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103 
104 
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S80100 
088106 
8J8110 
iH!!IiiH16 

08i120 
.8112' 
000126 

000130 
00813" 
000136 

001146 
eU152 
eU15' 

1.,767 
001715 
116767 

1o,767 
08117, 
116767 

�~�J�2�7�6�7� 
,2101714 
00!P67 
�0�e�H�h�~�1� 
�Z�~�~�0�0�e� 

�~�J�.�2� 76 7 
001'14 
232767 
001'0' 

00'267 
•• ,336 
080808 

005267 
JHl32 
J000J0 

005267 
0B1323 
000000 

171770 
111773 
177773 

17712J 

117074 

000329 
010114 
BUllS 

171126 

.AlS 
�,�P�R�O�'�R�A�M�M�I�~�G� EXAMPLES 'OR THE RXll/RWil 'LLXlIlE �~�I�S�K�E�T�T�E� , 
,TH[ rOLLOWING IS THE AX1l STANDARD OEVICE ADDRESS AND VECTOR AOORUS , 
RXCS·PH" 
RXOhl71172 
RXSAll77172 
RXTA'177172 
RXESol11172 

, 
�S�'�!�'�A�~�T�I� !"lOV '-11, pTRY 

MQV '-lS, eTAY 
MOV '-11. STRV , 

COMMAND STATUS REGISTER 
DATA lu.rER REG liTER 
SEC'OR ADDRESS RIIHITER 
T.ACK AOORUS .UIITrR 
E.ROR ITA 'US R[O I STER 

; �m�l�~�h�:�~�T�:�~�u�~�~�~�=�T�t�R� 
, SEEK RnR' COUNTU 

;WRITE. WRITE DELETED DATA, OR RUO 

9115 • THRU 1 O' PROOHAM 1.0CATION CO""ANO OONTAIN THE 'UNCTiON 

BIT •• 1 "EANS UNIT 1 ( • II MUHlI UNIT " 

, ep! J TWRU 1 II �I�~�t� COM. AND I •• WRITt, l' , �W�~�I�T�t� OEI-ETtD DATA, 6 • RUD, , 
RETRY: "OV CO""AND, .xes ; UNIT. IWRITE, WRITt ounco DHA, OR R[ADI , 
;W'IT rO" THE TR.Nsr," R[gUEST rl.AG THEN UANsrE" THt 'ECTOR ADORUS , 
15: 

I 

Tsn Axes 
eEQ 11 
MOV8 SECTOR •• XS' 

,WA I I 'OR THE TRANS't" REgUtST rl..G TWEN ro"SrER TWE rUCK AOORtn , 
28: ISTB RXCS 

BEQ ZS 
Mova HUCK, �~�x�r�A� 

ITHE SECTOR 'NO TR.eK 'OORESSES "AVE BEEN TRANS'ERREO TO THE .XIl1 

;WS.I T 'OR 'WE DONE '1.'. 'NO CHECK '0" ,., ERRORS , 
'I' THE 'UNCTlo" HAS CO".I.£T£O SJCC[SSru", INa [RROR 'LAG) 1H[N HALT 

91' 'OON[OP, AXCS 
BED 35 
1ST Axes 
SNE ERrLA. 
i1AI.. T 

iTIolE ERROR rLAG IS srT 

m' �J�~�~�~�\�'� �T�~�~�[� �D�g�~�~�(�~�~�~�G� SETS 
TtST rOR THE [RROR 'LAG 
BNE I r AN [RROR HAS aCcuRtO 
�O�~� • COM'\,flEO 

I n.1£ �C�O�N�'�I�'�(�~�f�S� oF' T\.4( �~�u�:�(�S� ii �T�~�E� EftllOR STATUB 

'I' THE AXES 91 IS 1 AND a. THEN SOME TYPE 0' 5tt< ['.OR OCCUR to 
'Ir 'HE .XES 51 T e • 1 THEN' CRC [RROR HAS aCcuRtO 
; I; THE AXES BIT 1 • 1 'MEN' .upv ERROR "AS OCCUR EO 
; 
(RF'\.. .. CI an '3, RXES 

aEe SEE" 

; 

Bl'!" 1112, lUES 
BED CRe 

TOT rOR cRe AND ••• pv E.RO'$ 
NOT' ' •• ITY OR CRe tMUS') BE • SEEK 
TEST rOR PARITV fRROR 
NOT' ""ITY E •• OR lMusn It , eRe 

; �I�'�I�C�R�E�M�t�~�T� .NO TEST THE �"�~�P�y� E".o. RORV COUNTER 'RoORAM LOCATiON' ,TRY • 

;AND Rnov THE· CO""ANO " UNTIL TME PARITV E.'OR "(COHRS , 
lOR UNTIl. THE pTRV COV"ER OVER'_Ow5 TO 
I 

! Ne PTRV 
SNE RETRy 
Io!A\". T 

; ACRe ER.O" "AS atCUNEO 

RElAY !HE COMMANO 
"UO PARITY tRROR 

,INeRt"E'1T '"0 'EST THE CRC E •• O. RETRY COUNTER .ROGRAM ,0CHloN " CTRY " 
; 
,.NO R(TRY THE COMMAND UNTIl. THE CRC tR'OR RECoVERI , 
lOR V"l'l"U. 'l'HE: �C�T�~�Y� COUNTE:R OVOI'I,.OWS To 
; 
CRe I t �~�c� CTRY 

aNE RETRy 
WAL T 

,"HE ERROR 'LAC IS SET 
; 

