




























































































































































6.1.3.4 Control Select 

Tag 3 is used as an enable for the bus lines and must be true 
for the entire control operation. The functions of Bus Bits 
o - 9 a re as fo 11 ows: 

Bit 0 Write Gate - The Write Gate line enables the write driver. 
Bit 1 Read Gate - Setting the Read Gate enables read data from the 

disk to the transmission line. The leading edge of Read Gate 
triggers the disk's phase-lock oscillator to synchronize on an 
all zeros pattern. 

Bit 2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Bit 7 
Bit 8 

Bit 9 

Servo Offset Plus - Offsets the carriage from the nominal On 
Cylinder position towards the spindle. 
Servo Offset Minus - Offsets the carriage from the nominal On 
Cylinder position away from the spindle. 
Fault Clear - Clears the fault flip-flop in the disk if the 
faul condition no longer exists. 
AM Enable - Not Used. Always a zero. 
RTZ - Causes the actuator to seek Track 0; resets the Head 
Register; clears the Seek Error flip-flop in the disk. 
Data Strobe Early - Not Used. Always a zero. 
Data Strobe Late - Not Used. Always a zero. 
Release - Enabling this line releases Channel Reserve and 
Channel Priority Select Reserve in the disk making alternate 
channel access possible after selection by the first channel 
ceases. 

6.1.4 Individual lines "A Cable" 

1. Sector Mark 

Derived from the servo track and occurs at the beginning of 
each sector. 

2. Index Mark 

Occurs once per revolution and its leading edge is considered 
the leading edge of Sector Zero. 

3. Fault 

Indicates one or more of the following fault conditions exist 
in the SMD: DC Power Fault, Head Select Fault, Write Fault, 
Write or Read while Off Cylinder, and Write Gate during a Read 

operation. A fault condition inhibits the writer to prevent 
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data destruction. The DC power fault indicates a below 
normal voltage from the positive or negative power 
supplies. The Head Select fault indicates that more 
than one head is selected. The Write Fault indicates 
low (or absence of) write current as well as the absence 
of write data. 

4. Seek Error 

Indicates a Seek Error has occurred (e.g., the disk was 
unable to complete a move within 500ms, the carriage 
has moved to a position outside the recording field or 
that a cylinder address greater than 822 has been 
selected). 

5. On Cylinder 

This status indicates the servo has positioned the heads 
over a cylinder. The status is cleared with any Seek 
instruction causing carriage movement or a zero-track 
Seek. 

6. Un it Ready 

This line indicates that the unit is selected; is up to 
speed; the heads are loaded; and no fault condition exists 
within the drive. If, after a load sequence, dibits are 
not sensed within 350ms, the heads will unload; the fault 
light will be illuminated; and Unit Ready will be dropped. 

7. Open Cable Detector 

The open cable detect circuit disables the interface in the 
event that the "A" interface cable is disconnected or con­
troller power is lost. 

8. Unit Select Tag 

This signal gates the desired unit number into the disk's 
unit number compare circuit. 
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9. Unit Select (2 , 2 ) 

These two lines are binary coded to select one of four SMD's. 
The unit number (O through 4) is selectable by means of a 
logic plug on the operator panel in each individual disk. 

10. Unit Select (2 , 2 ) 

Always zero. 

11. Address Mark Found 

Not Used. 

12. Write Protected 

Enabling the Write Protect function inhibits the writer under 
all conditions, illuminates a front panel LED, and sends a 
write protected signal to the controller. Attempting to write 
while protected will cause a fault to be issued. 

13. Power Sequencing 

Power Sequencing requires AC and DC Power On, START indicator on, 
and the REMOTE/START switch in the SMD in the REMOTE position. 
Applying ground to the Pick and Hold lines will cause the first 
SMD in sequence to power up. Once this SMD is up to speed, 
the Pick signal is transferred to the next active SMD and is 
repeated until all active SMD's are powered up. 

Individual SMD's may be started and stopped once the power 
sequencing is completed. 

14. Busy (Dual Channel Only) 

If the SMD is already reserved and/or selected, a Busy signal 
will be issued to the "A" cable and unit selected will be 
issued on the "B" cable to the channel attempting the select. 
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6.1.5 Signal Descriptions, IIBII Cable 

6.1.5.1 Individual Lines (IIBII Cable) 

The following signals are provided between the controller 
and each disk. See Figure 3.3.2. 

1. Write Data 

This line carries data which is to be recorded on the disk pack 
from the controller to the disk. 

2. Servo Clock 

The servo clock is a phase-locked 9.677 MHz clock generated from 
the servo track dibits. Servo clock is available at all times 
(not gated with Unit Select). 

3. Read Data 

This line transmits the recovered data as NRZ form data from 
disk to the controller. 

4. Read Clock 

The Read Clock defines the beginning of a data cell and is 
synchronous with the detected data. 

5. Write Clock 

This line is synchronized to the NRZ data and is the Servo Clock 
retransmitted to the SMD by the controller. 

6. Seek End 

Seek End is the combination of On Cylinder or Seek Error 
indicating that a Seek operation has terminated. 

7. Unit Selected 

If the Unit Select bit lines match the logic plug in the disk 
when the leading edge of Unit Select tag is received, the Unit 
Selected signal is transmitted to the controller. 
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6.2 Pack Format 

Each disk pack is divided into five individually addressable data 
surfaces as shown in Figure 6.2.1. The five Read/Write surfaces 
(designated 0 through 4) are sectioned into 823 (O through 822) 
concentric cylinders. These cylinders consist of fixed-length 
sectors consecutively numbered 0 to 31 on each surface. Each 
sector is divided into two information fields separated by gaps 
or spaces. The header field contains two words of address 

information and two words of Header CRC. The data field 'contains 

256 data words and two words of data CRC. The controller generates 
the sector gaps and the computer supplies the header and data 
information during a pack-formatting operation. 

