATA OUT | 1 | 7 | EMPTY I Z80-A HAS NOT I
| ) | ! I WRITTEN IN THE DATA |
| | | | I OUT REGISTER, |
! i 1 | 1 |
I COMMAND | 2 | 5 ! FULL I TERMINAL HAS |
! [ ] ] 1 |
| | I | i |

i
i
i
11
i
i3

i
i
it
ii
i
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PROCESSOR

[WmEmanLaz

Zg0-A CPUC3)

The MINIFLOPPY CONTROLLER MODULE uses a Z80-A CPU chip (U12) as the
central processing element,

The uvse of moderate access time devices, like the ROM(U14) and the
FDC(U18)Y, is made possible by adding one WAIT STATE to every OP CODE
fetch cycle (M1), and every I/0 REQUEST (JORQ) cycle. The maximum
access time allowed dis 600 ns. This function is performed by the
"WAIT QTATE MACHINE" (U211, U111, u22).

The Power-on reset circuit (U212, U028, C39, R21, and CR10) asserts the
INPOR line for aproximately S50 ms after power—on., The SPON (SOFTWARE
POWER~ON) line allows the Terminal software to force the controller
into the POWER-ON RESET state, (see Section 3.2.1)

The ZB0~A may be interrupted by the floppy disc controller (INTRQ) or
by the missing pulse signal from the selected drive. It determines
which source is interrupting by reading the Potpourri register (I/0
address 20) . See section 3.4.1 for more details on these interrupts,

ROM (4)

The MINIFLOPPY CONTROLLER MODULE program is contained in an 8K X 8 bit
ROM (U14),

RAM (S)

The 1 KRYTE RAM memory on the CONTROLLER MODULE is composed of two
1K X 4 bit static RAM chips (Ulé and UR26), This memory is vsed by the
Z80~-A CPU for variable storage and data buffering.

CLOCK GENERATOR (2)

The basic 16 MHZ clock is provided by a crystal oscillator (U&1),
The 16 MHZ clock signal is gated by two NAND gates (U36). This
provides the capability of disabling the internal clock (test point
E2), and supplying an external clock signal on test point E1,

The 741.8163(U24) counter divides the 16 MHZ clock to create BMHZ, 4MHZ,
and 1MHZ clocks., The 4MHZ clock is uvsed by the Z80-A CPU, The Write
Precompensation c¢ircuit vses the 8 and 1MHZ clocks, and the FDC(U18)
vees 1MHZ only,

The Z80-A CPU clock input requires a VOH (min) of 4.2V, with rise
and fall times of less than 15 ns when operating at 4MHMZ, The tran-
sistor circuvit (G19,R3,R4,RS, and C1), in parallel with the NAND
driver (U22), reduces the rise time of the NAND gate, while resistor
R2 ensures the minimum high clock level.
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MEMORY AND 1I/0 ADDRESS DECODERS (6)

The memory address decoder circuit (U21, U22, U311, and U32) generates
the €% (CHIP SELECT) signals for the ROM and the RAMS.

The following table summarizes the locations of memory:

ROM 0000H to 1FFFH
RAM  4000H to 43FFH

Two 74L.5138 DEMULTIPLEXERS (U227, U17) are vused to decode the 1/0 select
lines., U227 selects which output device is being written to, and U17
selects which input device is being read from.

The ERROR DISPLAY REGISTER (U37) and the LED ARRAY (CR1), are vused to
display the current CONTROLLER STATUS. In addition, the track number
is displaved during formatting, and the test number is shown during
SELF-TEST., Refer to APPENDIX C for the self test LED codes.

Eit % of the ERROR DISPILAY REGISTER is used as MASTER RESET for the
FOC(U18)Y and DRIVE BOARD INTERFACE, This allows the Z80-A CPU to
separately reset all DRIVE related functions under software control, It
also allows extending of the POR pulse for the FDC,

The Ffollowing table summarizes the addresses of the Z80-A 1/0
raegisters,

Table 8.0 Z280-A I/0 reqister addresses

I I/0 address | Read | Write I

| 00 I FDC STATUS | > COMMAND |

| 0 1 I FDC TRACK I FD( TRACK I

| a2 I FDC SECTOR | FDC SECTOR |

l 03 I FDC DATA I FDC DATA I

I 20 I POTPOURRTI I STOP DSA (NOT USED) |

] 4 0 I COMMAND I ERROR DISPLAY !

| 6H 0 I DATA IN I DRIVE 3 FUNCTION |

i 6 1 ] e 1 DRIVE 2 FUNCTION !

[ 6 2 I e I DRIVE 1 FUNCTION l

! 6 3 ! e I DRIVE 0 FUNCTION l

! 8 0 I HANDSHAKE I DATA OUT |

| A D ! e I STATUS |

| Co I START DSA (NOT USED) |  INITIALIZE HANDSHAKE |

i E 0 i S I SET 8YST INT, (ATNZ) |
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F

e
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i

TVE INTERFACE

i —

i

i

See also Table 4.1 in Section 2.0, for signal description.
DRIVE INTERFACE DRIVERS AND RECEIVERS (10)

There are 12 output lines on the Disc Interface. Eight of them are the
outputs of a 74L6240 (U210) 3J-statrte octal buffer: DAO, DAL, DRIVE
SELECT, MOTOR ON, HEAD LOAD, SIDE SELECT, STRORBE, and STEP. STROBE is
asserted when the ZB0-A writes to 1/0 addresses 60-63, STEP is an FDC
Qutput., DRIVE SELECT, MOTOR ON, HEAD LOAD, and SIDE SELECT are DATA
BUS bits 2 to 53 DAO and DAl are ADDRESS RBUS bits 0 & 1,

The outputs of the buffer (U210) are enabled whenever EN1=RG=WG=0, ENI1
(P2-26) is connected to ground on the DRIVE ELECTRONICS PCA. They are
disabled (U211) when either READ GATE or WRITE GATE is asserted,
indicating that a read or write operation is being perforned on the
DRIVE, This suppresses the noise transmited to the DRIVE by the
buffered DATA BUS and ADDRESS RUS  lines. A resistor network (R20)
provides the necessary pull up to prevent the lines from toggling when
U210 is disabled,

The WRITE GATE (WG) signal is buffered by a 3-state buffer (U29)., It is
disabled when the READ GATE (RG) is asserted, The DIRECTION CONTROL
(DIRCY, WRITE DATA (WD), and POWER ON (POR) signals are buffered (U29)
and alwavs enabled.

Each of the 8 Input lines from the DISC DRIVE to the CONTROLLER MODULE
i  connected to a 74LS14 SCHMITT trigger inverter, with a 10K resistor
pull up. This increases the noise margin on the logic levels transmited
through the CONTROLLER TO DRIVE CAEBLE.
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The POTPOURRI REGISTER (U110) is a buffer which allows the Z80-4 to
sample the state of eight signals., Table 9.0 summarizes this register,

Table 2.0 POTPOURRI register description

IBit #1 Assertion | Description 1
! I state | |
b0 HIGH I WRITE PROTECT, Write protect tab is installed on 1
| | | disc in selected drive, I
| I | |
1 L.OW I FDC DATA REQUEST, A data byte is available during |
| ] | a read operation; a data byte is required during |
| | | & write operation, |
! | | l
a2 | L.OW I FDC INTERRUPT REQUEST, Asserted by the FDLC when i
| | I it completes a command. |
! | I I
I3 | HIGH I DISCIDO (head unloaded on selected drive), LGSR |
| | | of the disc drive identification code. |
| | 1.0W I MISSING PULSE (head loaded on selected drive) , |
! I I Disc in selected drive is not spinning. I
| ] | I
4 HIGH I DISCID1 (head vnloaded on selected drive) , 1
| | | Middle bit of the disc drive identification code. |
] | ! |
% i HIGH I DISCID2 (head unloaded on selected drive) , MSR |
! ] I of the disc drive identification code, |
| 1 HIGH I 9 uSec (head loaded on selected drive) , Data |
| ! | pulses are occuring at least every 9 ulec., Used !
| | I during write/read self test. |
| | ] |
N | HIGH I SBELF TEST jumper installed |
| ! ! |
7 1IGH I LOOP DSA test point grounded (not used) |
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FLOPPY DISC CONTROLLER (7)

The FLOPPY DISC CONTROLLER (U18) performs the functions of Floppy Disc
Formatter and Controller. It is composed of two primary sections: the
parallel Processor Interface, and the Floppy Disc Interface,

The Processor Interface uses the 8 bidirectional DATA lines, Two
address lines A0 & Al, with the READ ENABLE (RE) and WRITE ENABLE (WE)
signals, provide access to % internal registers, These registers

contain DATA, COMMAND, SECTOR NUMBER, TRACK NUMEBER, and 8TATUS
information, The DATA RERQUEST (DRR) signal tells the Processor that a
full 8 bit word has been received (sent) during a READ (WRITE)
operation., INTERRUPT REQUEST (INTRQ) is used to signal the processor
orn completion of each command.

The Disc Interface section contains the logic to control the DISC
DRIVE,

Table 10.0 Disc Interface signals on the FDC

Outputs | Description l

Ses rees mene 1es aute cns sous bos weat sone 404 S450 smad are a1n wmes seae sues awes mwd seus sess eere Sesh (ESH Sebs Sweg sees 4 Semd Fris Sas en4s AD Sebe BHEF S iw SESS Weme Gy Te4e BHH IONS SOmS LILP SEN Shed S18% 604 4res A4S oves Lhes SEN4 LeSh 108 SeS Seta Smas SERE Mmma 11RO 40D Peve TOR best

WG

Write Gate

WD Write Data

Step pulses to the Drive’s stepper motor moving ‘the
head assembly

STEP

DIRection Control, controls the direction of the
head assembly motion,

DIRC
RG Read Gate

EARLY Control for the write pre-compensation circuit

Control for the write pre-compensation circuit

i

Description

i
H

P em | e e e o - - — o —

Inputs

3
i
1
1
3
1
i
i
i
1
i

RAW READ Serial pulse stream from the disc drive

RCLK

Ip

Read Clock, generated by the Phase Locked Loop
Index Pulse indicator

WPRT Write Protect switch indicator

READY Drive Ready indicator (DISC CHANGE signal)

Track 0 Indicator, indicates that the disc drive’s
head assembly is positioned on track number 0.

TROO

|
|
I
|
|
!
!
|
!
|
!
|
|
|
|
| LATE
|
!
i
l
|
]
|
|
|
]
|
!
|
|
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WRITE PRECOMPENSATION (%)

Write precompensation is a technique that is used to reduce the
effects of bit shift (see Fig 2), Data pulses are time shifted prior to
heing written, in the direction opposite the anticipated bit shift., The
FDC provides the EARLY and LATE signals, which are used to perform the
write precompensation, The internal algorithm for the precompensation
ie described in the following table.

Table 11.0 Internal Write Precompensation algorithm

[ Already | Sending I To be sen | Precompensation (MFM) |
! sent } | | required |
| I | I ] |
| X | 1 I 1 | 0 | EARLY 1
| i i | | !
I X | 0 ! 1 | 1 | LATE |
[ ! I I 1 !
| 0 | 0 [ ] | 1 ] EARLY !
| | I | | ]
! 1 i 0 | ] | 0 ! L.ATE |
| | [ ! | |

X = don’t care
ALl other combinations = NO Precomp (nominal)

In order to eliminate the effect of jitter in the FDC WRITE DATA gene-
ration circuvitry, each WRITE DATA (WD) pulse is resynchronized (U4%5)
with the 1 MHZ clock prior to precompensation., This delay necessitates
latching the EARLY and LATE signals from the FDC for later use, The
rising edge of WD clocks the values of LATE and EARLY into fFflip-flops
(U39, At the same time, WD presets the first U435 flip-flop. The next
high to low transition of 1MHZ clocks a "1" into the second U45 flip-
flop, A high level is then present at the serial input of the L&164
shift register (U48), which is clocked with the B8MHZ clock, This
creates a 250 ns pulse which propagates through the shift register with
a 125 ns time difference between each output, The latched EARLY and
lLLATE signals are used to select the appropriate shift register output
for the serial pulse stream (QA=EARLY, QB=NOMINAL, QUC=LATE).
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3.4.4 PHASE LOCKED 1.00P (8)

3.4,4,1 Introduction

The Phase Locked Loop (PLL) is the most critical part of the DATA
DECODER., It is responsible for creating a clock signal in phase with
the incoming READ DATA pulses., The FDC (U18) uses this phase informa-—
tion to decode the MFM encoded data. For a given READ DATA signal
gquality (noise, jitter, etc...), the PLL accuracy determines the
quality of the data recovery operation., It must be able to LOCK on the
input pulses, and TRACK slow wvariations in the input pulse period
(disc rotation speed variations),

The PLL contains three (3) major functional blocks: the Voltage
Controlled Oscillator (VCO), the Phase Detector, and the Synchro
Detection & Locking Logic,

The VCO generates a free running frequency of about 470 KHZ, The
Synchro detection & Locking logic detects the SYNCRONIZATION FIELDS in

the pulse stream, and issuves the FAST LOCK, RESET, and CILLAMP signals to
the Phase detector and VLD, The Phase detector generates the control
voltage +or the VCO, It compares the relative phases of the VCO and
the data pulses, and changes the control voltage so that the VCO 1is
locked to the phase of the READ DATA pulse stream., The output of the
VCO is divided by two to create the READ CLOCK (RCLK) signal which the
data separator inside the FDC uses to recover the encoded data,

See Figures 3 to 7 for block diagrams, operation, and timing diagrams
of the PLIL.,
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3.4.4,2 Voltage Controlled Oscillator

The VCO contains three sections: a Ramp Generator, a Comparator with
hysteresis, and a Voltage/current converter. The operation of the
circuit can best be described by analyzing the two states of the
oscillator output,

First, assume that the oscillator output is low (Figure 74). 014 is
OFF, and Q15 is ON. Since (14 is OFF, Q12 and Q13 are also OFF,
Current Il through Q1% and Q16 discharges capacitor C34. When the
voltage on C34 reaches the low-going threshold of the comparator
hysteresis (2.4 V, set by R13, R14), the comparator output switches to
a high level,.

When this happens (Figure 7R), the base of (114 is one diode higher than
the base of Q13 , Q14 is ON, and Q15 is OFF. Now current 11 flows

through @12, 814, and Q16. Q12 and Q13 are connected in a current
mirror arrangement; if I1 flows through Q12, the same current {lows
through Q13. This current charges capacitor C34, When the voltage on

C34 reaches the high-going threshold of the comparator hysteresis ( 5V)
the comparator output changes state, returning to the low level.

The frequency of the oscillator is set by the valves of the hysteresis
levels, current I1, and the value of capacitor C34:

I1

-P F53 4400 Fa0e onts bemm 1ot Hess S0kt Soss She Fibe ams vtn Buse 0me sbrm mbus Sebe sbre seme Sere arme

2 (Vhmax - Vhmin) £C34

The control current Il is generated by the V/I converter Q17, @16, and
R38. The dinput to this V/1 converter is the output of the Phase
Detector filter,

The circuit formed by Q10, Q11, and Q18, sets the control voltage on
C37 when the loop is reset,. When RESET is asserted, Q11 is OFF,
keeping the JFET Q10 ON, The voltage on the collector of QI8 (~5,2 V)
is then applied to C37 through the small Ron of the JFET. This voltage
is converted to an Il value which sets the FREE RUNNING FREQUENCY of
the oscillator (about 470 KMZ), This frequency is chosen to be close to
twice the expected data freguency,

When RESET is not asserted, Q11 is ON and Q10 is pinched OFF, In this
state the filter voltage is allowed to move in response to correction
currents from the Phase Detector.

The CLAMP input to the VCO allows the Synchro detection & lLocking logic
to stop the VCO , and then restart it in phase with the incoming data
pulses (see Section 3.4.4.4),



13272 FLEXIELE DISC SYSTEM, 13255-91223/30

3.4.4,.3 Phase Detector

The Phase Detector generates the control voltage vused by the VCO, To
perform this function, it receives three inputs: the window pulses, the
ramp signal from the VCO, and the output of the VCO, The ramp voltage
is buffered by a darlington-connected emitter follower (Q2 and Q3). The
triangle voltage at the emitter of Q3 is converted idinto a triangle
current through Q4 and Q5,

The Phase Detector functions only during the 250 ns window created by
the delay line as a result of a READ DATA pulse,

The operation of the Phase Detector will be described in the same way
as the VCO, assuming that the window signal is asserted (high). When
the oscillator output is low, Q6 is ON, and @7, Q8 and Q9 are OFF.
Current 1I2, set by current source (4, flows through Qé and charges
capacitor C37 (IF = I2)., When the oscillator ovtput is high, Q&6 is OFF,
and R7, A8, and RY are ON, Current I2 flows through R4, Q7, and Q9. The
current mirror @8-Q9 forces the same amount of current ¢ ~IF ) to flouw
through QB, discharging capacitor C37.

When the PLL is locked to the data stream, the 250 ns window resuvlting
from the READ DATA pulse is centered around the lowest point of the
ramp signal in the VCO (Figure 5A), The current into capacitor €37, is
shown in Figure %K. When the voltage ramp slope is negative, IF is a
charqging current; when the voltage ramp slope is positive IF is a
discharging current. The amount of charge transfered to or from C37 is
proportional to the area of the shaded triangles on Figure 5K,

If the input data pulse is not centered around the ramp minimum point
(i.e. it is not in phase with RCLK), the frequency of the oscillator is
modified so that the next data pulse will have less phase difference
with RCLK, Figures SC and SD illustrate this frequency modification., If
the data pulse is late (Figure 5C), the discharge time is greater than
the charge time, so0 that the net charge into C37 is negative., The
control voltage to the VCO decreases, I1 decreases, and the slope of
the ramp signal decreases. This reduces the frequency of the VCO.
Figure 5D shows the net positive current into the filter resulting from

an early data pulse.

Recavse of the integration of the filter, the action of the Phase
Detector is not instantaneous. It averages over a large number of data
pulses to modify the VCO control voltage. Because of this, it tracks
the slow disc speed variations without tracking the data pulse jitter,
which could lead to read errors.

During data reading the Phase Detector gain is set by the current
flowing through current source (4 (TRACKING gain wvalue). During
LOCKING it is desirable to increase the Phase Detector gain to reduce
the lockup time. This is done by the FAST LOCK signal, which allows
current source A5 to sum in parallel with Q4. When FAST LOCK is asser—
ted, the Phase Detector gain increases to the LOCKING valuve, which is
five times the TRACKING valvue,
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3.4.4.4 Synchro Detection and Locking logic

The purpose of this circuit is to detect the SYNCHRONIZATION FIELDS
(SYNC  f+ields) in the serial data pulse stream, and to provide the VCO
with the signals necessary to LOCK to the data pulses in the SYNC field
(See Figures 6 and 7)., In the format used in this system, a SYNC field
is composed of 12 bytes of "00" HEX, which is encoded as equally spaced
transitions in MFM coding (4uSec period). See MFM patterns, Figure 12,

The phase locked loop continuvally attempts to lock on the data pulse
stream, The Synchro Detection and Locking lLogic resets the loop if any
of the following conditions becomes true:

1) The separation between data pulses is >= 0 ulec and READ GATE
ig not asserted (the current data is not a SYNC FIELD),
2) The FDC does not assert READ GATE within 10 bytes of the
beginning of the SYNC FIELD (the FDC does not intend to read),
or 3) The FDC deasserts READ GATE sometime after the 10th byte
(the FDC has completed reading or did not find the address
mark) .

The operation of the synchro detection & locking logic can be described
by looking at the sequence of events starting with the occurence of one
READ DATA pulse. Assume the following starting conditions:

a) READ DATA is not asserted (the pulse has not arrived yet),
b) /R Fflip~—~flop U35 is reset (output low),
c? Shift register U3 is cleared,
d) FAST LOCK is asserted,
@) RESET is asserted,
and f£) CLAMP is not asserted,

Refer to the schematic (Figure 19), the Synchro Detection and Locking
l.ogic Block diagram (Figure &), and the Clamp and Locking Timing
diagram (Figure 7.0).

Each delayed (250 nSec) READ DATA pulse clears shift register U62. If
U62 is clocked by the 1 MHZ clock 5 times without being cleared, the
period between data pulses is greater than 4 vSec. Therefore, the field
currently being read is NOT a SYNC FIELD., Qutput QE of U&2 going high
clears counter U464 and sets the S/R flip-~flop U35, This clears shift
register U63. The synchro detection circuit is then completely reset,

If the QE output of U62 is never asserted (i.e, the data pulses are
{ HuSec apart), each data pulse clocks the 4 bit counter U446, Each 16
data pulses (2 bytes), shift register U63 is clocked. After two bytes,
RESET is deasserted. At this time, the CLAMP signal (U59) is asserted,
reseting the phase of the VCO., The next data pulse clocks a "1" into
flip~Fflop U4Y, deasserting CLAMP., The VCO ramp is released with a well
defined phase relation with the incoming READ DATA pulses. This
completes the fist part of the locking process,
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At this point, the VCO still oscillates at the FREE RUNNING FREQUENCY,
The Phase Detector extracts the phase information and modifies the
control voltage to the VCD for the next 8 bytes, During this period of
time FAST LOCK is asserted, and the Phase Detector gain is at the
LOCKING value. After 10 bytes, output QF of U63 goes high, deasserting
FAST LOCK. This reduces the Phase Detector gain to the TRACKING value.
By this time the FDL (U18) will have asserted the Read Gate (RG) signal
if it intends to read. This forces the reset of 8/R flip~flep U35, so
that shift register U63 cannot be cleared again. When the FDC finishes
reading the ID field or DATA field, READ GATE is deasserted. This
allows the SYNCHRO DETECTION LOGIC to reset itself. If RG has not been
asserted by the twelfth byte of the sync field, output QF of Ub3 goes
high and sets the S/R flip-flop U35, This clears shift register Ub3 ,
and the synchro detection logic is reset,

2
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DRIVE ELECTRONICS PCA THEDRY OF OPERATION
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Refer to Fiqure 8 for the MINIFLOPPY DRIVE ELECTRONICS PCA block
diagram, Figure 20 for the schematic, Figures 9 through 11 for timing
diagrams, and Figure 21 for the component location diagram. All are
located in SECTION 7.0,

GENERAL OVERVIEW

T 2528 g T S amee seas tomm e soee ates sekm smes séns weme e

The MINIFLOPPY DRIVE ELECTRONICS PCA consists of three major blocks:
the CONTROL LOGIC, the WRITE CIRCUIT, and the READ CIRCUIT., The WRITE
CIRCUIYT creates magnetic transitions on the disc by switching current
through the read/write head coil. These transitions are converted back
to digital form by the READ CIRCUIT., The CONTROL LOGIC supports these
and other essential functions such as index hole detection, head
positioning, and track 0 poesition sensing.