RETRY THE CO"M,NO 
>IMP eRC ERROR 

;THE ERROR IS [NOTl A .ARITY ERROR ''0 II [NOT) , eRe [RRO' , 
;THERE' ORE IT MUST BE A SHK ERROR 

, (STATE or AxeS BIlS 'NO 1 U[ I) 

SEEK : 

) INCREHENT AND TEST TN[ SEEK �E�R�~�O�~� �~�[�T�R�Y� �e�o�U�~�T�E�R� PROGRA. "OCATION • SUV • 

lAND RETOV THE COM"AND UNril. TWE �S�E�E�~� ERAOR RECovERS 

lOR UNTIl. THE CTRY COUNTER oVERr"OW$ TO 
I 

INC STRY 
8N( RETRV 
104J.1..'!' 

�~�[�!�.�Y� THE eO"HAND 
HUO stEK fRROR 

Figure 4-22 RX II /RXVII Write/Write Deleted Data/Read Example 
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16e 
161 
162 
163 
164 U1242 
165 81125111 
166 UI254 
167 
168 
169 
179 
171 
172 
173 
174 
115 
176 081262 
177 1188266 
178 00827111 
179 US276 
lSS 
181 
182 
183 
18 4 
185 ~U3011 
186 IlU314 
187 \lU306 
188 
189 
199 
191 
192 
193 
194 
195 ~003lS 
196 JUJl4 
197 J~9316 

~98 
199 
200 
2~1 
202 
203 000320 
204 000324 

2.,,6 
207 
208 elle326 
2e9 310330 
211 aU332 
211 
2~2 
213 
214 
2.5 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
231 
231 
232 

088334 

091336 

0011340 

312767 
a12799 
~16767 

ln767 
0eU14 
~32767 
001171 

~0'767 
0018111 
00UU 

J0'267 
391355 
il0U00 

3~1Il00 
~JU0e 
"~U09 

03uae 

ouelll 

00111000 

oaU41l 
34\1800 
aU342 
308542 
a00801 

1711711 
O!lU42 
~00.'4 

176722 

176664 

176646 

176672 

ITHE rO~LOWING IS A PROGRAHMING [XAM'LE or P~OTOeOL REQUIRED TO 

· I EMpTY TilE 
I 

SECTOR HUrrER or 12. a·81T BYTES 

[ENTRY I MOV 
[SETUP I HOV 

'-u. pTRY 
nurFER. H0 
COMHA~D. Rxes 

8 TRYS TO [MPTY THE lECTOR Bur FER 
PROHGRAMS DATA BUFrt~ 

HOV ISSUE THE eOMHANO 
I 
;WAIT FOR A TRANSFER REgUEST FLAG 8£'0_£ TRA~S'ERRING OATA TO THE PROGRAMS 

;DATA BurFER rRoN THE RXSl SECTOR Bur'ER 

· IWAIT FOR A DoNE r~AC TO I~DICATE THE Co~pLETloN 0' THE EMPTY BUrrER COMMAND 
; 
IP~loR TO TESTIN G THE ERROR r~AG 
I 
ELOOPI T5TB RXCS 

HMI ~~pn 

I 

81 T 'OONES IT. AXCS 
BEQ ELOOP 

ITHE DoNE rLAG IS SET 

· 

TEST rOR T.ANSFER REQUEST 'LAG 
INE Ir TRA~srER REQUrST 'LAG IS 
TEST rOR DONE rLAG 
IEQ UNTIL THE DONE FLAG ItTS 

,TEST FOR ANY [RRORS (oNLY ERROR poSSIBLE IS A PARITY [RRORI 

· 
TST RXCS 
BNt 15 
HALT 

SET 

IINCFEHE~T AND TEST THt PARITY ERROR R[T~Y P_OCRAM LOCATioN' pTRY • 

lAND RETRY THE COMMANU UNTIL THE ERROR RECoVERS 
I 
lOR UNTIL THE PTRY CUNTER oVERrLoWS To I 

· 15: 

I 

INC PTRY 
BNt ESETuP 
HALT 

RETRY TO E~PTY THE SECTOR BurrER 
~ARD PARITV ERROR 

ITHE TRANSrER REQUEST 'LAG Is SET 
I 
ITRAN5rER DATA TO THe PHDGRAH DATA BUrrER FROM THE RXll SECTOR BUrFeR 

· EMPTYI ~2V~~~~~B. '(Hal-

ITHE rOLLOW!NG J PROCH AM LOCATIO~S ARE T~E [_ROR RETRY COUNTERS 

· PTRy: 
CTRy: 
STRV: 
I 

I 'ARITY ERROR RETRY COUNTER 
; CRe ER~OR _tTRy COUNTE-
I SEEK [qROR RETRY COU~TER 

IPROGRAM ~OCATIDN " COMMAND • CO~TAI~S T~E COMHAND To BE ISSUED VIA THE LCO loT 
I 
IWRITE (41. HRIH DELeTED DATA (141. oQ ~EAO (61. OR EH~TV BUFrER (21 
I 
COHMA~DI 0 ; •• 14, 6. OR 2 • (GO BIT 1 • 11 
I 
IPROCRAM LOCATION • S~CTOR • CONTAINS THC SECTOR AOOREIS (1 TO 32 OCTA~I 

