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Preface 

The purpose of this manual is to provide the user adequate information 
to configure and operate the UV22 floppy disk controller. The 
information provided should clarify the controller connection to any 
Shugart compatible drive and asaiet in the selection of aeaociated 
interface options. Both register definition and co11iaand protocol are 
provided for r•fer.ence and as an aid in developunt of user software. 
Operational procedures outline the un of the ~troller featur•s as 
well as expblining operation in an RT-11 or RSX11K aoftware 
environment. 
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Section 1 

General Information 

1. IBDQJ)UCTIOH 

The IXV22 is a dttal Eienaity oontroller coapatibl• with the DEC• RX02 
floppy disk syat••· The KlV22 eaulates tvo .-parate RXV21 controllers, 
each of which oorttrola two 8-inch floppy disk drives. Vhen configured 
with any Shug;nrt co11patible drive. it i• a direct replace11u111t for two 
oompl•t• RX02 eti&bsyatea. The controller :provides either aingle 
density encoding co11patible with 18)1 3140 equipunt or double deuity 

·encoding providing up to 1 lbyte of storap on a single diskette. 

All electronics are contained on one dual-height board which plugs 
directly into any standard LSI-11 ))aekplane and interfaces through a 50 
conductor ribbon cable with up to four <4> Shugart co11Patible drives. 
All controllers are 100% teated and ready for operation. The priaary 
controller registers are oonf igured for- th• standard device address 
l71170UH and interrupt vector 264<8>. 'l'he secondary controller 
reqisters are configured vith a device addrns of 177174<8> and 
interrupt vector 270<8). Interrupt level is factory set to level four. 
Features include: 

.22 bit address,tn,g 

.Transparent fir11Yare bootatrap automatically loads either single 
or double density diskettes . 

• rormatting capabilities permit writing sector headers, checking 
the written headers, and writing the data fields in the user 
selected density • 

• Jumper selectable four-level device interrupt priority compatible 
. with the LSI-11123 • 

• Provides power ~ail protection for data integrity • 

. Write current control signal for tracks greater than forty-three • 

. Write preeompensation for reduced error rates. 

•DEC, PDP-11, LSI-11, RSX, Unibus & Q bus are registered trademarks of 
Digital Equipment Corporation. 
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1.1. COKPOHEUTS 

The controller is provided with the following co•ponents: 

PIH 81010-07-2 Floppy disk controller 
K 81010-02-2 KXV22 disk controller manual 

1.2. 'QMPATIBILITY 

This section discuaea the aspects of hardware, software and Mdia 
compatibility with Digital Equipaent'• RX02 system. The information 
will aid the user in data interchanging with foreign systems. 

Htrdyare 

The controller is compatible with the LSI-11, LSI-11/2 and LSI-11/23 
processors. All circuitry is contained on one dual-wide board that 
plugs directly into any standard LSI•11 backplane. Alternate addrN8 
selection and a four-level device interrupt priority scheme provide the 
uar added flexibility for expanded system configurations. Slu19art 
ooapatible drive logic ·i• interfaced through a 50-pin tibbon cable. 
The conn•otor pina are compatible with hath th• 800 ancf 850 nriu 
drives. 

Si£tv1r1 

The MXV22 is coapletely compatible with RXV21 register definition and 
command protocol. All DEC-supplied software designed to operate with 
the RX02 system will operate w.ith the controller. 

Kedia 

The aedia used with the KXV22 are compatible with the IBl'f 3740 fa.11ily 
o! equipment. Either preformatted or blank soft sectored diekettu •ay 
be used with the controller. The following list su1111arizea the 
suggested 1111tdia. 

IBM 
DBC 

Single or Double Density 
RX01/RX02 
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1.2.1. 8 Inch bggical tr1;1t Forut 

The diskette surface .. is .. divided into 77 concentric track• . nuaberecl 
0-16. Each track Cc>n$1.-t• of ~ Rotor• nu111:Htred 1-26. Th• track 
begin• and endaat· the indilx adctr..S aark. The track.a toraatted in 
such a way that this •soft• iudex is preceded by the leading edge of 
the physical ind•x hole in th• diskette. Following the physical index 
are . 40 bytes of ·rr· diata, 6 bytes of •o· data, and the index addresa 
mark indicatino . ~he beginiltnf of tlte track. .•. Following the index 
addrHa •uk i• the pest indfn.tppacmautingof 26 Jlytu of ·rr· data 
and 6 bytn of •(>• data •. The .runt ft•ld ia . the nctOt' header for 
sector 1. Fo+loVingthe data.field is the ·aata fap conriatin; of 28 
bytes of ·rr· data and 6 bytes of ·o· data. Thi.a field l•ade to the 
next . sector header. Fotloving the 26th data record ia the pre-index 
gap consisting of: approxd.11,tely 274bJ't•• of •f'F• data. 

Bach track is forutted in the above manner. Refer to Fi9ure 1-1. The 
sector h•ader field of ~ch aector.contal.U.il\for•ation dncribing the 
sector number, track- rn.aliber, and diskette aide. All the above fields 
are r.corded in FM except as noted in the following ettetions. 

IIDEX 
--·---·-----

-----------------------------------------______ ,.. _______________ ,, __________ _ 
IJ)ATAIG~41IIGAP11ID . IGAP21DATl1~31lJ). I IDATAI I 
l'ISC. 13*<> IAl.32 HREC. 117 tlEC. l:J:I. tMc. IGAP211EC. IGAP31 
126 11h'El!U8YTEl1 tBYTEl1 lBTTtl2 I 12 I I 
f t t1f I I F1f I f F1f I f F!I t I I I I 

I ID I I 
IR!C. IGAP21 
126 I I 
I I I _______ .;. ________________ ... __________________ ~---------·---------//----------

I I 

I ---------- I ---------- --------------- I 
I I 26BYT f 61YT I I 1 lllYT I 6BYT I UBYT I 27BYT l 6BYT I I 
I I FF I 00 Ill FF t 00 II FF t Ff' I 00 II 

I ---------- I ---------- --------------- I 
I I l--VRITE•·• I I 
I j I SPLIC! J 

----------- -·-----·--------~·------------- ----------------·--
1314BYTJ68Y'TI IIDAltlTRllSIDEISECTl1BYTICRCICRCI IDAKJ USER ICRCICRCI 
I PF I 00 I I r I ' I eo I 1 I 2 I I t DATA 1 1 I 2 I 
-------..t.---·--- ··------·-------------·---------.. -.... ---1------1--------F'K-•>T128BYTl<-

KFK•>1256BYTI <--

Figure 1-11 8-Inch Logical Track Format 

3 



1. 2. 2. Srctor Header field 

The header· fittld corusista of 7 bytes of infor•ation. PrecMtding the 
header is a field of 6 bytes of •zero• data t'or ·synchronization. The 
header and this prealtble are always recorded in FK. · 

1. Syta 1. ID Addrea Mark - A unique urk conaisting o'f. 1 
b1te of FE <hex> data with three •iasing clock~transitions 
wsing a C7 <hex> clock pat.tern. This mark is decoded by 
the controller and indicat•s the start of the HCtOI' 
header. 

2. Byte 2. Track Addren - This byte indicates the absolute 
<0-114<8>> track address. Each sector contains this track 
information to loca.t.e its position on one of. the 77 tracks. 

3. Byte 3. Side - This. byte indicates the diskette side <O or 
1). 

4. Byte 4. Sector Addreas - This byte indicates the absolute 
U-32<8>) sector addreas. Each sector contains this 
information to identify its position on the track. 

5. Byte 5. •z.ro• 

6. Byte.6, 7. CBC - Thia is tile 16 bit cyclic redunda~y 
character and is calcvlated for each header.from the firat 
5 byte• of information, using the 1811 3740 polynomial. 
<Refer to Cyclic Redundancy Check, Section l. 2. 1. ) • 

1.2.3. Data Field 

Tbe data field consists. of either 131<10> or 259UO> bytes of 
information depending upon the recording method. Preceding the data 
field is a field of 6 bytes of "zero• data for synchronization. 

The prttamble and data address mark are always w.ritten in Fl'f. The ua&r 
data and CRC character are eith4tr vritttm in F'M or JfF'l'f modified 
dep11tnding upon the formatted diskette density. 
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1. Byte 1. Data Addreu !lark - A unique ark conaiatint of a 
data . t>yt.e h1!9 . Table 1-u with three •Uaing c:lOQk 
traftfiti~ ""~'ag .•. CJ . ( ux) .. clQQk pattern. n1. ~yte i• 
alnt• writte in Fl and i• ~ by the controller to 
indioa:h~. t1'• start of t~• data .fle.i,d. it• .rff90rdiAQ •tbod 
CPJf •slf'!t), ad if the field Ua del.rt.O data field. 

----·-·--------·----------------...... ---------..... -- ....... -
I ADDRESS 
I IAIK 

IJIDICATED 
DEISITY 

DATA I CLOCK 
I , _..;. ___________ .., __ ., _______ ~--.-----·--·-·--------------1 

1------,-------... --------------------......... ,.. _____________ , 
IIDEX IA re 1)7 

1----~---------------------------------------------1 
ID IA FE C1 1--.,·-·-----·----------------... ----.. ··-----------------1 

I C1 
I DATA ·---~~-----------------------------· 
I Modified FD C1 

1--------------------------------·-----~---------1 J)ELSTEJ) 

DATA 
Flt rs C1 

1----------------------------------t Jft)dif ied F9 C1 

-·-------·~---~~~-------------------------------
Table 1-1: Addrne liarks 

2. Byt9- 2-129 CF10 or Byte.- 2·257 C11fM tlodifi.ec:I>. User Data. 
Thi• field ia recorded in either Fl or llFll. l!Odi.fied. 
l>•pe•dinq upon the encoding acheM, either 128 or 256 byt•s 
of information can be atorltd. 

3. Bytes l::aQ-131 or 258-259. CRC - This i• tb• 16 bit czyclic 
redundancy character and is calculated for each data fi•ld 
fro•the first 129 or 257 bytes of inforution •ing the 
IBK 3740 polyno11ial. <Refer to Cyclic Redundancy Cheek, 
Section 1. 2.1. >. The~ tvtes. are r,ecord.ed with the •••• 
en®di.n9 ache•• aa the data field. 

1.2.4. Regordipq Sehl•• 

Two recording ache•• are ueed by th• KXV22: double frequency <FM> and 
DEC modified Biller cocW <llFK>. FM is used for single density 
recording and is compatible with IBM 3740 or DEC RXOl Hdia. DEC 
modified KFlf ia used for recording double density and is only 
contpatible with the DEC ll02 system. 
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1.2.s. poyb&t fr19u1ncy <En> 

FM recording i• charactetized bY • flux .tr•naition at t.he beginninq of 
each bit.· cell vhich i• 0011-..only termed a clock pulp ()r transition u 
shoe in Figure 1-2. A logic ·one· is r~reeented.bya :flux tranaition 
within .th• bit cell: a lQ$JiC •zero• ie repr ... nted by the lack of any 
flux transition within a bit cell. In FJl the bit cell ti• ia 4us. 

·o· ·o· ·1· ·o· ·1· ·o· 
-I I I I I I I I I I I I I I I I I I -----.-- ------- ------- --------

c c c D c c D c c 
I bit I 

-->I cell I<--
I 4\18 f 

Figure 1-2: Flf Recording Char.acteristice 

1. 2. 6. QJ:C lfpdifi!d lfM. 

llFM recording consists of flux transitions for a logic •one· and no 
flux transitions for a logic •zero•. A clock transition only occurs 
between two consecutive logic "z1tros• as shovn in f'igurt 1-3 belov. 
The MFlf bit cell tl,H is.2us. 

·1· ·1· ·o· ·o· ·1 • ·o· ·1· ·1· 

I I I I I f I I I I I I ------ ------ ---------
D D c D D D 
J bit I 

-->I cell I<--
J 2ua I 

Figure 1-3: KFK Recording Characteristics 
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Table 1-2 au11urizee the standard Knl encoding algorithtt. 

--------------~--------------------------------
DATA EHCODED DATA 

1-------------------------------~-----,·----------1 
DR-1 DH Dl-1 CH DI 

1-----------------------------------------·------1 
0 
1 
0 
1 

0 
0 
1 
1 

0 
1 
0 
1 

1 
0 
0 
0 

0 
0 
1 
l 

---------~------...--•:«•----------·--,--------------------

Table 1-21 Standard IFK Encoding 

Because single density headers are used for both FM and KFK recording 
formate, and since certain .ftAI patterns map into single denaity address 
marks, a llOdified alqorithm a used. The upping occurs when a data 
pattern of exactly four consecutive •ones" is encoded. Whenever this 
pattern is encoded • special algorithm ia applied. Table 1-3 d•finu 
the encoding algorithm for tbis.sp•cial·case. 

DATA 

!-----------------------------------------------------------! DH-5 I Dl-4 J)J(-3 DB-2 Dl-1 DH 

!-----------------------------------------------------------! 
0 1 1 1 1 0 

1-----------------------------------------------------------1 
I X 0 l 1 0 I 0 0 I 1 0 I 0 0 I 1 0 
ICH-5 DK-5:1CH-4 DH-41CH•3 DN-3lCl-2 DH-21CH-1 Dll-11 CH DN 

!-----------------------------------------------------------! EHCODED DATA 

Table 1-3: ltodi1ying Alvorithm <Special Case> 

When readinv double density data fields the controller checks tor a 
111issin9 clock bit between two :zero data cells, and if found, 
substitutes ones for th& two zero data bits (generated by the SJ)iteial 
encoding algoritha>. 