Eoth the encoding and decoding of the digital data is performed by the
MINIFLOPPY CONTROLLER module.
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CONTROL LOGIC
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UNIT ADDRESS DECODER

The controller/drive interface allows independent function selection
for each drive., When the Z80-A on the MINIFLOPPY CONTROLILER module
writes to one of the drive function registers, the addressed drive
latches the information on the deassertion of STROBE, The "addressed
drive" (U24~1) is the drive which receives an INPUT ADDRESS of 00,

NEXT DRIVE ADDRESS GENERATOR
The NEXT DRIVE ADDRESS GENERATOR modifies the INPUT ADDRESS +to create

the OUTPUT ADDRESS. The OUTPUT ADDRESS is connected to the INPUT
ADDRESE of the next drive by the T-~BLOCK (see Section 6.,0), This

alteration of the drive address as it propagates down the daisy chain
assures that only one drive will be the "addressed drive', even though
all drives are decoding for an INPUT ADDRESS of 00. The following
truth table summarizes the function of the NEXT DRIVE ADDRESS
GENERATOR :

Table 12.0 Next Drive Address Generator
truth table

s Moss Bms 0ss 9000 Sens sean £4s4 Sats Sos sont Sese 4ok S4mn 00rs S0 Sosd BURS B0rt B4 Sebs 4ims S0ms S00S S4be 0S8 Sece Sess BeRE S5uh SRS BS4S 4D bete Sonm Shie boss

I INDA1 | INDAO | OUTDA1 | OUTDAOD |
| 0 | 0 i 1 ! 1 !
| 0 { 1 | 0 ! ¢ !
| 1 | 0 | 0 ] 1 |
| 1 | 1 | 1 | 0 |

It should be noted that the progagation delay through the NEXT DRIVE
ADDRESS GENERATOR (45 nSec. max.) increases the required DRIVE ADDRESS
=) STROBE setup time as additional drives are added to the daisy chain.
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FUNCTION SELECT LATCHES

Four FUNCTION SELECT signals are latched on the deassertion edge of the
STRORE signal: DRIVE SELECT, SIDE SELECT (U13), MOTOR ON, and HEAD LOAD
(LU23), The outputs of these latches are used on the board to define
the state of the drive. This gives the controller the flexibility to
perform some simuvltaneous operations (e.g. both motors spinning for
disc-to-disc copying) and some staggered operations (e.g. wmotor turn-
on) on two drive systems., Since the unlatched function select signals
are not wused on the board, any reference to these signals is intended
to mean the latched signals.

The "selected drive" is the drive on which DRIVE SELECT is asserted,
This is the drive which is chosen for reading, writing, seeking, or
returning status, Only the "selected drive" enables the output buffers

which drive the signals that are wired in parallel on the
drivescontroller interface, A drive may be deselected in one of two
ways: 1) the controller writes an explicir deselect command to the

drive, or 2) the controller writes a select command to another drive.
Circuitry (U62, 63) was included to deselect the drive when another
drive was selected to avoid buffer contention on the interface. DRIVE
SELECT ig also buffered (U22) to drive the front panel LED,

The state of SIDE SELECT determines which head is biased in the active
state (read or write)., When SIDE SELECT is asserted, HEAD 1 (the top
head) is active.

When MOTOR ON is asserted, the servo board is commanded to start the
spindle wmotor and regulate its speed. The starting of the spindle
motors in the two drive system is staggered to reduce the peak current
requirements of the system,

HEAD LOAD is normally used to control a solenoid which lowers the top
head on to the disc, Since the top head is loaded when the door is
tlosed on the Tandon drive, this signal has no wmechanical effect.
However, it is used to multiplex between the DISC ID CODE (head
unloaded) and two status signals (head loaded). See Section 4.2.4 for
more information,

The assertion of the POWER-~ON RESET signal idnitializes the function
select latches to the following state:

Table 13%.0 State of the Function Select Latches
after initialization

! Gignal | State I

I DRIVE SELECT | Deselected }
I HEAD LOAD I Unloaded |
I MOTOR ON I Deasserted |
! i

SIDE SELECT

Side 0 |

- 4 Gin 1e0s chas seeb be mbn tose S0 beam bt 2006
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DISC ID

The DISC IDENTIFICATION code (U15-14,3,16) is a three bit number that
tells the controller what type of drive is connected to it, This
allows the controller to control drives with different capacities, step
rates, etc, In addition, an ID code of 7 indicates that there is no

drive connected, The ID code is read by the controller from the
Potpourri Register when HEAD LO0AD on the selected drive is not asser-
tad, The ID code for the Tandon TM100 drive (DRIVE ELECTRONICS PCA

13270--60002) is 0,

When HEAD LOAD is asserted, DISCIDO and DISCID2 have different
meanings. DISCIDO (U15~14) becomes the output of the "Missing Pulse"
one~-shot multivibrator (U14-4), The assertion of this signal means
that there has not been an INDEX PULSE in the last 465 mSec. This
implies that the disc is not inserted or is not spinning.

With HEAD LOAD asserted, DISCID2 (U15-16) becomes the output of the "9

uSec" one-shot multivibrator (U14-12), This one-shot is vused in self
test rovtines to determine if two adjacent data pulses are more than ¢
viec, apart. The ideal maximum separation is 8 uSec. for the 10101

e

pattern. The input to the one shot (U22-6) is READ DATA during a read
operation and WRITE DATA during a write operation,

DISC CHANGE

The DISC CHANGE signal (U15-5) indicates that there has been a change
in the state of the WRITE PROTECT switch. Generally, this means that a
tdisc has been removed from or inserted into the drive, This signal is
vsed by the MINIFLOPPY CONTROLLER module to prevent inadvertant writing
on a newly installed disc. It also allows the file system to automati-
cally mount new volumes,

The output of the WRITE PROTECT switch is used to generate DISC CHANGE.
The switch signal is filtered by R81, R10, and C55 to prevent false
triggering from mechanical vibration, After buffering (U43), this
signal drives a bidirectional one-shot multivibrator (R71, C44, U33)
which creates a pulse on each transition of the switch, These pulses
set a flip~-Fflop (US4) which retains the information vntil the control-
ler clears it. DISC CHANGE is cleared when the controller writes to
the function register of the addressed drive with DRIVE SELECT, HEAD
L.OAD, and MOTOR ON all deasserted.
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4.2.6 STEPPER MOTOR LOGIC

A four phase stepper motor is vsed to position the head mechanism over
the target track, It is controlled by a 2 bit shift register (US2)
which is clocked by step pulses from the MINIFLOPPY CONTROLLER MODULE.
The DIRECTION (DIRC) signal from the controller determines the stepping
direction, When DIRC is asserted, step pulses change the phases to
cause the stepper wmotor to wmove the head toward the inner (higher
numbered) tracks., The following table shows the required state of the
phases of the stepper motor for each track:

Table 14.0 Phases of the Htepper Motor

Phase 1 | Phase 2

I Track | l Phase 3 | Phase 4 |
' ora beon asde Shas wmon ovs veva toas ' 240 tes rume stve 120t om0s vrr suve Svve semw S0t I sves wobs 2200 ems whue 2408 <bus erug sase Suee wive ' eere 4ras G bras saan eubn <bos ares S10s sase sere ' st aoma st Srin 4ree Suss SUan dent S400 P8 smse '
| 00 | ON | OFF | OFF | ON |
| 01 l ON | (N ] OFF ! OFF |
| 0z I QFF | ON | ON | OFF |
| 03 ] OFF | OFF I ON I ON |
| ® %X | | | | |
1 4N I ON | OFF | OFF I ON |
I 4N + 1 | ON | ON | OFF | OFF |
I 4N + 2 | OFF | ON | ON | OFF |
| - 3 | | | (N | ON |

OFF

OFF

The ovutputs of the shift register are buffered ((U32) to handle the
current and voltage requirements of the stepper motor,

In addition to the shift register, logic is dincluded to dinhibit
stepping when the write current is flowing (U63-6), or when track 0 is

reached while stepping ovt (U12-11), The stepper motor phases are
initialized to the 1track 00 state by the assertion of power-on reset
(POR) .,

4.2.7 TRACK 0

The TRACK 0 (TRO0) signal indicates to the controller that the head
assembly is located at physical track 0 (the ouvtermost track). This
signal is derived from the output of a mechanical switch ANDed with the
appropriate phases of the stepper motor (1 and 4). The switch output
is debounced using an R-$S flip~flop (U12). The electrical state of the
stepper motor is needed to precisely define track 0 becauvse of the
mechanical tolerance of the switch mounting.
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INDEX

The INDEX hole in the disc provides the controller with a time
reference point during each revolution of the disc, The INDEX signal
is also vsed by the controller during self test to time the rotation
period of +the disc. In addition, this signal is the input to the
"Missing Pulse" one-shot, which determines if the disc is spinning (see
Section 4.2,4).

The index hole is detected by an infrared emitter and phototransistor

detectoer mounted on the drive mechanism, The phototransistor current
is converted to a voltage by R7, and this voltage is compared (U45) to
a reference voltage of 1.66V formed by R13 and R14, The comparator has

a hysteresis of +~ 0,2V to prevent oscillations at the edge of the

The write circuit creates magnetic flux transitions on the disc by
switching current through the read/write head coil. In addition, the
written track is trimmed by the erase field to prevent intertrack
crosstalk, In order to write on the disc, five conditions must be met:

1) The drive must be selected,
2) WRITE GATE (WG) must be asserted,
3) WRITE PROTECT (WRPT)Y must be deasserted (i.e. the disc must
not have a write protect tab on it),
4) POWER-ON RESET (POR) must be deasserted,
and 95) the power supplies must be high enough to satisfy the require-
ments of the glitch protect circuit (see Section 4.,3.1),

GLITCH PROTECT CIRCUIT

The GLITCH PROTECT CIRCUIT prevents spurious writing or erasing when
the power supplies are not fully wup, The circuit consists of two
comparaters which independently sense the +5V and +12V supplies. The
composite output (Ub6~-7) grounds the write and erase current enable
signals until the conditions for both comparators are satisfied,.

The +5V supply is sensed by U45-11,10,13. A fraction of +3V (R40,R41)
is compared with the zener diode reference formed by CR1 and R29. UWhen
the +85V supply is less than 4.35 +- 0.34 V and the +12V supply is
within specification (+-5%), the output of the comparator will be low.
This insvres that the conditions required by the +12V comparator to
permit writing will not be satisfied,.

A fraction of the +12V supply (R24,R27) is also compared with the zener
diode reference (¢ U45-5,4,2 ), If the +12 V supply is less than 10.4
+- 0.83 V or if the +35 V comparator is not satisfied, the ouvtput of the
+12V comparator (U45-2) is off. This allows R43 and/or R45 to supply
base current to Ubé~6, insuring that output Ub6~7 is asserted,
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The output of the glitch protection circuit (U66-7) is also connected
to the clear input of the erase current turn-off delay one-shot
(U443, see Section 4.3.4), This prevents the one-shot Ffrom being
triggered as the supplies are coming up and remaining triggered after
the glitch protection circuit is satisfied, In addition, the output is
also tied to the clear input of the "Missing Pulse" one-shot (Section
4,2.4), so that the controller will get a “drive not ready" dindication
when the supplies are not high enough to permit writing.

4.3.2 HEAD CENTER TAP RBIASING

The function performed by the read/write head is determined by the
biasing of the head center tap. The voltage at U46~7 is applied to the
appropriate center tap by transistors U46~3,2,1 and U46~12,13,14 based
upon the state of the Jlatched SIDE SELECT signal. For reading,
transistor U46-3,6,7 is off and the center tap voltage of the active
head is set by zener diode CR3 (6.8V), diode CR2 and the saturation

voltage of the side selection transistor, For a write operation,
transistor U46-5,6,7 is saturated, and the center tap of the active
head is biased at approximately 11.6 wvolts, For both reading and

writing, the center tap of the inactive head is biased to ground by R48
or R47, The following table summarizes the center tap biases for each
function,

Table 195 Center tap biasing

| Function | Head 0 C.T. I Head 1 C.T. |
1 Read head 0 | 6.0V ] Ground I
| Write head 0 | 11.6 V | Ground |
| Read head 1 | Ground | 6.0V |
| Write head 1 | Ground 1 |

11.6 V

4.3.3 WRITE CURRENT SQURCE

When the conditions are met for a write operation (see Section 4.3),
transistor U46-3,2,1 is switched on., This puts 0.2 V on one side of
RS2, The voltage on the other side of RS2 (3.6 V) is set by R72 and
either R&67 or R68, depending on the state of flip-flop US1. The "write
current” through RS2 (3.2 mA +- 10%) is directed alternately through
the two halves of the read/write coil by transistors Ub6~12,13,14 and
L66~10,9,8, Refer to Figure 9 for the timing of the waveforms in the
write circuit. The direction of the turns in the coil is arranged svuch
that the disc oxide coating is magnetized in opposite directions by the
current through the two halves., The leading edges of the WRITE DATA
pulses from the CONTROLLER MODULE toggle flip-flop U%S1. Each change of
state of this flip~Fflop cavses a magnetic transition to be written on
the disc,
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TUNNEL. ERASE

During writing, a 0,33 mmM., wide data track is recorded,. To prevent
crosstalk between adjacent tracks, the edges of the track are “"tunnel”
erased to leave a 0.30 mm. track on the disc, The erase function is
performed by passing a DO current of 79 +- 9.0 mA through the erase
coil (U32-16, R54) .,

The tunnel erase gap is located 0,914 +- 0,051 mm. behind the read/
write gap (i.e. a given point on the disc will pass the erase gap after
the read/write gap). This requires a time delay in turning on and off
the erase current with respect to the write current (see Figure 10).
The turn-on delay (2%3 uSec., nominal) is provided by & one-shot
multivibrator (U44-12) which is triggered when writing commences., The
turpn—off delay (1,07 mSec. nominal) is created by another one-shot
multivibrator (U44-13)., This circuit is triggered at the beginning of
writing and is retriggered by every other WRITE DATA pulse. The erase
current is turned on after the first one—-shot pulse and remains on
until the second one-shot times out., In addition, the output of the
turn-off delay one-shot is used to switch the head center-tap biasing
circuit from the read state to the write state. This keeps the center
tap of the head up at the writing voltage from the beginning of writing
until the erase current is turned off, The turn-off delay one~shot is
cleared by the glitch protect circuit to prevent erase glitches during
pouwer supply transitions,

READ CIRCUIT

The read circuit takes the signal from the head coil and, after
amplificaton, filtering and differentiation, creates a READ DATA pulse
for each magnetic transition, Please refer to Figure 11 for waveforms
in various parts of the read circuit,

PREAMPL.IFIER AND FILTER

When the center tap of one of the heads is biased for reading (see
Section 4.3.2), the head signal is passed through two pairs of diodes
toe the input of the preamplifier (U74), This differential amplifier
has an AC gain of 250 - 400, which increases the signal amplitude to a
minimum of 200 MY peak-to-peak. The output of the preamplifier is
filtered by a low-pass three pole HRessel filter to attenvate high

frequency noise.
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DIFFERENTIATUOR AND COMPARATOR

The signal from the output of the Bessel filter dis passed through a
band pass filter (U72) which effectively differentiates the signal,
(see Figure 11c¢). The signal then goes to a differential comparator
(U61), which senses the zero crossings of the differentiated head
waveform, These zeroe points correspond to the peaks of the original
head signal (i.e. the center of ‘the magnetic transitions sensed by the
head coil). The output of the comparator i a single-ended TTL
compatible waveform,

DRQOP REJECTION CIRCUIT

Under certain circumstances, the comparator senses zero crossings which
do not correspond to flux transitions, These extra zero crossings are
cavsed by "differentiator droop". Differentiator droop results when a
high resolution system (head and disc) encounters the 1010101 pattern
(8 uSec. spacing) on an outside track (See Figure 11)., The relatively
flat slope between the two peaks cauvses the differentiator output to
"droop" to zero.

These extra comparator crossings are removed by a time domain filter.
The output of the comparator triggers a bidirectional one-shot multi-
vibrator (R3S, C21, U31), which generates a pulse for each comparator
transition (Figure 1le). These pulses trigger another one-shot mul ti-
vibrator (2.24 uSec., see Figure 11f), The trailing edge of the pulse
from the 2.24 uSec., one-shot clocks the state of the comparator output
into a flip-flop <(US1), The output of the Fflip~flop Ffollows ‘the
comparator output except for a time delay of 2.24 uBec., In addition,
the false transition is removed becauvse the comparator output is back
in the correct state by the end of the delay. Q1, R8, C3H, CB, and U35
form a pulse stretcher which guarantees a wide enough pulse (>40 nSec.)
to trigger the 2,24 uSec. one-shot,

The ovtput of flip~Fflop US1 trigaers a bidirectional one-shot multi-
vibrator (R36, C22, U31), which generates a pulse on each transition,
These pulses are stretched by a one-shot wmultivibrator (U21) +to 7350
nSec. before heing sent to the CONTROLLER MODULE as READ DATA,
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The Disc Drive contains the wmechanical parts, sensors, and control
circuits necessary to rotate the disc and position the head carriage.
It interfaces to the DRIVE ELECTRONICS PCA through 9 connectors
described in Tables 5.0 to 5.8, Section 2,0,

The disc is rotated on a spindle assembly driven by a DC motor-
tachometer combination through & belt. The speed of the spindle motor
is set by the Servo Control PCA, mounted on the back of the drive, The
disc rotational speed is 300 rpm +/- 1.5 % (average).

See Section 4.2 for details on the interface between the Drive Mecha-
nism and the DRIVE ELECTRONICS PCA,

<

TWO DRIVE SYSTEM
In the two drive system, the second drive is added wusing the T-BLOCK
and the NEXT DRIVE CARLE., The T-ELOCK is mounted on the back of the
first drive, providing a connection port for the NEXT DRIVE CAEBLE. This
allows DRIVE 1 to modify the drive address signals before they are sent
to DRIVE 2, (see T-BLOCK schematic, Figure 12), All other signals are
wired in parallel to hoth drives,

P
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FIGURES AND DIAGRAMS

LIST OF FIGURES

FIGURE NUMRER CONTENTS

1 MINIFLOPPY CONTROLLER PCA BLOCK DIAGRAM

a2 BIT SHIFT DURING READ OPERATION

3 PHASE LOCKED 1.00P BLOCK DIAGRAM

4 O0SCILLATOR AND PHASE DETECTOR OPERATION

5 PHASE DETECTOR OPERATION

1) SYNCHRO DETECTION & LOCKING LOGIC RLOCK DIAGRAM
7 CL.AMP & LOCKING TIMING DIAGRAM

& DRIVE ELECTRONICS PCA RLOCK DIAGRAM

9 WRITE CIRCUIT TIMING DIAGRAM
10 TUNNEL ERASE TIMING

11 READ CIRCUIT TIMING DIAGRAM

12 T-BLOCK SCHEMATIC DIAGRAM

13 MFM ENCODING ALGORITHM STATE MACHINE

14 MFM MODULATION

15 MFM DECODING ALGORITHM STATE MACHINE

16 ‘ MFM DECODING TIMING DIAGRAM

17 MFM PATTERNS

14 MINIFILOPPY CONTROLLER PCA SCHEMATIC DIAGRAM
19 MINIFLOPPY CONTROLLER PCA COMPONENT LOCATION DIAGRAM
a0 DRIVE ELECTRONICS PCA SCHEMATIC DIAGRAM

21 DRIVE ELECTRONICS PCA COMPONENT LOCATION DIAGRAM
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1P PiY

ICAL FORMAT FOR H5.29" FLEXIBLE DISCS.

2 Sides/Disc
3% Tracks/Side

16 HBectors/Track ~- MFM Encoding (4 uBec., bit cell)
Number oF by19% H@x Value Description

85 4L Post—index gap
Tmm. 16 4§ Sector preamble
: 12 0o ID sync field
: 3 Alx
: 1 FE ID address mark
: 1 XX Cylinder number
: 1 XX Head number
: 1 XX Sector number
: 1 XX Sector length
: 2 XX CRC
: a8 4E ID Gap
: 12 00 Data sync field
: 3 Alx
: 1 FER Data address mark
: 256 XX Data
: 2 XX CRC
: 28 4E Sector postamble
m:*~155 AE Pre—-index gap

. Repeated 16 times, once per sector
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[

Missing clock transition between bits 4 and 5,

The Tracks on the disc are organized in cylinders, There are 33 cylinders
in a disc. Each cylinder consists of 2 tracks, one on each side of the

disc, Cylinder numbering begins at 0 (the cylinder with the largest
radivs), Invisible tracks have cylinder = FF.

Head 0 is the lower head. Head 1 is the upper head., Invisible tracks
have head number = FF, Defective tracks have bit 5 of head number set to

1. (Hit 0 = LSR)
Sector numbering begins at 0. Invisible tracks have sector number = FF,

7 + sector length
Data length = 2 ; where sector length =0, 1, 2, 3.

Cyclic Redundancy Check (16 bits), The polynomial is:
16 12 5 1

G¢(X) = X + X + X + X, The CRC register is initialized to ones and

includes all information starting with the address mark and up to the

CRC characters.

The minimum Pre—index gap size is 1595 bytes based on formatting on a
drive which is 3.6% fast., Additional bytes (4E) are written until the
index pulse occurs,
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GENERAL .