· SECTOR I 2 ; 1 TO H OCTAL 
I 
'PROGRAM ~OCATloN " THACK • CONTAINS T~E TRACK AODAESS (e TO 114 OCTAL) 
I 
TRACK I ~ 

· IPROCRAM EQUIVALE~TS 
I 
OONEBITo4B 
INIT.4UU 
BUFrER- • 

.>auFFER-zea 

.ENO 

; a TO 114 OCTAL 

Figure 4-23 RXII/RXVII Empty Buffer Example 
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111 
112 
113 
114 
115 
116 
117 
118 e.1156 ~1276' 17777a 
119 SSI164 0127ee 00e342 
120 eel17' 016767 D3014e 
121 
122 
123 
124 
125 
126 
127 
128 
129 
13S ell176 le,767 176766 
131 08'2S2 001414 
132 sel214 032767 e~ee40 
133 SSI212 101771 
134 
135 
136 
137 
138 
139 00e214 0S,767 176750 
140 se822. 001801 
141 01'222 eeeosl 
142 
143 
144 
145 
146 
147 
148 
149 0ee224 0S5267 030076 
15S 001231 S0135' 
151 001232 S0SIee 
152 
153 
154 
155 
156 
157 0el234 113867 176732 
158 01a248 eee'" 

,THE rO~~OWING IS A PAOGRA""ING EXlH'LE or TWE PROTOCOL REQUIRED TO , 
,riLL THE lECTOR BurrER WITH 121 8-BIT BYTES 
, 
, NOTE; THE DlTA TO riLL THE SECTOR BU,rER CAN BE ASSEMBLED IN COAE IN THE 
I EVEN ADDRESSES BYTES or lze WORO' OR IN BOTH BYT[S or 64 WORDS 
, 
rENTRY; HOV '-11, PTRY 
SETUP' MOV 'BUFrER, RI 

MOV CO"HAND, HXCS 
I 

I TAYS TO 'ILL THE SECTOR Bu,rER 
'ROGRl"S OATA BurrER 
ISSUE THE COH"AND 

;WlIT rOR A TRANSFER H[QUEST 'LAG 8E'ORE TRANSFERRING DATl 'ROM THE PROGRA~S 
I 
,DATA sUrrER TO THE RXll SECTOR !Urr[R 
, 
'WAIT rON A DONE rLAT TO I~OICAT[ TH[ COMPLETIoN or THE 'I,L SUrrER COMMAND 
I 
;PRloR Yo TESTING THE ERROR rLAG 
, 
,OOP' TSTB RXCS 

, 
n~1 n~L 

BIT 'DONEBIT, Rxes 
BEO LOOP 

ITHE DONE rLAG IS SET , 

TtST rOR T.ANSrER REaUEST 'LAG 
IEQ Ir T~ANsrEA REQUEST rLAG SET 
TEST 'OR TWE DONt 'LAG 
Ita UNTIL THE DONE r~AG SETS 

'TEST rcR ANY ERReRS CONLY ERROR POSSIBLE IS A PARITY ERRORI 

I 

TST RXCS 
aNE 15 
HA,T 

;INCREM[NT AND TEST THE PARITY ERROR RETRY PftOGRAM ,OClTIOH • PTAY " 
I 
'AND RETRY THE CO~MANO UNTIL THE ERROR RtCQVERS 

lOR UNTI~ THE pTRY COUNTER OVE~r,OwS To 
I 
11: 

I 

INC PTAY 
BNE SETUP 
HALT 

,THE TRANsrER REQUEST 'LAG IS SET 
I 

RETRY TO riLL THE SECTOR 8urrE~ 
HARD PARITY ERROR 

ITRANsrEA DATA ,ROM THE PROGRAMS QAT A BurrER TO THE RXll SECTOR BurrER 
I 
rILL: MOve '(Rel+, AXCS . PRoGRA~S DATA BurrER IS 6~ WORDS IN LENGTH 

all LOOP 

Figure 4-24 RXlljRXVl1 Fill Buffer Example 

2. If an error occurs and the program executes a read error code function (Ill), a parity error 
may occur for that command. The error status would not be for the error in which the read 
error code function was originally required. 

3. The DRV SEL RDY bit is only updated at the time of a read status function (101) for both 
drives, and after an Initialize, depending on the status of drive O. At the termination of any 
other functions it reflects the drive status of the last Read Status or Initialize command. 

4. It is not required to load the Drive Select bit into the RXCS when the command is Fill 
Buffer (000) or Empty Buffer (010). 

5. Sector Addressing: 1-26 (No sector 0) 
Track Addressing: 0-76 

6. A power failure causing the recalibration of the drives will result in a Done condition, the 
same as finishing reading a sector. However, during a power failure, RXES bit 2 (Initialize 
Done) wiII set. Checking this bit will indicate a power fail condition. 

7. Excessive use of the read status function (101) will result in drastically decreased through­
put, because a read status function requires between one and two diskette revolutions or 
about 250 ms to complete. 
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4.2.6 Error Recovery 
There are two error indications given by the RXlljRXVll system. The read status function (Para­
graph 4.2.3.5) will assemble the current contents of the RXES (Paragraph 4.2.2.6), which can be 
sampled to determine errors. The read error code function (Paragraph 4.2.3.7) can also be used to 
retrieve explicit error information. The RX 11 jRXV II interface register can be interrogated to deter­
mine the type of failure that occurred. A list of error codes follows. 