The read only servo surface is pre-recorded by the manufacturer 
with positioning signals used by the servo tracking circuits. 

Each disk pack has a maximum formatted capacity of 663,667,200 
bits. Table 6.2.1 shows how these bits are utilized. 

6.2.1 Sector Format 

The five major divisions of a sector are shown in Figure 6.2.2. 
Table 6.2.2 contains the overall bit/byte assignments for each 
sector. 

1. Sector Gap - Contains 28 bytes of O's and one sync byte. 
The sync byte, which marks the beginning of valid informa­
tion, is shown in Figure 6.2.3. 

2. Header Field - The header field is divided into three 
words as follows: 

a. Cylinder Address Word - Contains the address of the 
respective cylinder. The 16-bit format is shown in 
Figure 6.2.3 and described in Table 6.2.3. 

b.Sector/Track Address Word - Contains the address of 
the respective track and sector. The 16-bit format 
is shown in Figure 6.2.3 and described in Table 6.2.4. 
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c. CRC Word - This 16-bit word is generated by the cycle 
redundancy check (CRC) circuits using the data in the 
first two header words. This CRe provides a method 
for error detection in reading the Header data. 

3. Header Gap - Contains 17 bytes of O's and one sync byte. 
The sync byte, which marks the beginning of valid information 
is shown in Figure 6.2.3. 

4. Data Field - The data field is composed of 512 data bytes 
provided by software and 4 error correction code bytes 
generated by the ECC circuits of the controller. The 32-bit 
ECC word is considered part of the data field and used to 
detect errors in reading the data. 

5. Data Gap - This gap consists of two 0 bytes which are generated 
by the drive followed by an indefined gap area which fills the 
remaining sector space. 
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fL--· ________________________ ~r__ Top Cover Disk 

,,- Cy1 i nder 0 

o 

~r------+- Head Number' 
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A 4 

~ ________________________ ~J___ Bottom Cover Disk 

80 mBYTE DISK PACK WITH HEAD LOCATION 

FIGURE 6.2.1 
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TABLE 6.2.1 Pack Capacity Allocation 

ITEM FORMAT 

No. of Sectors/Track 32 
Bits/Sector 4,864 
Total Formatted Capacity 
Formatted Data 
Total Number of Words 

640,491,520 bits 
539,361,280 bits 
33,710,080 

Table 6.2.2 Assignment of Bits/Bytes in Sectors 

SECTOR LOCATION BYTES BITS 

Sector Gap 29 232 
Header Field 6 48 
Header Gap 18 144 
Data field 516 4128 
Data Gap (fixed) 2 16 
Undefined 59 472 
Total per Sector 630 5040 

NOTE: All byte descriptions in Table 6.2.2 are in terms of 
8-bit bytes. 
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SYNC BYTE FORMAT 

7 6 5 4 3 2 1 o 
o o o 1 1 o o 1 

CYLINDER ADDRESS FORMAT (First Header Word) 

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

FMT CYL CYL CYL CYL CYL CYL CYL CYL CYL CYL 
MF UF 0 1 0 0 512 256 128 64 32 16 8 4 2 1 

SECTOR/TRACK ADDRESS FORMAT (Second Header Word) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 
TA TA TA SA SA SA SA SA 

0 0 0 0 0 4 2 1 0 0 0 16 8 4 2 1 

FIGURE 6.2.3 

HEADER BITS AND SYNC BYTE FORMAT 
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BIT 

0-9 

10,11 

12 

13 

14 

15 

BIT 

0-4-

5-7 

8-10 

11-12 

13-15 

TABLE 6.2.3 Cylinder Address Word-Bit Assignments 

NAME 

CYL 

Unused 

FMT 

Unused 

UF 

MF 

DESCRIPTION 

Ten bit locations for the address of the 
cylinder. Any decimal number from 0 to 
822 is valid. Bit 0 is least-significant 
bit. 

Always Os 

The format bit is set to a 1 which estab­
lishes the sector is formatted using 
16-bi t words. 

Always Os 

The location where the user can identify 
this sector as being bad so that data is 
not recorded here. A 0 indicates a bad 
sector; 1 a good sector. 

The location used by the disk pack manu­
facturer to indicate a bad sector. A 0 
indicates a bad sector; 1 a good sector. 

TABLE 6.2.4 Sector/Track Address Word-Bit Assignments 

NAME DESCRIPTION 

SA These five bits contain the address of 
the sector. Valid decimal numbers are 
0-31 

Unused Always Os 

TA These three bits contain the track 
address. Valid numbers are 0-4. 

Unused Reserved for future use. (Set to zeros) 

Unused Always Os 
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6.3 HARDWARE DESCRIPTION 

The S33 controller is implemented using an advanced architecture 
whose unique structure and resulting capability provides exceptional 
features and performance. The heart of the system is a fast bi­
polar microprocessor based on the 2901 family of components~ 

Three additional independent microprogrammed sequencers perform 
detail decision making and control for: 1) UNIBUS DMA operations, 
2) UNIBUS programmed I/O operations, and 3) Disk Data movement 
operations. A block diagram of the controller is shown in 
Figure 6.3.1. 

6.3.1 Microprocessor 

Internal data path communication is via a tri-state, 16-bit bus 
(0 Bus). Major elements in the data path include: 

1. Disk Command Register 

This register is loaded by firmware with Bits 15, 14, 13 of 
the command word and directs the Disk Data Sequencer to 
execute one of the six following operations: 

0 Self-Test 
0 Read Header an'd Data 
0 Read Data 
0 Write Header and Data 
0 Write Data 
0 Idle 

2. A Register 

Contains the Disk Address and Control Bus bits to direct disk 
operations. The data loaded into this register corresponds to 
the disk address and control bus defined in Section 6.1.3. 