1. 2. 7. Cyglic bdy84gqr Ch!Qj 
Each sector header field and data field baa two CRC characters 
appended. Thea. 16 bits are the remainder that results when dividing 
the data bits Crctprnented •a a polynomial M<x>l by a generator 
polynomial G<x). The polyno111ial und for IBM 3740 is 
G<x> = 1•16• XA12• XA5+ 1. For the sector hctader the data bits include 
byte 1 thru 5. For an FM data field the data bits include byte 1 thru 
byte 129. For an MFll data fi•ld the data bits include byte 1 thru byte 
257. 
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1.3. SPECIFICATIOIS 

RECORDIHG TECHHIQUE1 

Single Density 
Double Density 

POWER REQUIREKEHTS: 

Voltage 

Current 

EHVIROBKEllTAL 

Te•peratUl'e 
Humidity 

IBM 3740 Flt 
DEC Modi!ied !Flt 

Single SV supply 
<from LSI-11 backplane> 
2.5A typical 

0 degree - 45 degrHS C 
10X - 95X non-oondenaing 
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Section 2 

Installation 

The controller is shipped vith standard options configured. The 
standard address 177170<8> and vecto.r 264<8> are a.t. The device 
interrupt priority is set to level four. The firmware bootstrap is 
disabled. 

Most options are £act.or:y foil-etched to the tllOSt olften used 
configuration. The· foil J'l.Uapers 11u•t tirat t>•· cut before the alternate 
JU11tpers are.. inarted. Refer to Table• 2-1. 2 ... 2, and 2-3 for alternate 
options and Fi9~re 2-l for 3umper location. S&veral et tne options are 
selectable by ulling AIP 530153·2 pin :;utnpers. If these pin JWlpers ar• 
not a\la'.ilabl• un #30 wir• wrap .. 

2.1. COHfIGURATLOff 

· 2.1.1. Addt111s yeotor Selegtion 

The controller ia shipped with the DEC standard device address and 
vector as-sign~ts prU.t. to 177110(8) and 2640\>, r•9'9Ctively. Any 
change in ttwn asttigtuaenta would necessitate a eltanqe in ayst.&m 
softwere. Howver, a dual addreas and vector option is s~leetable 
nabling a s•OQnd register a.ni9nment at 1111?4<8> and 270<8>, 
rt:Hrpeat i vel y. 

The dual address mode is used in applications requiring 11tore than tvo 
drives. In t,hia eaae th& controller simulates the operation of two 
controllers as required by standard DEC software. to select this 
option remove the JU111pttr betw&en W16 and W17. Juaper \f15 to W16 and 
Jumper W7 to W8 as shown in Table 2-1. 

9 
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JUMPERS 
OPTION 

, ______________________________ , 
15-16 16-17 7-8 

1--------------------------------------------------1 
Standard 
Address/Vector• 
177170/264 

OUT IH OUT 

1-.·-·--·-··--------------------------------------------1 
Dual 
Address/Vector 
177170/264 
177174/270 

IR OUT IR 

1-----------------~--------------------------------1 
•Factory Prent 

Table 2-1: Address/Vector Option Configuration 

2.1.2. Ptyige Iritgruot Priority 

The MXV22 supports the four-level device interrupt priority schea 
compatible with the LSI-11/23. The controller asserts interrupt 
requests ~d •n:i,tors higher level request lines during interrupt 
arbitration as desQl'ibed in Table 2-2. Th• level four requeat is 
al.vays asserted by the controller, t'4f9ardleu of its priority1 to 
niatain compatibility with the LSI-11 and LSI-11/2 processors. 
'l)e interrupt pri9rity l•vel is co~igured to level four at t\he 
factory. If a different interrupt . level i• desired t1ke following 
foil-etched Jumpers must be out. Refer to Table 2-2 for the proper 
Jumpers to insert for the desired priority level. 

W19 - W20 
\122 - W23 
W24 - W25 

V28 - W29 
W30 - W31 

--------------------------------------------------------------------·-----tPTYIASRT !KOR I JUlfPQi I 
ILEVI I f18-191191"20l21-22122-23t24•25125-2Sl27-28128-29130•tJ1l31-321 
t -~---·---------·----- .. -------------------------.--------------------~·--------.·-----1 
I 4•1 4 15,6 t Out I In I Out t In I In t Out I Out I In t In I Out I 
1---------------------------------------------------------~----------·-----1 
I 5 I 4,5 I 6 I Out I In I In I Out I In I Out I Out I In I Out I In 
-l----.. -·-----..------· ... -------------------------~-------------:...--.---------------1 
I 6 I 4,6 I 7 I In I Out I Out I In I Out I In l In t Out I In I Out I 
·--------~---~·------~--------~------------------------------~~----~-------! I 7 14, 6~ 7.tHonel In I Out I In I Out I Out f In I In I Out I Out t In 

1-------------------------------------------------·--------~---·------------1 
•Factory Preset 

Table 2-2: Priority Level Configuration 
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.. 

\ 
\ 

I 
I 

------~-------~---~--------····~···················---
I 
I 

HlllllllHtlltlllltllft I 
¥351'1&---+-Factory. 

I 
t 
f 
I 
I 

t-----•W.1. V2 W3 • I Test 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I W7 
I * 

22 Bit--+-----------•W47 46 we 
Address I * * * 

I * 
I V·9 
I 

Stap----+------~---->W36 .3~ 
Rate I * • 

I * * 
I W37 38 
I 
I 

• * * * * * f W« -ts 33 34 t 
l 
I 

W6 I 
* •----+-Factory 
V5 I Teet 

* I 
V4 I 

* I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I Address 

Boot- I W41 WlS<---------------------------t Selection 
Strap---t-----------• * I 

I * * * * 
I W42 43 17 16 
I 
I 
I . W10 

T$S7----+------..:.---------~. * 
I * 
I WU 
I 
I 
I 
I 

-----·----------------

_I I 
I 
I 

* * * I 
W14 13 12•---+- Write 

I Pr.00111-

t peasation 
W20 19 18 I 
* * * •---------+- Int.er-rupt 
* * * I I Priority 

V23 22 21 I I 

W24 30 29 
I I 

I I 
I 
I 

_I 

* * * <------
W23 31 28 

* * * * * * 
V26 32 21 

----------------------
·Figure 2-1: Configuration Jumper Locations 
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2.1.3. 8oot1trap 

The controller board incorporates a transparent firmware boot•trap. 
The bootstrap is initiated whenever pr09raa execution is atarted at 
location 173000<8> homing all drives to track O. llext, track 1, sector 
1, of unit 0 is read and diakette density is deterained. If the 
diskette ia •ingle daneity, sectors 1, 3, 5, and 7 are loaded into 
ae-.ory starting at location o. If the diskette ia double density, 
sectors 1 and 3 are loaded. Program execution is then transferred to 
location O. Controllers are shipped with this feature disabled. To 
enable the bootstrap remove the Jumper between W42 and ¥43 and insert 
the JU11tper between ¥41 and \142 as shown in Table 2-3. 

Only one bootstrap should b& enabled in a system 
for proper operation. If another bootstrap 
exists in the system, it must be disabled before 
enabling the controller bootstrap. 

JUKPDS 
BOOTSTRAP 1------------------------------1 

41-42 42-43 
1---·-----------------------------------------------1 

EH A BLED II OUT 
1--------------------------------------------------t 

DISABLED * OUT IR 
!--------------------------------------------------! 

•Factory Preset 

Table 2-3: Bootstrap Option 

2. 1. 4. Write PrtCfi1!lQG1ation 

The l'IXV22 controller provides hardware write pr.compensation to r&duce 
the bit shi:ft exhibited by all drives as the recorded flux density 
increaaee. The controllttr recogniz•s the patterns which produce bit 
shift and preco11pensates the written pattern. This unique :feature 
allows the controller to perfor11 reliably with any Shugart compatible 
drive. 
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Controllers are ehipped with thia f•ature enabled and it is reco .. nded 
th•t for 110re reliable operation the :feature not be disabled. However, 
i.f so desired, t~feature cen be clefnt~ by cutting. the toil-etched 
JU11per between ;1112 and 113 ud i..-rting • JUntJ*r b9tween W13 and V14 
as ahovn in T.abl• 2-4. 

f 
I WIITE 1------------------------------1 
I PIECO!PSISATIOI 12-13 13-14 
·----------------------------------------------~---· IB 
1---------------------------------------------~----1 DISABLED OUT Ill 

1-------------------------------------~----·-------1 •f'aatory Preset 

Tab!• 2-41 Write Preeompensation 

2.1.5. §tcp Rate ConygJ. 

Up to four drives can be interfaced with the KXV22 controller. These 
drives are organized into two paira, each of which ia auociated with a 
particular register set. The first pair of driv•s (DS1/DS2) is 
associated with the primary register nt <177170<8» and tile reHining 
pair <DS3/DS4> with the sftCondary regiater nt U7"1!74f8)). The 
controller ie 8tlipped CG.'lfioured with a 6•s step rate for both pair of 
drives. Alternat• step rat•• can be nleetfd for ••ch pair of driY••· 
Retttr.to Table 2•5 for desired step rate option and a.~iatecl Jumpers. 

---·--------------------------·--~--·---------------
STEP RATE JUMPERS 

1-------------------1--------------~---------------1 
l DS1/DS2 t DS3/DS4 I 36-37 38-39 

1--------------------------------------------------1 
IH IN 

1-------------------1---------------1--------------1 
3 OUT IH 1---·-----------------------------------------------1 
6 3 IH OUT 

1---·---------------1---------------1--------------t 
3 3 OUT OUT 

1--------------------------------------------------1 •Factory Pre•et 
--------------------------------------------------

Table 2-5: Step Rate 
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2.1.6. 26 §it Addressi;q 

The controller is shipped with 22 bit addresain.g di1abled. Enabling 
this option proyides extended address control during DllA transactions 
allowing the controller to transfer information throughout 22 bit 
address apace. The additional four bits of address <AU8>-A<21>) are 
communicated to the controller as described in section 3.1.2. Before 
enabling this. option it is neansary to modify the corresponding 
softw.are drivers in .order to maintain proper register communication as 
described in eection 5. To enable 22-bit addressing Jumper W46 and W47 
as shown in Table 2-6. 

22 BIT 
ADDRESSING 

JUMPERS 
1----------------' 

46-47 
1-------------------1---------------1 
I ENABLED I IN I 

1-------------------1---------------1 
I Dl:SABLED * f OUT I 
1-----------------------------------1 

*Factory Preset 

Table 2-6: 22 Bit Addressing 

2.1.7. li!Qlllayous Qptions 
There are eeveral options related to factory configuration of the 
controller. These options must be configured a• shown for proper 
operation of the .controller. Refer to Table 2-7 for ·these options. 
During DMA operations if the bus address established extends into the 
peripheral address page the controller asserts bank select 7 <BS7> as 
required by normal bus protocol. If the application rttquires extended 
memory, overlapping the pei·ipheral address page, this option can be 
disabled as indicated in Table 2-7. 

OPTION I JUMPERS I 
!------------------------------------------------------· 
I 1-2 I 2-3 I 4-5 I 5-6 I 33-34 I 34-35 I 10-11 I 

1----------------------------------------------------~-----------------1 
I FACTORY* I OUT I IN I OUT I IN I OUT I IN I I 
!-----------------------------------~----------------------------------! 
I BS7 ENABLED I I I I I I I IN I 

1--------------------·-------------------------------------------------1 
I BS7 DISABLED I I I I I l I OUT I 

1----------------------------------------------------------------------1 
I • Factory Preset · I 

Table 2-7: Miscellaneous Options 
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The controller provide• an indwrtry atandarcf .floppy inter1ace 
co111patihle w.ith aoat available drivu. However, for proper operation, 
each driv• 11Ut b• eoatigur.S vi.th attntioa to nffral options. 
Tables 2-8 thru 2-12 au111marixe the• optiona for nwral of the more 
popular drives. 

------------.------------------------·------.... -----·•.•.-i••··--------·------
I I 
I OPTIOH I DESCJW>TIOI 

I DUAL Sil81.£ ·I 
I '811¥£ & DIM 1 DIIYE 0 I 

1---·-..,-------,~-·-----------~-----------------------•:·"'"-'"""/ ____ ,.. __ ~--·-----------.----1 
t DS1 I Drive Hlect 1 J !Ji 
I DS2 I Drive al.ct 2 I Out 
I &S3 I hi 'ff! select 3 l OUT 
1 DS4 1 nti ve nleet 4 1 OUT 
I A I lad$al head loading option I II 
I B I Badtal head loadint opt'ion I lfi 
I c I Head load option I II 
I J). I In Uft option • QUT 
I X I hd1al head loading option I OUT 
I WP I Iahibit write when protect I II 
I HP t Allev write vhen preteet I OU'l' 
I DS I st-.per power fro• drive I II 
I t Hlec:t I 
I BL I Stepper pour f roa h••d I OUT 
I I loactf I 
l 25• I 'le·· aided sit;.atua output I 11 
I z I In ..... troll dr'iV• H!etrl I atlT 
I Y I In un from head load I II 
I R I Indy output I IM 
I I I Index output I IR 
I DC I 1-iak change output I X 
I S I Sector output I X 
I 800/8501 sector option disable I Ill 
I 8011851 t Sector eption enable I OUT 
I L I ·Sf DC bin I Ill 
I T1 I Tttrtliaation HL l OUT 
I T2 I T•rtllination .drive select I IJt 
t T3 l 'flib'aination direction I GUT 
I T4 I Terlll'i.nation step I OUT 
I TS I Ter•l.n&ticm vrite data I OUT 
t T6 I Ter11tination write gate I OUT 

OUT 
11 
OUT 
OUT 
II 
IR 
IR 
OUT 
OUT 
Ill 
BUT 
II 

8llT 

1tl 
an· 
IK 
IM 
I.I 
x 
x 
II 
OUT 
II 
II 
11 
u 
II 
II 
IM 

II r 
OUT f 
OUT I 
OUT I 
IB I 
11 I 
Ill I 
OUT I 
OUT I 
Ill I 
OUT I 
II I 

I 
OUT I 

I 
IR I 
atJT I 
IK I 
DI I 
II· I 
X I 
I I 
IR I 
OUT I 
IR I 
IR 1 
Ill I 
IR I 
IX I 
IR. I 
II I 

1-----------------------,.·----~-~--------------:-_.,.. _________ .. ____ .i'OI< ___________ , 

---------------~----------------------------------------------------Table 2-8: Shugart 8011831 Drive Configuration 
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---------------------------------------------·--------~--------------. 