Octal 

NOTE 
A read status function is not necessary if the DRV 
RDY bit is not going to be interrogated because the 
RX2ES is in the interface register at the completion 
of every fundion. 

Code Code Meaning 

0010 Drive 0 failed to see home on Initialize 
0020 Drive I failed to see home on Initialize 
0040 Tried to access a track greater than 77 
0050 Home was found before desired track was reached 
0070 Desired sector could not be found after looking at 52 headers (2 revolutions) 
0110 More than 40 JlS and no SEP clock seen 
0120 A preamble could not be found 
0130 Preamble found but no 10 mark found within allowable time span 
0140 CRC error on what appeared to be a header. Error is not asserted 
0150 The header track address of a good header does not compare with the desired track 
0160 Too many tries for an lOAM (identifies header) 
0200 CRC error on reading the sector from the disk 
0220 RjW electronics failed maintenance mode test 
0240 Density Error 

4.3 RX2U AND RXV21 PROGRAMMING INFORMATION 
This section describes device registers, register and vector address assignments, programming specifi­
cations, and programming examples for the RX211 and RXV21 interfaces. 

All software control of the RX211 jRXV21 is performed by means of two device registers: the com­
mand and status register (RX2CS) and a multipurpose data buffer register (RX2DB) which have been 
assigned bus addresses and can be read or loaded. 

The RX02 contains all the control circuitry required to read from and write on the disk and to calcu­
late and verify the C RC. I t has a buffer large enough to hold one full sector of diskette data (128 or 256 
8-bit bytes). Information is serially passed between the interface and the RX02. 

A typical diskette write sequence, which is initiated by a user program, would occur in two steps: 

Fin Buffer - A command to fill the buffer is moved into the RX2CS. The Go bit must be set. The 
program tests for TR. When TR is detected, the program moves the desired word count into the 
RX2DB. TR goes false while the word count is moved to the RX02. The program retests TR and 
moves the bus address into the RX2DB. The device now requests bus mastership and DMA's one data 
word at a time into the RX2DB and shifts it across the RX02 data bus serially one 8-bit byte at a time 
into the sector buffer. When the word count register overflows (if necessary, the RX02 control zero­
fills the remainder of the sector buffer) the Done bit is set, and an interrupt will occur if the program 
has enabled interrupts. 
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Write Sector - A command to write the contents of the sector buffer onto the disk is moved into the 
RX2CS. The program tests TR and when TR is set, moves the desired sector address to the RX2DB. 
TR remains false while the sector address is shifted to the RX02 control. The control retests TR and 
when it is again set, moves the desireq track address register to the RX2DB. Again TR is negated. The 
RX02 locates the desired track and sector and compares the diskette density against the assigned 
function density and writes the contents of the sector buffer onto the disk if the densities agree. When 
the write operation is completed, the Done bit is set and an interrupt will occur if the program has 
enabled interrupts. 

A typical disk read operation occurs in the reverse order. First, the desired track and sector are located 
and the contents of the sector are read into the sector buffer (read sector). Then the contents of the 
sector buffer is unloaded into memory (empty buffer). In either case, the contents of the sector buffer 
are not valid if either a Power Failor Initialize follows a fill buffer or read sector function. 

4.3.1 Register and Vector Addresses 
The RX211/RXV21 use two registers for communicating with the host computer: the command and 
status register (RX2CS) normally assigned bus address 177170 and the data buffer register (RX2DB) 
normally assigned b us address 177172. The vector address is 264. 

4.3.2 Register Description 

4.3.2.1 RX2CS - Command Status (177170) - Loading this register while the RX02 is not busy 
and with bit 0= 1 will initiate a function as described below and indicated in Figure 4-25. 

Figure 4-25 RX2CS Format RX211 jRXV21 

Bit No. Description 

o Go - Initiates a command to RX02. This is a write-only bit. 

1-3 Function Select - These bits code one of the eight possible functions described in Paragraph 
4.3.3 and listed below. These are write-only bits. 

Code Function 

000 Fill Buffer 
001 Empty Buffer 
010 Write Sector 
o II Read Sector 
100 Set Media Density 
10 I Read Status 
110 Write Deleted Data Sector 
III Read Error Code 

4 U nit select - This bit selects one of the two possible disks for execution of the desired 
function. This bit is readable only when Done is set, at which time it indicates the unit 
previously selected. This is a read/write bit. 
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5 

6 

7 

8 

9-10 

II 

12-13 

14 

Done - This bit indicates the completion of a function. Done will generate an interrupt when 
asserted if Interrupt Enable (RX2CS bit 6) is set. This is a read-only bit. 

Interrupt Enable - This bit is set by the program to enable an interrupt when the RX02 has 
completed an operation (Done). The condition of this bit is normally determined at the time 
a function is initiated. This bit is cleared by Initialize and is a read/write bit. 

Transfer Request - This bit signifies that the RX211 /RXV21 needs data or has data avail­
able. This is a read-only bit. 

Density - This bit determines the density of the function to be executed. This bit is readable 
only when Done is set, at which time it indicates the density of the function previously 
executed. This is a read/write bit. 

Reserved for future use. Must be written as a zero. 