3. FIFO 

Performs serial-to-parallel and parallel-to serial data oper­
ations. Acts as the synchronization element between the disk 
and the controller for all data movements by buffering up to 
16 words of data. 
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4. Pattern Register 

Contains the actual data error correction mask after a 
successful data error-correction operation. 

5. Position Register 

Contains the location of the first bit of the error burst 
after a successful data error-correction operation. 

6. Sector Counter 

Provides rotational position (sector number) for the selected 
disk drive. 

7. Buffer Address Register (BAR) 

Contains the address currently being used to read (Buffer 
Read Pointer) or Write (Buffer Write Pointer) data in the 
buffer. 

8. Buffer (lK x 16) 

Provides storage of up to four sectors of data being transferred 

to or from the UNIBUS to eliminate data late errors and allow 
cross-track (spiral) read or write operation. 

9. X-File (16 x 16) 

Provides 16 words of internal working storage for the software 
visible registers. 

10. ~icroprocessor (2901) 

Provides the arithmetic/logical manipulation capability of the 
controller under firmware control. It also provides 16 words 
of storage for various pointers and temporary working registers. 
All standard 2901 functions are implemented including a set of 
8 shift instructions. 

11. Address/Data Registers 

Provides temporary storage for address or data movements 
between the controller and the UNIBUS. 
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Major elements in the control structure include: 

1. Resume Address RAM and Event Logic 

Provides the primary task scheduling mechanism for the firmware 
by prioritizing the various events demanding attention by the 
controller. Provides the firmware address for resumption of a 
task temporarily suspended waiting the occurrence of some event. 

2. Bus Vector ROM 

Provides a unique vector address for the firmware as a function 
of the register addressed by software and the operation required 
(Read/Write, Word/Byte). 

3. 2910 Sequencer 

Provides the next micro-program address to be executed and 
resolves all conditional executions. 

4. Test Logic 

Selects 1 of 45 firmware testable status flags or testable bits 
used to direct firmware execution. 

5. Control ROM 

1024 words of 64-bit micro-program memory 

6. Command Decode ROM 

Provides a unique vector address for the firmware as a function 
of the data on the D Bus. Used to decode the operation required 
as defined by the contents of CS1 loaded previously by software. 

6.3.2 Disk Data Sequencer 

A block diagram of the disk data sequencer and serial data path 
is shown in Figure 6.3.2.1. Data written to and read from the 
disk and the verification of data integrity is controlled by 
this logic. Major elements include: 

1. Data Input Shift -Register 

Synchronizes disk data with Read Clock and provides 8 

bits of storage for Sync Byte comparison. 
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2. FIFO 

See Section 6.3.1. 

3. Position Register/Pattern Register 

See Section 6.3.1. 

4. ECC Logic 

Generates and checks ECC over the 512 data bytes and provides 
the proper values for the POS and PAT registers on an error. 

5. CRC 

Generates and checks 16-bit CRC over the sector header. 

6. Compa ra tor 

Performs bit by bit comparison of the header read from disk 
with expected value read from the FIFO. 

7. Error Flags 

Consists of the error flags associated with header and data. 

0 DCK - Disk Data Error 
0 ECH - Hard Data Error 
0 FMT - Improper Format 
0 CRC - Header CRC Error 
0 HCE - Header Compare Error 
0 BSE - Bad Sector Error 

8. Disk Command Register 

See Section 6.3.1. 

9. Sequencer 

Micro-program storage which provides decision making and direct 
control for disk data movements. 

10. Test Mux 

Selects 1 of 16 testable status flags to direct sequencer 
execution. 

11. State Counter 

A 16-bit counter, testable by the sequencer, used to count 
the data bits read from or written to disk. 
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6.3.3 UNIBUS Control Sequencers 

A block diagram of the UNIBUS interface is shown in Figure 6.3.3.1. 
In addition to the normally used transceivers and registers, there 
are two ROM sequencers whose major elements include: 

1. DMA Command Register 

Directs the DMA sequencer to execute one of eight operations: 

o 

o 
o 
o 

Bus 
DMA 
NPR 
DMA 

Request (Interrupt) 
Idle (Release Bus) 
Request 
Write (Write and Hold Bus) 

o Write Release (Write and Release Bus) 
o Request Read (Request Bus and Read Memory) 
o DMA Read (Read Memory) 
o Self-Test 

2 . 0 MA Seq u e n c e r 

Tests and asserts UNIBUS control lines to perform the required 
"handshake ll and controls bus interface timing to complete the 
required bus operation. 

3. Programmed I/O Sequencer 

Tests and asserts UNIBUS control lines to perform the required 
"handshake" and controls bus interface timing to complete 
"Bus Slave" operations. 

6.3.4 Internal Self-Test 

The S33 controller firmware contains an extensive automatic self­
test feature enabled on power-on with errors/status displayed via 
four on-board LED's. Initially the LED's are illuminated with 
successive tes~s extinguishing LED's as appropriate giving a total 

\ 

of 16 possible status states. Major hardware tests of the self-test 
program include: {See Table 4.4.1 for Error Decode} 

o Buffer RAM 
o X File 
o 2901 Bit Slice 
o 0 Bus 
o FIFO (Parallel and Serial Operation) 
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0 Priority Event Logic 
0 ECC Logic 
0 CRC Logic 
0 Disk Sequencer Sanity Test 
0 Sync Byte Comparator 
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6.4 Firmware Description 

The firmware in the controller is contained in three independent 
micro-programmed sequencers to perform the required decision 
making and control functions. Each sequencer contains its own 
firmware set implemented in a language appropriate to the task. 
In addition, there are three ROM's used for translation or 
mapping functions. 