The information stored on the disc is organized in concentric tracks.
Each track consists of a continuous string of sectors, each of which
contains a group of 256 bytes, Data is recorded in a sector on a
bit~serial basis, Rits of information to be stored are first encoded,

then recorded in a specific sector,

The data encoding process specifies a one to one relationship between
any given information-bit and the associated sequence or sequences of
flux transitions to be recorded on the disc in accordance with the
specified rules. A flux transition is defined as the transition of
magnetization written by a unit step change of write current, on the
disc, An  algorithm which produces this sequence of flux transitions
for a given information-bit pattern is defined as the recording code.
For the code to be useful, this one to one relationship must be unique,

For the purpose of encoding and recording information on the disc, a
track is devided into equal elements defined as information-bit cells,
Each contains one encoded bit of information. The information bit cell
is further partitioned into the boundary-half-bit cell and the center-—
half~bit c¢ell, The boundary-half-bit cell occupies the half-bit space
beginning at the imaginary information-bit boundary. Similarly, the
center—half-bit c¢ell occupies the half-bit space beginning at the
center of the information-bit cell. (Figure 14)

The data-encoding algorithm is restricted to Flux transitions only at
half-bit boundaries, which implies that the flux transition intervals
will allways he multiples of the half-bit distance., Each boundary~half
bit and center-half-bit assumes a value of either one or zero. The
magnetization in the erase direction (arbitrarily defined) represents a
binary zero, and the magnetization in the direction opposite to ‘the
erase represents a binary one. The values of half-bits can change only
at the half-bit boundaries, each of which changes represents a
transition of magnetization (flux transition),

The data-~encoding algorithm produces a sequence of half-bit values to
be recorded as magnetization states for a given information-bit
pattern, The magnetization states within an information-bit cell can,
therefore, be characterized by a pair of half-bit wvalues. The four
possible conditions of magnetization within an information-bit cell
are designated by half-bit value pairs: 00>, <01>, <103, (11).
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MODIFIED FREQUENCY MODULATION (MFM) ENCODING

A recording code can be characterized by a sequential wmachine whose
next state is determined by the present value of the input (information
bite) and the present state (past history)., For a recording code, the
magnetization states within an information-bit cell depend not only
upon the present value of the input, which in this case happens to be
incoming dinformation—bits to be recorded on the disc , but also upon
the magnetization states in the previouvs information-bit cells. There-
fore, the data encoding algorithm for a recording code can be repre-
sented by the state diagram of a sequential machine. The incoming
information~bits cause the machine to sequence through states deter-
mined by it’s state diagram., The next state transitions in the machine
occur at information—bit boundaries. Each machine state is assigned a
pair of half-bit values which specifies magnetization states within an
information-bit cell.

Definition of the MFM encoding algorithm:

A flux transition is always recorded at the center of the information-
bit cell for each incoming information bit with a value of binary one.
Mo flux transition is recorded for the information bit with a value of
binary zero, unless it is followed by another information-hit with a
value of binary zero, in which case the flux transition is provided at
the end of the first information—-bit cell.

The sequential machine describing this algorithm has four states,
ACDD)Y, BD1), CC10), D(11)., The state diagram for it is described in
fig 13. Fig 14 shows what should be the output of the encoder implemen-
ting this algorithm,

The MFM code is self-clocking, that 1is, it contains at least one
transition every two information-bits, This property is useful during
decoding of the data read from the recording system, as it allows to
reconstruct a clock signal from the information-bit stream itself,

MODIFIED FREQUENCY MODULATION (MFM) DECODING

During the read operation, the magnetic recording system produces an
electrical pulse {or each flux transition on the recorded disc., The
function of the decoding circuit is to reconstruct the binary informa-
tion carried by these pulses, In order to perform this task, it needs
to create a clock signal in phase with the incoming data pulses, which
will clock the decode algorithm state machine., The decode algorithm
state machine is the counterpart of the coding algorithm, It has four
states, with an associated binary value: ACD), B(1), C(1), D(0). Depen-
ding on the present state and the present input (half-bit values), the
algorithm determines the next atate, Figure 15 shows the decoding
algorithm state machine, and Figure 16 is the associated timing
diagram,
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APPENDIX C, SELF
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1) POWER-ON

Non-Destructive Test (Self Test on Controller PCA)

2) PROGRAMMATIC

A Disc Self Test is performed upon recept of an "Initiate Self Test"
disc command by the Controller, The control word received by the
controller indicates whether to perform a destructive (write/read
operations on disc) or nondestructive Self Test., Destructive Self Test
will reformat and write the worse case data patterns on the selected
test cylinder, When the CONTROLLER completes the test, the Terminal
sends it a "Read Self Test" command to obtain the result of the test.

3> LOCAL

Insert jumper to execute self-test loop (jumper location is indicated
in section C€.2), The self-test jumper can bhe inserted at any time,
before or after power-on. If a disc is inserted in a drive, a destruc~
tive (write/read) test is dinitiated., The write test reformats and
writes the worst case data patterns on test cylinder 34 (worst case
cylinder), If an error is found the program loops around the failing

test, The LEDs on the Controller PCA indicate the failing test number,
If no error is found, the LEDs remain OFF, and the self-test restarts
after two seconds,
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SELFTEST RESULTS

Two bytes are returned by the CONTROLLER in response to the "Read Self
Test" command., They have the following format.

FHKKRKREL R KK X KR XXX
\EHUUXESSN \SSSTTTTXN
R Y I I I T

MGE LSE
WHERE

E Error dindicator, Set if error was encountered.

H Head number, Indicates head on which the read or write test
failed,

uu Unit number, Indicates which unit or drive the CONTROLLER
had selected at the time of the failure. The LSRR of the
unit ¥ is also displayved on the rightmost LED.

665 668 Subtest number, Indicates which subtest of the current test
failed,

TTTY Test number, Indicates which test failed. Also displayed on
the LEDs,

X X‘’s are don’t care states,

If no errors are detected, the two bytes returned by the CONTROLLER
are AlLL zeroes,

LEDs on the controller are read from right (MSE) to left (LSE),

} raen wame vion sas ors avse ete ont - %X X X% X %X s 4n0s St moms msen ek aves ste sans 0o soms 0 0 |

| | | A A A } ] | ] R
| I Z80-A | | b ! FpC | SELF-TEST |
| LSE MSE | |
| | I |
I P | I
| TEST # | !
' | S
| UNIT # ]

! I 1t 0264060223 i

e 4k 004 Bast beet sheS dres smar Sasn wren SH0S Homs Sonk adne mnn nas pure semy mme otes 400 Sers b0 S0 satt Sas o 40 e same nrs 2458 S oot Shne U0me Sens mose debe
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Controller Roard Test Selftest Error

Test(subtest) LEDs

Hardware Power-on The LEDs displays this 15(X) 1111U
error if the CONTROLLER A A
can not be initialized. Pl UNTT #
1=LED ON 0=LED OFF (.
I | ___MSE
L 1) -
LED Display Test Change from 1111->0000 15¢(X) 11110
ROM Test CRC Check 4(X) 0010U
RAM 1 Test Data Pattern (Lower 4 bits) S5(X) 1010U
RAM 2 Test Data Pattern (Upper 4 bits) 6H(X) 6l1iou
RAM 3 Test Address lines Error 7(X) 11100
FDC Testl FDC Timeout Error 2¢0) gt1o00U
FDC Test2 FDC Interrupt Error 9(4) 10014
Write Test Write Encoding circuit 8(éH) 0oo1u

(performed only on
destructive test)

Z80 I/0 Test I/0 and Handshake Registers 106¢7) 0101U

Drive Roard Test

Seek Testl After Recalibration, Track 0 11(3) 1101U
indicator was not found,

Seek Testd Track 0 Indicator was on when 11(5) 11010
not expected,

Seek Test3 Track 0 Indicator was not on 11¢6) 11010
when expected,.

No Drive No Drives were found connected 11(7) 11010
to the Controller.

Write/Read Write/Read Ckt Test 11<¢8) 11010

? uSec Test Test levels of 9 uSec one shot 11(9) 11010



Drive Test

No Index Mark

Speed Testl

Speed Tests

Miswing Pulse

Write Test

No Disc

Write Protected

UnderRun

Read Test

Not Ready

No ID Field
Wrong ID Field

CRC ERROR

OverRun

13272 FLEXIRILE DISC SYSTEM,

Disc present and spinning, but
no Index Mark

Disc Spinning Faster than
Specified lLimits

Disc Spinning Slower than
Specified lLimits

Missing Pulse indicator was
not on when expected,

No Disc inserted in Drive

Selected Drive shows the
Disc as being Write Protected,

FDC did not receive byte
before 30 ufec.

~

Selected Drive not ready,
maybe Disc has been removed,

Target ID Field was not found,
Some 1D was found, but not the
Target ID Field. Head on wrong

Track (Possible Seek Error).

Current Data Field contained
a CRC Error.

OverRun occurred from lost data
in the current read attempt,

12¢0)

12¢1)

1206)

13¢1)
13(2)

13¢3)

14¢0)

14(2)

14(3)

14(35)

14¢6)

132585-91223/51

60t1u

go11u

g0i1u

0011U

1011U

10110

10110

0111U

0111U

0111U

01110

0111U
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TEST FLOW CHART

Test group abbreviations

CBT- Controller Board Test
DRET~ Drive Board Test

DT - Drive Test

WT - Write Test

RT - Read Test

Each box indicates which particular test is performed, with reference
to the test group < .

Example:
(e LEDS are tested

{mmm Toat is performed on the controller

o} R

! LEDS
| (CRT)
.*. -

.:,_.—?.

If the test is successful, the test in the next box is performed,
Some of the boxes include one or more numbers in brackets [ 1, These
are the sub-test branches, located at the end of this flow chart., They
are executed in the order indicated within the brackets,

Fxam p le: o s som s nas s 1 st 10 s ant a1 an o0t o
| Read Test ]
I 12,3,41 |
| CCHTY ]
B NS

If the Read Test fails but the cause of the error is not a direct read
error, the test program branches to the sub-test routines 2,3, and 4 in
this order. The cause of the error will then be one of the following
OverRun  (sub-test 2), Missing Pulse circuit (sub-test 3), or FDC time
out (sub—-test 4),
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LEVEL 3 (Non Destructive Test)
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LEVEL 4 (Destructive Test)
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.4 SELFTEST TROURLESHOOTING GUIDE

Controller Board

Hardware Power—on

FDC Testl
FDC Testa

Write test

280 170 Tewt

Drive Board

Seek Testl

Seek Test2
Seek Testd

No Drive

Write/Read

? v8Bec Test

(1)

(2)

(3)

(2)
3
(4)

(1)

2)

(1)

2

(1)
2)

(3>

2)
(3
(4)
(&)

(1)

(2)

Rom (2) LED Latches

Floppy Disc Controller did not time out after 4 revolu-

tions of the disc, (FDC internal timing problem)
interrupt from

280 processor did not receive a force

the FDC,

The 9 uSec circuit detected the data pulse separation
being equal to zero or greater then 9 uBec,

9 uvSec oneshot is defective,

Cable broken or not connected to drive
Data In, Data Qut, or Command Handshake registers did
not toggle from one state to another,

After recalibration, the FDC did not detect track 0
indicator being set,

Ckt for track 0 indicator is defective.

Stepper motor did not move the actuator toward track 0.

Cable broken or not connected to drive

Ckt for track 0 indicator is defective.
Stepper motor did not move the actuator toward track 34,

Ckt for track 0 indicator is defective,.
Stepper motor (same as Seek Testl)

Ckt for drive ID is defective,
Cable broken or not connected to drive.
Controller received a drive ID of 7HEX,

The data pulse separation was zero or greater than 9
vSec from the write/read loopback circuit.

Write/Read circuvit is defective on the drive board.

9 uvSec one-shot is defective,

Flappy Disc Controller chip is defective.

Cable broken or not connected to drive

? uSec one—~shot is defective.
Cable broken or not connected to drive



Drive

No ITndex Mark

Speed Test 1,2

Misgsing Pulse

Write

No Disc

Write Protect

UnderRun

Read

Not Ready

No ID Field

Wrong ID Field

CRC Error

OverRun

(1)
)
(3
(4)
%)

(1)

et d

o~
My o
N

(2)
(3)
(4)

(1)
2)
3)
4)
)

13272 FLEXTIBLE DISC SYSTEM,

Index circuit is defective,

Photo detector or LED is defective,

Moter not spinning

Door not closed

Floppy Disc Controller chip is defective,

Motor not spinning within specified limits

Missing pulse one shot circuit is defective.
Index circuit is defective.

Missing pulse detector is defective,
Door not closed
Belt not in place on spindle

Disc is write protected.

Write Protect circuit is defective,
During format operation the FDC did not receive
before 30 uSec.

Wait state machine fault

CLK running too slow

FDC internal timing problem

Disc change circuit is defective.
Disc removed from drive

Disc was not formatted due to the Write circuit,
Defective disc

Defective Floppy Disc Controller chip

Read problem on drive or drive board

Phase locked loop unable to lock

Seek failure (wrong track)

Defective Floppy Disc Controeller chip

Phase Lock Loop of the read circuit possibly defec
Defective disc

Read problem on drive or drive board

Data lost hetween FDC chip and processor
Wait state machine/FDC internal timing problems

data

tive
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APPENDIX D. 280 1T/0 REGIS TFR D}FINITION»

l REﬁD REb[aTLRa I

MNEMONIC RIT DFPINITFON“

(REQ])1LR NQME) 40 4240 4480 10ne sume bess sdee Pe 40BE Sett Bbds Fett 0100 Send 2004 BSRS 4900 Semb Fes SB4S 100 4D 008 sbme et adab bu 4 4he4 4440 P40 tnta 4208 o10n B024 e $9RP S184 tiou suss save SHES SUSE 14BY 4500 9-08 Hens ar0n AOED 100 eneD F2sa eme sevs SEbe A4 S000
[ ADDRESGS] 7 6 o] 4 3 2 1 0

| oo 3 NOTE D FDE registers are complemented (lowtrve)d,

i

IFDCSR (%) NOTRDY WRPROT HEADLD SKERR CRCERR  TRACKO  INDEX BUSY
H(8TATUS) (x%x) NOTRDY WRPROT RCTYPE RNF CRCERR LOSTDAT DR\ BUSY
FLOOHEX ]

l

HDCTR D D D D D D D D
1 {TRACK REG)

ITO1IHEX]

l

IFDCSECTR D D D D D D D D
I(SECTOR REG)

FLO2HEX]

|

FFDCDR D D D D D D D D
| (DATA REG)

FLO3HEX ]

|WWNmeMmmmm)

(%) ~ FDC TYPE I commands
(x%)- FDC TYPE I1II and I1I commands

(HEAD I.OADED ON SELECTED DRIVE)

POTPRI DSA-LP SFTEST PUSEC X MGENGPLS  1791INT  DRQ WRPROT
(POTPOURRI REG) hitrue hitrve hitrue lowtrve lowtrve lowtrue hitrue
[20HEX]

(HEAD UNLOADED ON SELECTED DRIVED
DSA-LP SFTEST SKID2 DISBKID1 DISKIDO 1791INT  DRQ WRPROT
hitrue hitrue tmwmmmw b lowtrue lowtrue hitrue
000 = Tandon TM100

111 = No Drive connected

D = data dependent, X = gtate not guaranteed when read
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I READ REGISTERS |

MNEMONIC RIT DEFINITIONS
( R E G 1 S "[ E R Nﬁ M E: ) ©ese sras 4ass toas boms sace sema dese seb 0SS BeSS Fede dees sian Sieh beds Seen HiRS SAME Snew SUE 41ne S Biok saen WAS Soks b shes s2ES KevS Bewe FER VEeO bHO Seee FIGR RSP FISS Lhek Loes $4we 636 Sabr MeRE Bebe PSS Sare smrd <FPS PeRE LSS SHED smal 44 S4se SO She
[ADDRESS] 7 6 5 4 3 2 1 0
| ey NOTE 1 COMMAND and DATA IN registers are complemented.

|

IRDCSR D D D D D D D D
| (CCOMMAND REG)

I F40HEX]]

IRDDIR D D D D D D D D
I (DATA IN REG)
I L60HEX T '

[T |

RDHDSHK X X X X X CMDRF DORF DIRMT
(HANDSHAKE REG) lowtrue lowtrve hitrue
[BOHEX

D = data dependent, X = state not guaranteed when read

Sems Sme one 4404 2008 Lo0n siaa susd S6O8 Iebs H0ee Bese cHed SeRd SPES Srns BV coas bene

I WRITE REGISTERS |

MNEMONIC RIT DEFINITIONS
(REGISTER NAME) e e 4 = 1 e o o 1 e e 2 £ 4 1 S 2 5 1 8 8 1 5 1 1 8 e 8 o e 1 i s
{ADDRESS 7 & 5 4 3 2 1 0

| e 3 NOTE : FDC registers are complemented,

I

IFDCCR D D D D D D D D
I (COMMAND REG)

1L O0HEX ]

|

IFDCTR D D D D D D D D
I (TRACK REG)

ITOIHEX ]

I

IFDCSECTR D D D D D D D D
1 (SECTOR REG)

1 LO2HEX]

!

I FDCDR D D D D D D D D
| (DATA REG)

HEO3HEX ]

J e s oo e i e e )

D = data dependent, X = don’t care for write operation.
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I WRITE |

MNEMONIC BIT DEFINITIONS
LADDRESS] 7 ) ] 4 3
WREDC X X MRESET LED(MSE) LED
(ERROR DISP REG) lowtrue low=0N low=0M
[40HEX]

DFCNO X X SIDESEL HEADLD MOTORON
(DRIVE 0 FUNCTION) hitrue hitrue hitrve
L&HIHEX ]

DFCMNT - X X SIDESEL HEADLD MOTORON
(DRIVE 1 FUNCTION) hitruve hitruve hitrue
L6HEHEX]

DFCNZ X X SIDESEL HEADLD MOTORON
(DRIVE 2 FUNCTION) hitrue hitrue hitrue
[6IHEX ]

DFCN3 X X SIDESEL. HEADLLD MOTORON
(DRIVE 3 FUNCTION) hitruve hitrve hitrue
[HOHEX S

l ....-‘.-.‘..) NOTI: H SrATUS f‘egiﬁ'ter and

!

{WRDOR D D D D D
1(DATA OUT REG)

I L8OHEX ]

|

IWRSTR X X X NOT NOT
1(STATUS REG) USED USED
FLAOHEX ]

' rvs o460 rs S0k sous cast Sh0a rams sert Sesh meos )

WRINIT X X X X X
(CL.R HANDSHAKE REG)

LCOHEX

SYSINT X X X X X
(SET SYSTEM INT, ATN2)

[EOHEX

D = data dependent, X

= don‘t care

2

LED
Low=0N

DRVSEL
hitrve

DRVSEL.
hitrue

DRVSEL.
hitrue

DRVSEL
hitrve

D

BUSY
hitrve

for write operation

1325%-91223/59

1 ]
LED LEDC(L.SR)
Tow=0N low=0N

X X

X X

X X

X X

DATA OUT reqister are complemented,.

D D
psJ D8y

(0,1,2)
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APPENDIX K, DIGC COMMANDS

mommin SR amnn mmmmmsn I m I

it

E.1l DESCRIPTION OF THE DISC COMMANDS

1. Reguest Status

The controller returns four bytes of status information, Two of
these (Status 1 and Unit #) indicate how the last attempted operation
completed, and which unit was dinvolved., The other two bytes (Status
2) indicate the current condition of a specified unit,

2, Request Disc Address

The controller returns four bytes indicating the current "logical”
address., This includes two bytes of target track, one byte of target

head, and one byte of the target sector,
3. Reguest Physical Address

The controller returns three bytes indicating the physical track
address  on which the actvator is positioned. This includes two bytes
of physical track and one byte of physical head. This is useful for
calculating the number of invisible tracks between the outermost
track and the current target track. This is done by subtracting the
physical track address from the target track address,

4, Clear

A controller clear places the controller in a known state, Thus it
is useful when initializing a system, on power up, or after a crash,.
This is not a hardware reset of the controller.

S, Send DBJ

The controller returns & byte indicating if the last operation
completed normally, abnormally, or if the power to the controller has

just been restored,
6., Seek

The seek command updates a unit’s target address and moves the
actuator to the new target track, A seek vsvally precedes a data
transfer operation (or a series of consecutive data transfers).

7. END

The end command is used to put the controller and drives in a
"standby state". I+ there is a status change in any of the drives,
the controller will update the new information on that drive, and
continue polling drives for either a new command or status change,



10,

11,
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Read Buffered

This is the preferred method for transferring data from the disc to

the Terminal Processor. Data is transferred through an internal
buffer in 256 byte bursts. This prevents the relatively slow mini-
floppy from wmonopolizing the backplane for extended periods. This

internal buffering allows data to be transferred at an  arbitrarily
slow rate.

Read Unbuffered

The unbuffered read allows multiples of 256 bytes of data to be
transferred Ffrom the disc to the terminal using a single command,
The unbuffered read is included for compatibility with other discs,
Due to details of its implementation it is not the preferred method
for reading the minifloppy., Unbuffered read is most vseful for cold
load operations since a large number of hvtes can be read with a
single command., In this case optimum bus vutilization is not
important,

Verify

The verify command is a read which does not transfer data to the
backplane., Two bytes received by the controller indicates the number
(N) of sectors to be verified, which can range from 0 to 103535,
This is vuseful for performing a surface analysis of the disc, or
checking the integrity of the data on the disc.

Write RBuffered

This is the preferred method for transferring data from the terminal
to the disc., Data is transferred through an internal buffer in 236
byte bursts., Thus, the relatively slow minifloppy will not mono-
polize the backplane for extended periods of time. Gince 236 bytes
of data are buffered within the controller, the terminal backplane
need not hang waiting for the disc. This also allows data transfers
to occur at an arbitrarily low rate,

Write Unbuffered

The unbuffered write allows multiples of 256 bytes of data to be
transferred from the terminal to the disc using a single command.
The unbhuffered write is included for compatibility with other discs.
Due to details of its implementation, it is not the preferred method
for writing to the minifloppy. Unbuffered write is most vuseful for a
cold dump operation since a large number of bytes can be written with
a single command., In this case optimum backplane vutilization is not
important., The data transfer can occur at an arbitrarily slow rate,
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Initialize

The initialize command is used to set or reset the D (defective)
bits, The entire target track is reformatted with all D bits
(located in target sector address head number, see APPENDIX A note 2)
set or reset., After reformatting, the command accepts write data in
a manner identical to the write buffered command, The initialize
command is especially uvseful when formatting a disc,

Format

The format command takes a blank disc or a disc in another format and

makes it into an HP formatted disc, Appendix A describes the HP
physical track format for minifloppies. During this operation any
bad/defective tracks on the disc are made into invisible tracks. It

should be noted that formatting a disc will destroy all previous
data.

Initiate Selftest

This command gives the user the capability to remotely initiate a
destructive or non-destructive device self test., The self test
results may then be read vsing the Read Selftest command,

Read Selftest

The controller returns the results of the last selftest the control-
ler performed (two bytes). This is useful after the initiate self
—~test command or after the completion of the power-on Selftest,

Write Loopback

The controller stores 256 bytes in its internal buffer. A diagnostic
might use this command before a Read Loopback in order to test the
operation of the backplane interface.