RX02 - This bit is set by the interface to inform the programmer that this is an RX02 
system. This is a read-only bit. 

Extended address - These bits are used to declare an extended bus address. These are write­
only bits. 

RX211/RXV21 Initialize - This bit is set by the program to initialize the RX211/RXV21 
without initializing all devices on the Unibus. This is a write-only bit. 

CAUTION 
Loading the lower byte of the RX2CS will also load 
the upper byte of the RX2CS. 

Upon setting this bit in the RX2CS, the RX211/RXV21 will negate Done and move the 
head position mechanism of both drives (if two are available) to track O. Upon completion 
of a successful Initialize, the RX02 will zero the error and status register, and set Initialize 
Done. It will also read sector I of track 1 on drive 0 into the buffer. 

15 Error - This bit is set by the RX02 to indicate that an error has occurred during an attempt 
to execute a command. This read-only bit is cleared by the initiation of a new command or 
an Initialize. 

4.3.2.2 RX1DB - Data Buffer Register (177172) - This register serves as a general purpose data path 
between the RX02 and the interface. It may represent one of six RX02 registers according to the 
protocol of the function in progress (Paragraph 4.3.3). 

This register is read/write if the RX02 is not in the process of executing a command; that is, it may be 
manipulated without affecting the RX02 subsystem. If the RX02 is actively executing a command, this 
register will only accept data if RX2CS bit 7 (TR) is set. In addition, valid data can only be read when 
TR is set. 

CAUTION 
Violation of protocol in manipulation of this register 
may cause permanent data loss. 
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4.3.2.3 RXlT A - RX Track Address (Figure 4-26) - This register is loaded to indicate on which of the 
1148 (0-76\0) tracks a given function is to operate. It can be addressed only under the protocol of the 
function in progress (Paragraph 4.3.3). Bits 8-15 are unused and are ignored by the control. 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

, 
NOT USED 

, 
0·114, 

Figure 4-26 RX2TA Format (RX21IjRXV21) 

I I 
CI'ISl0 

4.3.2.4 RX2SA - RX Sector Address (Figure 4-27) - This register is loaded to indicate on which of the 
328 (1-26\0) sectors a given function is to operate. It can be addressed only under the protocol of the 
function in progress (Paragraph 4.3.3). 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I I I 0 I 0 I 0 I I I I . 
NOT USED 1·32. 

CP 1 ~>ll 

Figure 4-27 RX2SA Format (RX211 jRXV21) 

4.3.2.5 RX2WC - RX Word Count Register (Figure 4-28) - For a double density sector the maximum 
word count is 128\0. For a single density sector the maximum word count is 64\0. If a word count is 
beyond the limit for the density indicated, the control asserts Word Count Overflow (bit 10 of 
RX2 ES). This is a write-only register. The actual word count and not the 2's complement of the word 
count is loaded into the register. 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

. 
0128, " 

Figure 4-28 RX2WC Format (RX21IjRXV21) 

4.3.2.6 RX2BA - RX Bus Address Register (Figure 4-29) - This register specifies the bus address of 
data transferred during fill buffer, empty buffer, and read definitive error operations. Incrementation 
takes place after a memory transaction has occurred. The RX2BA, therefore. is loaded with the ad 
dress of the first data word to be transferred. This is a l6-bit, write-only register (Paragraph 4.3.3). 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

I I 

Figure4-29 RX2BA and RX2DBFormat(RX21IjRXV~I) 

4.3.2.7 RX2DB - RX Data Buffer (Figure 4-29) - All information transferred to and from the floppy 
media passes through this register and is addressable only under the protocol of the function in prog­
ress (Paragraph 4.3.3). 
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4.3.2.8 RXlES - RX Error and Status (Figure 4-30) - This register contains the current error and 
status conditions of the drive selected by bit 4 (Unit Select) of the RX2CS. This read-only register can 
be addressed only under the protocol of the function in progress (Paragraph 4.3.3). The RX2ES is 
located in the RX2DB upon completion of a function. 

RXES bit assignments are: 

Bit No. Description 

WC 
OVFL 

RESERVED 

DD 

Figure 4-30 RX2ES Format (RX211/RXV21) 

CRC 

RESERVED 

MA 1870 

o CRC Error - A cyclic redundancy check error was detected as information was retrieved 
from a data field of the diskette. The data collected must be considered invalid. The RX2ES 
is moved to the RX2DB, and Error and Done are asserted. It is suggested that the data 
transfer be retried up to 10 times, as most errors are recoverable (soft). 

2 Initialize Done - This bit is asserted in the RX2ES to indicate completion of the Initialize 
routine which can be caused by RX02 power failure, system power failure, or programmable 
or bus Initialize. 

3 RX AC LO - This bit is set by the interface to indicate a power failure in the RX02 sub­
system. 

4 Density Error - This bit indicates that the density of the function in progress does not match 
the drive density. Upon detection of this error the control terminates the operation and 
asserts Error and Done. 

5 Drive Density - This bit indicates the density of the diskette in the drive selected (indicated 
by bit 8). The density of the drive is determined during read and write sector operations. 

6 Deleted Data - This bit indicates that in the course of recovering data, the "deleted data" 
address mark was detected at the beginning of the data field. The Drv Den bit indicates 
whether the mark was a single or double density deleted data address mark. The data follow­
ing the mark will be collected and transferred normally, as the deleted data mark has no 
further significance other than to establish drive density. Any alteration of files or actual 
deletion of data due to this mark must be accomplished by user software. 