6.4.1 Microprocessor 

Primary control of the operations of the controller is provided 
by the firmware for the 2901/2910 microprocessor. This structure 
also provides supervisory control of the other sequencers, defining 
and initiating their functions and utilizing the results to complete 
its own activities. 

The firmware is contained in a set of ROM's organized as 512 words 
by 64 bits which is addressed by the 2910 sequencer chip. 

Figure 6.4.1.1 defines the micro-instruction format, the usage of 
the different fields, their respective bit assignments, field 
values, and labels used by the language translator. 

6.4.1.1 Programmed I/O Map ROM 

The PIO map is a 512 word by 8 bit ROM used to provide two 
functions. The contents of this map are shown in Figure 6.4.1.1.1. 

o Device Code Recognition 

For the normal RM02 device codes, the ROM is enabled for all 
UNIBUS addresses from 776700 to 776777. The six least . 
significant bus address bits are used as ROM address bits 
directly which allows the controller to respond to addresses 
from 776700 to 776747 as valid RM02 locations. Unwanted 
addresses from 776748 to 776777 are thus excluded with a 
minimum of logic. 

o Selected Register/Function Mapping 

Addressing the ROM with the two bus control lines in addition 
to the six UNIBUS address lines provides a decode of the 
selected register, word, upper byte or lower byte manipulation, 
and read or write operation. 
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PIO MAPPING PROM 

8 7 I 6 I 5 I 4 I 3 2 1 fl 

ROM Address: fl REG SEL MODE B 

ROM Output: 7 6 

SEL VECTOR 

Field Definitions: 

Register Select Field (Reg. Sel): 

Selected UNIBUS Field 
Register Address Value 

RMCS1 776700 00 
RMWC 776702 01 

RMBA 776704 02 
RMDA 776706 03 
RMCS2 77671 0 04 
Rr~DS 776712 05 
RMER1 776714 06 
RMAS 776716 07 

RMLA 776720 10 
RMDB 776722 11 
RMMR1 776724 12 
RMDT 776726 13 
RMSN 776730 14 
RMOF 776732 15 
RMDC 776734 16 
RMHR 776736 17 
RMMR2 776740 20 
RMER2 776742 21 
RMEC1 776744 22 
RMEC2 776746 23 

FIGURE ~.4.1.1.1 6-26 



MODE, Byte Fields (MODE), (B): 

Bus MODE Byte Controller 
Function Field Field I nteq~retati on 
DATI 00 0 Word Read . 
Invalid 00 1 Word Read 

DATIP 01 0 Word Read 
lnval i d 01 1 Word Read 

DATO 10 0 Word Write 
Invalid 10 1 Word Write 

DATOB 11 0 Write Lower Byte 

DATOB 11 1 Write Upper Byte 

Device Selected (Sel): 

Field 
Value: 

~ 

1 

Controller 
Interpretation 

Selected 

Not Selected 

Micro Instruction Address (Vector): 

These seven bits provide an address for the micro­
program as a function of the register selected and. 

the operation requested by software. 

PIO MAPPING PROM (Continued) 

FIGURE 6.4.1.1.1 
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6.4.1. 2 Comma nd Decode ROM 

Decode of the controller command word is done by a 512 word by· 
8 bit ROM using specific bits of the 0 Bus as an address with 
the ROM output providing a micro-instruction location (address) 
for the controller firmware. Although the implementation allows 
the appropriate bits of any 0 Bus transfer to be used as the ROM 
address, usage in the controller is restricted to specific 
control and status bits. The contents of the decode ROM are 
shown in Figure 6.4.1.2.1-

6.4.2 Disk Data Sequencer 

The disk data sequencer is a set of ROM's organized as a "ROM-Register 
Sequencer" consisting of 512 words by 24 bits. Primary control of 
the sequencer's operation is provided by th~ Disk Command Register 
which is loaded from the microprocessor "0 Bus". This register 
provides three bits of address for the ROM which may be viewed as 
defining a "page" of locations or an "OP-Code". Execution is by 
means of conditional two-way jumps or branches to adjacent location 
(address) "pairs". The address of the "pairs" is provided from the 
ROM's output with the decision between the two addresses made based 
on the test result. 

Figures 6.4.2.1 through 6.4.2.3 define the instruction format, the 
usage of the different fields, their respective bit assignments, 
addresses, field values, and labels used by the language translator. 

6.4.3 Bus Control Sequencers 

Two independent micro-programmed sequencers provide the decision­
making and control functions required by the protocol of the 
UNIBUS. 

6.4.3.1 DMA Sequencer 

The DMA Sequencer is a set of ROM's organized as 512 words by 
16 bits which functions~as a "ROM-register Sequencer". Inputs 
provided as addresses consist of bits defining the desired 
function, the current state of the sequencer, and UNIBUS lines 
whose states determine subsequent actions. Figure 6.4.3.1.1 defines 
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.COMMAND DECODE ROM FORMAT 

ROM:Address: A8 A7 A6 . A5 A4 A3 A2 A1 AO 

D Bus Bit: 14 12 . 6 5 4 3 2 1 0 

Specific Bit: ERR MOL VV FUNCTION GO 

Source: RMDS RMCS1 

ROM Output: 

VECTOR 

Individual Bit Definitions: 

ERR: Composite Error Bit 
MOL: Medium on Line 
W Volumn-Valid 
GO : Go or Execute Bit. 