Read Loopback

The controller sends 256 bytes from its internal data buffer. This
is wuvseful in diagnostics when the Write Loopback command has been
vsed to load the internal buffer,

Down Load

After receiving the Down lLoad command, 236 bytes are stored in the
controller wmemory starting at location 4100 (HEX). Following the
reception of the last byte the controller transfers execution to
location 4100 (HEX),
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Physical Seek

This command moves the head to the Physical Target address. The
drive remains selected with the disc spinning, until a new command is
issued. This command also checks the period of the disc rotation,
The 5 error displav LEDs are wused as a visuval indication of the
period measured by the controller firmware, When the disc rotation
period is 200 +/- 1 mSec (0.5%), the center LED will be ON. When the
period (T) is not within 0.5% the other LEDs indicate the period in
mBec as follows:

LSRR (LEFT OF PCA) MSE (RIGHT OF PCa)
% * * * *
TC1I97  197(T<199 199(T<C201 201<TL203 203<T
(disc spinning (disc spinning
too fast) too slow)

See APPENDIX € Section .2 for the LED layourt,

This capability can be used for adjusting the spindle wmotor speed
using the potentiometer located on the Servo Control PCA (on the back
of the DRIVE MECHANISM) .

Read Data

This command is equivalent to Read Buffered, where the data is trans-
ferred through an internal buffer in 256 byte bursts, Unlike the Read
Buffered command, data is transferred to the backplane interface
independent of CRC and Data lost errors.

Disc Stagger/Interleave

This command determines the disc stagger/interleave. It does this by
finding sector zero, and then counting sectors until sector one is
found., The disc stagger is stored in the controller data buffer, and
can be read using the RLOOP command,
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E.2 DETAILS OF THE DISC COMMANDS

See Bection 3.2 TERMINAL INTERFACE for a description of the four
registers vesed to communicate between the Controller and the Terminal.
These registers are: COMMAND (COM.), STATUS (STATUS), DATA IN (D, IN),
and DATA OUT (D, OUT),

Certain command bits are predefined for control purposes,

i e Talk /L ieten bit, This bit tells whether the
following data will be sent to the controller or
received from the controller,

0 = Controller listen

1 = Controller talk

e ATNZ S control bit, Certain commands can set the
hackplane line ATNZ on completion. These
commands can set this bit to enable this action,

0 No ATN2 on completion

1 Set ATNZ2 on completion
(Commands which can vse ATN2 have an "5" in this
location, Other commands have a don’t care "X")

i oH

| € e e e e -~ e -

& e e v - = —

ORGSR 8
CoM. 1 09 00 10001 (48hex = Set ATN2 on completion.)
¥ PR B (OBhex o No ATNQ on comple?ion‘)

Certain status bits are predefined., Rits 5,6 and 7 are the handshake
bits which tell which registers are full or empty., These bits change
avutomatically when the register is read from or written to, BRBits 0-4
are written by the Controller 280-A when it writes to the STATUS
register (WRSTR), Bits 3 and 4 are not used,

n’. B e X
STATUSH O T C X X B DD | E-Busy and D-DSJ are status bits for the Terminal
s e I terface. (WRSTR Status Register. See APPENDIX D)
MSE P LER
N | [ . | BRusy 0 = controller ready
| | | 1 | 1 = controller busy
| | | | |
| I b1 DSJ 0 = normal completion
| [ 1 1 = last operation ended abnormally
| | I__NOT USED | 2 = completed a power up
| | ...__NOT USED
1 | Handshake bits (see Table 7.0, Section 3.2.4)
I | 0 = DATA QUT
b e | &= DATA IN
I C = COMMAND



.’« FUTTpe R, M 4rE $A08 4r0s mate Smes 008 00t bens saas vom
1. | Requemt qTATUS
-’.»...... 4408 30e Henn 14Re 108 Bere suen suse Shen shes Sav AvES Sete Sows sece Beh seet
Terminal sends four bytes:
’ aaas 1408 Svan sent Sese Es 4se Sies saes seas Sems Sess smes BESe Bewe SnE S3e SIS +
coM, | 0 X 0 6 10X 20|
+ 4180 1ot sees 4088 1E0S C4ES S04 base Sred brot S0UT Soee meen el G000 008 Seas ases +
e oorw o tone amen dase o< 100t bt 2200 uss aven oo suen Sabe Some semm ube ....+
STATUSI O I C X X EDD I
Se 1o1e e soas v sate s nse ens st Senn wvn s s st stne vose sy soms e
B R PN
D, IN | 0 0 0 0 0011 1|
’ [P —— “see wrus tene sem a sras Se0d Sive omnt beve wme +
(.. voen Suse ane Weoe cath S00e wots B08e owm sorn S0n 4894 bese Se0n Gise ...
D, IN | Un:t # (0 -3) ]
+ oove sy ar som ve sbee baae Sose wecs saes sess oem mass nes .*‘
i PP e ent Suee seve sbte Sees baen dnas SEen .....’.
STATUSI 0 I C X X B D D I

B et R e trae oo sonn e

e nse 4o e thns hae vue 4ra oo sut home sare seen beas S004 Bams mmes ets wns +
coM. 1T 1 X000 1 00 0 |
B R e L g3

.’ ©10% weer serm seme suen susa seve Sese sens a

STATUS! O I C X X B
B S

ve wwes seas oemm Sbee wmas nies mess meas ’.

D D1
SRS

Controller sends four byte

‘ B e E R Ry

D. OuUTl 0 0 D (<~ 81 - |
R b

(STATUS 1)

T s .'.

PR UUOO
D. ouTl Unlt # (0 3) |

B R s s vore suae bome o

4 R e R R L L LR 3

D. OUTI * X X T T 7T7TX|
‘ reon tees suas sees seus e O — ..,.
s s e 50 s 00y s s 2 0 0 1 82 200 30 b 20 200 o
n.m.mawxa FCSSI
’ 4000 same seve 4800 w008 bere suse o aee suen .*.
’ 4409 400s sase cmse mEe B1s isie seae seas es mest SEse smme S4B Sste SA0s res Seee .*
STATUSI O I CX X EDD I

oot e e e e 12 s e s s s e S s o <

13272 FLEXIRLE DISC SYSTEM,

s e sres e e s e s e 411 s e s e
{
e e s e w0 st srs e s s 2o oes o

(08hex or OGAhex)
REusy bit set here on receipt of command
(03hex) Request STATUS

(00hex to 03hex)

Busy bit reset here when ready for command

(88hex)

Busy bit set here on receipt

R

Opcode

of command

r'; ( .ll...l.?.”';./ﬂ)d

D bit set means last operation had the defective

bit set. 51 field is 5

hits of

status information

about how the last disc operatlon completed (See

Table E 1.0 at the end of this

definitions)

Unit number of last operation

Two bytes (STATUS 2)

indicating

Section for

the

current status of the selected

unit

(See Table E 1.0 at the end of this

Section for definitions)

EBusy bit reset here on completion
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s v e aere seot man mers anes vuis ns oes Seus tmes siee saee mens 4108 base sies PSR SH44 Sedr Sebe eves 2ies WES Snib GIRE SO smer .’

2001 Requeat Disc Address |

e nee oras s 00 iran orng mon bans bes veen tuee - den sras bene nuse pues suen sors sans

Terminal sends four bytes:

s s cone st 4 i s e e 2 4 i e s o s e

CoM. 1 0 X 00 1 0 X 01

s sass sone e one wone suas bees sony 1ay sese o e aine cen srer woee ot

B R it LT TR R R P o

STATUSI 0O I CX X EBEDDI

.'. 160 shse BEAs sees ssas swes ees W bise ases TmAe beee Siae Tmds 4ods meve Sese weee +
.‘. wver o one R R P RS
D. IN 1T O 0 0 1 01001

B T e T s o

s e e s e a0 e 50 s w0 et 1 210 e e et o

D, IN I X X X X XX X X1

bt $000 tont sons o atne wtte e ang 2oeb mes sene 2 1ne dnes Somm snts wons v sen +

e o er e s o e e s s 20 o a0 eos o
STATUSI 0 Ic X X BEDDI
e s om e 1100 s s s s o 10 e e s s o
e e s e s 22t e e e [,

cod. 11 X0 0 l 0 0 01

oo cons vmets cas et e e R 3

.’. ee e s sane wun e et ks o
STATUSI O I C X XBDDI

.’. 195 saes srae maed 400 100d bens oud wen veet maen seas were st sves weme ewr +

vt mmme tiau seme tues see sure same secn san® sers Ssed .’.

(08hex or 0OAhex)

Rusy bit set here on receipt of command

(14hex) Request Disc Addr 0Op Code

Don‘t Care

Rusy bit reset here when ready for command

(88hex)

Busy bit set here on receipt of command

Controller sends four bytes:

g Seee erme aare 0ne s e eks Gnan sean nim ewes bess s hes a0 suat g sare -4

D. UUTlLyllnder, M Byte 11
¥ e oms e ne 100 4ne 4nes rns bont 350 4 ssem aves evr o
»‘..-n s oan ke 4010 ake bome bem 2011 4be sae suie s0sn 1u0s 4 sory gmas bert sfpe

D. OUTICylxnder, LSByt@ 21

S 4020 e sens cone sre emae bets ture srae m sane et o

’ veae wens srea sas Sens suer dets abre b

D. QUTI Head (0 or 1) |

[ TP — e s et e

+, PR, oo $00s Be peat 2050 5080 Sane suse saes o
D. QUTI Sector (0-16) 1

o 1145 tene coar rems Bean 1ens then sas aret rore tent Gass imas sres SHee Sias Smon Some .’.

s 0 ehte e ceas bat bnas vem damn nne sase s s saen bas art dene aue sere -+

STATUSI-0O T € X X BDDI

B R e R T -+

Two bytes of logical cylinder

b{=cylinder{=32, for the target track

One byte of head selected

One byte of sector selected

Busy bit reset here on completion
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o s sres et asue e 4e0e 70re viem rens Setu suh Somn sesn eRs 00a bers Baae nay eas mian duse sese sane soat o

.01 RequewT PhyblLdl ﬁddPP%b !

.’. . hes srer sane cres saes ties Sere arie sens mere

Terminal sends four bytes:

COM.
S8TATUS
D.
D.
S5TATUS

ComM.

4e soas saen vees erad aebs s0s bass enes Sews cbrs Saee beme meen eres ares covs o

6 Xx00 11001

410 4104 4100 1003 sen wara G108 a0k base Bemt nabe Sens Bees saee sees tnse sene o

PR [rpeep— B o
0 I C X X B D D I
Taoe waes wars mann - B ks

oo eon
i
e
e o
i
§ oo
T Uy ROy 8
IN 1 0 0 ¢ 1 01001
frps SR
o von
l
L
o

|
o

f

!
e
4o

IN

U I i X X B D DI
e SR
0an 408 domm rean Bent wpen 43me Seme vonn sece Suns owes dens suen daus suas suns shes oy
1 X 0 0 1 0 0 0 1

o e S0 s et s S st dne u nnn v vens i

R e R R R TR R

STATUSI 0O I C X X EBDDI

e e v wsa s st m s 41 s e s st et nes b sk s e o

wen s ares saes seas tare sres mmar bove sets weve ba0e .....‘.

(0Chex)

Busy bit set here on receipt of command

{14hex) Request Phys Addr Op Code

Don‘’t Care

Busy bit reset here when ready for command

(88hex)

Busy bit set here on receipt of command

Controller sends four bytes:

D.

D.

n,

D.

w410 st a1 408 e ame nam emt o100 14 eap et Bt 5008 temn semn o010 ot
UUTIFyllnder, MSRyte 11
o orae wans voas as S L L —pe—p— ’

+ 00 4950 vuse aous Soer KBTS B090 v BOEe TEss SEes TES bers Seds EeS Gmes beie auie .‘.
UUTIPyllnder, lQByte |

LSRRI 4001 0010 bme 420 4oas Bese 4% Sse arnt seus seet Bben seve Bevs ‘,

.’. [ R R e o
OUTI Head (0 or 1) |

B b asre 400e 0ns smee =r0e 2een meas smbe +

o o0 rs o 1 e 42 480 10 200 a0 s w10 100 0 o
OuT I 0 0 0 0 0 0 00 1
g - s R R B
4 anes ones mas test b dens sren S i 3

STATUS | D I C X X EDDI

B ek R e e T

Two bytes of physical cylinder

0<{=cylinder{=34, for physical track

One byte of head selected

One byte of zero

Busy bit reset here on completion

23767
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,’. v sens SRS SLis B4es S04 BuT Sisn sues desE BINS Babs aens 4e4s PSS SR8 BASE SEE seer OSL VA4 SeeE See Sese NREE baas +ise SEE Sbeg Gene SOT +
4, | Clear |
s e e s 104 o s s gm0 S R e Snk 9004 o o 10 2 A4 e s snr st o w00 o

Terminal sends one byte:

e en Gt 442 e r 4 e s e s it 20 s o

4

P68 01 00001 (S0hex
S S O B 1 T2
&

4541 4000 Sam oo cren sune Seas Som eow nte vaan voae ares sens o

Set ATN2 on completion)
No ATN2 on completion)

CoM.

oW

ATNZ | 0 I C X X R D D I ATN2 line set after completion if § = 1
BTATUGHm s Rygy bit reset here on completion

Controller sends no bytes back.,

e ne e 1 e 0 1 a1 38 s S48 14 <o e S0 0 e e 2 v s e sm st 412 o o e

50000 Send DSJ |

< s e e stn 0 St i 52 s 8104 et h 42404 e 8t . 0 s ko s o s 2o 11 o

Terminal sends one byte:

b e ce2s 4o e s e v s s w190 o0 e s v o v 004 v o
CoM., 1 1 X 01 000GO0 1 (90hex)
e e ases vt e so0 1 s e s o s s s s s s 208 500 o

o eome s sese e 1020 4300 o 20t 0 00 410 st 2010 o3m 30 tw 4208 oo

STATUSI O I C X XBEDD I Busy bit set here on receipt of command

e 425 w1 4 e e e e e v a0 e e a7 s a0 S0 e o

Controller sends one byte:

o e e e 148 12 e e e i s s s s s v 560 0 o

D. QUTI DSJT I

D& yte: 0= last operation 0K
.’. 448 suss ems S40e eER Seek Sase crse sves FIEe Sas SPES Sers Wid 0Re seas Tvas buer ’. ‘l

2

oc

b
last operation failed
power up or self test just
r

T
ccurred

U

B e it +

STATUS] 0 I C X X BDD | Rusy bit reset here on completion

o e e St s s sr 0 .t bt o 370 25 st o s om0 o
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s rer eme sem crmu dis es snes e nis Gen fons s Sres e e teue ks SR Sine TUe s FOES 14tk beet fare benk dras dees Bt Sene mmee +

6. Seek |

s 0080 4004 sene 100+ op sabs ek Lees suns Gane S1aS Sess VAR CheS THE SSuS Lred SARD Smde 313 Shbm amas Saen ek sRes fams sees sems nens Sei sees +

Terminal sends seven bytes:

’ wvon 108 Sene S sae dene ruas ares meap ssas rns omie srss svee sens oo

CoM, | 0 S 0 6 10001 (48hex = Set ATN2 on completion)
o e s e (((Bhex = No ATNZ on completion)
e @001 4500 e wor sase were 02oe esa 4hes baue sess soue due Cute wde domn ate Save .‘..

STATUSI 0 I C X X BEDD I Rusy bit set here on receipt of command
.’ +4me sas rRes Kise Mbii sees ee Sear dhas ber mmee deas SHES Sead cben Seve Seer e b ’

e momt sem tten drn vace nhee 40mn s sem wate cunt e 2004 s00n 0000 sass vase veme offe

D, IN 1 0 0 0 0 00101 (02hex) Seek Opcode

off e tnt e sun a4 13 50 0 i 2mat o 2 22 S o e S o8 o

D, IN I Unir t (0“3) I Perform seek on this unit

s s oo aes e s 1 kv e 448 e s s e v e s e o

D. IN ICyllnder, MSByTe 1| Two bytes of target cylinder

’.., S S Y ..............’.
e s e st e e e e o et st st st0s s0me e i rovr o
D. IN ICyllndFr, LJByte 21
.‘ prppe PR N R T 1
.'.‘....... %00 saus beca Seme ees Seee pEus 148S Sens ees Se0d Sers sers sers Ses sew ’.
D, IN | Head # (0 1) I One byte of target head
.*. wore mres wae - [ A T ."
+ anee oeve sane vers sbee .o e wsen wem o
D, IN | Ser1or # (0 16) I One byte of target sector
.’ 480 1u0e stye VHIE bi04 SBE SME ube SeRs TSE 4ebe Sese Seee Puse SH0S 1SN WEse sees +
.‘,. Gver oe caen sene ore Baes suen smey - bome n0s tne thes case shus vans o

ATNZ2 | O I L X X D DD I ATN2 line set after completion if & = 1
STATUS i e Bygy bit reset here on completion

Controller sends no bytes back,



13272 FLEXIRLE DISC SYSTEM, 13255-91223/70

400 Baad su0e sras Teb Ferh SuBe 114 fign S1se SWES S0 G0Nl Bee Bers 4EES S08S 4Oh 0T oves seer .*.

-’- 8008 sose Bess 9208 Sese Per sase 450v caon Bon
7. End |

e 000 sn20 4t srne amen rem S1as Line dome pars Buus core Tebe sams S1P Shse shas 4es Tenn vame Smme 2ias 4es Serd Seve mme Sems seas bebe Yove wres o+

Terminal sends three bytes:

." #400 1100 enn seee smes Shen bebe 4204 sees abes Seve bhe Sese
oM, I 085 00 1 000 | (48hex = 8Set ATNZ on completion)

o s s o e s s s sk s s s s s s s e s e ( 0 Bh ex = N 0 ATN:’.{ on Co Mp 1 et ] on )

.’. £0v ovee amm ben 400e 2uts S4SH e beus dear 43h See vers Sume 448S Seme bav 4ens ‘.-
STATUST O T C X X BEDD | BRusy bit set here on receipt of command

e eree ren tome s s st chen 2000 et sere mne a0e sare S04 Su0s o e semn “+

B

+ R T T 3
D, INT 0001 0101 1 (i1Shex) End opcode
P S
.{. 605 4200 B10e bets 5800 SeRE sa0s Pete Geus Seae $D40 FeEs Sess BEme Buse Sere Bess Sies .’.
D. INIT XX XX XX XX | Don’t Care
«'. oror 1aes tene sais nenn srve Sers weee ters bebs
.‘. et 400 s s pase dree arme Sem aass bors bore some cere H0ke 4200 same anes ~ore ofpe
ATN2 | O I CX X RBDD I ATN2 line set after completion if 8 = 1
ETATLIE v o e s o st s s v s o o Bus y bit reset here on co mp letion

tars soms ons sren srue mes sems cmas o

Controller sends no bytes back,



[ TR v eien snes mem snes sver nas v

8. | Buffered Read
.'. wase s4ss SsEe S1ve 1404 Bhve S1es wdsh S01s EIBS bes Smes T30E Seue on:

Terminal sends four bytes:

COoM. 0s 60 1010

Unit # (0-3)

ATNZ

B . Ik Ttk T A g

Po

0

B o
00 I
s sess vone o
TR
BEDDI

ks 3

coM. |

o b s niae e s

8TATUSI O I C X X

b s e 5 100 20 s e v e e s st

Controller sends 296 bytes

et $90e sren ere wers Smat peed Abns Ges suee Sate seer Suan .’.

.‘. ose ssmt saae sase ense

OuUTI 256 bytes data |
A'. wnes sbue smer sss sere . +

o Sase onrs wet sens wase sues a0es vuve Haes ewe deve une pess teu e oo

0ICX XEDDI

....-.-.-—...u---—.m.............*

D.

STATUS

.’. a0s weas st swre vare burs srin

13272

FLEXIRLE DISC SYSTEM,

R R 3}

s o

(4Ahex =
(0Ahex =

Set ATNZ2 on completion)
No ATN2 on completion)

Busy bit set here on receipt of command
(05hex) Buffered Read opcode

Selected unit number

ATN2 line set after completion if § = 1
Busy bhit reset here when ready for command

(80hex)

Busy bit set here on receipt of command

Busy bit reset here on completion

13255-91223/71



13272 FLEXIBLE DISC SYSTEM,

B T Rk R R ke o

?. | Unhufi@red Rpad |

e crae same cran sid tren wras sres wvse ana o B

Terminal sends four bytes:

[ R —— [IprE R ——— .
coM. | 0 X 0 0 l 0 0 0 1
o 1o cren s s s aren s toes e e s 1104 0v4e ret s ot o
T
STATUSI O T € X X n DD
O L U DA PV

D. IN T 0 U 0 0 01011

B R et 14 bmae snse caus stun teon oue sene sy ose o
44 2090 4smm bese sere pees v B R R TP )

Untt # (0 3) |

e
D. IN |
e - e s [P —_—
e

00 4ste ebae daus soar sant sers sens saee shn tire aeee s

STATUSH 0 I F X X BEDDI

.’. 4588 Beke s0as srea aees bese SeES 1as bess Seas sres Sabe Tisr iibe Bbve SHOY sese sets .’

o co nets e taca b was save vuem as bens buen ven R et o
cod. 11 X000 U U 0 01
B e o4
B R T T o
STATUSE O I C X XEBD D |
e rte mee seen sene aros cue asen bome et e b st sats e s et o

Controller sends back:

ot some seas drs e den dohs stae chan trae sars S0ns abe e seme e aes tree cnes +

D. GOUTI 256xN bytes data |
4‘ L +

The controller stops sending data when the terminal enters a new

Babe sebe 4430 4en Sses seen bens serw serd Sor sees +

(08hex)

13255-912

Busy bit set here on receipt of command

(05hex) Unbuffered Read opcode

Selected unit number

Fusy bit reset here when ready for command

(B0hex)

Eusy bit set here on receipt of command

command in the COMMAND register on the Controller,

o ot 20 10uk e 3420 8 0ns w48 22 b 0 880 s s 018 tvm smn o

STATUSH O I C X X B D D 1

e ree eun mra anes et s has s brne sae e s &

Busy bit reset here on completion

23772

(When a new command is written to the Controller)



13272 FLEXIRLE DISC SYSTEM,

.’. B e LT e
10. | Verify |
e ovne 4104 e nnt ceba 4m0s 01 0e wume o F20% B4ke sogh S4SH Meds S600 Lhan iun seet Eie e0s Sone seis 4888 4th 1SS Seme Sent bees ek SRTE SR L

Terminal sends five bytes;

.’. D e e .’.
CoM, 1 0S5 00 10001

s o bue cton sees etn anss bres soms s mes wree sear chms 0t st sane sins vece offs

o et o b o e 21 e s e 10 e e s o
STATUSI O I C X X EDDI

gt s caas evme tren oens bre cras Shee Sede vise mees suas teak Sn00 sots Seee sese sas +

e sote cotm et bevn ous onn e vuae wtes bors bene Bamw een Sene Soun v sean bree 4
D, INT OODOO 011 11
‘.. Awte dmm su 4eks Gont e rrs bunn sast sbme gase ans bomm arvs dase sen sare sees oo

o e tren 1mag arse st e o e s senn 2000 0n s S s svne snrs mone oo
D, IN I Unit # (0-3) !
.‘. 4e4e ahes Teen best sess Geae n4sn S4e aede obes SeeE Hise BESe beme ees fabe S840 iae .f
+ S4en R0tt cam 400s 4ike a0as Some 4B 4uIt Bees wEse Sedu Sems SaBs 4004 1ees sees sBue '
D. IN | Sector count, 1 |
+ APee wom vess Gets S400 400 bhee S0 seus Boen sesd 4aEe B8E Bse BAET 400. nisn ves *
4. Heae 4aus W0 bems 4480 beeh S0ae Sewb 1ess S180 Fiee seat MEES eS8 SIS Sren Dens Bemr .’

