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1, The STDC Hard Disk Controller

- Chapter 1

THE STDC HARD DISK CONTROLLER

INTRODUCTION

The Cromemco STDC board is an intelligent hard-disk controller, using the

ST-506 standard interface to support a wide variety of 5-1/4" Winchester drives.
An STDC-controlled drive can have up to 16 heads and 1024 cylinders.

As an intelligent disk controller, the STDC needs little attention from the host
operating system. With its own Z80A microprocessor, 64K bytes of RARK, and
direct access to main memory (DMA), the STDC allows the host CPU to continue
executing instruetions during disk read/write operations, relieving the disk 1/0
"bottleneck™ afflicting many multi-user’ systems.

System performance is further enhanced by the STDC's four full-track data
buffers. On each disk read, an entire track is read into one of the data buffers.
When subsequent sector requests are on the same track {as is likely), the data
is immediately available. If all the buffers are full when a new read request
appears, the STDC either discards or writes back to disk the least-used of the
four buffers (based on frequency of access and time since last use).

In addition, the STDC can divide a single disk drive into as many as 32 logical
units. Thus, a separate "drive"™ can be assigned to each user, or the apparent
disk size can be matched to & back-up medium,

The STDC board is supported by the following operating systems: Cromix-Plus,
68000 Cromix version 20.63 or higher, and Z80 Cromix version 11.27 or higher.
To run the STDC and WDI-II boards concurrently in the same system, the WDI-II
must be modified (refer to appendix C).

Table 1-1 lists the STDC's technical specifications,
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Table 1-1: STDC TECHNICAL SPECIFICATIONS

Disk Interface: ST-506
Drives supported: 2
Disk Transfer Rate: 5 megabits/second ®
Storage per Track: 10K bytes
Buffers: 4 data and I verify (10K bytes
each)
S-100 Interrupts: Veetored interrupt w/priority
controller i L
$~100 I/O Ports: 1 {input and output}
Processor Type: ZBOA
Instruetion Set: 158 instructions, including the
78 instruetions of the 8080 I
processor
Memory: 64K bytes RAM, 8K bytes ROM
Clock Frequency: 4,000 MHz
Bus : 8-100/IEEE~-696
~ Power Requirements: +8 VDC @ 1.5 amps
+18 VDC ¢ .050 amps
-18 YDC @ 050 amps
Operating Environment: 0 - 55 degrees C
o
INSTALLING THE STDC BOARD
Switeh Settings
L
None.
Jumper-Selectable Options
®

CPU Selection - When shipped separately, the STDC is configured for use with
a DPU or XPU central processor board. To use the STDC with a ZPU, change
the jumpers on the solder side of the STDC as shown in figure 1-1.

Port Address - The STDC port address is factory set at F8h. If necessary,
the address can be changed to FAh by changing the Al address bit as shown in
figure 1-1. -
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Figure 1-1: STDC (SOLDER SIDE)
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Cables

After inserting the STDC in any S-100 bus slot, as described in your system
manual, instell the cables listed below. The data and control cables are
supplied with the hard disk drive.

Control Cable - Attach the control ceble (Cromemco part number 519-0195) @
to the 34-pin connector at J1 (figure 1-2), with the red cable stripe (pin 1) to

the left. On the drive, the cable stripe must be closest to the edge connector's

key slot. If you have two hard disks, instell a dusal-drive control cable

(Cromemeco part number 519-0225),

Data Cable -~ Attach the data cable (Cromemeco part number 519-0194) to the L
20-pin connector at J5, with the cable stripe to the left. On the drive, the cable

stripe must be closest to the edge connector's key slot. If you have two hard

disks, instell another data cable from J4 on the STDC to the second drive.

Priority Interrupt Cable - The 6-connector priority interrupt cable (part

number 519-0029) determines the order in which the host processor services ._
confliceting interrupt requests. Attach the first connector tc J1 on the
64FDC/16FDC board by aligning the blue dot on the connector with the blue dot
on the plug (see figure 1-3). Aligning the yellow dots on the remaining plugs
and connectors, attach the second connector to the next highest priority board,
the third connector to the next highest, and so on. The STDC should be the last
board in the chain, with the priority cable connected to the right-hand (revision
D and higher) IN pin of J2 (see figure 1-2). The OUT pin of J2 is not connected,
nor is the IN pin of J1 on the 64FDC/16FDC.