FIGURE 6.4.1. 2.1 
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Valid Combinations: VAllO FUNCTION 
ERR MOL VV FIELD VALUES VAllO FUNCTIONS 
0 0 0 ~ NOP 

4 Dri ve Cl ear· 

8 Read in Preset 

9 Pack Acknowledge 
0 0 1 0 NOP 

4 Drive Clear 
8 Read in Preset 
9 Pack Acknowledge 

0 1 0 0 NOP .' 
4 Drive Clear 

8 Read In Preset 
9 Pack Acknowledge 

0 1 1 1 NOP 
2 Seek 
3 Recalibrate 

4 Drive Clear 
5 Release 
6 Offset 

7 Return to Centerline 
8 Read In Preset 
9 Pack Acknowledge 
C Search 

14 Write Check Data 
15 Write Check Header & Data 
18 Write Data 
19 Write Header & Data 
1C Read Data 
1D Read Header & Data 

1 0 0 4 Drive Clear 
1 0 1 4 Drive Clear 
1 1 0 4 Drive Clear 
1 1 1 4 Drive Clear 

FIGURE 6.4.1.2.1 (Continued) 
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DISK SEQUENCER - MICRO INSTRUCTION FORMAT 

ROM Address: 8 7 654 321 0 

I CMD : STATE I T I 
Micro Instruction Format: 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

STATE TEST MUX ORDER BIT ORDERS 
5T T M 0 

Field Definitions: 

Command Field (CMD): 

CMD Name 

:Disk Idle 01 
Spare 
Disk Test DT 
Spare 
Wri te Data WD 
Write Header and Data WH 
Read Data RD 
Read Header and Data RH 

State Field (State): 

Address label 

DUX 

DTXX 

WDXX 
WHXX 
RDXX 
RHXX 

Test Results (T): 

Condition 

Field 
Value 

~O-IF 
OO-IF 
OO-IF 
OO-IF 
OO-IF 
OO-IF 
OO-IF 
OO-IF 

Selected test state low 
Selected test state high 

Z II I ECC I G J H I 

Field Origin 
Value HEX 

0 000 
1 040 
2 080 
3 OCO 
4 100 
5 140 
6 1BO 
7 lCO 

Absolute Address 

000-03F 
040-07F 
080-~BF 
OCO-OFF 
100-13F 
140-17F 
lBO-1BF 
lCO-1FF 

Field 
Value 

o 
1 

FIGURE 6.4.2.1 
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TEST FIELD (Test): 

Function 

Unconditional Jump 
Header Error Summary 
Index or Sector Mark 
Sync Byte (Neg True) 
Data Check (ECC Error) 
Error Check Inhibit 
End of ECC Correction Cycle 
State Counter = 4 
State Counter = 8 
State Counter = 16 
State Counter = 32 
State Counter = 64 
State Counter = 128 
State Counter = 256 
State Counter = 4096 
State Counter = 65536 

DATA SELECT FIELD (MUX): 

Read Select Function 

Zeros Fill 
Data Input 
ECC CKTS - Bit 0 
FIFO Output 

ORDER FIELD (Order): 

Function 

No Operation 
Data Check Error Enable 
CRC Error Enable 
Bad Sector Error Enable 
Format Error Enable 
Set Done Flag 
Spare 
Spare 

RMUX 
Name 

Zero 
DIN 
ECCO 
FIFO 

BIT ORDER FIELD (Bit Order): 

Function 

Clear Cmd Register 
State Counter Enable 
ECC Correction Cycle Enable 
Clear ECC - CRC Circuits 
Enable ECR 
Header Compare Enable 
FIFO Output Enable 
FIFO Input Enable 
Disk Write Gate 
Disk Read Gate 

Name 

True 
Error 
10SMK 
-Sync 
DCK 
ECI 
END 
C4 
C8 
C16 
C32 
C64 
C128 
C256 
C4096 
Carry 

Field 
Value 

o 
1 
2 
3 

Name 

NOP 
DCKEN 
CRCEN 
BSEN 
FMTEN 
DONE 

WMUX 
Name 

Zero 
CRCOUT 
ECCO 
FIFO 

Signal Name 

CLR CMD 
CNTEN 
ECCTN 
ECC-CRC 
GENCRC 
HCEN 
FIFOOUT 
FIFOIN 
WRT - Gate 
RD - Gate 

FI GU RE 6. 4. 2 . 2 
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Field 
Value 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
o 
E 
F 

Write Select Function 

Zeros Fi 11 
CRC Gen Output 
ECC CKTS Bit 0 
FIFO Output 

Field 
Value 

000 
001 
010 
011 
100 
101 
110 
111 

Bit 
Position Comments 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Default = 1 

Default = 1 



Language Form 

Label (1): IF [Test] THEN [Label (2)] ELSE [Label (3)], 
RMUX = Name (1), Order A, 
WMUX = Name (2), 
SET [Bit Order (1) & ..... Bit Order (N)], 
Clear [Bit Order (1) & ..... Bit Order (N)]; 

FIGURE 6.4.2.3 
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0"1 
I 

W 
~ 

ROM Address: 8 7 161 

SEQ 
BG CMD 

ROM Output: 15 14 13 

BR NPR SACK 

Field Definitions - Address: 
Command Field (CMD): 

Individual Bits: 