D, IN I Sector count, 2 |

s e 210 st st e o S st 1 a1 1t 2w i s 480 3050 sna vt oo
o 484 0 s e s 00 st s 2 2 s s 20 s 240 o

ATN2 1 O I CX X EDDI
ST AT LG e oo e on e e s s st e o e e

(48hex
(08hex

H o#

Set ATN2 on completion)
No ATN2 on completion)

1325591

Fusy bit set here on receipt of command

(07hex) Verify opcode

Two byte sector count
MSRy te

LSKy te

ATN2 line set after completion if &
Busy bit reset here on completion

Controller sends no bytes back.

1

a8

3773



e o4u0 412 cinn Lhe €100 Caen cote 1t 080 hued b14s cabe Sea" S0EN 4Res 188 Brng SeRS T Shen SRS SBD CAOS Shus st Sabe Sras snee wmen o

11, | erte BuPF@red

o pree e chre Lak €ron asen sern ses bna Ghed as ma oas cans MWL Cao smas iae nen

Terminal sends 260 bytes:

.‘. W00 aens anae save sres suns sres veme sims bunh ner some e se0e sues seee comy ‘*-
COM. 10500 100011
’.—..u...“.‘ Srne 1es bete mmbe S04 mees bess dees sses wire bees ‘......’
L JCEEE P P, vaee baes soas seem ......_.*.
STATUS| 0 I C x XEDD I
.’ W04 Te0E Sies bIRS Bars avsd SRS $14% S1is mwee bebs P8 BI08 S1es Seer -.....‘.’;
+ wane 0200 ome waes sens bere wiwe ovme aun vme sone soms wnen dent 20se son oo ofpe
D. IN1 0000 10001
o she 1485 s st 1nm st aane 102 1000 4ns St uns wsas 0u3 4t bute o ot o
B S s aner s00e some caes sese Sers tnas sane ‘
D. IN | Unit # (0 3) |
.‘ $ome w0m0 uec saat eet semm sire see bum Sews 00ne Boss Seme sers Bets bEew ear sess '
.'. ey ans abas S0sd ens Gape Wowe sues S84e 044 tare GG sowe Suen wers SRS aess .’.

S8TATUSI 0 I CX XEDDI

s 108 14 e st e ants 0 S S s ot 408 445 St St t1n st s s
o ot 00t e o e sne e s st b1 a3 s 20 08t o 2 arun o

COM. 1 0S8 00 00001
B L et Tt o

B RO B
STATUSI 0 I CX XEDDI
’ L g U P sy .’,
.’ 000 4000 hase hoe seie EBEE A0 som 448 iie Sars base 4es Aass Veaw ens Base srer .’.
D. IN | 256 byteﬁ data |
.f 2008 Srue e ween $2es deme sase tase bioe mves (SRS R — .'.

e L o

.’...- .
ATN2 | 0 I C X X B D D |
E3T AT LIG e e e o s s s s o i o s s e

13272 FLEXIRLE DISC SYSTEM, 13255

Geet nas tees eos vems Gene pams wnes aras seet bubs Seve +

(4%hex = Set ATN2 on completion)
(0%hex = No ATNZ on completion)

RBusy bit set here on receipt of command

(08hex) Write Buffered opcode

Busy bit reset here when ready for command

(40hex
(00hex

Set ATN2 on completion)
No ATN2 on completion)

[

Rusy bit set here on receipt of command

ATN2 line set after completion if & = 1
Busy bit reset here on completion

Controller sends nothing back.

912

223/74



13272 FLEXIRBLE DISC SYSTEM, : 13255-91223/758

..,. n3e AEEL BRES chnd Sene 6000 S0er sean thas aar waea saen (a4 adas aums Seee 10ne u rew aser sewm sees _4as sase sive sewe sbee .’.
12, 1 write Unbu{tered |
.’. 4408 F198 sube S1n6 SHEE 4198 Gmte Moq BE0s P fic 40P FHNF EES SIT0 Wes 409 09 S10s ssts S4Ss PRS Fo0e GO abe EbS 414D PO4S GNSE 04SS 1.

Terminal sends 4 + (256xN) bhytes:

hs 4005 shas wens aen babs Sus ek £30D Siee shas 100s srar ouee tems snee sans e
6 X00 10001 (08hex)

B i o

COM,

4rae cra uen eae 2008 2eme vare au o anis maae tben ae oo

STATUSTE O I L X X B D D I Busy bit set here on receipt of command

D, IN (08hex) Unbuffered Write Op Code

Uan # (0 3) I Selected unit number

e oo tome cear cans conn v ewen anue o0h shme bare shes seee crrs o

o 4ebu Fuas Sver Bies 1ees @aee was ases suss Tese SAm P0e Teas sers 9o

STATUS! 0 I1CX XRerD D Busy bit reset here when ready for command

e s a4 s e s s s st s s s b nt 4k s e w00 o

CoM, 1 0 X 00 0000 (BO0hex)

oo o 40r mie F4D NOIs suse sese PBL As Aet SOOI mbu sase e0h S04t

“
o
|
+
e evessre e s e ot i v w40 e st nt 480 s o e st
i
+
+
|

STATUSI 0 I C X XBEDD

L et TR PRI SR ..,....-«-....m~.~..§.

Busy bit set here on receipt of command

e e e anan e a0 400 s s 0t s 10 s o et 211n s o
D, IN | ”56xN byie% data |
e vorm e aen sane cons s e o e o 1 et otn s8nn saas ors s o

The controller stops receiving data when the terminal enters a new
command in the COMMAND register on the Controller.

e ovemsses e e e e eni P B i T P 3

STATUS | 0 I C X X B D DI Rusy bit reset here on completion (When a new
o gmmand 1s written to the Controller)

Controller sends nothing back.



.’. U A SR S
| Initialize

.’. vans erue ree auie sren - Sent naes aes nes vane

Terminal sends 260 bytes:

o ees sene etn aees cres sohe arbe sue sean sane sens 1ees 4t mike sene stns svac sone s

coM, 1+ 08 00 10001
o e sree vens wene R o
e sovm rone vene sune e seee o o

STATUSE O T C X X EBEDDI

- - v e e
Seen bast Brts 1000 boee men. o
XXD0o 10111

B R R R R TR 3

D. IN
anes von R e RRE
Unit # (0-3) ]
avme vwee 1041 shue stet saes Sube duee auns sear .f.

. wae P +
0Orcx XegDDI

4200 e e anes s 0000 b1mt avm seme o

PR 3

1

0S006 00001
W10n Spe bese 4110 Ge4e 400G BIGE Sas IBES BEE T8R4 B00s Sens a0k Seie $50p tams 00e .*.
ases sase soer +
DD
e v o
s .'.
296 bytes data |

. vove 1ere respesn +

R

DD

EEET TR

coM.
I CX XBH&

STATUS

e 0u0t came 0nt want Bmsn 4098 SiBh S0ne bave Sens Moss shns 4ns boon avet enin

D, IN

e i e S I - N NN S SRy

ATN2 | 0O T €C X X B
BTATUG Ao e e

+
i
i
i

Controller sends nothing b

13272 FILLEXIRLE DISC SYSTEM,

. -—..’.

our o

(48hex
(0Bhex

=

Set ATN2 on completion)
No ATNZ2 on completion)

Busy bit set here on receipt of command

(OEBHEX
(2BHEX

Initialize opcode
Selected unit number

Rusy bit

(40hex
(00hex

#oH

Busy bit

Identical to write buffered

Reset D bits)
Set D bitsg)

reset here when ready for command

Set ATN2 on completion)
No ATNZ on completion)

set here on receipt of command

ATN2 line set after completion if § = 1
Busy bit reset here on completion

ack.,



13272 FLEXTRLE DISC SYSTEM,

-{ ee 004 besh erea 4108 sare wane was - o .ve same v e sone sevs sase .‘
14, | Format I
.’. 0ne 6440 0006 Goss ssva SHAS II00 Gens 000w S SIUN bede Pusd S04 S0se SaL [N - oos ot oo nee .’.

Terminal sends six bytes:

R 3

11001
R

Soes seee tess 2ans vove srma wbes dren .‘.

XEBEDDI

S ks 4

0 U

[ T
com, 10 S
.’. ore oaee e
) o eran e e st s 00 i e
5TATUSE O I C X
.’. rie brae oees vre

B R T L LT T e +
D. IN 1 O 0O 1 1 0 0 01
e ovms ess wetm w0ts stim sont seut h0ms bues sens 24s bore ourn 2ot= Sre vinn soms bets o

D, IN I Unit ¥ (0-3)

W ——
[ R

Do INFFTT T
o sete s1an 0n e voan sens sabe e wnss wrsn cour sine

+
B R i L RPN S

|

e

100 w00 t00s sact Sats sen dean amve bse o

T T T T |
o woaa vans anes sivs sant oo

..' heas a1 sat amas suve sras sens Bas
D, IN | 8Stagger paranet@rl

o v sre b1 e e 2 s Y

e b T

B R e R . &

D, IN | Data Format char.|
+ ans B04% ues 04 Sree witn 0es Pase Shes Sh0s

410 wms e 400 st 100 srn sens o

e o s e tnat v v 100 o st s s s e S0 o sane wane e
ATNZ 1T OTI CX X EBDDI
STﬁjug'memn L R ¥

Set ATN2
No ATN2

(4Chex
(0Chex

on completion)
on completion)

[

Rusy bit set here on receipt of command

(18hex) Format opcode

F-set will format the entire disc
without invisible tracks
T-Type must be 2 for HP format
Number of physical sectors between
consecutive sector numbers on the
disc, Stagger parameter can range
from 0 to 13,

Binary value to be written in each byte

of the sector.

ATN2 line set after completion if 8 = 1
Busy bit reset here on completion

Controller sends nothing back.

13265-91223/77



13272 FLEXIBLE DISC SYSTEM, 13255~91

.* aast sene seen sias sans seee mups oo o4s 2100 0000 aaee 100e Ger euse sees Sabs seer Sa0e BREe 4ece SENS ¢ se Sese Gase eewe 4
15, | In;tlate Splf Test |
.’. eeud cras Bebe sies seee Wee 1ess sces maa SIBY Taan 1es SE4s TS SRS Bres vesh sbub ANOS 0040 Pise sess PEMS S04 Sren Beer G804 sten HtES Seve Smes +

Terminal sends three bytes:

s ots rhe st e bane et et s s sem trie s tecs ss0n pan sres suse sons s

coM, 1 0 bt} 0 1 11 1 1 I (SFbhex
e r o e s s st s e w4+  {(1Fhex
-f 4wt omen baae Si0s 4ass it Seat vese sest mase Sewe Shes saes Tass Teus sase sura sone afpe

STATUSI O I C X X EBEDD I Busy bit set here on receipt of command
’ aat et daan b es ern o s aes o
’. ase sass sume sres wass sone wsew sees bore Bane o oo 2aee voos vase s

D. IN | Fy11nd9r I Cylinder to be written and read

.’. D R ettty 3

Set ATN2 on completion)
No ATNZ on completion)

# o

o 4100 1m0t 1t e tne e s st s 10 b oo 000 209 4 a0 100

D, INT XX XX WXXX 1 W- Tells whether or not a
v e v e s s e s s s e s e e s e e o read/wnite test will be performed

+
i w00 ems s o w2 s s s e 000 3 1 s s 9 a1 vn o

ATN2 1 0T CX X EBEDD I ATN2 line set after completion if 8 = 1

STATUS = itk Ry y bit reset here on completion

Controller sends nothing back.

". oaet va0e Bees ssne sret S0E wEe sues sras ses 4004 sees bems sers teen P89S wess sens HESS Aevs SO0 smee Gawe bens eses $04e Sabe .’.
16, | Read Self Test |
.’. cees sees bene sie bes 505 srae wmss 8BS $40s 200 ame BOE Pi4N 2040 B80 peve seBD $HES S00e SN Ben. B0es stes BESS Shes G00T "

Terminal sends one byte:

’. e e 4209 om0 et sens smme 3100 2003 St sane s dhos smms wrn bons vuss s

coM. | 1 X 0 1 11 l 1 1 (9Fhex)
s soet soue tmme cuas cins s et cias bate saee e et fsn 0 bR daas case e v o
B S i R 3

STATUSI O I C X X BE DD | EBusy bit set here on receipt of command

o on mene cean tesh 1n0 et war cres ars 1o onas done duer 1ane oot St den one 4

Controller sends two bytes:

.‘. - e 4108 o100 ca0s maen sata wmes oo 0100 seaa nens sens 4100 Sren sems seoe e

D. QuUTH Te«f results 1 I Two bytes of self test results
i o rrne et e e e 000 et 0 00 erne s o arns sems srs0 ene s MSByte
o e e e e aran s s s tann 4 2ns e v w020 200 61 210 200t ol

D. OUTI Test results 2 | LSHEyte (See Appendix C)
R SRR .
[ PP P T

STATUSI 0 I C X X EDD I Rusy bit reset here on completion

o csse 410 ases cros s w00 ere snen te e e shah s o e o s o

223/78



13272 FLEXIEBLE DISC SYSTEM,

17.

+ -+

Terminal sends 257 bytes:
..'. «ase S4ss 200s asve 1ees Sese Pese 9004 sres Sete Pess SUNS PO0s GEse bese SisE Sreb Baee .‘.

ClUM.I(lXOllliUI
B T e TR

o s o e oo anas s s i i xS n s s0ne s0me s
STATUSE O I € X X B DD
.’. Sats anes VoS eal Cons mSas bens Sus 4o ss Ses 001 dera 1isE 4e4s sves saet Sent beer .’
" 90T THLL cast caes 15N Suss PN Bask biee bues nesh ues s00e 204s S0ES base Se0s smee '.
I 256 byteb data ]
.‘.. 4300 S baek Habs uesh S0 G0e baes SEEL best 400D Sash BEOS ere 2ete besr Sere Abbe .‘..
.’
!
,’

hte vaae bise saes Sevn tiee borr mene sees Sa0s Snee ase ’.

350 0T CX XEBDDI

B e LR R o

Controller sends nothing ba

..’. ees arms 6208 Leat mme seae 1ove 4nr tare bebs sres tren res stes tend sees brin brsa saes shes bes

19, | Read Loophack

. asae enbe saes aes wess 404 cas tess res sesr weem +
erte LOOphde %Prtor |

- - ores aes smn: sree save eer 0*1

(1Ehex)

1325%-91

Busy bit set here on receipt of command

Busy bit reset here on completion

ck,

< ont ens sumy smae sars vese oo

Sector |

Y Syp—— kbt e e 10 a e et e a8 s 01 s e 0 S e s s o ot e sion o
Terminal sends one byte:

e e w40 ndn o S men abas s b i tre m e 4003 w00 s
COM, I 1 X 01 1 11 U I (9Ehex)

.’4 610 wies aves 4504 2rEs $00E SOBn Sern St8E OO 4hae thae cmae sase vas wese Bres ’

e £ 50 s e s s 430 e At o 42k 5 e 42 2 s 920 140 s
STATUSE O T C X X BDDI

e re e e smn e e e e e 1 110 s s s w1 w0 e o e

Controller sends 256 bytes'

B R R PR R SR

D. OUTI 256 bytes data |

SO RV Y ¥

heeee o’
STATUSI U IcXx XEBEDDI

B e T R —......_.._.’.

Rusy bit set here on receipt of command

Busy bit reset here on completion

”y e
Ad

379



13272 FLEX

’ wras seen oer suas aien bees Srme smps sibs wons eran sher tend 0o ses Baas mers 1she sien eSS Mesn TeND She smse res 40T O8N ses

19, 1 Down Load

Terminal sends 257 bytes:

e sean ween sore vare sure v are wone sune -
0 X0 0 l

COoM. (0Fhex)

Ponde

D-‘Z
‘»—51
Ia—-’-‘

[
o

+

|

+

R
STATUSI O I C X X H D D Busy bit
.’ v

!
D s a4 o S e 8 S50 b S e 4 2688 e e o

R Y
1

D, IN l 256 bytp$ data

.‘. 40 naee tuer vere
". #004 2a0s shs mrs e saas sr0e 0
8TATUST 0 1T C X X EBEDDI

B R R kR 3

o

B o

Busy bit

Controller sends nothing back.

Phywlual Seek

B R
26, |
o saes ss0m vres sans o

Terminal sends six bytes:

RS
1 0 0 0 |
O

[ IETEEE
oM. | 0 $5 0 1
o chne nire ot vens e sann seas arn saes otnn 1ine ene enen et banh orer

(G8hex =
(18Bhex =

et ane o O
D D I

B R o vooe noes sare

STATUSE O I C X X R
e

Busy birt

D. IN (01hex)

rver snmt stes sen R R DR )

Uan# (0 3) |

Target U
. -
Lyllnder M“BVTP |
. “ans aese mman sens aset sine 2ens wene +

for Phys
. veoe e sous 1orn bare aaes vors suse .‘A
Cyllnder LbByte |
o
PIPRIp—. .’.

Head |

B e T SR ¥

I T
|
R
g
l
R e
e
|
A
o
!

IN

o 200 same sess vary mvee o nie suen oras moen ares wons sree s

o e 4000 tons s e s imas tms snes 2204 s s s i s 5
IN |

[ S—

[ PR
ATNZ l 0 I C X

D. Target h

X 4

aoee .’.
DD I
R o

ATNZ2 lin
Rusy bit

Controller sends nothing back.

Two Bytes

IBLE DISC SYSTEM, 1325591

R 3

wese sren .’.

set here on receipt of command

reset here on completion

aren vune o

m~m+

Set ATNZ
No ATNZ2

on completion)
on completion)

set here on receipt of command

Physical Seek opcode

nit/Drive for Physical Seek

s of target cylinder

ical Seek

ead for Physical Seek

e set after completion if 8 = 1

reset here on completion

223780
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o s ras nen e 4050 Hevs e sms s S s e 88 £RRS Sun 0m S0 2hLS A8 e 128 FRRS 405 400 s san b 4 5100 srn dom s
21, 1 Read Data |
b 1010 tas so0 e 1108 12t s s s0nd hkD S b S418 S0 10 S48 S ARG S8 183 hk s 120 K114 Am s o v s sane crrs o

Terminal sends 3 bytes:

". eeve 400 cate siae 4043 sran sase baes avas suss Thes beet MG Sem sesm ewes Oer sees +
COM. + 0S5 01 1 06001 (58hex = Set ATN2 on completion)
b res wene oo 5620t 2000 < ot st cabs s omes 2988 smes sass ene s sesn o ( '1 8h ex = N ) ATNQ on o Mp l et 1 on )

[ SR Spe— .‘.
STATUSE O T C X X B DD I FBusy bit set here on receipt of command
B T T &
B R T P P N
D. IN | 0 0 ] 0 0 01 01 (0Zhex) Read Data opcode
‘.. v o eror oo s e oo o + est seme sane wrae sons reae Q.
’ Seus 4ne time sass Seae sees Srms Febs sers Sass Beas Gase ekt Sees sets Sads tees New +
D, IN I Unlt# (0 3) I Target Unit/Drive
.’. et ees snas sere 1EsE 400S Seos suen Seed Tees sese bems Eeee saie sbas tess reee Sewe .’.

Controller sends 256 bytes:

.’.....,,. Wors e shus seee ses sust bens sone suse bees seme Sess tess ess mee _..’.

D, QUTHE 256 bytes data I The Controller sends the bytes regardless
B TP S PSR N 0"“ th""‘ CR(’: Chec kinq resu " 1.
T

ATNZ2 1 0 I C X X H DD I ATN2 line set after completion if & = 1

STATUS 4~ e Bygy bit reset here on completion
o 40m omen cees srus s e s euse s e s san b €hen s 4o S w00 et 450 axts 2o et 1o assn a8 ouns Shne s e

22, | Data Staqger/1n1er19aue |
e cest sams o8 e e aat s st S et s e 450 4428 o S 2k e S 01 2 e v S e v 4o e 21 o ame o

Terminal sends three bytes:

o o st s s 4 e sk a1 200 k5 s n pnn sens o

CoM. 1 © S 0 1 100 01 (5S8hex
R K 1 Y

Set ATNZ2 on completion)
No ATN2 on completion)

#

8

+ weve 1840 some aer sone wnee ms 20ss tens sane sees seer ove o surs care .‘»
STATUST O I C X X B D D | Busy bit set here on receipt of command
’».....»«. bens s0es mene su1 ne, pranpe 000 ooms s sonn o
o eere seot cmm toes asas tus ahen b e e o s aten maes 2nen v e cune oo
D, IN | 0 0 0 0 0011 1 <(03hex) Data Stagger opcode
B D i TR +
o aues s00s sem sene SR R
D, IN I Unlt# (0--3) I Target Unit/Drive. After stagger is determined,

hom ek the value is stored into controller memory
(4000hex). It is the first byte received by the
controller during a "Read Loopback Sector" command.
e =00 aont emnt e same aaen e 1o0e s wrvn wdes snas Seoh sam snts soms vene e e
ATNZ | O I C X X BDD I ATN2 line set after completion if § = 1
SBTATUS 4w By gy bit reset here on completion

Controller sends nothing back.
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Table E 1.0 Status Byte Definitions

[y 400t om0 e ans dese Tene SunE Nese G40n 4ast S48 4998 aure dwus auts Bove bete mase

Status 1 (first byte returned by the CONTROLLER)

I ( 01 > I Dﬁfinition

00000 I Normal Lomp?et1on, The operation completed wlfhout error, or the
controller has just been cleared or powered up,.

goont Illegal UOpcode, The last command contained an opcode which is
not recognized by the Minifloppy Disc System,

00010 The internal timer of the Floppy Disc Controller Chip did not
timeout and interrupt the processor within 800 millisec. or four
revolutions of the disc.