7 Drive Ready - This bit indicates that the selected drive is ready if bit 7 = 1 and all conditions 
for disk operation are satisfied, such as door closed, power okay, diskette up to speed, etc. 
The RX02 may be presumed to be ready to perform any operation. This bit is only valid 
when retrieved via a read status function or initialize. 

8 Unit Select - This bit indicates that drive 0 is selected if bit 8=0. This bit indicates the drive 
that is currently selected. 

10 Word Count Overflow - This bit indicates that the word count is beyond sector size. The fill 
or empty buffer operation is terminated and Error and Done are set. 

11 Nonexistent Memory Error - This bit is set by the interface when a DMA transfer is being 
performed and the memory address specified in RX2BA is nonexistent. 
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4.3.3 Function Codes 
Following the strict protocol of the individual function, data storage and recovery on the 
RX211jRXV21 occur with careful manipulation of the RX2CS and RX2DB registers. The penalty for 
violation of protocol can be permanent data loss. 

A summary of the function codes is presented below: 

000 
001 
010 
all 
100 
101 
110 
III 

Fill Buffer 
Empty Buffer 
Write Sector 
Read Sector 
Set Media Density 
Read Status 
Write Deleted Data Sector 
Read Error Code 

The following paragraphs describe in detail the programming protocol associated with each function 
encoded and written into RX2CS bits 1-3 if Done is set. 

4.3.3.1 Fill Buffer (000) - This function is used to fill the RX02 data buffer with the number of words 
of data specified by the RX2WC register. Fill buffer is a complete function in itself: the function ends 
when RX2WC overflows, and if necessary, the control has zero-filled the remainder of the buffer. The 
contents of the buffer may be written on the disk by means of a subsequent Write Sector command or 
returned to the host processor by an Empty Buffer command. If the word count is too large, the 
function is terminated, Error and Done are asserted, and the Word Count overflow bit is set in 
RX2ES. 

To initiate this function the RX2CS is loaded with the function. Bit 4 of the RX2CS (Unit Select) does 
not affect this function since no disk operation is involved. Bit 8 (Density) must be properly selected 
since this determines the word count limit. When the command has been loaded, the Done bit (RX2CS 
bit 5) goes false. When the TR bit is asserted the RX2WC may be loaded into the data buffer register. 
When TR is again asserted, the RX2BA may be loaded into the RX2DB. The data words are trans­
ferred directly from memory and when RX2WC overflows and the control has zero-filled the remain­
der of the sector buffer, if necessary, Done is asserted ending the operation. If bit 6 RX2CS (Interrupt 
Enable) is set, an interrupt is initiated. Any read of the RX2DB during the data transfer is ignored by 
the interface. After Done is true the RX2ES is located in the RX2DB register. 

4.3.3.2 Empty Buffer (001) - This function is used to empty the contents of the internal buffer 
through the RX211 jRXV21 for use by the host processor. This data is in the buffer as the result of a 
previous Fill Buffer or Read Sector command. 

The programming protocol for this function is identical to that for the Fill Buffer command. The 
RX2CS is loaded with the command to initiate the function. (This function will ignore bit 4 RX2CS, 
Unit Select). RX2CS bit 8 (Density) must be selected to allow the proper word count limit. When the 
command has been loaded, the Done bit (RX2CS bit 5) goes false. When the TR bit is asserted, the 
RX2WC may be loaded into the RX2DB. When TR is again asserted the RX2BA may be loaded into 
the RX2DB. The RX21ljRXV21 assembles one word of data at a time and transfers it directly to 
memory. Transfers occur until word count overflow, at which time the operation is complete and 
Done goes true. If bit 6 RX2CS (Interrupt Enable) is set, an interrupt is initiated. After Done is true, 
the RX2ES is located in the data buffer register. 

4.3.3.3 Write Sector (010) - This function is used to locate a desired sector on the diskette and fill it 
with the contents of the internal buffer. The initiation of the function clears RX2ES, TR, and Done. 
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When TR is asserted, the program must load the desired sector address into RX2DB, which will drop 
TR. When TR is again asserted, the program must load the desired track address into the RX2DB, 
which will drop TR. TR will remain unasserted while the RX02 attempts to locate the desired sector. 
The diskette density is determined at thi-s time and is compared to the function density. If the densities 
do not agree, the operation is terminated; bit 4 RX2ES is set, RX2ES is moved to the RX2DB, Error 
(bit 15 RX2CS) is set, Done is asserted, and an interrupt is initiated, if bit 6 RX2CS (Interrupt Enable) 
is set. 

If the densities agree but the RX02 is unable to locate the desired sector within two diskette revolu­
tions, the interface will abort the operation, move the contents of RX2ES to the RX2DB, set Error (bit 
15 RX2CS), assert Done, and initiate an interrupt if bit 6 RX2CS (Interrupt Enable) is set. 

If the desired sector has been reached and the densities agree, the RX211jRXV21 will write the 12810 
or 6410 words stored in the internal buffer followed by a CRC character which is automatically calcu­
lated by the RX02. The RX211jRXV2J ends the function by asserting Done and if bit 6 RX2CS 
(Interrupt Enable) is set, initiating an interrupt. 