Disk Command 
DMA IDLE 
NPR REO 
REL-WRT 
REQ-RD 
DMA WRT 
DMA RD 
BUS REO 
DMA TEST 

DMA SEQUENCER FORMAT 

5 4 3 2 1 0 

TE SEQ 
DONE ST NPG BBSYO SSYNC 

12 " 10 9 8 7 6 5 4 3 2 

DMA BUS DMA HOLD DMA 
INTR MSYNCI BBSYI OUT MASTER ~ EVENT TEST DONE DATA BAD 

Field Value 
000 
001 

010 

all 
100 
101 

110 

111 

Comment 
No Operation" 
Bus Request for DMA Transfer 
Write Operand to Memory and Release Bus 
Request Bus and Read Data From Memory 
Write Operand to Memory 
Read Data From Memory 
Interrupt Request 
Self Test of DMA Sequencer 

Mnemonic Bit No. 
8 

Comment 
BUS GRANT 

4 

3 

2 

1 

Sequencer STATE - Internal Use 
Sequencer STATE - Internal Use 
Non-Processor Grant 

, 0 

DMA [X OUT 

SEQ-BG 
DONE 
TEST 
SEO-NPG 
BBSYO 
SSYNC o 

Bus Busy - Input from Bus 
Slave Sync - Input from Bus FIGURE 6.4.3.1.1 



Bit Definitions - Output: 

Mnemonic Bit-No. Corrrnent 
BR 15 Bus Request 
NPR 14 Non Processor Request' 
SACK 13 Acknowledge 
INTR 12 Interrupt Request 
MSYNCI 11 Master Sync 
BBSYI 10 Bus Busy 
DMAOUT 9 Enable Data into UNIBUS 
BUSMASTER 8 Enable Address and Control onto UNI BUS -

7 Not Dsed 
DMAEVENT 6 Priority Event For DMA 
TEST 5 One of Two Sequencer Controls 
DONE 4 One of-Two Sequencer Controls 
HOLDDATA 3 latch Control for Data From UNIBUS 
DMABAD 2 Filler for Unused Locations 
DMAOUT 1 Gates Data onto UNIBUS 

~ Not Used 

FIGURE 6.4.3.1.1 (Continued) 
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the fields, bit assignments, and functions of the 
DMA sequencer. 

6.4.3.2 Programmed I/O Sequencer 

The PIO sequencer is a 32 word by 8 bit ROM which 
functions as a "ROM-register sequencer". Inputs 
are provided as addresses which consist of bits 
derived from UNIBUS lines whose state determines 
subsequent actions, two bits which define the current 
state of the sequencer, and a bit which signals the 
completion of the bus transaction. Figure 6.4.3.2.1 
defines the fields, bit assignments and functions of 
the PIO sequencer. 
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PlIO SEQUENCER FORMAT 

ROM Address: 4 3 2 1 0 

REL DEV OUT IN 
PIO SEL C1 BIT BIT 

ROM Output: 7 6 5 4 3 2 1 " PIO PIO OUT IN PIO SSYNC 
BAD EVENT BIT BIT DIN 

Bit Definitions - Address: 
Mnemonic Bit No. Corrment 
In Bit " Sequence STATE - Internal Use 
Out Bit 1 Sequence STATE - Internal Use 
C1 2 Unibus ReadlWrite Control 
DEV-SEL 3 Device Selected 
REL-PI/O 4 Release PlIO Sequencer 

Bit Definitions - Output: 
Mnemonic Bit No. Comment 

" Not Used 
SSYNCI 1 Slave Sync· 
PIODIN 2 Enables Data Onto Unibus 
INBIT 3 One of Two Sequence Control Bits 
OUTBIT 4 One of Two Sequence Control Bits 
PIOEVENT 5 Priority Event for PlIO 
PIOBAD 6 Filler For Unused Locations 

7 Not Used 

FIGURE 6.4.3.2.1 
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TITLE: S33/A SMD CONTROLLER 
ITEM aTY PART DESCRIPTION REFERENCE 
NO NUMBER NOTES 

1 1 12329 CAP CER 0 1 IIF 20~ (fiO 

2 56 12105 rAP TANT 4 7 MF lnv Cl-fll .f14-f'1R 

3 1 12517 CAP 5 TI MY fA ??n PF 5'.t: fl1 

4 3 12503 CAP S II MY CA 11)0 PF I)'.t: f1? .(61 .C62 

5 1 12119 CAP _TANT IMF 20V 150D105X9020A2 SPRAUGE C59 
6 4 18401 DIODE. LEO. 555-2003 DIALIGHT LEDl-LED4 
7 1 18108 DIODE IN914 CRI 
8 6 10155 RES. CC. 1/4 W. 180 OHM. 5% R1.R2.R3.R6.R44.R45 
9 2 10110 RES. CC. 1L4 W-, 390 OHM, 5% R4.R5 

10 1 10111 RESt ce t 1/4 Wt 470 OHM. 5% R26 
11 17 10113 RES, ce, 1/4 W. 1.0K OH~1. 5% R7-R9,R12-R23, R31,R47 

.12 6 10177 RES, CC, 1/4 Wt 680 OHM, 5% R34-R36,R40-R42 
13 8 10145 RES, ee, 1/4 W, 22K OHM, 5% R24,R25,R27-R30,R32,R33 
14 1 10616 RES, ce, 1/4 W, 150K Ol/M, 5% Rll 
15 2 10356 RES, 3 W, 7.5 OHM, 1% M-20 TYPE R37,R43 
16 1 10121 RES. CC. 1/4 W. 4.7K OHM. 5% RIO 
17 1 10105 RES, CC. 1/4 W~ 100 OHM t 5% R46 
18 6 11986 RES MOL. 56 OHM (lO/P, 9/El) 750-101-R56 CTS RM14-RM17,RM19,RM21 
19 8 11987 RtS MOL. 02 OHM. (10/P. 9/El) 750-l0l-R82 CTS R~16-RMI3 