OPT I OH DESCRIPTIOR 
I DUAL SIHGLE I 
i. DRIVE O DRIVE · 1 DRIVE 0 I 

1---·---.-----·-----------···----·-·-----·--------------.-------------.iiio••------1 
I lJ~ I.Terminations :for.aultiplexed .I IB 
I liaput:s I 
I SI I Internal write current nitchl X 
I SE !External write current svitchl X 
I TR ITrue ready output l Ill 
I RTR I Radial true ready ** I II 
I 2S ITW•aided strata output• I IR 
I DC I Disk change option I OOT 
I S1 I Side aelect option using I 00.T 
I I direction aelect * I 
I S2 I Side select input * I IR 
I S3 I Side select option using I OUT 
I !drive select l 
11B,2B,3B,4BISide select option using I OUT 
I ldrive select I 
I D IAl;ternate input-in-use I OUT 
I lfS Ul~tor on from drive select I II 
I MO !Alternate input-motor·on f. OUT 
I BO JAlt&rnate iaput-multiplexed I OUT 
I lmtor on ** t 
I ltD I Motor of.f delay I IH 
I R lleady output t U 
I RR I Radial ready I IH 
I SR I Standard ready ** I rN 
I Jt'l' 1 lledl.fied true ready <outputs I OUT 
I f true ready on pin 22) ** I 
I DSl !Drive select 1 I IH 
I DS2 I Drive select 2 I OUT 
I DS3 I Drive select 3 I OUT 
I DS4 !Drive select 4 I OOT 
I Y !Door lock/activity light I IH 
I tactivated from 11ator on ** I 
I Z IDoor lock/activity light I OUT 
I !activated from drive select**' 
I PD I Stepper power down I OLJT 
I WP IInhibit y,rite y,hen w,rite f IR 
I I protected I 
I HP !Allow Yrit& when write t OUT 
I I protttctecl I 
I 1'S I Data separation option select I OUT 

OUT 

x 
I 
IH 
IR 
IH 
OUT 
OUT 

II 
OUT 

OUT 

OUT 
IH 
OUT 
OUT 

IH 
Ill 
IR 
JR 
OUT 

OUT 
IH 
OUT 
OUT 
II 

OUT 

OUT 
IJI 

OUT 

OUT 

IH I 
I 

X I 
x t 
IH I 
II I 
IH I 
OUT I 
OUT I 

I 
Ill I 
OUT I 

I 
OUT I 

I 
OUT I 
IH I 
OUT I 
OUT I 

I 
IH I 
II I 
IH I 
Ill I 
OUT I 

I 
IR I 
OUT I 
OUT I 
OUT I 
IR I 

I 
OUT I 

I 
OUT I 
IR I 

I 
OUT I 

I 
OUT I 

l-·-------------------------------------,--------------·----,·---.--------1 
I X Don't Care * 860 Driv• Only ** Available on PCB Pin 25249 Only I 
I I ----------..·-------·--.... ----------·~---- ... -----------------------------------

Table 2-9: Shuqart 810/860 Drive Configuration 
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OPTIOI DESCIWl'IOI 
I DUAL SI.au: t 
I DRIVE 0 DRIVE 1 DRI~ 0 I 1---------------.. -----------------------------------------------------___ .,_,.._, 

I DS1 IDrive aelect 1 I II 
I l),S2 tJ>rive· HJ.eet 2 J OUT 
I ns3 l·nrive wlect 3 I OUT 
I DS4 t&rive •Iet 4 I BUT 
t A, B Utadial hod load I Ill 
I X r!adial h•ad load I OUT 
I Z IIn_ae n<• dri'lflt.eelect t OUT 
I HL 1·stepper poyer fro.t .... load I OUT 
I i IAl~ernateeoutput rhQy pa~ I IH 
1 I IAlternate O\ltput iadeJ( 'ad I Ill 
I c IAlt•rnat .. input h•d J..od I II 
I D lAlternet.e input-in-us• 1 OUT 
t DC tAl.ternate·. outpHzt duk. t:Jhuglt .·' OUT 
I 2S t.Alt.ernate output 2-a1a~ di•kl IH 
I DS IStfi!Pper· .power from drift I 
I 1.·· 8'lset I 
I Y I In use. ~€,>• head load I ti 
I &L lrDMr l:Gck . latCh I OUT 
I RI rRaciial ready · I Ill 
I l:I I Radial index I II 
I VP I Inhibit write vhen write I II 
I tprQtect I 
I RP lAllow write when write I OUT 
l lp.rotKt f 
ID1, D2. D4. DDSJ'Drive &ddl"ttS• eelect I OUT 
I 81-84 tTwo-aided.driv• alttct t OUT 
I Sl., S3 IHead •l~ct option I OOT 
r S2 Ufead se-lect op.tion I Ilf 
I T40 I Test track 40 I OUT 
l HA I Teat act:u-ate heed load I OUT 
14,6,a,10.12, IAlternat• I/O pins I OUT 
116, 18, 24 I I 

OUT 
IR 
OUT 
OUT 
II 
OUT 
OUT 
OUT 
II 
IR 
II 
OUT 
OUT 
IR 

II 
OUT 
ti 
IK 
IR 

OUT 

OUT 
OUT 
WT 
II 
OUT 
wr 
OUT 

Table 2-10: Quw 842 Drive Cotdiguration 
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II I 
.QUT I 
OUT I 
OUT I 
IS I 
OUT I 
OUT l 
OUT I 
II I 
IR I 
Ill I 
OUT I 
OUT I 
II l 

I 
I 

II I 
OUT I 
llll I 
Ill I 
II I 

I 
OUT I 

r 
OUT I 
OUT I 
OUT I 
ti I 
OUT I 
OUT I 
OUT I 

I 



OPTIOR DESCRIPTION 
I DUAL SIIGLE I 
I DRIVE 0 DRIVE 1 DRIVE 0 I 

·----~------------------~----------------------------------------------! DSl JDrive select 1 IM 
l>S2 I J>r ive aelest 2 OUT 
DS3 IDrive aelect 3 OUT 
DS4 IDrive select 4 OUT 
A,B 1Radial head load IR 
I !Radial head load OUT 
Z Un use fl"n drive select OUT 
HL 1$tepper po:wer from head load OUT 
R I Alternate output ready pad II 
I !Alternate output index pad IR 
C I Alternate input head load IH 
D IAlternat• input-in-us• OUT 
DC I Alternate output <fisk change I OUT 
2S IAlternate output 2-sided cfiakl II 
Y fln uae from head load t II 
DL I Door lock latch I OUT 
RR I Radial ready I I.ll 
RI IRadial index I IN 
WP I .inhibit Yrri te when write I IR 

I protect I 
RP !Allow :write when write I OUT 

I protect I 
IDl, D2, D4, DDS I Drive ad~reas select I OUT 
I B1-B4 !Two-sided drive selctet I OUT 
t Sl, S3 ll~ead select option I OUT 
I S2 IBead select option I IM 
I T40 l Test track 40 I OUT 
I HA J',l'est actuate tiead load t OUT 
14, 6. 8, 10, 12,. f llternate. I/O pins I OUT 
116,18,24 I' t 
I SF f Svitch filter I IH 
I SP !Stepper power <used :with BL> I OUT 

OUT 
II 
OUT 
OUT 
II 
OUT 
OUT 

·OUT 
II 
IH 
II 
OUT 
OUT 
II 
II 
OUT 
IJI 
IB 
II 

OUT 

OOT 
OUT 
OUT 
IR 
OUT 
OUT 
OUT 

IH 
OUT 

Table 2-11: Qume 242 Drive Configuration 
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IH 
OUT 
OUT 
OUT 
I.I 
OUT 
OUT 
QUT 
II 
II 
lB 
OUT 
OUT 
i.H 
II 
OUT 
II 
11 
X;I 

OUT 

0.UT 
OUT 
WT 
IJI 
001 
OUT 
OUT 

:tH 
OUT 



J 
I OPTIOH DESCRIPTION 

I DUAL SIHGLE I 
I DRIVE 0 DRIVE 1 DRIVE 0 I 

1---------------~--------------------------------------------------------1 
' I 
t 
I 
I 
I 
I 
I 

' t 
I 
I 
I 
t 
I 
I 

I 
I 
I 
t 
I 

DS1 
DS2 
DS3 
DS4 
z 
x 
R 
I 
1) 

DC I/"' 
2S \/""' 
DSV 

DL~ 
y/ 
BL/ 
CJ 
RR,/ 
RM\/ 
Riv 
VP 

Bl-84 

Sl V"' 
S2 V' 
S3V' 
Iii v"" 

IDrl.ve nlect 1 
!Drive selnt 2 
f Dri va ••leot 3 
IDrive select 4 
I In use from drive eelect 
IRadial head load 
IAlt•rnate output ready ~d 
!Alternate output index pad 
IAlternate input-in-un 
I.Alternate output disk chang• I 
IAlternate output 2-eided disk *' 
ISt~per power :from drive I 
I select I 
tDiakette lever <optional) I 
lln use tro111 uad load r 
IStepper power from head load I 
IHead load option I 
tRadial ready I 
l0Ready 111Q(if,ified I 
IRadial index I 
!Inhibit write when write I 
I protected I 
IAllow ¥rite when w·rite I 
lpretected I 
ISide select option using I 
ldrive select• I 
Ulead select option I 
f Head select option I 
IHead select option t 
fSplndle motor option I 

!t2 J' ISptndle mtor option I 
l'fC1-JtC4./llota:r. control select I 

IH 
OUT 
OUT 
OUT 
OUT 
OUT 
IR 
IK 
OUT 
OUT 
IH 
IH 

OUT 
OUT 
IH 
Ill 
IH 
OUT 
IR 
IB 

OUT 

OUT 

OUT 
·II 

OUT 
IH 
OUT 
OUT 

OUT 
IR 
OUT 
OUT 
OUT 
OUT 
IR 
IR 
OUT 
OUT 
II 
II 

OUT 
OUT 
IR 
IX 
II 
OUT 
IH 
Iii 

OUT 

OUT 

OUT 
Ill 
OUT 
II 
OUT 
OUT 

IH 
OUT 
OUT 
OUT 
OUT 
OUT 
IR 
IH 
OUT 
OUT 
IH 
IR 

OUT 
OUT 
II 
II 
Ill 
QUT 
IK 
IH 

OUT 

OUT 

OUT 
II 
OUT 
IH 
OUT 
OUT 

t 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1----·------------~---------------------------------------------------------1 * TM 848-2 Only 

Table 2-12 Tandon TM848-1/848-2 Drive Configuration 
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2.2.1. Drive Selection Sianals 

The controller provides four radial drive select signals. Each drive 
must be configured to one of the appropriate drive select signals. 
Drive select 1 and drive select 2 <DS1/DS2> are associated with the 
primary register set <177170<8>> while drive select 3 and drive 
select 4 <DS3/DS4> are associated with the secondary register set 
<177174(8)). 

Upon initiation of a function the controller selects the appropriate 
drive. performs the operation and after ten revolutions of inactivity 
deselects the drive. 

2. 2. 2. Rea.cf t.0ad Signal 

A separate head load s.ignal is provided to prolong media life. The 
read/write heads are only loaded on the media during read/write 
operations. All other operations are completed with the heads in the 
unloaded position. 

Because step positioning can take place with the heads unloaded, the 
drive must be configured to provide stepper power independent of head 
loading. 

2.2.3. Motor Control 

The controller has been configured :for ease of use with the newer DC 
motor drives. A motor on signal is provided and is activated by the 
controller upon the initiation o:f any function. Before the drive is 
used :for read/write operations, a motor delay timer insures the drive 
is up to speed. After ten revolutions of inactivity, the signal is 
deselected, prolonging the life of the drive. 

The motor on delay timer has been configured to operate with drives 
JUmpered with motor on as a function of drive select. When a drive is 
selected the motor on signal is set. If the motor on signal was 
previously set the drive ready status is immediately interrogated and 
if valid, th.e function is initiated. If the drive is net ready a motor 
on delay is issued after which the drive rHdy status is a.gain 
interrogated. A valid ready status initiates the function while a not 
ready status r-esults in a error being reported and the operation 
aborted. 

2.3. CABLING 

A 50-conductor ribbon cable connects to any Shugart compatible 
drive(s). I! the optional cable is purchased with the controller, 
connect the socket connector to the 50-pin header located at the edge 
of the controller board. Observe the alignment of pin 1 of the socket 
connector and header as indicated by the arrows shown in Figure 2-2. 
The two 50-pin connectors should be connected to the corresponding 
drives, again observing the location of pin 1. If the optional cable 
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is purchased from an independent source, th• following list of 
materials <or equivalent> will help in the construction of the required 
cable. 