CAUTION 
The contents of the sector buffer are not valid data 
after a power loss has been detected by the RX02. 
However, write sector will be accepted as a valid in­
struction and the (random) contents of the buffer will 
be written, followed by a valid eRe. 

NOTE 
The contents of the sector buffer are not destroyed 
during a write sector operation. 

4.3.3.4 Read Sector (011) - This function is used to locate the desired sector and transfer the contents 
of the data field to the internal buffer in the control. This function may also be used to retrieve rapidly 
(5 ms) the current status of the drive selected. The initiation of this function clears RX2ES, TR, and 
Done. 

When TR is asserted the program must load the desired sector address into the RX2DB, which will 
drop TR. When TR is again asserted, the program must load the desired track address into the 
RX2DB, which will drop TR. 

TR and Done will remain negated while the RX02 attempts to locate the desired sector. If the RX02 is 
unable to locate the desired sector within two diskette revolutions for any reason, the RXV21 jRX211 
will abort the operation, set Done and Error (bit 15 RX2CS), move the contents of the RX2ES to the 
RX2DB, and if bit 6 RX2CS (Interrupt Enable) is set, initiate an interrupt. 

If the desired sector is successfully located, the control reads the data address mark and determines the 
density of the diskette. If the diskette (drive) density does not agree with the function density the 
operation is terminated and Done and Error (bit 15 RX2CS) are asserted. Bit 4 RX2ES is set (Density 
Error) and the RX2ES is moved to the RX2DB. If bit 6 RX2CS (Interrupt Enable) is set, an interrupt 
is initiated. 

If a legal data mark is successfully located, and the control and densities agree, the control will read 
data from the sector into the internal buffer. If a deleted data address mark was detected, the control 
will set bit 6 RX2ES (DO). As data enters the internal buffer, a CRC is computed based on the data 
field and the CRC bytes previously recorded. A non-zero residue indicates that a read error has oc­
curred and the control sets bit 0 RX2ES (CRC error) and bit 15 RX2CS (Error). The RX211jRXV21 
ends the operation by asserting Done and moving the contents of the RX2ES into the RX2DB. Ifbit 6 
RX2CS is set, an interrupt is initiated. 
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If the desired sector is successfully located, the densities agree, and the data is transferred with no CRC 
error, Done will be set and ifbit 6 RX2CS (Interrupt Enable) is set the RX211/RXV21 initiates an 
interrupt. 

4.3.3.5 Set Media Density (100) - This function causes the entire diskette to be reassigned to a new 
density. Bit 8 RX2CS (Density) indicates the new density. The control reformats the diskette by writ­
ing new data address marks (double or single density) and zeroing all of the data fields on the diskette. 

The function is initiated by loading the RX2CS with the command. Initiation of the function clears 
RX2ES and Done. When TR is set, an ASCII "I" (111) must be loaded into the RX2DB to complete 
the protocol. This extra character is a safeguard against an error in loading the command. When the 
control recognizes this character it begins executing the command. 

The control starts at sector I, track 0 and reads the header information, then starts a write operation. If 
the header information is damaged, the control will abort the operation. 

If the operation is successfully completed, Done is set and if bit 6 RX2CS (Interrupt Enable) is set an 
interrupt is initiated. 

CAUTION 
This operation takes about 15 seconds and should not 
be interrupted. If for any reason the operation is in­
terrupted, an mega I diskette has been generated 
which may have data marks of both densities. This 
diskette should again be completely reformatted. 

4.3.3.6 Maintenance Read Status (UH) - This function is initiated by loading the RX2CS with the 
command. Done is cleared. The Drive Ready bit (bit 7 RX2ES) is updated by counting index pulses in 
the control. The Drive Density is updated by loading the head of the selected drive and reading the first 
data mark. The RX2ES is moved into the RX2DB. The RX2CS may be sampled when Done (bit 5 
RX2CS) is again asserted and if bit RX2CS (Interrupt Enable) is set, an interrupt will occur. This 
operation requires approximately 250 ms to complete. 

4.3.3.7 Write Sector with Deleted Data (lIO) - This operation is identical to function 010 (write 
sector) with the exception that a deleted data address mark is written preceding the data rather than 
the standard data address mark. The Density bit associated with the function indicates whether a 
single or double density deleted data address mark will be written. 

4.3.3.8 Read Error Code (111) - The read error code function implies a read extended status. In 
addition to the specific error code a dump of the control's internal scratch pad registers also occurs. 
This is the only way that the word count register can be retrieved. This function is used to retrieve 
specific information as well as drive status information depending upon detection of the general Error 
bit. 
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The transfer of the registers is a DMA transfer. The function is initiated by loading the RX2CS with 
the command and then Done goes false. When TR is true, the RX2BA may be loaded into the RX2DB 
and TR goes false. The registers are assembled one word at a time and transferred directly to memory. 

Register Protocol 

Word 1<7:0> 
Word 1 < 15:8> 
Word 2<7:0> 
Word 2< 15:8> 
Word 3<7:0> 
Word 3< 15:8> 
Word 4<7> 
Word 4<5> 
Word4<6><4> 
Word 4<0> 
Word 4< 15:8> 

Definitive Error Codes 
Word Count Register 
Current Track Address of Drive 0 
Current Track Address of Drive 1 
Target Track of Current Disk Access 
Target Sector of Current Disk Access 
Unit Select Bit 
Head Load Bit 
Drive Density Bit of Both Drives 
Density of Read Error Register Command 
Track Address of Selected Drive 

... 