20 5 11988 RES MOL. 1.OK OHM. (lO/P 9/El) 7S0-101-RIK CTS RMI-RMS 
21 2 11989 RES MOL 2.2K OHM (lO/P. 9/EL) 75D-lOI-R22K CTS RM18.RM20 
22 
23 
24 
25 

• 

1~ DATARAM CORPORATION DWG. NO. 65001 REV. 
'INDICATES PART TO BE FROM SUGGESTED 81M MANUFACTURER ONLY. ~ ~ CRANBURY NEW JERSEY SHEET 2 OF 7 B 



TITlE:S337A SMD CONTROLLER 
ITEM 

OTY 
PART 

DESCRIPTION 
REFERENCE 

NO NUMBER NOTES 

26 6 16513 Ie, QUAD 2 lIP NAND 74S00 Zl1 ,Z15 ,Z32 ,Z49 ,Z146 ,Z182 

27 5 16501 IC, HEX INV 74S04 Z21,Z45,Z139,Z153,Z181 

28 7 16525 Ie, QUAD 2 liP NAND 74S08 Z20,Z41 ,Z44,Z48,Z61 ,Z78,Z143 

29 2 16515 Ie, TRIPLE 3 liP NAND 74S10 Z50,Z140 

30 
31 1 16542 Ie, 8 liP NAND 74530 Z51 
32 1 16521 Ie, QUAD 2 liP POS-OR GATE 74532 Z179 
33 2 16309 Ie. QUAD 2 liP NAND GATE 7438 Z4,Z13 

34 1 16512 Ie, DUAL AND NOR 74S51 Z156 
35 2 16519 Ie, AND -OR-INVERT 74564. Z130,Z155 

36 4 16522 Ie, DUAL D BINARY 74S74 Z12,Z23,Z42,Z152 

37 5 16505 Ie, QUAD EX OR 74S86 Z2,Z3,Z58,Z99,Z132 

38 1 16214 Ie, DUAL MON05TABLE MV 74LS123 Z43 
39 2 16537 Ie) 13 INPUT NAND 74S133 Zl,Z123 

40 2 16520 IC, 3-TO-8 DCDR/DEMUX 745138 Z135,Z137 

41 2 16510 IC, DUAL DEC/DEMUX 74S139 Z138,Z171 

42 1 16364 Ie, 74148 Z129 

43 6 16245 Ie, 74LS161 Z98,Z119 ,Z120 ,Z148 ,L1~ ,i151f 

44 1 16534 IC t 74S163 Z30 

45 3 l6246 Ie, .74LS164 Z54,Z55,Z56 

46 3 16524 IC, HEX D-TYPE FF W/CLR 745174 Z24,Z31,Z118 
47 1 16509 IC, QUAD D BIN 745175 Z46 

48 3 16744 IC, 64 BIT RNDM ACS MEM 74S189 Z125,Z126,Z127 

49 6 16531 Ie, 745240 Z47,Z60,Z66,Z79,Z80,Z86 

50 7 IC t 74S251 Z25 ,Z26 ,Z71 ,Z91 ,Z121 ,Z133 ,Zl50 

51 4 16538 IC, 4 TO 1 MUX 74S253 Z36,Z37,Z38,Z145 

'INDICATES PART TO BE FROM SUGGESTED 1~ DATARAM CORPORATION DWG. NO. 65001 REV. 

MANUFACTURER ONLY. ~ ~ CRANBURY NEW JERSEY 
81M 
SHEET 3 OF 7 B 



TITLE· S33/A SMD CONTROLLER . 
ITEM 

CTY 
PART 

DESCRIPTION 
REFERENCE 

NO NUMBER NOTES 

52 4 16251 Ie. 74LS257 Z64. Z65 .zB4 • Z85 
53 3 16264 Ie. 74LS259 Z136 .Z144 .Z157 
54 2 16511 Ie, DUAL 5 lIP NOR 74S260 Z52.Z53 
55 2 16377 Ie, 74276 Z22.Zl24 
56 
57 1 16261 Ie, 74LS299 Z141 
58 10 16260 Ie, 74LS374 Z57.Z74,Z75,Z94,Z95,Z97,Z122 

Z151,Z161,Z162 
59 3 16551 Ie, oeT D-TYPE FLIP-FLOP 74S374 Z35,Z39,Z128 
60 2 16235 Ie. 4-B BISTABLE LCH 74LS375 Z68,Z76 
61 1 16252 Ie, oeTAL D TYPE FF 74LS377 Z96 
62 1 16236 Ie, DUAL 4-B Be 74LS393 Z77 
63 . 

64 1 16268 Ie, AM25LS2521 Z142 
65 3 16269 Ie, AM25LS2538 Z134,Z147,Z167 
66 
67 4 16701 Ie, MICROPROCESSOR 2901 Z62.Z63,Z82,Z83 
68 9 16380 Ie, AM2908 Z6,Z7,Z8,Z9,ZlO,Z16,Z17,Z18,Zl 
69 1 16918 Ie, AM2910 Z100 
70 10 16378 IC, MC3450 Z158,Z159,Z163~Z166,Z169,Z170 

Zl77 ,Zl78 
71 6 16379 Ie, MC3453 Z160,Z168,Z173-Z176 
72 1 16604 IC, DUAL PERIPH DRIVE 75452 Z180 
73 2 16919 82S09 Z67,Z87 
74 1 16~45 Ie, QUAD UNI BUS XCVR DS8641N ZS 
75 1 16334 Ie, HEX UN BUS RCVR 8837/8T37 Z14 

1~ DATARAM CORPORATION owc. NO. 65001 REV. 
"INDICATES PART TO BE FROM SUGGESTED 81M MANUFACTURER ONLY. ~ ~ CRANBURY NEW JERSEY SHUT 4 OF 7 B 