QTY 
1N 
2 ea 
AIR 

tlESC]lIPTIOH 
50 pin socket 9onnector 
50 pin edge connector 
50 conductor ribbon cable 

Pin 1 
\ 

tf FG 
3.K 
3M 
3Jf 

NUl§ER 
3425-3000 
3415-0001 
3365/50 

------1 1----l 1----1 1----1 
I I I I I I I 

I I I I I I I I I !·------- J _1----1 _1----1 _1----1 _1 
\ \ 

\ \ 
\ \ 

\ \ 
\ \ 

\ 
\ 

Card edqe 
connector 
<50 pin) 

Ribbon cable \ \ 
<SO conductor> \ I 

I 
I 

I 
I 

I 

I 
I 

I 

/\ 
I \ 

\ 

\ I 
\ I 

\ I 
I \ I 

\ I \ I 
\/ \ I 

Pin 1 ___ / I 
\ I 

\ I Socket 
\I \ __ connector 

I (50 pin) 
I 

I 
I 

Component Side I 

\ 
\ B 

\ 
\/\ 

I 
\ A 

\ 
\ 

MXV22 

I 
I 

\ I 
\I 

I 
I 

I 
I 

I 
I 

I 
I 

Figure 2-2: Drive/Controller Cabling 

The connector pi~s illustrated in Figure 2-3 are compatible with both 
the Shugart 800 series and 850 series drives. Any drive that has both 
a Shugart compatible interface and connector should function properly 
with the controll•r. 
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----1 1 2 1----->TG 43 
1----1 3 4 1----->KOTOR ON 
l----1 5 6 I 
1----1 1 I 8 I 
l----1 9 110 1<-----TWO SIDED 
1----111 112 I 
1----113 114 1----->SIDE SELECT 
1----115 116 I 
1----117 118 1----->HEAP LOAD 
1----119 120 t<-----I.BDEX 
1----121 122 l<-----READY 
1----123 124 I 
1----125 126 1----->DRIVE SELECT 1 
1----127 128 1----->QRIVE SELECT 2 
1----129 130 1----->DRIVE SELECT 3 
1----131 132 1----->DRIVE $ELE£T 4 
1----133 134 1----->DIRECTION 
1----135 136 1-----> ..... SI..,E ..... P __ _ 
1----137 138 I ----->WRITE DATA 
1----139 140 1----->WRITE GATE 
1----141 142 I <-----TRACK 00 
1----143 144 1<-----WRITE PROTECT 
1----145 146 1<-----READ DATA 
1----147 148 I 
I - - - - I 49 USO I 
l -------

Figure 2-3: Connector Pin Definitions 

2.4. CONTRQJ..LER INSTALLATION 

The controller can be inserted and will function in any LSI-11 bus 
slot provided that both intei·rupt and Dl'IA continuity are maintained. 
Since these signals are daisy chained through the bus slots, no unused 
slots between the LSI-11 processor and the floppy controller may exist. 
Determine the order that the priority chain f'ollows by consulting the 
documentation supplied with the LSI-11 system. Hote that when two 
interrupts of the same priority level are asserted, the closer a device 
is located to the processor, the highe1· its priority. 

2.5. INITIAL OPERATION AHD CHECKOUT 

Before the following procedures are done and !or purposes of checkout. 
verify that the controller ha• been confiqured with two drives as 
described in Sections 2.1 - 2.4. 

The bootstrap must be disabled for the following 
procedures. 
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1. Apply power to the drive<s>. 

2. Place the Run/Halt switch on the processor to the Halt position 
and turn on the proceuor. An •@• character should be printed 
on the terminal signifying that console ODT has been entered. 
Both drives (firet drive 1, then drive O> vill step the heads 
inward 2-tracks, then atep the heads outward until the home 
signal is detected, The heads will not load. If the above 
events do not occur, check the cabling and drive pover 
supplies. 

3. Place a prf@for1atted scratch diskette in drive O. 

4. If the standard address assignment is se.leeted, open the CS 
reqister using ODT by typing 177170/ on the terminal. Th• 
processor will display the contents of the CS register. If the 
controller is operating properly a 004040(8) should be printed. 
Deposit a 40000<8> in the CS register by typing 40000 <CR>. 
This command will initialize the controller. Both drives 
should calibrate for home position. First, drive l steps 
inward 2 tracks then outward one track at a time until the 
driva indicates track 0 has be&n reached. The procedure is 
r•p&ated on drive O. A.fter both drives are calibr.ated, the 
head on drive O is loaded. Sector l of track l on drive O is 
read into the controller buffer. This operation is indicated 
by the in-use LED on the drive indicating the head load 
operation. The LED will rct111ain on for a short time after the 
read operation is complete. 

If, after initializing, the d:rives do not calibrate or the LED 
is not activated, check the cabling and power supplies. 

5. Reopen the CS register <location· 177170(8) > using ODT as 
described above. The contents of this location should be 
004040<8>. Examining the next location 177172<8> by using the 
line feed key or typing in 177172/ should yield either a 
204< S>, 244<8), 206(8.> or 246<8>. For a detailed description 
of the register protocol and bit definition, refer to 
Section 3. 

6. If the above procedures function as described, the controller 
is ready for use. Either diagnostics or an operating system 
can be booted. For details on bootstrapping refer to 
Section 4. 

7. If the above procedures cannot be validated, consult the 
factory or your local representative for assistance. 
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3. GEIERAL 

Section 3 

Functional Description 

This section describes device registers and command protocol for the 
l'IXV22. 

All software control of the KXV22 is performed by means of two sets of 
two device registers: the command and status U!XVCS> register and a 
multipurpose data huffer C!fXVDB> register. These registers are 
assiqr1ed the bus address 177170<8> and 177172(8), respectively, for the 
primary register set and 177174<.8> and 177176<8>, respectively, for the 
secondary register set. The registtus can be read or loaded, with a 
few exceptions. using any instruction r•fe:rring to their addresses. 

The KXVCS register passu corit:rol information from the CPU to the 
c·:mtroller and recports status and error in:formaticm from the controller 
to the CPU. The KXVDB is provided for additional control and status 
information between the CPU a,nd the controllel'. The information that 
is pl·esent in the KXVDB at any given time is a function of the 
controller operation in progress. 

The controller contains a sector buffer capable of storin9 a complete 
sector. For rea('l/write operations the buffer is either "filled• befor& 
a write command or •emptied• after a read command under DMA control. 
During a write command the controller locates the de.sired sector and 
the buffer information is transferred to the diskette. During a read 
operation the desired sector is located and the sector data are 
transferred to the buffe1·. 

3. 1. REGISTER DEFIHIT!OHS 

3.1.1. KXVCS - Comaand and Status Register <177170<8> or 177174<8>> 

The format of the KXVCS register is shown below. Functions are 
initiated by loading the command and status <CS> register, .when not 
busy <bit 5 = l>, with bit 0 = l. Command protocol is discussed in 
detail in section 3.2. 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

IERRIIHTIEXT ADDIRX 122 IHD IDEHITR IINTIDH IUNTI FUNCTION IGO I 
I I I I 02 I EBL ISELI · I I EHB I I SEL I I I 

BIT ptSCRIPTIOH 

15 ERROR: This bit is set by the controller to indicate that 
an error has occurred during an attempt to execute a 
command. This bit is cleared by the initiation of a · new 
command or by setting the initialize bit. When an error is 
detected the l'IXVES is read into the !XVDB. This bit ia a 
read-only bit. 

14 :tfXV22 INITIALIZE: This bit 
initialize the controller 
devices on the LSI-11 bus. 

is set by the program to 
without initializing all the 

This is a write-only bit. 

CAUIIQH 
Loading the lower byte of the MXVCS will 
also load the upper byte of the :tfXVCS. 

When this bit is set, the controller will negate Done and 
move the head position mechanism of drive 1 (if two drives 
are available> to track O. When completed, the controller 
w.ill repeat the operation on drive O. 

The controller will t·hen clear the error and a.tatus 
reqister, set Initialize Done, and set Drive Ready if drive 
O is ready. Finally, the controller will read sector 1, 
track 1, of drive o. 

13-12 EXTENDED ADDRESS SITS: These bits are used to specify an 
exte-nded bus address. Bit 12 = ltA16. Bit 13 = M.A.17. 
These are write-only bits. 

11 RX02: This bit is asserted by the controller to indicate 
that this is an RX02 type system. This is a read-only bit. 

1.0 22 BIT ADDRESSING ENABLED: This bit is normally read as a 
zero. If 22 bit addressing is enabled and fill/empty 
buffer or read error code commands are initiated this bit 
will be set along with transfer ready <TR>. 

09 HEAD SELECT: This bit selects one of the two possible 
sides of the disk for execution of the desired function. 
When cleared, side O is selected, when set, side 1 is 
selected. This is a read/write bit. 

08 DENSITY SELECT: Thie bit selects either single 
density operation. When cleared, single 
selected: when set, double density is selected. 
read/write bit. 
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07 TRAHSFER REQUEST: This bit signifies that the controller 
needs data or has data available. Thi• is a read-only bit. 

06 INTERRUPT EHAiLE: Thia bit is set by the prograa to enable 
an interrupt when the controller hu COllpletecf an operation 
and iHiJaerted the Done bit. The condition of this bit is 
cleared by initialize. Thia is a read/write bit. 

05 DOKE: This bit indicates the completion of a function. 
Done will generate an interrupt when asserted if interrupt 
enable <KXVCS bit 6> ia aet. This is a read-only bit. 

04 UNIT SELECT: This bit selects one of the tvo pcasible 
disks for execution of the desired function. Thia is a 
read/write bit. 

03-01 FUHCTIOR SELECT: Thoe bits code one of the eight possible 
functions d•scribed in detail within this section. Theae 
are write-only bits. 

000 Fill Buffer 
001 E:111:pty Buffer 
010 Write Sector 
OU Read Sector 
100 Set Media Density/Format 
101 Read Status 
UO Write Deleted Data Sector 
111 Read Error Code 

00 001 Ini.tiates a co11mand <write-only bit>. 

3.1.2. KXVPB - Data Buffer <177172<i> or 177176<8>> 

This register serves as a. general purpose data path between the 
controller and the LSI-11. It will represent on• of sevctn registers 
according to the protocol of the funet.ion in process. These registers 
include the KXVDi. MXVTA, MXVSA, l'tXVWO, MXVBA, l!lXVBA£ and ltfXVES. 

This register is a read/write re1ister if the controller i• not in the 
process of executing a co11nnand <i.e., it aay be aanipulated without 
a!fecting the controller>. When the controller is executing a co11111and, 
the register can only be accHsed •h&n MXVCS bit 7 <TR> is set. 
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Data Buffer R1gister (l1XVJ)8) 

All information transferred to and fro• the floppy •edia passes through 
the KXVDB register and is addressable only under the protocol of the 
!unction in progress. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

\------------------~--------\/----------------------------------/ 
HAD/WRITE DATA 

MXVDB FORKAT 

Tragk Address Register CMXVIA> 

This register is loaded to indicate on vhich of the 115<8> <77 decimal> 
tracks a given function is to operate. It can be addressed only under 
the protocol of the :function in progress. Bits 8 through 15 are not 
used and are ignored. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

l///l///l///1///l///1///1///1///1 0 I 
1///1///1///1///l///l///l///l///I l 

\---------------\/--•-----------! \ ·-------------\!---------------I 
NOT USED 0-114(8) 

MXVTA FORMAT 

Sector Addres1 Register <J1XVSA> 

This register is loaded to indicate on which of the 32<8> <26 decimal> 
sectors a given function is to operate. It can be addressed only under 
the protocol o;f the function in progress. Bits 8 through 15 are not 
used and are ignored. 

15 14 13 12 11 10 9 8 1 6 5 4 3 2 1 0 

l///l///l///l///l///1///1///1///1 0 I 0 I 0 l 
1///1///l///l///l///l///l///l///I I I I 

\--------------\1---------------1\-------------\1---------------1 
NOT USED 1-32<8> 

MXVSA FORMAT 

28 



l(grd Count Reqifttr <KXVVC? 

This register is loaded with the number of words <maximum of 128 
deciaal) to be transferred. At the end o1 each transfer the word count 
register is decreMnted. When the contents of the register are 
decremented to zero transfers are terminatedJ Done is set <KXVCS bit 
5>; and, if enabled, an interrupt i• requested. If the word count is 
greater than the liait ior the density specified, the controller 
asnrts a Word Count Overflow (bit 10 of the IXVES>. This register can 
be addressed only under the protocol.of the function in progress. Bits 
S through 15 are not used and.are ignored. 

15 14 13 12 u 10 9 8 . 7 6 5 4 3 2 1 0 

llllfllllllllllllllllll/tllll/lll 
l///l///1///1///l///l///l///l///I 

~--------------\1---------------1\------------\1----------------1 
NOT USED 0-200<8> 

JtXVWC FORMAT 

Bus Addrua i&ai•ter <MXVBAJ 

This regiat•r is used to generate the bus address 't'hich apecif ies the 
location to ancf fro11 which data are to be transferred. The register is 
incremented a.!ter each transfer. It y,ill incre1Rent acroas 321 boundary 
lin:es via the ttxtended address bits in the control and status register 
and the bus addr:.en e-Ktension register. Syste•s with only 16 address 
bits will "wrap around" to location zero when the extended address 
bits are incremented. Thie register can be addressed only under the 
protocol of the function in progru11$ Sit O is not used and is 
ignored. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

KXVBA FORMAT 

II 111 
1///1 

This register contains the extended address bits <Al8-A21> when 22 bit 
addressing is enabled. Bits 4 thru 15 are not used and are ignored. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

lllllllll/lll/llll/ll/llllllll/ll/lll/lllll/lllllA211A201A191A181 
l///l///l///l///l///1///1///1///l///l///l///l///I I I I I 

MXVBAE FORMAT 
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Error and Statµs Register <MXV£$> 

Thia register contains the current error and status conditions of the 
drive selected by bit 4 <Unit Select> of the MXVCS. Thia read-only 
register can be addressed only under th• protocol ot the £unction in 
progress. The MXVES is loaded in the tfXVDB upon completion of a 
function. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

------------------------------------------------------------·--1///1///1///1///INXKIWC IHD IUHTIDRVIDD IDRVIDENIAC IID ISIDICRCI 
1///1///1///1///1 IOVFISELISELIRDYI IDEHIERRILO I IRDYI I 

\------\!-------! 
HOT USED 

!IXVES f'ORKAT 

BIT DESCRIPTION 

15-12 Not Used. 

11 NOHEXISTENT MEMORY ERROR: This bit 
controller . when the memory address 
operation is nonexistent. 

is asserted by the 
speoifietd for a DKA 

10 VORD COUNT OVERFLOW: Thia bit indicates that the word count 
specified is greater than the limit for the density selected. 
Upon detecting this error the controller terminates the fill or 
empty buffer operation and aaserts the Error and Done bits. 

09 HEAD SEL.ECT: This bit indicates the side currently selected. 
If eleared, it indicates drive O: if set, it indicates side l. 

08 UNIT SELECT: This bit indicates the drive currently selected. 
If cleared, it indicates drive OJ if set, it indicates drive l. 