* 
* ... 
t 

* For DMA interfaces the controller status soft register is sent to the interface at the end of the command. The 
four status bits are included in an 8-bit word. Unit Sele~t = bit 7, Density of Drive 1 = bit 6, Head Load = bit 
5, Density of Drive 0 = bit 4, Density of Read Error Register Command = bit O. 

tThe Track Address of the Selected Drive - Error is only meaningful on a code 150 error. The register contains 
the address of the cylinder that the head reached on a seek error. 

When the RX02 senses the return of power, it will remove Done and begin a sequence to: 

1. Move each drive head position mechanism to track 0 
2. Clear any active error bits 
3. Read sector 1 of track I, on drive 0 
4. Assert Initialize Done in the RXES. 

Upon completion of the power up sequence, Done is again asserted. There is no guarantee that infor­
mation being written at the time of a power failure will be retrievable; however, all other information 
on the diskette will remain unaltered. 

4.3.3.9 RX02 Power Fail - When the RX02 control senses a loss of power within the RX02, it will 
unload the head and abort all controller action. The RXAC L line is asserted to indicate to the 
RX211 jRXV21 that subsystem power is gone. The RX211 jRXV21 asserts Done and Error and sets 
the RXAC L bit in the RX2ES. 
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4.3.4 Error Recovery 
There are two error indications given by the RX211 jRXV21 system. The maintenance read status 
function (Paragraph 4.3.3.6) will assemble the current contents of the RX2ES which can be sampled to 
determine errors. The read error code function (Paragraph 4.3.3.8) can also be retrieved for explicit 
error information. The RX211 jRXV21 interface register can be interrogated to determine the type of 
failure that occurred. The error codes and their meaning are listed below. 

Octal 
Code Error Code Meaning 

0010 Drive 0 failed to see home on Initialize. 
0020 Drive I failed to see home on Initialize. 
0040 Tried to access a track greater than 76 
0050 Home was found before desired track was reached. 
0070 Desired sector could not be found after looking at 52 headers (2 revolutions). 
0110 More than 40 f.1.S and no SEP clock seen 
0120 A preamble could not be found. 
0130 Preamble found but no ID mark found within allowable time span 
0150 The header track address of a good header does not compare with the desired track. 
0160 Too many tries for an IDAM (identifies header) 
0170 Data AM not found in allotted time 
0200 CRC error on reading the sector from the disk. No code appears in the ERREG. 
0220 RjW electronics failed maintenance mode test. 
0230 Word count overflow 
0240 Density Error 
0250 Wrong key word for set media density command 

4.3.5 RX21ljRXV21Programming Examples 

4.3.5.1 Write/Fill Buffer 
Figure 4-31 illustrates a program to write data on a disk by performing write and fill buffer sub­
routines. Initially, the write subroutine tests to see if there is an error from the last operation. If there is 
an error, a branch is made and the write subroutine is not performed; otherwise a jump is made to the 
fill buffer subroutine. (Before data can be written the RX02 sector buffer must be filled.) The Fill 
Buffer command is set, the density (single or double) is set, and the command is loaded in the 
RX02jRXCS. After a TR is received, the word count (for either 128 or 256 bytes of data) is loaded in 
the RX02jRXDB. After another TR is received, the starting address where data will be retrieved from 
memory is loaded in the RX02jRXDB. The RX02 controller fills the sector buffer with the number of 
bytes indicated then the RX02 controller sets the Done bit. (If an Error is detected, the Error bit is set 
in the RXCS and the program halts.) The program returns to the write subroutine, the drive is selected, 
the write command and interrupt enable are set, the density is set, and the command is loaded in the 
RX02jRXCS. There is a wait for TR, then the sector address is loaded in the RX02jRXDB; there is 
another wait for TR and the track address is loaded in the RX02jRXDB. The data loaded in the sector 
buffer is written by the RX02 controller on the selected drive (disk) at the selected track and sector. 
While the controller writes the data, the program waits for an interrupt (which signifies the completion 
of write data) to occur in order to return to the main program. 
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Figure 4-31 RX211/RXV21 Write/Fill Buffer Example 
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4.3.5.2 Read/Empty Buffer 
Figure 4-32 illustrates a program to read data from the disk by performing read and empty buffer 
subroutines. The drive to be read is selected, the read command and interrupt enable are set, the 
density is set, and the command is loaded in the RX02/RXCS. There is a wait for TR and then the 
sector address is loaded in the RX02/RXDB; there is another wait for TR, and the track address is 
loaded in the RX02/RXDB. While the RX02 controller reads data from the selected location on the 
selected disk into the RX02 sector buffer, the program waits for an interrupt to occur and then there is 
a jump to the empty buffer subroutine. The empty buffer command is set, the density is set, and the 
command is loaded into the RX02/RXCS. After a TR is received, the word count is loaded into the 
RX02/RXDB; there is another wait for TR and the address in memory where the data is to be stored is 
loaded into the RX02/RXDB, The data is emptied from the sector buffer by the RX02 controller, and 
when the buffer is emptied, there is a return to the main program. 
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Figure 4-32 RX2J I/RXV2J Read/Empty Buffer Example 
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