01000 Data Error, The disc Read or Verify operation was terminated
becavse a data error was detected (CRC error),

01001 Track/Sector Compare Error, The target track or sector cannot be
found (READ routine), Up to six passes of the track are made
before this status is set,

01010 I/0 Program Error, An illegal controller command or sequence
has been received by the controller.

10001 Defective Track, During an HP Write, Read, or Verify a set D bit

10010 Retryable Hardware Error, An internal hardware timing error
occurred during a data transfer or seek,

10011 Status 2 Error, Some condition in status 2 prevented the drive

related operation from completing normally. These conditions
include:

1. 8Specified unit is between 0 and 3, but that drive is not
connected to the controller.

2, There is no disc in drive,
3. A Hardware problem is detected in the drive.
4, The disc is unformatted or has an unknown format.

9. The disc is write protected (error only during @ Disc UWrite
operation),

6. The First Status Bit of the selected drive is set, (3ee bit
"FYodin STATUS 2, below)

|
|
{
|
|
|
1
}
|
|
|
|
|
1
|
]
|
|
|
|
I was encountered,
|
|
|
|
|
|
|
|
|
|
|
|
|
|
]
]
|
|
|
|
|
|

e sovn sm cmag tous seae 0sn so bmen muns aed
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Idb1v P 1.0 1a1u4 Byie va1n1110ns (cont d)

I < >1 > | De+1n1t1on |

Unit Unavailable, A command Jntluded a request For a unit numb@r
greater than 3.

Drive Attention, The indicated drive 1is requesting attention
for one of the following reasons., (see bit "A" in STATUS 2D

]
|
|
|
|
i
1. A Seek completed normally. !
|

2. A Seek command failed dve to: |
|

a, Drive Fault (See bit "E" in STATUS 2, below) , ]

b. out of bounds target cylinder or sector, or 1
|

i

|

I

1

|

I

|

!

|

¢. the controller cannot find the target address (S8EFEK
routine),

3. Following an End command, a change in the drive status was
detected,

a, Disc inserted,

b. Disc removed,

¢. Drive connected,
d. Drive disconnected

Table E 1.0 Status Ryte Definitions (cont’d)

Status 2 (thnrd and Fourih hytes roturn@d by the CDNTROLIFR)

! %ratuq 2 | De?1n1110n

Status 2 Error, This b11 is set if one or more oF the Pollowlng
bits are set in status 2:

b g

a. Drive Fault (See bit "E", below)

h. Seek Check (See bit "C", below)

¢. Any Drive Not Ready Error (see bits "S8" below)
TTTT Disc Type, These bits indicate the type and format of the disc
currently present in the selected drive as follows:

0000 ~ Empty drive

6001 ~ RBlank or unknown format single sided
0010 ~ HP format single sided

0101 ~ BRlank or unknown format double sided
0110 ~ HP format double sided

Attention, This bit is set when a seek completes (successfully
or unsuccessfully), Following an End command, it is set if the
door is opened, or the disc changed., It is cleared after the

|
|
|
1
|
|
|
I
|
|
1
l
|
I
|
I
|
|
1
|
status is read, |

| l
| l
| |
] ]
1 I
! |
| |
! |
! I
! |
I !
I |
| |
| !
| !
| |
! !
| |
! |
| |
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Table E 1.0

Status Ryte Definitions (cont’d)

4045 ate Srte Bess 4100 Hake Sees sucr 19T8 Sres Sbwe SR0s 4ve S400 4RSS F44P Aare £SGe S08 K4ER Bese Bese SEer S8 Gase Seee Fade HEmS S0FS SLE S4ss S0vs Srre 2040 4SS ase dete 40N Geen s4ee Samm 4Ees Shet SRR ONp Bses sees a0l BeRS Sgeu aese Haks evEs sust

I Status 2 | Definition |

i
i
H
i

W Write Protected, The disc in the selected drive has the write
protect notch covered,

Drive Fault, This bit is set after any of the following occurs:

a. Drive goes not ready after an End command,
b, Drive goes not ready during data transfer, or

¢. Hardware failure.
Drive Fault is cleared after status is read.

First Status Rit, This bit is set when a disc is present in the
selected drive after:

a, Power on,
bh. The door is closed,
¢, Self Test completion,.

Seek Check, This bit is set when a Seek fails for one or more of
the following reasons:

a., an out of bounds target sector was specified, )
b, an attempt was made to access a non-existent physical track,
¢. The seek algorithm could not find the target logical track.

The Seek Check Rit is cleared after status is read.

Drive Ready, These two bits indicate the status of the selected
drive as follows:

00 ~ Drive ready
10 ~ No drive connected to controller
11 -~ No disc in drive

| |
| ]
| i
! |
| !
| |
] |
| |
| |
| i
I |
| |
1 |
! |
I |
| |
] |
| |
| | The First Status Bit is cleared after status is read.
| |
| |
| |
| |
| |
! ]
| ]
] |
] i
| 1
] 1
| I
| i
] ]
| |
| 1
| i



TERMINAL
DATA BUS

TERMINAL
ADDRESS AND
CONTROL

MINIFLOPPY CONTROLLER P.C A.

CLOCK®
GENERATOR
—8. D 4MHZ 3 ® ®
BACKPLANE CPU ROM R AM
~ |INTERFACE Z80A 8Kx8 | Kx8
¥
l % , CON- \ 5’ Z i
63 , 13&' /] f3 ES/?]12C”§3 tS/K /] 63 1()/ A EB
7 ©®
S
\/0 DE kE S DATA
| 280 BUS
2 Z89 JADDRESS BUS
8 | 8MHZ
, 1 MHZ
@ ‘
WD. EARLY, LATE " WRITE @|WRITEDATA | _
73 PRE-COMPENSATION
FDC Ole—r»
1791 DISC INTERFACE |
SAW BEAD ® DRIVERS/RECEIVERS |
=Ll JolRE L READ DATA L
RG _ LOOP |
POWER AND GND i .

FIG.1. MINIFLOPPY CONTROLLER PCA BLOCK DIAGRAM

Figure 1

DRIVE
INTERFACE
[ (40 PINS
CONNECTOR)

Minifloppy Controller PCA Rlock Diagram

DEC-29~-80

1325591223



B us

e
WRITE
PULSES
BIT
SHIFTED
ACTUAL PEAK EARi
POSITION FOR
POSITIO
COMPOSITE .| PEAK POSITION
A FOR SINGLE
WAVE FORM PULSE
READ
PULSES
BIT SHIFTED

LATE

FIG.2. BIT SHIFT DURING
READ OPERATION

Figure 2
Bit shift during read operation
DEC~29-80 13255-91223



RG .
READ DATA | SYNCHRO DETECTION | RAW READ .
1MHZ | AND LOCKING LOGIC CLAMP_ - ! RCLK
I . ! -
I )
: ]
| FAST| RESET B I Y
|\A”NDOW LOCK |
L re—————— = —=——— | |
| 250ns | |
CONTROL | V/1 OSCILLATOR AND l
I I
| PHASE DETECTOR VOLTAGE | | CONVERTER RAMP GENERATOR | | |
l
| | ______Mo _____ 1
: PHASE INFORMATION :
' NN 500KHZ |
L |
FIG 3 PHASE LOCKED LOOP BLOCK DIAGRAM
Figure 3

Phase locked loop Rlock Diagram
DEC-29-80 13255-91223



WINDOW @)Q \

FAST LOCK RESET CLAMP

G.Av - ——————— |
3.3\/4" ;/ f +12v |
- ) | Y 2xRCLK
+|2\/j‘ | - | ;’ ;’ 2.4V
R22 | - I or ] T esv wa2v. | T T T T 1
6192 | | cs2 |
.0l o ol
+5v : I _l; °29‘1v’r _]g-c ) |
p25 3 R26 R25 l R2 4r23 | +5vV |
1 F23m s6z 3ok | I ocr '
| 1% |
] - /75 ( | ' | Q! |'—4—- ‘——-——-—;sv 12 US89 |
l QaS @) Qﬁ; | | , 4[N D o e - |
R30 [ 1538 |
ol L4TK < X2 | | /_LC:M =1 ¢ | -1209
ca0 T FAST LOCK (d/ | | +5V S :// D_ ! !
' / E"ii"]g""J f
| 45V
¥ cril | Jjﬂ tﬁggn |
: l o \v/ 1826-0210 |
| | rIBg =3 01
[ 47038 %C“ 224 | '-i2v |
| '[ $ 470 I
|
v o | Q14 ais ] |
E > Vmax =5 V A~
\ | | & e ( 28 o1 Virin-24V R4 |
' R4 c35 750
r—————- I l cR2 CcR8 OSCILLATOR AND RAMP GENERATOR '
I | SZce3 CRS cR9 2; |
| | |
| I
I l L - - - - - = = — = _.l—z'v ————————————————— I
2 l RIS R13
hﬁ) <j] % T"’o
Y Qv | . :
V on ' I=56mA _L
_ ] —_- e ——_— . = CR¥ i 22
L -~ QlF | 493y cz8
I g5 +5V I * ‘ Q£> ! * l
1 e Lo , FIG.4A OSCILLATOR AND PHASE
BUASE . a8 0o I oK T sl DETECTOR OPERATION
w00 | — 3 | OSCILLATOR OUTPUT LOW
R332 [ c4z R37 Yi
555.6 2200F == $68IK
T 25% H : 7.']’ o [
@ ‘ l v v I
¥ -L_ éé"h FITER AND V-| CONVERTER :
¥
e e —

Figure 4
Oscillator and Phase Detector operation
DEC~29-80 13255-91223



FAST LOCK RESET CLAMP
A 4 Y A
{_ +izy —: sv 2xRCLK
R et T oLz
§§f£ | | ' .01 - —-J;;/_*;/ ————— T T T T
1% | : R7T RG ca o o |
y 555.6 B K
J ! 25% 9 l IZI a‘i —LCSO ‘
k| ON  ON * |
l | O\ 23 8 R i 12 ¥ I
Q3<}—- ‘ I Q2 | Qi3 ﬂr;\ D 1 g |
| |~ 4 l-* H, | " Lo |
(}Qz ; | .oozzg v | -1209 |
FAST L0CK | i 2%
I \ @ Sl s — l
S | | L oy |
o | L e |
18 vans
I I 5:70:: 2313 R24 0 '
| g; 4'ro§ 3t
‘ ' ] -l2v l
1. |
ov || FlE b :
1 o1 Ri4
| : e |08 OFF =3 7% |
- - - CR2 CR8 |
| | R - OSILLATOR AND RAMP GENERATOR M |
winpow| Y I
tenll | v v@ I
l | 1 |
| T
| \v/ ' L"~'~_—__'_‘_——‘—-—‘-_’—-‘—'T'V_—_ __________ -
2 R15 R13
ol s il .
| Y | — -
I P S
| IR | N !
i o des | @ [l FIG.4B OSCILLATOR AND PHASE
| ¥ O PPl K R | A SN DETECTOR OPERATION
l | o s M= % OSCILLATOR OUTPUT HIGH
| 1 RESET 1% |
(A o R37
| T T |
1%3 d
I i - l
1 I égil HIER AND VoL COMER ;
L - e - - < - d

Figure 4
Oscillator
DEC-29-80

and Phase Detector operation
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FIG.5 PHASE DETECTOR OPERATION

control voltage

Increases Iy Decreases 11

FIG. 5A
A V(RAMP)
| |
| [
| |
| |
| | t
' -
CHARGE %i\ DISCHARGE
l |
| |
“DATA L[
PULSE =l
FIG. 5B. : 250ns
CHARGE: | AT DISCHARGE:
Increases | Decreases
i
|

I
|
I
l
, control voltage
|
I
l
|

Increases Decreases
ramp slope | ramp slope
—= Increase £t~ —— Decrease
VCO frequency : VCO frequency
l I
FIG. 5C FIG 5D
I Ip A

| A1
|

~

l
!
I
l

d‘i
‘+
y

L [
Data pulse is late: Data pulse isearly:
Discharge>Charge Charge > Discharge

— Frequency decreases —* Frequency increases

Figure 9
Phase detector operation
DEC-29-80 13255-91223



LOGIC BLOCK DIAGRAM

FIG. 6 SYNCHRO DETECTION AND LOCKING

Figure 6

r——— T T T T T T T T T T T T T T T T T TTT T T ]
| ‘ |
SHIFT REG. 4 BIT COUNT SHIFT REG: |
% (Sus COUNTER) (=16 = | N |\>° —FAST
{MHZ ——D>CLK Q —~DCLK ~D>CLK | LOCK
| CLEAR CLEAR Qp CLERR Qu———1—>o—1—ReseT
| |
| |
n . l
. > .
| |
READORA o . PATA PULSE > CLK |
— RESET
RAW READ < |
qore) 1 | -NE STk FLIP-FLOP Q| 1] —CTAWP
SET 2 CLEAR !
WINDOW FLIP-FLOP |
(fo PHASE DETECTOR) I RESET Q {>¢ |
: RESET :
RGT |
e _1

Synchro detection & Locking logic Block Diagram

DEC-29-80

13255-91223



FREE

RUNNING CLAMP LOCKING LOCKED
424 us— 1 | 1 dus
RCLK _ _ _ o ______ S ey T gy O oy S oy N ey TN T o By T Y BN
2xRCLK _ - __ MU uuurururuonn i
RAMP VOLTAGE ON C34 _ _ . . \ """\ "\ N ANV NNV VAIANNANNNAAN/
READ DATA _ _ _ _ _ _ ______ U
PHASE DETECTION WINDOW_ _ 5
BESET___ . ____ Fldus ¢ (
CLAMP_ _ _ _ _ _ _________" Bev -
488V
G f :

CONTROL VOLTAGE ON C37F _ 5oV

RCLW& _ _ o ___

2xRCLK _ ___ ___ _______ e e D

e

RAMP VOLTAGE ONC34 __ __ /\/\

READDAIA _____________ 1 .

PHASE DETECTION WINDOW _ LT

RAW READ _ _ _ _ __ ______ =

VOLTAGEON C3% _ _ __ ____ LN

FIG.7 CLAMP AND LOCKING TIMING DIAGRAM

Figure 7
Clamp & Locking Timing Diagram
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T0 / FROM CONTROLLER PCA

READ DATA.... g‘

PRE-AMP AC COUPLED AC COUPLED DROOP
I AND FILTER DIFFEREN- COMPARATOR 1GNORE I
| L«
‘ — | pur onsoFE |
i GLITCH _ [ weiE ano
I — proTECT ERASE >
WRITE DATA....» crieut | HEADS BIAS _l.
STROBE........ » CIRCUIT
‘ L SIDE SELECT l
SIDE  SELECT..»- FUNCTION
MOTOR ON. ... .. 4 SELECT {>____+.
DRIVE SELECT..» LATCHES  MTieRi ToAD ——D—-*
HEAD LOAD..... -
| ¥
| 5 DRIVE 1D
DETECTOR HSGPLS, AN |
Q.
RIVE 10, |« ] —] hrar Ao
MSGPLS, AND | ot NGE “_“"‘
9 uSec " i
N NEXT DRIVE
;‘\353{;2“ Ve ADDRESS :_t:
WPRT — GENERATOR |
pISC cm«ss..l{ l
DIRC . STEPPER
STEP......vuns » HOTOR >
» L0GIC I
INDEX......... . :] [ 1nDEX ] <
) ACEo0 e LOETECTR |
TRACK 00...... l | DETECTOR

m—

|

10 W/R
AND 'ERASE
HEADS

TO SERVO BOARD
TO DRIVE LED

WPRT SWITCH

OUTPUT DRIVE
ADDRESS (TO
NEXT ORIVE)

TO STEPPER MOTOR

INDEX SENSOR
TRACK 00 SWITCH

FIG. 8 DRIVE ELECTRONICS PCA BLOCK DIAGRAM

Figure 8

TO / FROM DRIVE MECHANISM

Drive Electronics PCA Rlock Diagram

DEC-229-80
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EERAREEAEARNEREN
WRITE DATA
(FROM CONTROLLER) J1-22 M N 1 N 11 [
us 9 —- e
T A
vome Acoss [\ \ \

!
HEAD =4\ V ] V
T /

1.5 sec

FIG. 9 WRITE CIRCUIT TIMING DIAGRAMS

Figure 9

Write Circuit Timing Diagram
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WG

u44 252 B
pin T “

pirltJ f:g ' i le— 1066 wsec (TYP) —

(WRITE)

UGt , TURNOFF DELAY
pinil

ERASE) TURN - -
DELAY

L
o
Z

FIG.10 TUNNEL ERASE
TIMING

Figure 10
Tunnel Erase Timing
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D RITTEN
101010101010 %AW

| | | | | l MAGNETIZATION
a. ON DISC.

AN A
\VARVARRV

DIFFERENTIATOR
oVTPUT
SVAVANSWAVANEVAVANEENE /2
VARRVAVIIRRAVAVARRRN
COMPARATOR
OUTPUT
x K
d — : * ' Ly— UbTpin?
' | | |
: ! | !
e MLl U3t pintt
|
£ | i | i uz1 pin4
I B

g — I LT LI 1 udblpmb

h__ NN N 0 M M U3pn8

l. M | I I I M_ U21pind

FiG.11 READ CIRCUIT TIMING DIAGRAM

Figure 11
Read Circuit Timing Diagram
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NEXT DRIVE

(DQIVE%}
2,24 2&
2929522 ¢°F
12 3 45 6 3940
© 9 0 0 © O o o
4 4
«—o01 QOUTDAD
o072 INDAQ
+«—0 73 OUTDA1
o4 INDAT o Ve
o INDEX
039 +12V
$—————0 40 +12V
4 4
o b o &6 & &6 76
1 2 345 3 3>9 0
QO V=N >
37555 ¥°

CONTROLLER (P2)

FIG. 12 T-BLOCK SCHEMATIC

Figure 12
T-Block Schematic Diagram
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BIT=0
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& \
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FIGI3 MFM ENCODING ALGORITHM STATE MACHINE

Figure 13
MFM Encoding Algorithm State Machine
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INFORMATION 1 1 o (1 1 O |0 0
BITS

BOUNDARY-HALF

CENTER-HALF
BIT

MFM MODULATION

_ | L
B(OI) C(10) A(0O) B(Ol) c(10) D(i) A(0O)

FIG. 14 MFM MODULATION

Figure 14
MFM Moduvlation
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F16.15 MFM DECODING ALGORITHM STATE MACHINE

Figure 15
MFM Decoding Algoerithm HState Machine
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BIT CELLS

-
|
|
RAW READ (FLUX !
TRANSITION :w
|
|
|

]

I .

I | |

l l |

T

| ——

PULSES) : : :
|

l : |

FLUX TRANSITION L T
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FIG.16 MFM DECODING TIMING DIAGRAM

Figure 16
MFM Decoding Timing Diagram
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H4 SEC
BIT CELL

fe— 4usEC

ALLONES DATA -2f DATA (250 KHZ)

PATTERN GENERATING 6ALSEC PERIOD
PULSE STREAM

T B T
T2 1 & 1 @

I . [

PATTERN GENERATING 8.USEC PERIOD

PULSE STREAM -1 DATA (125KHZ)

ENCODING RULES :

1. ATRANSITION 1S WRITTEN ON THE MIDDLE
OF THE BIT CELL FOR EVERY "1’

2.A TRANSITION IS WRITTEN ON THE CELL
BOUNDARY WHEN TWO ZEROS OCCUPY
ADJACENT BIT CELLS.