07 DRIVE READY: This bit is asserted .if the unit currently 
selected exists, is properly supplied with power, has a 
diskette installed correctly, has its door closed, and has a 
diskette up to speed. This bit is only valid when retrieved 
via a read status function or at the completion of initialize 
w·hen it indicates the status of drive O. · 

06 DELETED DATA: During data recovery, the identification 111a.rk 
preceding the data field was decoded as a deleted data mark. 

OS DRIVE DENSITY: The bit indicates the density of the diskette 
in the selected drive. When zero, it indicates single density; 
when set to one, it indicates double density. 

04 DERSITY ERROR: A density error was detected as the information 
was retrieved from the data field of the diskette <a density 
error occurs when the density selected differs from that of the 
data field>. Upon detecting this error the co~troller loads 
the HXVES into the HXVt1B and asserts the Error and Done bits. 
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03 ACLO: Set by the controller to indicate a power failure. 

02 INITIALIZE DONE: This bit is asnrted to indicate completion 
of the initialize routine, which can be caused by system power 
failure or progra1111able LSI-11 bua initialize. 

01 SIDE READY: This bit is asserted by the controller when a 
double-sided drive is selected, is ready, and has double-aided 
media inerted. The assertion of this bit indicates that aide 
1 of the selected drive is available for read and write 
operatiol\SJ. 

00 CRC ERROR: A cyclic redundancy check error vu detected as 
information V'as retrieved from a data field of the diskette. 
The information stored ill the buffer shou.ld be considered 
invalid. Upon detection of this error th• controller loads the 
KXVES into the KXVDB and asserts the Error and Done bits. 

3.1. 3. £xttn4M itatus bqigt1rs 

The controller has four internal status registers. Then registers 
provide specific error information in the for111 of error codes as vell 
as drive status information depending upon the general error type. The 
registers can be retrieved by a read error code function as described 
in Section 3.2.8. 

)fwd 1 <7 :Q> - Dtfini.tivt Error Cogf 

Ogtal Cpde Error C9de !le:aning 

040 

050 

070 

120 

150 

160 

170 

200 

240 

250 

260 

270 

Tried to access a track greater than 76. 

Home was .found before dctsired track was reached. 

Desired sector could not be found after looking at 52 
headers <2 re-volutions>. 

A preamble could not be found. 

The hNder track address of a good header does· not compare 
with the- desired track. 

Too many tries for an IDAM <identifies header>. 

Data AM not found in allotted time. 

CRC error on readinq the sector from the disk. 

Density Error 

Wrong Key word for Set Media Density Command 

Ille9al Data AK 

Invalid POK during write sequence 
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300 Drive not ready. 

310 Drive write protected. 

Word 1 <15;8> - Hot Used 

This register is always cleared by the controller. 

Word 2 <Z:Q> - Current Iraqk Address of prive O 

This register is cleared during the initialize command in order to 
synchronize with actual track position. The register is updated with 
each seek on drive 0 and maintains current track position. 

Word 2 <15:8> - Cur;ent Iragg Address of Prive 1 

This register is cleared during the initialize command in order to 
synchronize with actual track position. The register is updated with 
each seek on drive 1 and maintains current track position. 

Word 3 <7:0> - Target Track qf Current Disk Aqcess 

If legal, the track specified for the last read/write command is saved 
in this register. 

Word 3 <15:8> - Target Sector of Current Disk Access 

The sector specified for the last read/write command is saved in this 
register. 

Word 4 <15:8> - Track Address of Selegted Drive 

This register contains the track address read from the sector header of 
the desired sector during the last read/write command. 

3.2. COMMAND PROTOCOL 

Data storage and recovery using the HXV22 controller is accomplished by 
careful manipulation of the !'IXVCS and MXVDB registers according to the 
strict protocol of the individual functions. The penalty for violation 
of protocol can be permanent loss of data. Each of the functions are 
encoded and written into the command and status register bits 1-3 as 
described in Section 3.1.l. The detailed protocol for each function is 
described below. 

3.2.1. Fill Buffer COQO) 

This function is used to fill the controller buffer with data from the 
host processor. The number of words to transfer is specified by the 
host. The command density bit determines the buffer size (64 or 128 
words), The controller zero-fills the remaining buffer space. If the 
word count is too large for the density selected, the function is 
aborted, Error and Done are asserted and the Word Count Overflow bit is 
set in the KXVES. 

32 



The content• of ~he buffer may be written on the diskett• with a 
subsequent vriteseetor C01111&nd or returned to the host procosor uaing 
an ••pty buffer co•mand. 

When the co11111and is loaded, KXVCS bit 5 <Done> is negated. l'IXVCS bit 8 
<density> must be nt to def in• the buffer size. KXVCS bits 12 and 13 
<extended address bits !16 and Al?> muat also be asserted to defin&the 
extended ••1110ry aegunt used vith the bu:ffer addr4NIS, yet to be 
specified, to form the absolute me1a0ry · addreaa of the data to be 
tr·ansferred. MXVCS bit 4 (.unit select> and bit 9 <head select> are 
ignored since no drive operation is required. When DVCS bit 7 <TR> is 
first asserted, the program must move the word count into the llXVDB 
which will negate TR. 

When the controller again asserts TR, the program •uat move the buffer 
address into the KXVDB. If 22 bit addressing is enabled. KXVCS bit 10 
<22 EBL.> is set, the controller again asserts Tlt and the program can 
move th• elttended addreQ bi ts <A18-A21) into the lfXVDB. If nothing is 
moved into the lfXVD8 <BAE REG> vithin a ti•eout period the centroller 
assumes zeroes defaulting to 18 bit addressing mode. The controller 
then negates TR, initiates a DKA cycle, and transfers the first word 
from the host processor to the controller buffer. At the end of the 
transfer the word count register is deeremented and the buffer address 
is incremented by tvo. This cycle is repeated until the word count 
register becoau zero. The controller zero-filla the remaining buffer 
space, sets the Done bit, and if ttAabled, oausn an int•rrupt request. 
After Done is assert•d the MXVtS is moved into the MXVDB. 

During the Data Transaction, if any non-existent 111.emory is addressed, 
the controller Yill time out and abort the function. The Error and 
Done bits will. be asserted. MXVES bit 11 OlXM> will be set and th• 
KXVES will be moved into the MXVDB: if enabled. an interrupt request 
will be generated. 

3.2.2. Empty Bufier <001> 

This function is used to transfer the aontents of the controller to the 
host p.roc•ssor. The number of words to transfer is specified by the 
host. The eoannaad density bit determines the uxi111um legal word count. 
If the V()rd cotant specified is too large for the density selected th• 
:function is aborted, Error and Done are asserted and the Word Count 
Overflow bit is set in the MXVES. 

The contents of the buffer may be transfered to the host as many times 
as desired or may be vritten on the diskette with a subsequent write 
sector command. Unless a fill buffer or read sector cc:n1unand is issued, 
the controller buffer is not destroyed. 

When the command is loaded, MXVCS bit 5 <Done> is negated, l'lXVCS bit 8 
<density> must b• set to allow the prop•r word count limit. MXVCS bits 
12 and 13 <extended address bits A16 and A17> 111ust also be asserted to 
define theextende memory se9111ent used with the bu:ffer addreu, yet to 
be specified, to form ~he absolute memory destination address. KXVCS 
bit 4 <unit select> and bit 9 (head select> are ignored since no drive 
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operation is required. When MXVCS bit 7 <TR) i•· :first asserted the 
program must 110ve the vord count into the MXVDB which will negate TR. 
When the controller again asserts TR the program 11uat move the buffttr 
address into the KXVDB. If 22 bit addressing is enabled, HXVCS bit 10 
<22 EBL> is set, the controller again asserts TR and the proqra11 can 
move the extended address bits <A18-A21> into the HXVDB. If nothing is 
lllOY&d into the MXVDB <BAE REG> within a ti&out period the controller 
assumes zero&s defaulting to 18 bit addressing mode. The controller 
then negat&s TR, initiates a DMA, and transfers the first word of the 
buffer .to the host processor. At the end of the transfer, the word 
count r•gister is decremented and the buffer address register is 
incremented by two. This cycle is repeated until thE' word count 
register becomes :zero. The controller then.sets the Done bit and if 
enabled causes an interrupt request. After Don• is asserted the KXVES 
is 110ved into the JfXVDB. 

During th• DKA transaction, if any non-existent memory is addrened, 
the controller will time out and abort the function. The Error and 
Done bi ts will be asserted. MXVES bit 11 < RX!O will be set and the 
1'1XVES w·ill be moved into the KXVDB. It enabled, an interrupt request 
will be generated. 

3. 2, 3. Write Segtor <010> 

This function is used to locate a desired track and sector and write 
the sector vith the contents of the internal sector buffer. When the 
l'IXVCS is loaded with this command, the KXVES is cleared and both the TR 
and Done bits are negated. When TR ia first asserted the program must 
load the desired sector address into the KXVDB vhich will neg-ate TR. 
When TR is again · cu111erted the program must load the de:sired track 
address into the KXVDB vhich will negate TR. The controller then snks 
the desired track and attempts to locate the desired sector. The 
desired ti·a.ck is compared with the track field of the sector h•ader •. 
If they do not match the operation is aborted, the Error and Done bits 
are asserted, the HXVES is moved into the MXVDB, and if enabled the 
controller will assert an interrupt request. 

A data address mark is read to determine the diskette density. If the 
dEmsities of the function and the diskette do not agree, the controller 
will abort the operation, assert the Error and Done bits and set KXVES 
bit 4 <Density Error> and load the KXVES into the MXVDB. If enabled, an 
interrupt request will be generated. 

If the demsi ties ag:re-e but the controller is unable to locate the 
desired sector vithin two diskette revolutions. the controller will 
abort the operation, move the contents of l'IXVES into KXVDB, assert the 
Error and Done bits, and if enabled, assert an interrupt request. 

If the desired track and sector are located and the densities agree, 
the controller will write the contents of the internal sector buffer 
followttd by a CRC character, all in the function selected density. The 
controller completes the operation by moving the KXVES to the KXVDB, 
asserts Done, and if enabled, asserts an interrupt request. 
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CA UT I OH 

The contents of the internal sector buffer are 
lost during a power failure. However, after 
power ie brought back to nor11al, a writ• sector 
command will cause the rando11 contents of the 
buffer to tw written on the diskette with a valid 
CRC character. 

The contents of . the sector buffer are not 
destroyed by a v·rite sector operation. 

This function is.used to locate the desired track and sector and 
transfer the contents of the data field into the controller's internal 
sector buffer. When the.1fUC$ ts loaded with thia command. the J'IXVES 
is cleared and both the TR and .,Done bits are negated. When TR is first 
asserted the program must. load ti:u~ desired sector address into the 
MXVDB which will negate TR. When TR is again asserted the pro9ra11t 11ust 
load the desired track address intQ the KXVDB which will n~at~ TR. 

Both the TR and pone bits remain ne;at•d while the controller attenpts 
to .locate the desired sector. If. aifter two revolutions the controller 
is unable to loCllte the desired sector, the operation is aborted. The 
controller will move the JtXVES into the KXVDB, assert the Error and 
Done bits. and if enabled, assert an int•rrupt request. 

When the dEtsired sector is located, the controller will then compare 
the desired tnu:::k with tbe track field of the sector header. If they 
do not match, the operation is aborted. The Error and Done bits are 
•u11serted. the KXVES is moved into the KXVDB, and if enabled, the 
controller asserts an interrupt request. 

If a legal data address mark is located and the densities of the 
diskette and function agree, the controller will read the data fro111 the 
sector into the internal J:w.ffer. If the data address urk indicated a 
deleted data field, tfXVESblt 6 <bD> is set. As data are stored in the 
internal buffer, a CRC is computed on the data and the CRC bytes 
recorded. A nori-zero result indicates a read error. When a CRC error 
is encountered, the controller sets MXVES bit O <CRC>, moves the MXVES 
into the MXVDB, asserts the Error and Done bits, and if enabled, 
asaei·ts an interrupt request. 

If the desired sector is ,located, the density of the diskette and 
function aqree, and the data are transferred with no CRC error, the 
controller will f1BSert Done, and if enabled, will assert an interrupt 
request. 
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3.2.5. Sit Kedia Density <100> 

This function is dual purpose. The controller can set the media 
density by rewritinq all the data address marks <single or double 
density> and writing zero data fields in the selected density. The 
controller can also •reformat• the entire diskette by rewriting both 
the sector headers and the data fields. The data fields are written in 
the selected density preceded by the corresponding data address mark. 
Both commands are initiated by the set media function but differ in the 
keyword required by the controller to execute the command. 
When the KXVCS is loaded with th& commend, th• JtXVES is cleared and tbe 
Done bit is negated. When TR is set, the program 11tUst respond with a 
keyword. This keyword must be deposited in the MXVDB to complete the 
protocol. When the controller recognizes this character, it begins 
executing the command. If an illegal keyword is used, the operation is 
aborted. The KXVES is moved into the KXVDB, the Error and Done bits 
are> set, and if enabl•d, the controller asstorts an interrupt request. 

If the keyword used is a 111CS>, the controller initiates a set media 
density operation. This operation starts at track 0, sector 1. Each 
se-ctor header is locat.ed and a write operation is initiated. A data 
field is written w·ith zero data in the density selected. If an error 
occurs reading any header, the operation is aborted. The KXVES is 
moved into the MXVDB, the Error and Done bits are set, and if enabled, 
the controller asserts and interrupt request. If the operation is 
sucoessf ully completed, Done is set and if enabled, the controller 
asserts an interrupt reque.st. 

If the keyword used is a 222<8>, the controller initiates a format 
operation. This function starts at the physical index of track o. 
Each track is written :first with an index address mark, then 26 sector 
heade1·s are written nquentially about the track. When each track has 
been written, the controller initiates a set media density function as 
described above. 

The following input string will format the selected unit, in the 
desired density. 