TITLE: S33/A SMO CONTROLLER 
ITEM 

aTY 
PART 

DESCRIPTION 
REFERENCE 

NO NUMBER NOTES 

76 1 16381 IC, 9401 Zl72 

77 4 16915 IC, 9403 Z72,Z73,Z92,Z93 

78 4 16916 IC, S2114A-1PC Z69,ZlO,Z89,Z90 

79 1 16554 IC, 74S153 Z1l7 

80 1 16217 IC, 74LS373 Z88 

81 1 14112 OSC 11. 111 MHZ Y1 

82 1 20314 VOLTAGE REGULATOR IM320T !j.0 Q1 

83 AIR INSULGREASE - G641 G E 
84 2 42650 HANDLE - INSERTOR. EXTRACTOR OR-l1I 
85 2 26301 SCR, PNH PH, STL, 2-56 X 1/4 
86 2 26107 NUT. HEX. SELF-LOCK. STL. 2-56 
87 2 42651 SPACER, HANDLE MOUNT, DR-111 ! 

88 2 26221 WASHER-BELVILLE SPRING S.P.E.C. 80281-i03 
89 1 26322 SCR, PNH. PH, STL, 4-40 X 1/4 
90 1 26206 WASHER INT. TOOTH STL #4 
91 1 26102 NUT, HEX, STL, 4-40 
92 4 3493-1002 3M CONNECTOR 26PIN 
93 1 3372-1002 3M CONNECTOR 60PIN 
93 10 26311 SCR, PNH PH, STL, 2-56 X 7/16 
94 10 2315-N089 AMATO! SPCR, RND NYL, 
95 10 26101 NUT, HEX, STL, 2-56 
96 1 40741 PC BOARD 533 SMD CONTROLLER 
91 4 22214 BEAD PIN 
98 63 22614 WIRE WRAP POST 
99 AIR WIRE 30 AWG 

100 REF 03190 SCHEMATIC DIAGRAM 533 SMO CONTROLLER 

~~ DATARAM CORPORATION DWG. NO. 65001 REV. "INDICATES PART TO BE FROM SUGGESTED 81M MANUFACTURER ONLY. ~ ~ CRANBURY NEW JERSEY SHEET 5 or 7 B 



TITlE·S33/A SMD CONTROLLER . 
ITEM Cry PART 

DESCRIPTION 
REFERENCE 

NO NUMBER NOTES 

101 1 16747 IC, PROM PATTERN SPEC 1 (AM27S27) Z27 
102 1 16748 IC, PROM PATTERN SPEC 2 (AM27S271 Z28 
103 1 16749 IC, PROM PATTERN SPEC 3 (AM27S27) Z29 
104 1 16750 IC, PROM PATTERN SPEC 4 (AM27S27) Z34 
105 1 16751 IC, PROM PATTERN SPEC 5 (AM27S27) Z81 . 
106 1 16752 IC, PROM PATTERN SPEC 6 (AM27S27) ZlOl 
107 1 16753 IC, PROM PATTERN SPEC 7 (AM27S27) Z102 
108 1 16754 IC, PROM PATTERN SPEC 8 (AM27S27) Z103 
109 1 16755 IC, PROM PATTERN SPEC 9 (AM27S27) Zl04 
110 1 16756 IC, PROM PATTERN SPEC 10 (AM27S27) Z105 
111 1 16757 IC, PROM PATTERN SPEC 11 (AM27S27) Z106 
112 1 16758 IC, PROM PATTERN SPEC 12 (AM27S27) Z107, 
113 1 16759 IC, PRO,., PATIERN SPEC 13 (AM27S27) Z108 
114 1 16760 IC, PROM PATTERN SPEC 14 (ru~27S27) ZlO9 
115 1 16761 IC, PROM PATTERN SPEC 15 (AM27S27) ZllO 
116 1 16762 IC, PROM PATTERN SPEC 16 (AM27S27) Zlll 
117 1 16763 IC, PROM PATTERN SPEC 17 (AM27S27) Z112 
118 1 16764 IC. PROM PATTERN SPEC 18 (AM27S27) Z1l3 
119 1 16765 Ie; PROM PATTERN SPEC 19 (AM27S27) Zlltt 
120 1 16766 IC, PROM PATTERN SPEC 20 (AM27S27) Z1l5 
121 1 16767 IC, PROM PATTERN SPEC 21 (AM27S27) Z1l6 
122 1 16768 Ie, PROM PATTERN SPEC 22 (74S288) Z40 

123 T 16769 IC, PROM PATTERN SPEC 23 (74S472) Z33 

124 1 16819 IC, PROM PATTERN SPEC 24 (745472) Z59 i 

125 1 16820 Ie, PROM PATTERN SPEC 25 (74S472) ! Z131 
. , , 

1~ DATARAM CORPORATION OWG. NO. 65001 REV. 
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TITLE· S33/A SMO CONTROLLER 

ITEM aTY PART 
DESCRIPTION 

REFERENCE 
NO NUMBER NOTES 

126 REF 08506 Rt102 S33/A Er1ULATION SET LISTING Z101 Thru Z1l6 
127 REF 08507 RM02 S33/A DISK SEQUENCER LISTING , Z27, Z28, Z29 

1 ?R DI="I=" nAr:;nR RH02/RK07 S33/A/B ~1A SEQUENCER LISTING Z33, Z34 

l?Q Rff RM02 S33/A PlIO VECTOR LISTING Z59 

no RfF RM02/RK07 S33/A/B PlIO SEQUENCER LISTING Z40 

, 

. 

1~ DATARAM CORPORATION DWO. NO. REV. 
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