FI16. 17 MFM PATTERNS

Figure 17
MFM Patterns
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Replaceable Parts

Reference HP Part |c s Mfr
Designation | Number |D Qty Description Code Mfr Part Number
02640-60223 | 9 1 MINI-FLOPPY CONTROLLER, PCA 28480 02640-60223

Ci 01460--4801 7 1 CAPACITOR-FXD 100PF +-5% 100VUDC CER 28480 01604801
c2 0160-4554 7 33 CAPACITOR-FXD ,01UF +-20% S0VDC CER 28480 0160-4%54
c3 01 60-4554 7 CAPACITOR~FXD ,01UF +~20% S0VDC CER 28480 0160-4554
Cca 01604554 7 CAPACITOR-FXD .01UF +-20% S0VDC CER 28480 0160-4554
CH 0160-4554 7 CAPACITOR-FXD ,01UF +-~20% S0VDC CER 28480 0160-4554
cé6 0160~-4554 7 CAPACITOR~FXD .01UF +~20% S0UDC CER 28480 0140-4554
c7 01604554 7 CAPACITOR-FXD ,01UF +-20% S0VDC CER 28480 0160-4554
ce 0160-4554 7 CAPACITOR-FXD .01UF +-20% S0VUDC CER 28480 0160-4554
ce 0180--2879 7 4 CAPACITOR-FXD 22UF+50-10%Z 25VD(C AL 28480 0180~-2879
ci0 01604554 7 CAPACTITOR-FXD . 01UF +-20% S0VDC CER 28480 0160-4554
cit 0% 604554 7 CAPACITOR-FXD ,01UF +-20% S0VUDC CER 28480 01604554
c12 0160-4554 7 CAPACITOR~FXD .O01UF +-20% 3S0VUDC CER 213480 0160~-4554
C13 01802879 7 CAPACITOR~FXD 22UF+50-10% 25VUDC AL 28480 0180~2879
C14 0160-4554 7 CAPACITOR-FXD .01UF +-20% 50VDC CER 28480 0160-4554
C15 01604554 7 CAPACITOR-FXD ,01UF +~20% 50VDC CER 28480 0160-4554
€16 01604554 7 CAPACITOR-FXD ,01UF +-20% S0VDC CER 28480 0160-4554
Cc17 01604554 7 CAPACITOR-FXD ,01UF +-20% S0VDC CER 28480 0160-4554
ci8 0180-2879 7 CAPACITOR~FXD 22UF+50~10% 25VDC AL 28480 0180-2879
c19 01604554 7 CAPACITOR-FXD .01UF +-20% 5S0VDC CER 28480 0160~-4554
cao 01460-4554 7 CAPACITOR-FXD ,D1UF +-20% S0VDC CER 28480 0160~-4554
ca1 01604554 7 CAPACITOR-FXD ,01UF +-20% S0VDC CER 28480 01460-4554
caza 0160-4554 7 CAPACITOR~FXD .01UF +-20% S0VDC CER 28480 0160-4%54
ca23 01604554 7 CAPACITOR~FXD ,01UF +-20% S0VDC CER 284890 0160-4554
ca24 0160-4554 7 CAPACITOR-FXD .01UF +-20% S0VUDC CER 26480 0160-4%554
c25 01604554 7 CAPACITOR~FXD ,01UF +-20% S0VUDC CER 28480 0160~-4554
c26 0160-4554 7 CAPACITOR-FXD .01UF +-20% S0VDC CER 28480 0160-4%554
ca7 01604554 7 CAPACITOR-FXD ,01UF +-20% S0VUDC CER 28480 0160-4554
ces 0180-0197 a8 1 CAPACITOR-FXD 2.2UF+-10% 20VUDC TA He289 150DE X9020A42
ca9e 016043554 7 CAPACITOR-FXD ,01UF +-20%Z S0VDC CER 28480 0160 54
c30 0160-4554 7 CAPACITOR-FXD ,D1UF +-20% 50VUDC CER 28480 0160-4554
C31 01604554 7 CAPACITOR-FXD ,01UF +-20% 50VDC CER 28480 01604554
c32 0160-4554 7 CAPACITOR-FXD . 01UF +-20% S0VUDC CER 28480 0160-4554
33 01604554 7 CAPACITOR-FXD ,01UF +-20% S0VUDC CER 28480 0160-4554
C34 01605091 k4 1 CAPACITOR-FXD 2200PF 2% POLYP 28480 0160-5091
C35 0160-4554 7 CAPACITOR~-FXD ,01UF +-20% S0VDL CER 28480 0160-4554
€36 01604554 7 CAPACITOR-FXD .01UF +-20%Z S0VUDC CER 268480 0160-4%54
c37 0160~0161 4 1 CAPACITOR-FXD ,01UF +-10% 200VDC POLYE 28480 0160-0161
c38 0160-4554 7 CAPACITOR-FXD .01UF +-20% S0VDC CER 28480 01460-4554
39 01802879 7 CAPACITOR-FXD 22UF+50~10% 25VDC AL 28480 0180-2879
Ca0 0160~-4554 7 CAPACITOR-FXD ,01UF +-20% S0VDC CER 28480 0160-4554
Cca1 0160-4554 7 CAPACITOR-FXD ,01UF +~20% 50VUDC CER 28480 01604554
ca2 D160-4B12 ] 1 CAPACITOR-FXD R20PF +-5%Z 100VDC CER 268480 014640-4812
CR1 19900622 2 1 LED~LAMP ARRAY LUM-INT=200UCD 28480 1990~-0622
CR2 1901-1098 1 ? DIDDE~SWITCHING 1N4150 50V 200MA 4ANS 000406 1N4150
CR3 1901~1098 1 DIODE-SWITCHING iN4150 S0V 200MA ANG 0004G 1N4150
CR4 19011098 1 DIODE-SWITCHING 1N4150 S0V 200MA 4NS 00046 1N4150
CRS 1901-1098 1 DIODE~SWITCHING 1N4150 S0V 200MA 4ANS 00046 1N4150
CR& 1901-1098 1 DIODE-SWITCHING 1N4150 S0V 200MA 4NS 00046 1N4150
CR7 19023092 1 1 DIODE-ZNR 4,99V 2% DO-35 PD=.4UW 28480 19023092
CR8 1901-1098 1 DIODE-SWITCHING 1N4150 S0V 200MA 4ANS 00046 1N4150
CR9 19011098 1 DIODE~SWITCHING 1N4150 S0V 200MA ANS 00046 1N4150
CR10 1901-1098 1 DIODE-SWITCHING 1N4150 S0V 200MA 4NS B004AG 1N4150
CR11 19011098 1 DIODE-SWITCHING 1N4150 S0V 200MA ANS 00046 1N4150
Q1 1853-0459%9 3 12 TRANSISTOR PNP ST PD=625MW FT=200MMZ 28480 1853-0459
Qa2 1853~-0459 3 TRANSISTOR PNP SI PD=625MW FT=200MHZ 28480 18530459
Q3 1853-0459 3 TRANSISTOR PNP ST PD=625MW FT=200MHZ 28480 1853-0459
Qa4 18530459 3 TRANSISTOR PNP SI PD=625MW FT=200MHZ 28480 1853-0459
RS 18%53-0459 3 TRANSISTOR PNP SI PD=625MW FT=200MHZ 28480 1853-0459
Qb6 1853~0459 3 TRANSISTOR PNP ST PD=625MW FT=200MHZ 28480 1853~-0459
Q7 1853-0459 3 TRANSISTOR PNP SI PD=629MW FT=200MHZ 28480 18530459
Qe 1854--0810 2 6 TRANSISTOR NPN §7 PD=629MW FT=200MHZ 28480 1854~0810
Q9 1854-0B10 2 TRANSISTOR NPN SI PD=625MW FT=200MHZ 28480 18%54-0810
Q10 1855~0406 4 1 TRANSISTOR J~FET P-CHAN D~MODE SI 32293 IT110
Q11 18530459 3 TRANSISTOR PNP SI PD=625MW FT=200MHZ 28480 1853-0459
Q11 1853~-0459 3 TRANSISTOR PNP ST PD=425MW FT=200MHZ 28480 18530459
Q12 1853-0459 3 TRANSISTOR PNP SI PD=625MW FT=200MHZ 28480 1853-0459
Q13 18530459 3 TRANSISTOR PNP SI PD=625MW FT=200MHZ 28480 1853-0459
Q14 1854-0810 2 TRANSISTOR NPN SI PD=625MW FT=200MHZ 28480 18%54-0810
Q1S 18540810 2 TRANSISTOR NPN SI PD=625MW FT=200MHZ 28480 18540810
Q16 18540810 2 TRANSISTOR NPN ST PD=625MW FT=200MHZ 26480 18540810
Q17 18540810 2 TRANSISTOR NPN SI PD=629MW FT=200MHZ 28480 1854~-0810
Q18 18530459 3 TRANSISTOR PNP ST PD=625MW FT=200MHZ 28480 1853-~0459
Q19 18530405 ? 1 TRANSISTOR PNP ST PD=300MW FT=850MHZ 04713 2N4209




Replaceable Parts

Reference HP Part |c . L. Mfr
Designation Number |D Qty Description Code Mfr Part Number
R1 0683-1035 1 12 RESISTOR 10K 5% .25W FC TC=-400/+700 01121 CB1035
R& 0683~4715 L] 3 RESISTOR 470 5% .25W FC TC=-400/+600 01121 CB4715
R3 0683-2205 @ 1 RESISTOR 22 5% ,25W FC TC=-400/+500 01121 CB220S
R4 0683-1515 2 2 RESISTOR 150 5% .25W FC TC=-400/+600 01121 CB151S
RS 06831515 2 RESISTOR 150 5% .25W FC TC=-400/+600 01121 CB1S15
R& 0683~1035 1 RESISTOR 10K 5% .254W FC 01121 CE1035
R7 0683-103% 1 RESISTOR 10K 5% ,25W FC 01121 CR1035
R8 0683-103% 1 RESISTOR 10K 5% ,25W FC 01121 CB1035
R9 06831035 1 RESISTOR 10K S% .25W FC 01121 CB103S
R10 06831035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 01121 CB1035
R11 0683-1035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 01121 CB103%5
R12 0698~3443 0 1 RESISTOR 287 1% ,125W F TC=0+-100 24546 CA-1/8-T0-287R~F
R13 0757~-0280 3 4 RESISTOR 1K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1001~F
R14 0757-0420 3 1 RESISTOR 750 1% .125W F TC=0+-100 24546 C4-1/8~T0-751~F
R1% 0698--3132 4 1 RESISTOR 261 1% ,125W F TC=0+-100 24546 C4~-1/8-T0~-2610-F
R16 06990038 5 4 RESISTOR 555.6 .25% .125%W F TC=0+-50 213480 0699-0038
R17 06990038 ] RESISTOR 555.6 ,25% ,125W F TC=0+-50 28480 0699~0038
R18 0683-4715 ] RESISTOR 470 S% .25W FC TC=—400/+600 01121 CRA4715
R19 18100280 8 2 NETWORK-RES 10-SIP10.0K OHM X 9 01121 210A103
R20 1810-0275 1 1 NETWORK-RES 10-SIP1,0K OHM X 9 01121 2104102
R21 0683~-1035 1 RESISTOR 10K 5% ,25W FC TC=-400/+700 01121 CB10395
R22 07570418 9 1 RESISTOR 619 1% .125W F TC=0+-100 24546 C4-1/8-T0-619R-F
R23 0683-103% 1 RESISTOR 10K 5% ,25W FC TC=-400/+4700 01121 CE1035
R34 0683~4715 [} RESISTOR 470 5% .25W FC TC=-400/+600 01121 CBA715
R2S 0757-0417 8 1 RESISTOR 562 1% .125W F TC=0+-100 24546 C4-1/8-T0-562R~F
R26 0698-3150 ) 1 RESISTOR 2.37K 1% .1254W F TC=0+-100 24546 C4~1/8-T0-2371~F
R27 0683~103%5 1 RESISTOR 10K 5% .25W FC TC=-400/+4700 01121 CE1035
R28 1810-0280 8 NETWORK-RES 10-SIP10.0K OHM X 9 01121 2104103
R29 0757-0280 3 RESISTOR 1K 1% ,125W F TC=0+-100 245464 C4~-1/8-T0~1001~F
R340 0757-1094 9 1 RESISTOR 1.47K 1% ,125W F TC=0+-100 24546 C4-1/8-T0~1471-F
R31 06990038 5 RESISTOR 555.6 .25% .125W F TC=0+-50 28480 0699-0038
R32 0699-0038 i) RESISTOR S55.6 .29% .125W F TC=0+-350 2684810 0699~0038
R33 0683-1035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 01121 CR1035
R34 0757-0280 3 RESISTOR 1K 1% .125W F TC=0+-100 24546 C4~1/8-T0-1001~F
R3S 0683-1035 1 RESISTOR 10K 5% ,25W FC TC=-400/+700 01121 CR1035
R34 0757-0428 1 1 RESISTOR 1.62K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1621~F
R37 0757-0439 4 1 RESISTOR 6.81K 1% .125W F TC=0+-100 24546 C4-1/8-T0-6811~F
R38 07570280 3 RESISTOR 1K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-1001~F
81 1251-1556 7 2 CONNECTOR-SGL CONT SKT .018-IN-BSC-5Z 28480 1251-1554
82 1251-15%6 7 CONNECTOR-SGL CONT SKT .018-IN-BSC-SZ 28480 1251~1556
utl1 1820-1112 8 [ 1C FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN
ula 18202298 3 1 28480 1820-2298
ul4 1818-1009 3 1 IC NMDS 32768 (32K) ROM 4%50-NS 3-S5 55576 BYP2332 MASKED
ulé 183180562 S 2 IC NMOS 4096 (4K) RAM STAT 250-NS 3-8 34649 P2114A-5
uiz 1820-1216 3 3 IC DCDR TTL LS 3-TO-B-LINE 3-INP 01295 SN74L5138N
uis 18202329 1 1 IC MISC NMOS 8~BIT 52840 FD1791B-01
u21 1820-1197 9 3 IC GATE TTL LS NAND QUAD 2-INP 01295 SN74LS00N
ua22 1820-1287 8 1 IC BFR TTL LS NAND QUAD 2~INP 01295 SN74L.837N
u23 1820-1997 7 4 1IC FF TTL LS D-TYPE POS-EDGE~TRIG PRL-IN 01295 SN74LS374N
Ua4 16820-1432 ) 2 1€ CNTR TTL LS BIN SYNCHRO POS-EDGE~-TRIG 01295 SN74L.S163AN
u2é6 1818-0562 5 IC NMOS 4096 (4K) RAM STAT 250-NS 3-8 34649 P2114A-5
u27 18201216 3 IC DCDR TTL LS 3~-TO-B-LINE 3-INP 01299 SN74L.5138N
u28 1820-1144 & 1 IC GATE TTL LS NOR QUAD 2-INP 01295 SN74LS02N
uae 1820~1568 8 1 IC BFR TTL LS BUS QUAD 21295 SN74LS125AN
u31 1820-1197 9 IC GATE TTL LS NAND QUAD 2-INP 01295 SN74LS0ON
u32 18201206 1 2 IC GATE TTL LS NOR TPL 3-INP 01295 GN74L.527N *
U33 18201997 7 IC FF TTL LS D-TYPE POS-EDGE~TRIG PRL-IN 01295 SN741.837 4N
u3a4 1820-1214 3 IC DCDR TTL LS 3-TO-8-LINE 3~INP 01295 SN74L.8138N
u3s 1820~1206 1 IC GATE TTL LS NOR TPL 3-INP 01295 SN74LS27N
U3e 18201197 9 IC GATE TTL LS NAND QUAD 2-INP 01295 SN74ALSO00N
u37 1820-11%96 8 1 IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 SN74L8174N
u3s 1820~1210 7 1 IC GATE TTL LS AND-OR~-INV DUAL 2-INP 01295 SN74LS51N
u3e 18201112 a8 IC FF TTL L8 D-TYPE POS-EDGE~TRIG 01295 SN74LS74AN
ual 1820~1112 8 IC FF TTL LS D~TYPE POS-EDGE-TRIG 01295 SN741.874AN
u42 1820-1112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74L.S74AN
ua3 1820-1997 7 IC FF TTL LS D~TYPE POS-EDGE-TRIG PRL-IN 01299 SN74LS374N
Ua4 1820-1297 1] 1 IC GATE TTL LS EXCL~NOR QUAD 2-INP 01295 SN74LS266N
uas 1820-1112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN741.574AN
Ua6 1820-1432 S IC CNTR TTL LS RIN SYNCHRD POS-EDGE-TRIG 01295 SN74LS163AN
uav 1820~1199 1 2 IC INV TTL LS HEX 1-INP 01295 SN74LS04N
uag 1820-1433 & 3 IC SHF-RGTR TTL LS R-8 SERIAL-IN PRL~-OUT 01295 SN74LS164N
ua9 1820~1112 8 IC FF TTL LS D-~TYPE POS-EDGE-TRIG 01295 SN74L874AN
us1 1820~-1209 4 2 IC BFR TTL LS NAND QUAD 2-INP 01295 SN74LS38N
u%H2 1820-2024 3 1 IC DRVR TTL LS LINE DRVR OCTL 01299 SN74L.5244AN
us3 1820-1997 7 IC FF TTL LS D-TYPE POS-EDGE-TRIG PRL-IN 01295 SN74LS374N




Replaceable Parts

Reference HP Part |c Q " Mfr

: A t Description Mfr Part Number
Designation | Number |D Y p Code be
us? 1813-0145 0 1 IC MISC HYERRID 0739H STTL.DM-429
uss 1820-1202 7 1 IC GATE TTL LS NAND TPL 3-INP 01295 SN74LS10N
use 1820-1209 4 IC BFR TTL LS NAND QUAD 2-INP 01295 SN74LSIBN
Uéu1 1813-0130 3 1 IC 08C HYBRID 34344 K1148A~16. 0MHZ
us2 1820-1433 & IC SHF-RGTR TTL LS R~S SERIAL-IN PRL-OUT 0129% SN74L.5164N
Us3 1820-1433 6 IC SHF-RGTR TTL LS R~-8 SERIAL-IN PRL-OUT 01295 GN741L.5164N
U110 1820-1917 1 2 IC BFR TTL LS LINE DRVR OCTL 01295 SN74LS240N
U111 1820~-1199 1 IC INV TTL LS HEX 1-INP 01295 SN74LS04N
utia 1820-1416 S 2 IC SCHMITT-TRIG TTL LS INV HEX 1-INP 0129% SN74LS 14N
U210 18201917 1 IC BFR TTL LS LINE DRVR OCTL 01295 SN741.5240N
uz211 1820-1208 3 1 IC GATE TTL LS OR QUAD 2-INP 0129% BN74LS3I2N
u212 1820-1416 S IC SCHMITT-TRIG TTL LS INV HEX 1~-INP 01295 SN74L.514N
U410 1826-0210 7 1 IC COMPARATOR HS 14-DIP-P PKG 27014 LL.M36IN
Xu12 12000654 7 2 SOCKET-IC 40-CONT DIP DIP-SLDR 28480 12000654
Xu14 1200-0541 1 1 SOCKET-IC 24~CONT DIP DIP-SLDR 28480 1200-0%541
XU1lé 12000539 7 2 SOCKET-IC 18-~CONT DIP DIP-~SLDR 26480 1200~-0539
Xuig 1200-0654 7 SOCKET-TC 40-CONT DIP DIP-GLDR 26480 1200-0654
XU26 1200-0539 7 SOCKET~-I1C 18~CONT DIP DIP-SLDR 28480 1200-0539
Xuse 1200~-0638 7 1 SOCKET-1{ 14~CONT DIP DIP--5LDR 28480 1200-0638
1 0360-0124 3 a8 CONNECTOR-SGL. CONT PIN .04-IN-BSC-85Z RND 28480 0360~0124




Replaceable Parts

Reference HP Part |c N Mfr
Designation Number |D Qty Description Code Mfr Part Number

Al 13270-60002 | 7 1 MINI-FLOPPY DRIVE, PCA 28480 13270-60002

C1 0180-287% 7 G CAPACITOR-FXD 22UF+50-10% 25VDC AL 28480 0180-2879

ce2 0180-2879 7 CAPACITOR-FXD 22UF+50-10% 25VDC AL 28480 06180-2879

3 0180-2879 7 CAPACITOR-FXD 22UF+50-10% 25VDC AL 28480 0180-2879

ca 0160-4808 4 S CAPACITOR~FXD 470PF +-5% 100VDC CER 28480 0160-4808

CH 0160-480%5 1 1 CAPACITOR-FXD 47PF +-5Z 100VDC CER 0+-30 28480 01604805

Cé 01604554 7 21 CAPACITOR-FXD .01UF +-20% S50VDC CER 28480 0160-4554

c7 0160~4554 7 CAPACITOR-FXD .01UF +-20% S0VDC CER 28480 0160-4554

c8 01604808 4 CAPACITOR-FXD 470PF +-5% 100VDC CER 28480 0160-4808

cY 01604554 7 CAPACITOR-FXD .01UF +~-20% S0VUDC CER 28480 0160~4554

€10 0160-4822 2 1 CAPACITOR-FXD 1000PF +-5% 100VDC CER 28480 0160-4822

ci1 0160--4%54 7 CAPACITOR~FXD .01UF +-20% S0VDC CER 28480 0160-4554

c12 0160-4814 2 4 CAPACITOR~FXD 130PF +-5% 100VDC CER 28480 0160-4814

C13 0160-48314 2 CAPACITOR~FXD 150PF +-5% 100VUDC CER 28480 0160-4814

C14 0160-4814 2 CAPACITOR-FXD 150PF +-5% 100VUDC CER 28480 0160-4814

C19 016048314 2 CAPACITOR-FXD 1S0PF +~5% 100VDC CER 28480 0160~4814

Clé 01604808 4 CAPACITOR-FXD 470PF +-5% 100VDC CER 28480 0160-4808

c17 0160-4554 7 CAPACITOR-FXD ,01UF +-20% S0VDC CER 28480 0160-4554

c18 0160~4554 7 CAPACITOR-FXD ,01UF +-20% S0VDC CER 28480 0160-4554

19 0180-2879 7 CAPACITOR-FXD 22UF+50~-10% 25VDC AL 28480 0180-2879

ca0 0160-4%554 7 CAPACTITOR-FXD ,01UF +-207% S0VUDC CER 28480 0160-4554
0160-48308 4 CAPACITOR-FXD 470PF +-5% 100VDC CER 28480 01604808
0160-4819 7 2 CAPACITOR-FXD 2200PF +-5% 100VUDC CER 28480 0160-4819
0160~4554 7 CAPACITOR-FXD .01UF +-20%Z S0VDC CER 28480 0160-4554
01604554 7 CAPACITOR-FXD .D1UF +-20% S0VDC CER 28480 0160-4554

ca% 01604554 7 CAPACITOR~-FXD .01UF +-20% S0VUDC CER 28480 0160~-4554

C26 0160-4557 0 6 CAPACITOR-FXD 1UF +-20% S0VUDC CER 16299 CACO4X7R104M0G0A

ca7 01604554 7 CAPACITOR-FXD ,01UF +-20%Z S0VDC CER 28480 0160-4554

ces 0160-4554 7 CAPACITOR-FXD .01UF +-20% %S0vDC CER 28480 0160-4554

a9 0160-4%554 7 CAPACITOR-FXD .01UF +-20% S0VDC CER 28480 01604554

C30 01604554 7 CAPACITOR-FXD .01UF +~20% S0VDC CER 28480 0160-4554

C31 01604557 0 CAPACITOR-FXD ,1UF +-20%Z S0UDC CER 16299 CACO04X7R104M050A

c32 0160-4554 7 CAPACITOR~FXD . D1UF +-20% 50VUDC CER 28480 0160-4554

€33 01604554 7 CAPACITOR-FXD .01UF +-20% 50VDC CER 28480 0160-4554

C34 0160-4557 0 CAPACITOR-FXD .1UF +-20% S0VUDC CER 16299 CACOAX7R104M0S0A

C3%5 0160-4%554 7 CAPACITOR-FXD .01UF +-20% S0VUDC CER 28480 0160-4554

C36 0160-4554 7 CAPACITOR-FXD .01UF +-20% S0VDC CER 28480 0160-4554

C37 0160-481% 7 CAPACITOR~FXD 2200PF +~5% 100UDC CER 28480 0160~-4819

c38 0160-4554 7 CAPACITOR-FXD .01UF +-20%Z 50VDC CER 28480 0160-4554

c39 0160-0174 9 4 CAPACITOR-FXD .47UF +80-20% 25VDC CER 28480 0160-0174

cao 0160-0174 9 CAPACITOR-FXD .47UF +80~-20% 25VDC CER 28480 0160-0174

cal 0160~4810 8 2 CAPACITOR-FXD 330PF +-5%Z 100VUDC CER 28480 0160-4810

caz2 01802879 7 CAPACITOR~FXD 22UF+50-10% 25VDC AL 28480 0180~2879

Ca3 0160-4350 1 1 CAPACITOR-FXD 68PF +-5% 200VUDC CER 0+-30 28480 0160-4350

C44 0160-4557 0 CAPACITOR-FXD .1UF +-20% S0VUDC CER 16299 CACOAX7R104M050A

cas 01604554 7 CAPACITOR-FXD .01UF +-20% S0VDC CER 28480 0160-4554

cas 01600174 9 CAPACITOR-FXD .47UF +80-20% 25VDC CER 28480 01460-0174

ca7 01604808 4 CAPACITOR~-FXD A70PF +-5% 100VDC CER 28480 0160-4808

ca8 0160-0174 9 CAPACITOR-FXD .47UF +80-20% 25VDC CER 28480 0160-0174

ca9 01604557 0 CAPACITOR~FXD .1UF +~20%4 S0VDC CER 16299 CAC04X7R104MDS0A

cS50 0180~0197 a8 3 CAPACITOR-FXD 2.2UF+-10% 20VDC TA 56289 150D225X9020A2
01604554 7 CAPACITOR-FXD ,01UF +-20% S0VUDC CER 28480 0160-4554
0160-4810 8 CAPACITOR-FXD 330PF +-5% 100VDC CER 28480 0160-4810