777170/ 
177172/ 

4040 
000000 

xx xx <Lf'> 

CAUTION 

The set media density function takes about 15 
seconds and the format function takes about 45 
seconds. Heither should be interrupted. If 
either operation is interrupted, an illegal 
diskette has been generated, and the operation 
should be repeated. If an error oecurs during a 
set media density function or a format function, 
an illegal diskette has ·been generated. The 
operaUon should be repeated. 
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3.2.6. Read Statys (101> 

Thia function is used to update the drive status information and is 
initiated by loading the conmand into the KXVCS. The Done bit is 
negated. KXVES bit 7 <Drive Ready) is updated by sa11plinq the drive 
ready status line. Drive density is updated by loading the head of 

the selected drive and reading the first data address mark. 
controller then moves the MXVES into the KXVDB, asserts Done, 
enabled, asserts an interrupt request. This operation requires 
250ms to complettt. 

If double-sided media are mounted in a 
double-sided drive, ltXVES bit 1 Cside ready is 
set>. 

3.2.7. Write Peltted Data S!c;tor <UO> 

The 
and if 
about 

This operation is identical to Write Sector <010) with one exception. 
The data address mark preceding the data is not the standard data 
address 11ark. A sinqle or double density deleted data addre-ss mark is 
written according to the density of the function. 

3. 2. 8. Read Erro{ Code (111 > 

This function is used to retrieve the extended status registers and is 
initiated by loading the !IXVCS with the command. The Done bit is 
negated. When TR is aeserted, the program must load the Bus Addreu 
into the MXVDB. lf 22 bit addr•ssing is enabled, MXVCS bit 10 <22 EBL) 
is set, the controller again asserts TR and the progra111 can move the 
extttnded address bits <A1S-A21> into the MXVDB. If nothing is moved 
into the MXVDB <SAE REG> within a timeout period the controller assumes 
zeroes defaulting to 18 bit addressing mode. The controller then 
negates TR and assembles one word at a time and, under D!IA control, 
transfers them to memory starting at the address specified. 

If non-exist&nt memory is encountered during the transfer, the 
operation is aborted. The Error and Dcme bits will be asserted, KXVES 
bit 11 <NX!O will be set, and. the 1'lXVES will be moved into the MXVDB. 
If enabled, an interrupt request will be generated. 

When all four words have been transferred the Done bit is set and if 
enabled, an interrupt request is generated. 
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Section 4 
Controller Opei:ations 

This s•ction provides the user pertinent information concerning the 
description and use o:f the controller functions. The functions covered 
include: bootstrappiru;Jt :formatting, fill/write operations, read/empty 
operations, write current control, write preco111pensation, and power 
fail protection. 

If tne bootstrap ia enabled as described in Se-ction 2.1.3, the 
controller. will respond to the standard bootstrap address 173000(8). 
The controller is bot1t$trap.pe.d by typing 7730006 Y·hile in console. ODT. 
This ca.uses a bus IHIT and transfers program execution to location 
173000<8>. An alternate 111ethod is to strap the tSI-11 proceesor to 
power up Mode 2. In this mode, whert a pov•1· up occurs, the .processor 
automatically st.arts execution at 173000<8>. Pow•r-up strapping 
prc:,eedures fen· the tSI-11 processor can be found in the Microcomputer 
Processors Handbook.*. 

To boot either a single or double density diskette use the following 
procedure: 

l. Place the diskette in drive O. 

2. If the processor is strapped for power-up Mode 2. 
operate the UUT (.boot) switct1 or cycle DC power OFF 
and ON. 

3. If the processor is ~ strapped for power up Hode 2 
while in console ODT, type 773000G. 

*Published by Digital Equipment Corporation. Maynard, Mass., 1979. 
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4. 1. 1. Bootstrap Operation 

The bootstrap is not a standard ROH program. It uses the controller's 
microprocessor to capture the bus; to read block 0 of the diskette into 
111emory starting at location O~ and finally to transfer program 
execution to memory location O. 

Any attempt to read location 173000<8> vill result in a non-existent 
memory trap. The controller only responds to this address immediately 
after a bus !HIT. For this reason the bootstrap is called 
•transparent·. When the processor attempts to fetch location 173000<8> 
following a bus !NIT. the controller responds by passing the processor 
a ·CLEAR RO· instruction. The processor clears RO and then attempts to 
fetch location 173002<8>. The controller passes the processor a ·LOAD 
IMMEDIATE· instruction with Rl as the destination. The processor then 
attempts to fetch the source operand from location 173004<8>. The 
controller passes the the device address 177170(8) if the standard 
address is selected. The processor moves the address into Rl and then 
attempts to fetch location 173006(8). The controller first asserts a 
Direct !femory Access Request <DMR> then passes the proec.ssor a "CLEAR 
PC· instruction. Before the processor executes the instruction it 
passes bus mastership to the controller. The controller moves. a 
•BRANCH TO CURRENT LOCATION• instruction C777C8>> into memory location 
O under DMA control. When the controller releases bus mastership the 
processor executes the "CLEAR PC" instruotion and, in so doing, 
transfers program execution to location O. The processor is thus 
forced to loop at location O. The controller initiates a Read Status 
function on drive O· to dete.rmine diskette density. If the diskette is 
single density the controller reads sectors 1,3,5, and 7 of track 1 of 
drive 0 into locations 2 through 176, 200.through 376, 400 through 576, 
and 600 through 776 respectively. If the diskette is double density 
the controller reads sectQrs l and 3 of track l of drive O into 
locations 2 through 376, and 400 through 776 respectively. Finally, 
U.e controller· DMA' s location O with a NOP instruction ( 240 < 8 > > 
allowing the processor to execute the system bootstrap. If there is no 
diskette in drive 0 nothing will be transferred to memory and the 
processor will continue to loop at location 0 until halted. 

4.2. FORMAT OPERATIONS 

The controller has the capability of formatting diskettes in a 
specified density. The formatting is accomplished in two passes. 
During pass 1, an index address mark is written on track O following 
the inde): hole. Twenty-six sector headers, appropriately spaced, a.re 
written following the index address. Each of the remaining 76 tracks 
is written in the same manner. When track 76 is completed, pass 2 is 
initiated. The controller seeks track 0 and write a zero data field in 
sector 1 using the selected density. The remaining sectors are written 
in the same manner. 
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The format command selects diskette density. unit and side (for dual 
headed drives>. Table 4-1 lists the various command word formate. 

------------------------------------------------------Unit 0 Unit 1 

1-------------------------------------------------------1 
Single Density Side 0 
Single Density Side 1 
Double Density Side O 
Double Density Side 1 

11<8) 
1011(8) 
411<8) 

1411(8) 

31 <8> I 
1031<8> I 
431<8> I 

1431<8> I 

---·---------------------------------------------------
Table 4-1: Coannd Word For11ats 

Figure 4-1 illustrates a format subroutine. The format 001111ftand is 
loaded into KXVCS. When TR is set, the keyword 222UH is loaded into 
KXVDB. When the diskette has been formatted a return is t114de. 

FORMAT: 
MOV #11, CKD ;FORMAT 
BIS DEHS, CKD :DENSITY 
BIS UNIT, CMD ;UNIT 
BIS SIDE, CMD ;SIDE 
l'!OV CMO, @#MXVCS iSELECT F'lJHCTIOH 
JSR PC, TRWAIT :WAIT FOR TR 
MOV #222. ifMXVItB ;.KEYWORf) 
JSR PC, DNWAIT ;WAIT FOR DONE 
TST f IKXVCS ;ERROR 
BMI FR KERR 1BR If' SO 
RTS PC 

F'RMERR: 

figure 4-1: Format Subroutine 

Alternatively a diskette can be formatted using console ODT. Open the 
CS register and deposit the appropriate command. Then deposit the 
format key word 222<8> in .the P.B regist.r. The following is an example 
of formatting unit O side O in double density. 

177170/ 
177172/ 

004040 
000000 
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4.3. FILL/WRITE OPERATIONS 

Figure 4-2 illustrates subroutines to write data on a diskette which is 
done by performing a fill buffer operation followed by a write sector. 

The Fill Buffer command, specifying single or double density is loaded 
into the MXVCS. When TR is set, the word count is loaded into the 
MXVDB. When TR is again set, the bus address of the data is loaded 
into the MXVDB. If 22 bit addressing is enabled TR is again set and 
the extended address bits are moved into the MXVDB. A return is made 
when the controller's sector buffer is filled. The Write Sector 
command <specifying density, unit and side> is loaded into the KXVcs: 
When TR is set the sector address is loaded into the HXVDB. When TR is 
again saat, the track address is loadf!Kf into the !IXVDB. When the 
contents o:f the controllcrr's sector buffer are written at the selected 
sector, a return is made. 

FILLBF: 

ERFIL: 

WSECT: 

WSERR: 

MOV 
BIS 
MOV 
JSR 
MOV 
JSR 
MOV 
JSR 
MOV 
JSR 
TST 
BMI 
RTS 

MOV 
BIS 
BIS 
BIS 
HOV 
JSR 
tf OV 
JSR 
HOV 
JSR 
TST 
BMI 
RTS 

#1, CMD 
DENS, CMD 
CMD, @#MXVCS 
PC, TRWAIT 
COUNT, @#MXVDB 
PC,TRWAIT 
#BUFOUT, @#MXVDB 
PC, DMWAIT 
#EXTAD,@IMXVDB 
PC, DHWAIT 
@IMXVCS 
ER FIL 
PC 

#5, CMD 
DENS, CMD 
UNIT, CKD 
SIDE, CKD 
CMD, @IMXVCS 
PC, TRWAIT 
SECTOR, @fl'fXVDB 
PC TRWAIT 
TRACK @IMXVDB 
PC, DNWAIT 
@#l'IXVCS 
WSE:RR 
PC 

:FILL BUFFER 
;DENSITY 
;SELECT FUNCTION 
1VAIT FOR TR 
:WORD COUNT 

;BUS ADDRESS OF DATA 
;WAIT FOR DONE 
;EXTENDED ADDRESS BITS* 
;.WAIT FOR DOKE* 
:ERROR 
:BR IF SO 

;WRITE, SECTOR 
:DEHSITY 
;UNIT 
;SIDE 
:SELECT FUNCTION 
:WAIT FOR TR 
;SECTOR 

;TRACK 
;WAIT FOR DONE 
:ERROR 
iBR IF SO 

*Only required if 22 bit addressing is enabled! 

Figure 4-2: Write Data Subroutines 
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4.4. REAQ/EMPIY OPEBATIOHS 

FiguTe 4-3 illustrates subt'outines to read data from a diskette which 
is done by. performing a Bead Seotor operation followed by an Empty 
Buffer operation. 

The Read Sector cownnand Capecifying density, unit and side> is loaded 
into the KXVCS. When TR is set the sector addrea is loaded into the 
MXVDB. When TR is again. nt, the track address ia loaded into the 
KXVDB. When the contents of the selected sector are read into the 
controller's sector buffer, a return is made. 

The Empty Buffer command, specifying density, is loaded into the DVCS. 
When TR is set, the word count is loaded into the lfXVDB. When TR is 
again set. the bus address of st.orage buffer ia loaded into the l'tXVDB. 
If 22 bit addressing is enabled TR is again auerted and the extended 
address bi.ts are loaded into the ltiVDB. A return is· 11ade aft•r the 
contents of the oontroll•rf s buffer are transferred to the •mory 
storage buffer. 

RSECT: 

RSERR: 

El'fPBF: 

£REMP: 

MOV 17, CMD 
BIS DENS, Cl'lD 
BIS UKIT, CMD 
BIS SIDE, CltD 
ltoV CID, t#J(OVCS 
JSR PC, TRWAIT 
110¥ SECTOR, @IKDVDB 
JSR PC, tR:WAIT 
KOV TRACK, @#t!XVDB 
JSR PC, DHVAIT 
TST @#MXVCS 
BMI RSERR 
RTS PC 

MOV 13, CKD 
BIS DENS, CMD 
MOV CKD, l#MXVCS 
JSR PC, TRWAIT 
tf OV COURT, f#KXVDB 
JSR PC, TRWAIT 
MOV ISUF'f'lN, @#MXVt>B 
JSR PC, DNWAIT 
HOV #EXTAD, HMXVDB 
JSR PC, DHWAIT 
TST @f MXVCS 
BKI EREMP 
RTS PC 

;READ SECTOR 
;DENSITY 
;UHIT 
;SIDE 
;SELECT FUICTIOH 
;ltAIT FOR TR 
:SECTOR 

;TRACK 
JWAIT FOR DONE 
;ERROR 
:BR IF SO 

:EMPTY BUFFER 
;DENSITY 
sSELECT FUNCTION 
:WAIT FOR TR 
:WORD COUHT 

:SUS ADDRESS FOR DATA 
:WAIT FOR DORE 
;EXTERDEI> ADDRESS BITS• 
;WAIT FOR DORE* 
JERROR 
;BR IF SO 

•Only required if 22 bit addressing is enabled! 

Figure 4-3: Read Data Subroutines 
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4.5. WRITE CURRENT CONTROL 

The controller provides a Write Curr&nt Control signal <TG43> which is 
aeaerted whenever a track address greater than 43 is accessed. This 
signal is required by some drives to reduce the effects of w·rite 
saturation on the inner tracks. Since the Shugart 800 series drives do 
not require this signal, the controller is shipped with this feature 
disabled. However, Shugart 850 series double sided drives require this 
signal <refer to the Shugart Double Sid•d Diskette Storage Drive manual 
s.ction 7.13). This signal is provided on pin 2 of the 50 pin ribbon 
connector and is enabled accotding to section 2.1. 4. 

4.6. ·WRlTE.PRECOMPQSATION 

Bit shift occurs on both singl.e and double density diskettes. This 
shift is more noticeable with double density due to the smaller bit 
cell si%& and corresponding data and clock windows. Some aspects of 
bit shift are predictable and are dealt with the prctc01npensation scheme 
implemented in this controller; unpredictable effects are reduced by 
using PLL techniques. 

Predictable bit-shift effects result from normal read/write operation. 
Data are recorded by flux changes in the gap of the read/write head. 
These flux changes produce changes in magnetization which induces 
current in the read/write head. Since this change in current is not 
instantaneous, it takes a finite time to build up to a peak and return 
to zero. When the magnetic flux changes are close together the 
previous current transition may not reach zero before a second 
transition occurs. The summation of cu1·rent pulses produces shifted 
peaks. Because the flux chanqea are closer together on the inner 
tracks <43 through 76> the bit shift is greater in this area. Values 
c•! up to :_350ne are typical. 

Other causes of bit shift are induced by variation in disk drive 
rotational speed. The specified ~2% variation will produce bit shifts 
of ~40ns. Incomplete •rasure of previously recorded data can produce 
bit shifts of up to 50ns. Other miscellaneous components of bit shift 
include instantaneous speed variation. electrical noise, radial track 
alignment and nonsym:metry of the read/write head and associated 
electronics. These effects can produce up t·o ~10ns of bit shift, 
bringing the total effect to ~450ns. 

Since the data/clock Window for double density is only 1000ns, a ~450ns 
bit shift leaves only a 50ns margin before so.ft errors begin to occur. 
To improve this margin the controller incorporates a scheme to 
recognize the data patterns which produce excessive bit shift and 
introduces a compensating bit shift. For tracks greater than 
forty-three the recorded bits are shifted 165ns early, or late, as 
determined by the two previously recorded bits and the subsequent two 
bits to be recorded. The controller also incorporates a phase-locked 
data :recovery scheme which dynamically adJusts the recovery clock 
frequency to the data. reducing bit shifts due to rotational speed 
errors. These two :features improve data recovery margins by · 175r1s or 
more, providing approximately 225ns of margin. 
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4.7. POWO [AIL PROTEC.IIOH 

The controller continuously 111onitors both the BPOK and BDCOK bus 
signals. Refer to the licroeo11puter Processors Handbook for detailed 
descriptions of these aignals. When asserted, BPOK signals an 
impending DC power failure and guarantees 4ms of operation before BDCOK 
is asserted and DC power fails. Assertion of BDCOK indicates invalid 
DC power. This signal is hardwired in the controll•r as an interlock 
on the Write Gate signal. When BDCOK is uaerted the Write Gate signal 
is blocked and write operations are prevented. 

Before initiating a write sequence, the controller interrogates the 
BPOK line. If an impending DC failure is indicated the operation is 
aborted. 
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Section 5 
Software Considerations 

5. GENERAL 

The MXV22controller configured for 18-bit addressing can be used with 
all softya.re designed to co1111unicate with DEC's RXV21 controller. This 
is of particular importance when using software not supported by the 
driver chanqes presented in this section. This section describes the 
changes required to RT-11 and RSX-HK in order to take advantage of the 
22-bit DMA support provided by the MXV22 controller. Once the changes 
descJ"ibed in this aection have been incorporated into the applicable 
drivers the system software can be used with the KXV22 controller 
configured in either 18-bit or 22-bit 110des. 

5.1. Of£RATIQH U§IBG RI-!1 

Operations involving the l'fXV22 controller are logically equivalent to 
those of the RXV21 except a modified "DY" driver is required when 
con:fig'Ured in 22-bit mode. Several techniques can be used to 
incorporate the chan'JH described in S&etion 5> 1.1; however, thct 
changes can .not Pe- p•rforHd on the •DY• via the MXV22 controller 
without attention to the caution noted in section ~. 

The MXV22 (and RK02> controller requires a different handler than the 
programm•d I/O cOl\trollers. This nev handler is oG>ncfigured to utilize 
the OMA transfer scheme o:f the contr<:>ller. In a.ddi tion, diskette 
density is determined by the handler without system intervention, 
allowing the use of either single or double density diskettes 
interchangeably. 

Thie handler, designated •DY", is available in RT11-V03B and later 
revisions. 

Although earlier versions of RT-11 can be used, only the changes to 
V4.0 and V5.0 are provided in this document. Changes to earlier 
versions can be accomplished using the methodology described here and 
the JUdieious placement of similar code. Earlier version vill also 
require modification to the Bootstrap program BSTRAP. 
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5. 1. 1. Modifying RX02 Driver for RTU 

Changes listed in Appendix A through D are those required to modify 
DEC's V4.0 and/or V5.0 RX02 driver for operation with the KXV22 
controller. Changes listed in the Appendix are in a format expected by 
the Source Language Patch program <SLP>. Generate a file •DYMXV.DIF· 
using an •ditor of your choice containing the appropriate changes 
listed in the !ppendix. Use the following steps to include the 
chang&s: 

• RUH SLP 
*DYMXV=DY,DYMXV 

Changes to applicable drivers are identified by level 
and/or version numbers. Be certain that the correct 
level and/or version is being used as input to the 
program SLP. 

The file DYKXV.MAC will contain the new KXV22 compatible driver. 
Asnmble, link and install the new driver using the method described in 
your RT-11 Syste11 Generation Manual. 

5.1. 2. Creating a PY-Compatible System Disk on a DX-based System 

The KXV22 controller requires the DY-based RT-11 monitor rather than 
the DX-based RT-11 monitor. The following procedures explain how to 
create a DY-based system. 

Using an RXOl or equivalent system, or system which has an RXOl or 
equivalent peripheral device, the monitor file and other associated 
system files should be copied onto a single density diskette. These 
files can be obtained from the binary distribution media or by 
performing a SYSGEH and specifying f)Y as the system device <refer to 
the RT11 System Generation l'fanu.al >. The following commands will 
initialize the diskette and copy the necessary files to Drive 1: 

.IHIT/NOQU'ERY DX1: 

.COPY/SYS DEV:SWAP.SYS DX1: 

.COPY/SYS DEV:RT11xx.SYS DX1: 

.COPY/SYS DEV:DY.SYS DXl: 

.COPY/SYS DEV:TT.SYS DXl: 

.COPY DEV:DIR.SAV DX1: 

.COPY DEV:PIP.SAV DXl: 
• COPY DEV l riup. SAV DX1 : 

The bootstrap must then be copied from the monitor file to block 0 of 
the diskette. The' following command will accomplish this on the 
diskette in drive 1. 
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.COPY/BOOT:DY DX1:RT11xx DX11 

This diskette can be used with the KXV22 controller but it is single 
density. To build a double density diskette the user must first format 
a diskette to double density as explained in Section 4.2 Boot the 
single density,system diskette in drive o. Use the following commands 
to initialize the formatted diskette in drive 1 and copy · the system 
software from drive 0 to drive 1 • 

. IHIT/HOQUERY DYl: 

.COPY/SYS1>Y:1.1 DYl: 

Finally, copy the bootstrap to block 0 of the diskette in drive 1 • 

• COPY/BOOT DYl:RTllxx DY1: 

The diskette in drive 1 can now be booted as a double density system 
diskette. 

5.2. OPERATIQH WlTH LAYERED PRODUCTS 

Using the driver modifications described for RT-11, layered products 
such as TSX-Plus V3.01, and SHARE 11 can be used to provide22-bit 
system support with the HXV22 controller. 

5.3. OPERATION WITH RSX1111 

Extended address support provided by the MXV22 controller is 
incorporated by the DYDRV chanqes listed in Appendix E. An additional 
change is required to the device data l/O structure. The file 
SYSTB.MAC created by Phase I of SYSGEK 11tust be edited prior to assembly 
and task building process. Characteristic word one of the Unit Control 
Block WCB> must be edited to reflect 22-bit direct addressing support 
!or the DYDRV device. Refer to section 4 of the Guide to Writing An 
I/O priyer for det.ails. An alternate method of changing the UCB is to 
us• the utility Task/File Patch program ZAP. Use thtt RSXlHI. MAP file 
to locate the UCB entries '".DYO .. and ·.DY1". The fifth word of these 
tables should be amended to include the setting of bit 8: 

t.OCA:IIOK 
• o.yo. • 10 
. OY1 • 10 

QLP VALUE 
dddddd 
dddddd 

5.3.1. Modifying RX02 Driver BSX11M 

NEW.VALUE 
dddddd!400 
dddddd!400 

Changes to the RX02 driver program DYDRV.KAC are provided in Appendix 
E. The changes are referenced to the distributed Version 3.02. 
Changes listed in Appendix E are in the format expected by th• Source 
Language Input ·Program <SLP>. These ohangtt can be incorporated into 
the standard driver using methods described in Section 17 of the RSX-11 

49 

____________ ............ $: 



Utilities Manual. 

5.4. DOUBLE SIPED OPERAIIOH RT-11/RSX-Uft 

Change for RT-11 doubl• sided support are listed in Appendices B and D. 
These changes can be used with the 22-bit changes. 

Appendix F contains the changes required for RSX-11K double aided 
support. 

5.5. OPERATION WITH OTHER PEC SOFTWARE 

The KXV22 Controller used in 18-bit mode emulates the operation ot the 
RXV21. This is particularly important when using programs or systems 
that might require access to the RX02 type device. 

Operation of the XXDP Diagnostic program require 
that the MXV22 be configured to emulate the RXV21 
in 18-bi t mode. 

5.6. OPERATION WITH DEC DIAGNOSTIC 

The l'1XV22 Controller operates with the following DEC XXDP 
Diagnostic programs: 

l. CZRXDAO RX02 SS Performance Exercise. 

2. CZRXDBO RX02 SS Performance Exerciser. 

3. CZRXEAO RX02 Formatter Program. 

5.6.l. Exceptions 

The following changes to the DEC RX02 Diagostics may be 
required when testing the KXV22 Controller. 

Program ZRXFAO 

The watchdog timeout interval for the set media density 
function may have to be increased when the processor is 
an LSI 11/23 or the selected step rate is six <6> 
milliseconds. 

LOCATION 
002474 
012152 
032?20 

OLD VALUE 
000004 
000004 
000004 

NEW VALUE 
000040 
000040 
000040 
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Appendix A 

The following changes are for incorporating 22-bit support into RT-11 
Version 4.0 of DY.RAC Edit Level 2 via the Source Language Patch 
program < SLP > : 

-/.DRDEF/,,/;MXV22/ 
• MCALL • KTPS 

-1.IIF KDF DY$DD/,,/:MXV22/ 
$22BIT = 1 ;REl'lOVE THIS LIKE TO DISABLE 22-BIT ADDRESSING 
. IIF BDF S22BIT, S22SIT = 0 
.IF HE $22BIT 
DYTYP=ZOOO 
• EHDC 
-/@S.HPPTR/+1,, I ;l'IXV22/ 
.IF EQ $22BIT 
-/BIS/ I • I: l'lXV-22/ 
• !FF 

MOV @SP,-<SP> 
ASL @SP 
ASL ISP 
MOV <SPl•,EXKBIT-1 
SWAB @SP 
BIC t•C<~OOOO>,@SP 

BIS CSP>•, R4 
-!.£NDC/,,/;MXV22/ 
.ENDC 
-/BUFRAD:/+3,,/;MXV22/ 
.IF NE $22BIT 

BIT 140000,RO 
BEQ 8$ 
INCB' ~XKBIT 
BIC #40000,RO 

-/.EHDC/,,/;MXV22/ 
.EHDC 
-/BPL DYERR2/,.,/;MXV22/ 

BPL 5$ 
.IF NE $22BIT 

BIT 
BEQ 
MOV 
CLRB 
BIS 

6$: 
.£MDC 

fDYTYP,fR4 
6$ 
EXMBIT-1,RO 
RO 
RO,R3 

;BOUNDARY CROSSED? 
:BRANCH IF HOT 

:REMOVE BIT 

:BRIF DOH£ 

;IN 22-BIT MODE 
:BRIF NO 
;EXTERDED ADDRESS BITS 
:HOUSEKEEP 
:INTO VORD COUNT REGISTER 
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-IBPL DY£RR2/,,,/;MXV22/ 
BPL 5$ 

.IF NE $22BIT 
BIT fDYTYP,@R4 
BHE 3$ 

2$: 
.IFTF 
-/MOV R2,/,,/JMXV22/ 
.IFT 

.MTPS 
.EHDC 
-/RTS/,,/:MXV22/ 
. IF H'E $22BIT 
3$: • MTPS 

MOV 
MOVB 

4$: MOV 

• IFTF 

BIT 
BHE 
BIT 
BEQ 
• HTPS 

5$: JKP 
. IFT 

10 

f·340 
R2,@R5 
EXKBIT,R2 
@R4,RO 
ICSIHITICSTR,RO 
2$ 
fCSDONE,RO 
4$ 
10 

DYERR2 

• BYTE 0 
EXMBIT: .BYTE 0 
• EHDC 
-/8$:/•2,,/;MXV22/ 
.IF ME $22BIT 

22$: 

BIT 
BEQ 
CLRB 

. EHDC 
-IMOV/,,/;HXV22/ 
.IF NE $22BIT 
23$: BR 

JSR 
CLR 

IDYTYP,IJR4 
22$ 
23$ 

9$ 
PC, WAIT 
@R5 

.EHDC 
-/WAIT:/,.,/;MXV22/ 

:BRIF DONE 

;PROTOCOL COMPLETE 

. ; RESTORE STATUS 

:BLOCK INTERRUPTS 

:GET STATUS 
;WAIT READY/IHIT 
;LAST TRANSFER 
:WAIT DONE 
;FOR ONE 
:RESTORE STATUS 

;EXTENDED MEMORY ADDR BITS 

;22-BIT CONTROLLER? 
;IF EQUAL NO! 

:OHE MORE TRANSFER FOR 22-BIT 

WAIT: BIT #CSINIT!CSTR,@R4:TRAHSFER? 
BHE 11$ 
BlTB ICSTR!CSDON£,@R4:TRAHSFER OR DORE? 