cH3 01800197 8 CAPACITOR-FXD 2.2UF+-10% 20VDC TA 546289 150D225X9020A2

[S2) 0160~4557 0 CAPACITOR-FXD .1UF +-20% S0VDC CER 16299 CACO4X7R104MDS0A

CHS 0180-0197 8 CAPACITOR-FXD 2.2UF+-10%Z 20VDC TA 56289 150D225X9020A2

CR1 1902~3070 ] 1 DIODE~ZNR 4.22V 5% D0O-35 PD=,4W 28480 1902-3070

CR2 1901-1098 1 17 DIODE~SWITCHING 1N41S50 S0V 200MA ANS 00046 1N4150

CR3 19202-0954 8 1 DIODE~ZNR 6.8V 5% D0O-35 PD=,4W TC=+.,057% 28480 1902-0954

CR4 1901-1098 1 DIODE-SWITCHING 1NA150 S0V 200MA ANS 00046 1N4150

CRS 19201-1098 1 DIODE~-SWITCHING 1N4150 S0V 200MA 4NS 00 046G 1N4150

CR& 1901-1098 1 DIODE~SWITCHING 1N4150 S0V 200MA ANS 00046 1N4150

CR7 1901-1098 1 DIODE-SWITCHING 1N4150 S0V 200MA 4ANS 0004G 1N4150

CR8 1901-1098 1 DIODE~SWITCHING 1N4150 S0V 200MA ANS 00046 1N4150

CR9 1901-1098 1 DIODE~SWITCHING 1N4150 50V 200MA 4NS 00046 1N4150

CR10 19011098 1 DIODE-SWITCHING 1N4150 S0V 200MA ANS 0004G 1N4150

CR11 19061-1098 1 DIODE~SWITCHING 1N4150 S0V 200MA ANS 00046 1N4150

CR12 19011098 1 DIODE~SWITCHING 1N4150 50V 200MA ANS 0004G 1N4150

CR13 19201-1098 1 DIODE~SWITCHING 1N4150 50V 200MA 4NS 0004G 1N4150

CR14 19011098 1 DIODE-SWITCHING IN4A1S0 S0V 200MA ANS 00046 1N4150

CR1S 1901-1098 1 DIODE~SWITCHING 1N4150 S0V 200MA ANS 00046 1N4150

CR16 1901-1098 1 DIODE-SWITCHING 1N4150 50V 200MA ANS 09046 1N4150

CR17 19011098 1 DIODE~-SWITCHING 1N4150 S0V 200MA 4NS 00046 1N4150

CRrR18 19011098 1 DIODE-SWITCHING 1N4150 50V 200MA 4NS 00046 1N4150

CR19 1901-1098 1 DIODE-SWITCHING 1N4150 50V 200MA 4NS 000406 1N4150




Replaceable Parts

Reference HP Part icf o, Description Mfr Mfr Part Number
Designation | Number |D Code
J2 1291-5103 8 1 CONNECTOR S-PIN ™M POST TYPE 213480
R 12514051 3 2 CONNECTOR 10-PIN M POST TYPE
J6 12514051 3 CONNECTOR 10-PIN M POST TYPE
J8 1251-5343 8 3 CONNECTOR 12-PIN M POST TYPE
J? 12%1-5343 8 CONNECTOR 12-PIN M POST TYPE
J10 12515343 8 CONNECTOR 12-PIN M POST TYPE 28480
J11 1251~-6053 ? 3 CONNECTOR 13-PIN M POST TYPE 28480
Ji2 12816053 ? CONNECTOR 13~-PIN M POST TYPE 28480
J13 1251-6053 ? CONNECTOR 13-PIN M POST TYPE 284890
L1 210016590 1 1 INDUCTOR RF-CH-ML.D 680UH S7%Z .2DX.AS5LG 28480 2100~-1650
L2 ?100~-1642 1 1 INDUCTOR RF-CH-MLD 270UH 5% . 2DX.4%5L6 28480 2100-1642
L3 ?100-1645 4 2 INDUCTOR RF-CH-ML.D 390UH 5% .2DX.45L6 28480 21001645
L4 ?100-1645 4 INDUCTOR RF-CH-MLLD 390UH 5% .2DX.A4%5LG 28480 2100-164%5
Ql 18540019 3 1 TRANSISTOR NPN ST TO-18 PD=360MW 28480 1854~-0019
R1 0683-1023 ? 20 RESISTOR 1K S%Z .29W FC TC=-400/+600 01121 (CR1025
R2 0683-1025 9 RESISTOR 1K 5% .25W FC TC=-400/+600 01121 CB1025
R3 0683-2215 1 8 RESISTOR 220 5% .25W FC TC=-400/+600 01121 CB2215
R4 04683-1025 ? RESISTOR 1K 5% 254 FC TC=-400/+600 01121 CB1025 -
RS 0683-2225 3 3 RESISTOR 2.2K 5% .25W FC TC=-400/+700 01121 CR222%5
R& 0683-1515 2 2 RESISTOR 150 S% .2%W FC TC=-400/+600 01121 CR1519
R7 0683-4735 4 6 RESISTOR 47K S%Z .29W FC TC=-400/+800 01121 CB47 35
R8 0683~1035 1 6 RESISTOR 10K 5% .25W FC TC=-400/+700 01121 CR103S
R9 0683-1025 ? RESISTOR 1K 5% .25W FC TC=-400/+600 01121 CrR1025
R10 0683-1035 1 RESISTOR 10K 5% .25W FL TC=-400/+700 01121 CE1035
R11 0683-4735 4 RESISTOR 47K S% .29W FC TC=-400/+800 61121 CB4735
R12 06831035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 01121 CH1035
R13 0698-3158 4 3 RESISTOR 23.7K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-2372~F
R15 06831025 ? RESISTOR 1K S%Z .29W FC TC=-400/+600 01121 CE1025
Ri16 0698-3158 4 RESISTOR 23.7K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2372-F
R17 06832215 1 RESISTOR 220 5% .25W FC TC=-400/+600 01121 CEr221%
R18 068322195 1 RESISTOR 220 5% .25W FC TC=-400/+600 01121 CB221%5
R19 06832219 1 RESISTOR 220 S%Z .23W FC TC=-400/+600 01121 Cr2215
R20 0683-2215 1 RESISTNR 220 5% .25W FC TC=~400/+600 01121 CE221%5
R21 07570439 4 1 RESISTOR 6.81K 1% .1205W F TC=0+-100 24546 C4-1/8-T0-6811~F
R22 07570200 7 1 RESISTOR S5.62K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-%5621~F
R23 06834735 4 RESISTOR 47K %% .25W FC TC=-400/+800 01121 Cra735
R24 07%7-0280 3 4 RESISTOR 1K 1X%X .125W F TC=0+-100 24546 C4-1/8-T0~-1001~F
R2%5 07570280 3 RESISTOR 1K 1% ,125W F TC=0+-100 24546 C4-1/8-T0~1001~F
R26 06B3-4735 4 RESISTOR 47K 5% .25W FC TC=-400/+800 01121 CrA735
RR27 07570419 0 1 RESISTOR 681 1Z .125W F TC=0+-100 24546 C4-1/8-T0-681R~F
rR28 0683-102% 4 RESISTOR 1K S%Z .25W FC TC=-400/+600 01121 CR1025
R29 06833915 9 2 RESISTOR 390 5% .25W FC TC=-400/+600 01121 CE3915
R30 0683-4715 0 4 RESISTOR 470 5% .25W FC TC=-400/+600 0121 CB4715
R31 06831029 ? RESISTOR 1K SZ .2%9W FC TC=-400/+600 01121 CH1025
R32 0683-4715 0 RESISTOR 470 S% .25W FC TC=~400/+600 01121 CBA71S
R33 04831025 9 RESISTOR 1K 5% .25W FC TC=-400/+600 01121 CR1025
R34 0683-1515 2 RESISTOR 150 S%Z .25W FC TC=-~400/+600 01121 CB15195
R3S 06833915 ] RESISTOR 390 5% .25W FC TC=-400/+600 01121 CR3?15
R36 0683-2215 1 RESISTOR 220 S7%Z .25W FC TC=-400/+600 121 CB2215
R37 07570420 3 3 RESISTOR 790 1% ,125W F TC=0+-100 24546 C4-1/8-T0~751~F
R38 0698-3158 4 RESISTOR 23.7K 1% 1254 F TC=0+-100 24546 C4-1/8B-T0-2372-F
R39 0698-3161 ? 1 RESISTOR 38.3K 1% .125W F TC=0+-100 24546 C4-~1/8~T0-3832~F
R40 07570280 3 RESISTOR 1K 1% .12%W F TC=0+-100 24544 C4-1/8-T0-1001~F
R41 0698-31690 8 1 RESISTOR 31.6K 1% ,129W F TC=0+-100 24544 C4-1/8-T0~-3162-F
R42 06832215 1 RESISTOR 220 5% .25W FC TC=~400/+600 01121 2
RA43 0683-1035 1 RESISTOR 10K 5% .25W FC ~-400/+700 01121 CH1033%
RA43 06831035 1 RESISTOR 10K 5% .25W FC (=~400/+700 01121 CB1035
R44 0683-4735 4 RESISTOR 47K S% 25W FC S=-400/+800 01121 CR4735
R4S 0683-1035 1 RESTISTOR 10K S%Z .2SW FC ~-400/+700 01121 CE1035
R4& 06834725 2 2 RESISTOR 4.7K 5% .2%5W FC TC=-400/+700 0t121 CB4725
Ra47 0683--8223% 5 3 RESISTOR 8.2K 5% .25W FC T 01121 CHB225
R4S 0683-822%5 S RESISTOR 8.2K S% .2%5W FC T ni1121 CB8R2S
R49 06834713 0 RESISTOR 470 5% ,2SW FC T 01121 CEA715
RS0 0683-1025 ? RESISTOR 1K 5% ,25W FC TC=-400/+600 01121 CB1029
R 0483-4725 2 RESISTOR 4.7K 5% .25W FC TC=-400/+700 01121 CR4725
RS2 07%7-0280 3 RESISTOR 1K 1%Z .12%5W F TC - 24546 £4-1/8-T0-1001~-F
RG3 0683~1025 ? RESISTOR 1K SX .2%W FC TC 01121 CE1025
RS54 0698-3622 7 1 RESISTOR 120 5% 2W MO TC 28480 0698-3622
RES 06832215 1 RESIGTOR 220 5% .25W FC TO=-400/+600 01121 CR221S
RS6 0683-1025 9 RESISTOR 1K 5% .2%W FC TC=-400/+600 01121 CRI0OR2Y
R&7 06831025 ? RESISTOR 1K 5% .29 TC=~400/+600 01121 CRr1025
RS8 0683-102% 9 RESISTOR 1K 5% .25W FC TC=-400/+600 01121 CR102S
RH9 06831025 9 RESISTOR 1K 5% =-400/+600 01121 CR1025
R&0 0757-0278 ? 1 RESISTOR 1.78K 1% ,125W F TC=0+-100 24546 ¢4-1/8-T0-1781~F




Replaceable Parts

Reference HP Part |c .. Mfr
Designation Number |D Qty Description Code Mfr Part Number
R&61 0683-102% 9 RESISTOR 1K 5% ,2%5W FC TC=-400/+600 01121 CB1025
R&62 06831025 ? RESISTOR 1K 5% .25W FC 400/+600 01121 CB102%
R63 06831029 ? RESISTOR 1K S% .2%W FC 400/+600 61121 CB102S
R&4 0683-102% ? RESISTOR 1K 5% .2%W FC 400/+600 01121 CB1029
R&6S 0683-102%5 9 RESISTOR 1K 5% .25W FC TC=-400/+600 01121 CB102%5
R&6 0683-1025 9 RESISTOR 1K 5% .29W FC TC=-400/+600 01121 CR1029
R67 07570420 3 RESISTOR 750 1% ,125W F TC=0+-100 24546 :4~1/8-T0-751~-F
R&48 075704210 3 RESISTOR 750 1% .129W F TC=0+-100 24546 C4-1/8~T0~791-F
R&9 0683-822% ] RESISTOR 8.2K 5% .25W FC TC=-400/+700 01121 CRr822%
R70 07570289 2 2 RESISTOR 13,.3K 1% .125W F TC=0+-100 19701 MF4C1/8~TO-1332~F
R71 0698-3156 2 2 RESISTOR 14.,7K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-1472~F
R72 0757-1094 ? 1 RESISTOR 1.47K 1% .125W F YC=0+-100 24546 C4~-1/8-T0-1471~F
R73 0683-4735 4 RESISTOR 47K S% .25W FC TC=-400/+800 01121 CE4735
R74 07570289 2 RESISTOR 13.3K 1% .125W F TC=0+-100 19701 MFA4C1/8~TO-1332~F
R7S 0698-3132 a8 i RESISTOR 3.48K 1% .125%W F TC=0+-100 24546 C4-1/8-T0-3481F
R7& 0698~3156 2 RESISTOR 14.7K 1% .125W F TC=0+-100 24546 C4~1/8-T0-1472~F
R77 0698-008%5 0 1 RESISTOR 2.61K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2611F
R78 06832225 3 RESISTOR 2.2K 5% .2%W FC TC=-400/+700 01121 CR222%5
R79 0683-222%5 3 RESISTOR 2.2K 5% .25W FC TC=-400/+700 01121 CB2z22%
RGO 06983440 7 1 RESISTOR 196 1% .129W F TC=0+-100 24546 C4-1/8-T0-196R~F
RE81 0683-4715 0 RESISTOR 470 5% .25W FC TC=-400/+600 01121 CRA4715
w2 1820~1197 9 1 IC GATE TTL LS NAND QUAD 2-INP 012995 SN74LS00N
U3 1820~-1112 8 G IC FF TTL LS D~TYPE POS-EDGE-TRIG 01299 SN741.874AN
Ul 4 183201423 4 2 1IC MV TTL LS MONOSTEL RETRIG DUAL 01295 SN74L.8123N
uls 1820-2024 3 1 IC DRVR TTL LS LINE DRVUR OCTL 01295 SN741.5244N
ua21 16820--1437 0 1 IC MV TTL LS MONOSTEL DUAL. 01295 SN74LS221N
uz22 1820-1209 4 1 IC BFR TTL LS NAND QUAD 2-INP 01295 SN74LS3IBN
u23 18290-1112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN741.574AN
24 1820-1144 6 1 I1C GATE TTL LS NOR RUAD 2-INP 0129% SN74LS02N
u2%s 1820-14146 ] 2 IC SCHMITT-TRIG TTL LS INV HEX 1-INP 01295 SN74L514N
u31 1820-1211 8 2 1€ GATE TTL LS EXCL-0OR QUAD 2-INP 01295 SN74LS86N
u32 18%8-0047 5 1 TRANSIGTOR ARRAY 16-PIN PL.STC DIP 13606 ULN~-2003A
u3s 1820-1416 1 IC SCHMITT-TRIG TTL LS INV HEX 1-INP 01295 SN74LS14N
u43 1820-1199 1 1 IC INV TTL LS HEX 1-INP 01295 SN74LS04N
ua4 1820~1423 4 IC MV TTL LS MONOSTEL RETRIG DUAL 01299 SN74L.8123N
uas 1826-0138 8 1 IC COMPARATOR GP QUAD 14~-DIP~P PKG 01295 LM33IN
uag 18580052 2 1 TRANSISTOR ARRAY 14-PIN PLSTC TO-116 04713 SPR1678
ust 1820-1112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74L.874AN
us2 18201112 8 I1C FF TTL LS D-TYPE POS-EDGE-TRIG 01295 S5N74L.S74AN
us3 1820-1211 8 IC GATE TTL LS EXCL-OR QUAD 2-INP 01295 SN7ALSB6N
usa 18201112 8 IC FF TTL LS D-TYPE POS-EDGE~TRIG 01295 SN74L874AN
ue1 1826-006% 0 1 IC COMPARATOR PRCON 8-DIP-P PKG 01295 SN72311P
us2 18201201 b 1 IC GATE TTL LS AND QUAD 2-~INP 01295 SN74L.808N
us63 1820-1202 7 1 IC GATE TTL LS NAND TPL 3-INP 01295 SN74LS10N
u6H4 18201204 Q? 1 1€ GATE TTL LS NAND DUAL 4~INP 01295 SN74L.S20N
(V131 1820~0471 0 1 IC INV TTL HEX 1-INP 0129% SN7406N
Ué66e 1658~-0053 3 1 TRANSISTOR ARRAY 14-PIN PLSTC DIP 28480 1858-0053
uz2 1826-0194 b 2 IC WIDERAND AMPL VID 14-DIP-P PKG 18324 NES92A
uva 18260194 b6 IC WIDERAND AMPL VID 14-DIP-P PKG 18324 NES?2A




Replaceable Parts

Reference HP Part |c| 4 ‘o Mfr
- g t Description Mfr Part Number

Designation | Number |D Y P Code

Al 13270-60003 | 8 2 CABLE~-1.2 METER 28480 1327060003

AR 13270-60003 | B8 CABLE~1.2 METER 28480 13270-60003
0624-0098 0 4 SCREW-TPG 4~40 ,438-IN~LG PAN-HD-POZI 28480 16240098
08900790 2 1 TUBING-HS .046 DIA 28480 08900790
1251-6177 8 2 CONNECTOR-2 X 20 .100 PC 28480 1251-6177
14000770 2 CABLE CLAMP 18992 MARK 5018
1600-1016 b+ 2 CLIP-HOOD, GROUND 28480 1600-1016
2200-0091 7 2 SCREW-MACH 4-40 ,562~IN-LG PAN-HD-POZI 00000 ORDER RY DESCRIPTION
2260-0002 &6 2 NUT-HEX-DBL~CHAM 4-40-THD .062-IN-THK 00000 ORDER RY DESCRIPTION
3030~0143 0 2 SCREW-SET 6-32 ,59-~IN-LG SMALL CUP-PT ALY 00000 ORDER BY DESCRIPTION
8120-3040 8 CABLE~-SHIELDED 40-CONDUCTOR 28480
5040--6004 7 2 CLAMP~CABLE-SMAL.l. 28480 5040-6004
§5040-6086 ) 2 HOOD-CONNECTOR 28480 5040-6086
50411004 9 2 MOUNTING BLOCK-EXT 28480 50411004




Replaceable Parts

Reference HP Part |c Q P Mfr
: . t Description Mfr

Designation | Number (D Y P Code Part Number
13270-60004 | 9 1 CABLE~-0.7 METER 284480 13270-60004
0624-0098 0 4 SCREW-TPG 4-40 ,438-IN-LG PAN-HD-POZI 28480 16240098
06900790 2 TUBING-HS .046 DIA 28480 0690-0790
1251-6177 8 2 CONNECTOR-2 X 20 ,100 PC 28480 1251-6177
14000770 2 CLAMP~CABLE 18992 MARK 5018
1600-1016 S 2 CLIP~HOOD,GROUND 28480 1600-1016
22000091 7 2 SCREW-MACH 4-40 S62-~IN~LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
2260~0002 6 2 NUT-HEX-DEL-CHAM 4~40-THD ,062-IN-THK 00000 ORDER BY DESCRIPTION
30300143 0 2 SCREW-SET 6-32 .5-IN-LG SMALL CUP-PT ALY 00000 ORDER BY DESCRIPTION
8120~3040 8 CABLE-SHIELDED 40-CONDUCTOR 28480 8120-3040
5040~-6004 7 2 CLAMP-CARBLE-SMAL L 28480 5040-6004
50406086 5 2 HOOD~-CONNECTOR 284840 5040-6086
S5041-1004 9 2 MOUNTING BLOCK~EXT. 284890 5041~1004




Replaceable Parts

Reference HP Part |c| e Mfr
: A t Description

Designation | Number |D 4 ptio Code Mfr Part Number
13270-60005 | 0 i T-BLOCK 28480 13270~60005
04700231 b COMPOUND-NUT L.OCK 05972 242
12516177 8 1 CONNECTOR-2 X 20 ,100 PC 28480 1251~6177
2200-0147 4 2 SCREW~MACH 4-40 .5-IN-LG PAN-HD-POZI 00000 ORDER RY DESCRIPTION
13270-00001 | 0 1 COVER-T.BLOCK 28480 13270-00001
13270-80005 | 2 1 ROARD-ETCHED 28480 13270-80005




13270

MFR
NO.

00000
0004G
01121
01295
04713
05972
073%H
13606
16299
168324
18992
19701
24546
27014
28480
32293
34344
34649
52840
55576
56289

MANUFACTURERS

MANUFACTURER  NAME

ANY SATISFACTORY SUPPLIER

UNITRODE COMPUTER PRODUCTS CUORP
ALLEN-BRADLEY CO

TEXAS INSTR INC SEMICOND CMPNT DIV
MOTOROLA SEMICONDUCTOR PRODUCTS
LOCTITE CORP

NGO M/F DESCRIPTION FOR THIS MFG NUMBER
SPRAGUE ELECT CO SEMICONDUCTOR DIV
CORNING GL WK ELEC CMPNT DIV
SIGNETICS CORP

HANSCOM H ¥ CO INC

MEPCO/ELECTRA CORP

CORNING GLASS WORKS (ERADFORD)
NATIONAL SEMICONDUCTOR CORP
HEWLETT-PACKARD CO CORPORATE HQ

IN IL INC

MOTOROL.A INC

INTEL CORP

WESTERN DIGITAL CORP

SYNER TEK

SPRAGUE ELECTRIC CO

CODE

LIST

AS OF

ADDRE GG

METHUEN
MILWAUKEE
DALLAS
PHOENIX
NEWINGTON

CONCORD
RALEIGH
SUNNYVALE
PROVIDENCE
MINERAL WELLS
HRADFORD
SANTA CLARA
PALO ALTOD
CUPERTING
FRANKLIN PARK
MOUNTAIN VIEW
NEWPORT BEACH
GANTA CLARA
NORTH ADAMSG

0%/04/81

MA
WI
TX
AZ
cT

NH
NC
CA
RI
X
PA
CA
CA
CaA
1L
CA
CA
CA
MA

PAGE

ZIP
CODE

75222
8hlea
06111

03301
27604
74086
0290%
76067
16701
?50%1
94304
95014
60131
95051
2626
95051
012247