I 
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Appendix B 

The following changes are for incorporating double aided support into 
BT-11 Version 4.0 of DY.MAC Edit Level 2 via the Source Language Patch 
proqra11 CSLP > : 

-1.IIF MDF DY$DD/,,/;2SIDED/ 
DY$DS=1 
11AXLSH=DYDSlZt4 
DBSID2=2 
-/DOXFER:/,,/;2SIDED/ 

l'fOV DYLSN,R3 
-/DYLSH/,.,/;2SIDED/ 
I 
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Appendix C 

The following changes are for incorporating 22-bit support into RT-11 
Version 5.0 of DY.KAC Edit Level 0 via the Source Language Patch 
program (SLP>: 

-/.DRDEF'/,,/;22-BIT/ 
.MCALL .• !TPS 

·/DY$DD/,,/;22-BlT/ 
$22BIT = 1 :RBKOVE THIS LIIE TO DISABLE 22-BIT ADDRESSIHG 
• IIF HDF S22BIT, $22BIT •O ;RO 22-BIT ADDRESSIHG 
.If' HE $22BIT 
DYTYP = 2000 
.EHDC 

;22-BIT CORTROLLER !ODE 

• !If' HDF DYSt1S, DYSDS = 0 ; SIHGLE HEADED FLOPPY DRIVE 
• IIF HE DY$DS, DY$DS = 1 ; DOUBLE SIDED FLOPPY DRIVE 
-I JSR PC, lftKPPTR/•1,, I; 22-BIT I 
.IF EQ $22BIT 
-/BIS 35S/,,/;22-BIT/ 
• IFF 

• EHDC 

KOV 
ASL 
ASL 
l'fOV 
SWAB 
BIC 
BIS 

@SP,-<SP> 
ff SP 
@SP 
<SP>•,EXMBIT-1 
@SP 
#"C<30000>,@SP 
CSP>•,R.4 

-/ADD #10000/,,/:22-BIT/ 
.IF HE $22B!T 

.ENDC 

BIT 
BEQ 
IICB 
BIC 

#40000,RO 
$$ 
EXMBIT 
#40000,RO 

-/BPL DYERR2/, ., /;22-BIT/ 
BPL 5$ 

.IF NE $22BIT 
BIT 
BEQ 
!IOV 
CLRB 
BIS 

6$: 
, ENDC 

fDYTYP,@R4 
6$ 
EXMBIT-1,RO 
RO 
&0,R3 
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;HOT A MXV22 

;MXV22 
;KUE AHOTHER COPY 
;POSITION ADDRESS IHTO 
;UPPER BYTE 
;ODD ADDRESS CAPTURES ODD BYTE 
:POSITION BITS TO 12 AHD 13 
;ISOLATE THEM 
:INCLUDE IN COKMAHD WORD 

:KXV22 
:BOUNDRY CROSSED? 
;BRANCH IF HOT 
:DO 22-BIT ADDRESSING 
;REMOVE BIT 

;BRIF DONE 

:MXV22 IH 22-BIT MODE 
:BRIF HO 
;EXTENDED ADDRESS BITS 
:HOUSEKEEP 
;INTO YORD COUNT REGISTER 



-/BPL DYERR2/,.,/;22-BIT/ 
BPL 5$ 

.IF NE $22BIT 

2$: 
.IFTF 

BIT tDYTYP,@R4 
BHE 3$ 

-/MOV R2,/,,/;22-BIT/ 
• IFT 

.MTPS 10 
.EHDC 
-/RTS/,,/;22-BIT/ 
.IF HE $22BIT 
3$: • J'fTPS 

4$: 

.IFTF 

MOV 
MOVB 
KOV 
BIT 
BNE 
BIT 
BEQ 
.MTPS 

5$: JMP 
.IFT 

1340 
R2,8R5 
EXMBIT,R2 
@R4,RO 
#CSIHIT!CSTR,RO 
29 
#CSDOHE,RO 
4$ 
#0 

DYERR2 

• BYTE 0 
EXMBIT: .BYTE 0 
.EHDC 
-/8$: JSR/•2,,/;22-BIT/ 
.Ir HE.$22BIT 

22$: 
.ENDC 

BIT 
BEQ 
CLRB 

IDYTYP,@R4 
22$ 
23$ 

-/KOV R2,/,,/;22-BIT/ 
.IF NE $22BIT 
23$: BR 9$ 

.£HDC 

JSR 
CLR 

PC, WAIT 
IJR5 

-/WAIT:/, ,,/;22-BIT/ 
WAIT: BIT tCSIHIT!CSTR,@R4 

BHE 11$ 
BITB #CSTR!CSDOH£,tR4 

I 
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;BRIF DONE 
;MXV22 
;PROTOCOL COMPLETE 
;NO 

JRESTORE SAVED STATUS 

;BLOCK INTERRUPTS 

;GET EXTENDED ADDRESS BITS 
;GET STATUS 
;WAIT READY/IHIT 
:LAST TRANSFER 
;WAIT DONE 
:FOR OHE 
;RESTORE STATUS 

;GO PROCESS ERROR 

;EXTENDED MEMORY ADDR. BITS 

:22-BIT CONTROLLER? 
:IF EQUAL NO! 

:OHE MORE TRANSFER FOR 22-BIT 

;TRANSFER? 

;TRANSFER OR DOHE? 



Appendix D 

The following changes are for incorporating double sided support into 
RT-11 Version 5.0 of DY.MAC Edit Level 0 via the Source Language Patch 
program <SLP>: 

-/ALT:/•1, ,/;2SIDED/ 
DYSDS • 1 

-/DDHBLK/,.,/;2SIDED/ 
DDHBLK = DYDSIZt2•<DY5DS•1> 
!IAXLSN • DYDSIZ*4 
DBSID2 = 2 

·/BIT #ESDN,/,/BEQ 3$/,/;2SlDED/ 
.IF NE DY$DS 

BIT #DBSID2,@R5 
BEQ 2$ 

-/ASL/,,/;2SIDED/ 
2$: 
• EHDC 

BIT IESDN,@R5 
B£Q 3$ 
ASL @SP 

-/DOXFER:/•1,.,/;2SIDED/ 
-nrov DYLSN/, , I; 2SIDED/ 
.IF HE DY$DS 

CMP 
BLT 
BIS 
SUB 

1$: 
• ENDC 

MOV 
I 

R3,#ttAXLSN 
1$ 
ICSHEAD,RO 
IMAXLSH,R3 

RO,@R4 
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:SET DOUBLE SIDED 

:DOUBLE DEHSITY HO. OF BLOCKS 
:MAXIMUM LOGICAL SECTORS 
:DOUBLE SIDED BIT 

;DOUBLE HEADED 
;DOUBLE SIDED DISKETTE MOUNTED 
:BRIF SIBGLE 

:SIHGLE OR DOUBLE DENSITY 
:BRIF SINGLE 
;DOUBLE THE SIZE AGAIN 

:2 HEADS 
:SECTORS REACHED CAPACITY 
:HO 
;CHANGE SIDES 

_;MODULO SECTOR HUMBER 

:START F'UKCT!ON 

·-~·-.. ---·--- ------------· 
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Appendix E 

The following changes are for incorporating 22-Bit support for RSX-11K 
into DYDRV.ltAC v,rsion 3.02 via Source Language Input Program <SLP>: 

-/03.02/,,/;22-BIT/ 
MXV22 = 0 
-/SDEH/,,/;22-BIT/ 
ADREXT = 2000 
-/l'fS$MGEl,,/:22·tJIT/ 

.If' DF IXV22 
• IFF 

-/.EHDC!,,/;22-BIT/ 
.£HOC 

-/M$$MGE/,,/;22-BIT/ 
.IF DF IXV22 
KOVB U. BUF•l<R5>, RO 
ROR RO 
ROR RO 
l'lOVB RO, I. PRM•1G<R1) 
• REPT 3 
ROR RO 
.ENDM 
BIC 1147777,RO 
KOV RO,U.BUF<RS> 
.IFF 

-/.ENDC/,,/;22-BIT/ 
. ENDC 

-/M$$EXTl,,/;22-BIT/ 
.IF DF MXV22 
. IFF 

-l.EHDC/,,/;22-BIT/ 
.EHDC 

-1140$;/,,/;22-BIT/ 
BIT #ADREXT,<R2> 
BEQ 145$ 
SWAB Rt 
BISS I.PRM•16<R3>,R1 
SWAB R1 

145$: 

JENABLE KXV22 COHDITIOHAL CODE 

; 22-BIT COHTROLLER BIT 

EXTENDED MEMORY BITS 

SAVE BA18-BA21 

ISOLATE BA16 & BA17 
INITIALIZE CSR WORD 

22-BIT 

GET UPPER BYTE 
SET BA 18-21 
REPOSITION 
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-/280$:1, •• 122-BIT/ 
BR 281$ 

280$: CKP RO,l'I 
BEQ 285$ 

281$: BIT fADREXT,<R2> 
BEQ 285$ 
MTPS 1340 
KOV RO,RXDB<R2> 

283$: BIT ITR!IHIT, <R2> 
BHE 284$ 
BITB ITR!DOHE,<R2> 
BEQ 283$ 
BKI 284$ 
KTPS 10 
BR 160$ 

284$: KOV I. PRM•16 < R3 > , RO 
285$: KOV RO,RXDB<R2> 

KTPS 10 
-/110000/,,/;22-BIT/ 

.If DF KXV22 
BIT · 140000,U.BUF<R5> 
BEQ 13$ 
BIC •40000,U.BUF<RS> 
INC I.PRK•16<R3> 

13$: 
.ENDC 

I 

J TRACK NO. COULD BE 111 
1 END REGISTER PROTOCOL 

IF EQ EXIT 
22-BIT CONTROLLER ? 
IF EQ HO 

;;J BLOCK INTERRUPTS 
;;; BUFFER ADDRESS 
;:: READY FOR LAST WORD? 

::s READY FOR LAST WORD? ... , , ' 
J ; ; ... , , , 
; ERROR, NO TRANSFER REQUEST 
;;; EXTEHDEO ADDRESS BITS 
; OR :;; LOAD TRACK, BUFFER 
: ; : ADDRESS, OR ASCII I 
: OR : : ; 

CHECK FOR OVERFLOW 
NOT YET 
HOUSEKEEP 
UPDATE BA18-BA21 
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Appen.dix F 

The following changes are for incorporating double aided support for 
RSX-11Jf into DYDRV.KAC Version 3.02 via Source Languaqe Input Program 
(SLP>: 

-/03.021,,/;;22-BIT/ 
-/RSAE/,,/;2SIDED/ 
SSIDED = . 20000 1SECOHD SIDE IHDICATQR BIT <U.CW2> 
-/DOUBLE/,,/J2SIDED/ 
DOUDOU = l97G. 
-ISDEH/,,/;2SIDED/ 
DSIDED = 1000 
-/CRCERR/,,/;2SIDED/ 
SIDES = 2 
-1220$:/,,/:2SIDED/ 

BIT #SSIDED,U.CW2<R5> 
~SQ 225$ 
BIS #DSIDED,U.BUF<R5> 

225$: 
-/420$:/,.,1;2SIDED/ 

DOUBLE SIDED & DOUBLE DEHSITY 

DOUBLE SIDED BIT <U. CV2 > 

DOUBLE SIDED !EDIA 

; IS IT SECOND SIDE OPERATIOH? 
IF EQ HO 
; USE SECOND SIDE 

420$: BIC #SILO!SCHARtSSIDED!ERR1,U.CW2<R5> ; CLEAR BITS 
. -/4405:/,.,/;2SIDED/ 

RETRY WITH CORRECT DENSITY TO ENSURE VALID DISKETTE STATUS 

KOV #DEN, RO ; CHARGE DEISITY FOR RETRY 
XOR RO,U.CW2<R5> ; SET UP DENSITY BIT IN U.CW2<R5> 
BR DYSEC ; TRY AGAIN 

440S: BIC ISCHAR!DEN:DSIDED,U.CW2<R5>: CLEAR FLAGS 
-/450S:l,.,/;2SID£D/ 
450$: BIT iSIDES,I.PRM•6<Rl> : IS IT DOUBLE SIDED? 

BEQ 455$ : IF EQ HO 
MOV IDOUDOU,U.CW3<R5> ; DOUBLE THE MAXIMUM LBH'S 
BIS l!>SIDED, U. CW2<RS> : SET THE DOUBLE SIDED BIT 

455$: MOV #lS.SUC&377,RO SET SUCCESS 
-/460$:/,.,/;2SIDED/ 
460$: BIT fDEH,U.CW2<R5> 

. 
' 

BEQ 465$ 
BIS #SDEN,RO 

465$: HOV RO, <R2> 

CHECK FOR CORRECT DENSITY 
SINGLE DEHSITY 
SET UP DOUBLE DENSITY 

INITIATE FUNCTION 
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-/560$:/,.,/;2SIDED/ 
560$: BIT ISIDES,I.PRK•G<Rl> ; IS IT DOUBLE SIDED? 

BEQ 565$ : IF EQ NO 
BIS #DSIDED,U.CW2<R3> ; SET DOUBLE SIDED BIT 
KOV IDOUDOU,U.CW3<RS> ; DOUBLE MAX LBN'S 

565$: MOV RO,l.PRK•10<R1> STORE LOGICAL SECTOR HUMBER 
-/tIHT£BL/,,,/;2SIDED/ 
-/MOVB/,,/;2SIDED/ 

BIS IIHTEBL,<R2> 
-l,177.l,IBHil,/;2SIDED/ 

CMP R0,176. 
-/BITB/,,/;2SIDED/ 

BEQ 23$ 
CMP 116.,RO 
BEQ 30$ 
SUB #77.,RO 
BR 25$ 

23$: SUB #76.,RO J 
25$~ BIT #DSIDED,U.CW2<R5> 
-/BEQ/,,/:2SIDED/ 

ENABLE INTERRUPTS 

IS IT SECORD SIDE? 

IF EQ NO, IT'S A LOGICAL BLOCK 
YES 
IF EQ ALLOW ACCESS TO f 76. 
CHAHGE SIDES - PHYBLK ACCESS 
CHAKGE READ HEADS 
ADJUST FOR SECORD SIDE 

TWO SID£ KEDIA? 

BIS ISSIDED,U.CW2<RS> SET HEAD 1 SELECT BIT 
I 
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