The order of the boards between the 64FDC/16FDC and the STIC is not critical,

as long as no boards or connectors are skipped. The suggested order of board

pricrities is: 64FDC/16FDC, OCTART, TU-ART, IOP, BIART, GPIB, CTI, PRI, s
and STDC. Any unused connectors must be at the end of the cable farthest from

the 64FDC/16FDC. Negvyer connect the priority interrupt cable to the Maximizer,

because it could erase all data from the hard disk(s).

If the priority connectors are not color coded, install the cable so that the OUT

pin of the higher priority board is linked to the IN pin of the next highest board hd
(the IN pin is on the right on all boards except 64FDC/16FDC, STDC revision
C, and CTI).

2
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SOFTWARE SET-UP

The procedure for initializing the hard disk drive varies with the version of the
operating system. For Cromix-Plus systems, refer to the Qmmi.x;Elus_st_t_a

Adminjstrator's Manual (part number 023-5020); for 68000 Cromix version 20.63,
refer to the Release 7 SUDS note (part number 023-9598); and on Z80 Cromix
version 11.27, refer to the Release 10 SUDS note (part number 023-9597).

Note that the number of STDC's and hard disk drives that can be installed in
a system depends on the operating system, as shown below:

Total
Cromix=Plus UNIX Hardware
Number of STDC's 1% 1* 8
Number of drives/STDC 2 ‘ 1% 2

*Custom software required to add more.




{1

Cromemeco STDC Disk Controller Instruction Manual
A, Disk Format

App'endix A

DISK FORMAT

The STDC formats the hard disk by track, not by seetor. Each track is formatted
to store 10K bytes of data, as follows:

Bytes " Value
Preamble 64 all zeros
Syne byte 1 04
Start alignment 6] 00,AAAALAA,LGO
Header 3 low cylinder, high eylinder, surface
Data 10,240
End alignment 4 00,AAAA,00
. End header 3 low eylinder, high eylinder, surface
’ :
CRC 2 varies
Syndrome 2 0000 (if no errors)
Postanible 2 0000
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Appendix B
ERROR MESSAGES

In the event of a hard disk error, the Cromix Operating System displays an error
message to aid in the diagnosis and correction of the problem.

HARD~DISK ERROR MESSAGES

If the Cromix Operating System encounters an error when accessing & hard disk
drive, it displays the error in the following format: :

STDC mode error: Unit=uu, Block=d, Head=h, Cyl=ee, Stat=xx, Error=fiss

where:
mode is either Read, Write, Verify, Home, or Seek.
uu is the minor device number.
d is the block number in (decimal).
ce is the cylinder number (hexadecimal).
h is the head number (hexadecimal).
XX in the status byte (indicates type or error)
ffss is the error number. The first two digits give the fatal disk

error and the last two give the system disk error.
If bit 0 of the status byte is set to 1, the error numbers refer to the following
error codes. If bit 1 is set to 1, the fatal error number (ff) refers to the Cromix
errors in the /equ/]sysequ.asm file (refer to appendix A of the Cromix-Pius
Programmer's Reference Manual, part number 023-5014).
Hard-Disk Fatal Errors

The following error codes are displayed when a fatal disk error ocecurs:
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0o

01

02

03

04

05

06

07

08

Failed to Seek & Read Header during R/W

An error ocecurred during an attempt to seek & read the header preceding
a read/write operation.

Failed to Seek - Timeout

The seek did not complete within a specified time. Check the drive
eleetronies,

Fault Occurred during Seek

During the seek, a fault error occurred within the drive, as reported by
the drive. This may be any of several errors.

Failed to Seek to Correet Track

The sector header as read off the disk is not what the drivers expected,
thus the current disk location is incorreect.

Failed to Read CRC of Header
The CRC for the header as read from the disk is incorrect; it is different
than what was expected. Most likely, the current disk location is incorrect
or the media surface is damaged.

Failed to Rezero - Timeout

A rezero command did not complete within a specified time. Check the
drive electronics. '

Fault Occurred after Rezeroing

A fault error occurred within the drive after a rezerc command was
executed. This may be any of several errors.

Drive not Ready

The ready signal from the drive is not active. Make sure the drive is
connected properly.

Failed to Write - Fault Error

During the write, a fault error occurred within the drive, as reported by
the drive. This may be any of several errors.

10




i}

(]

L}

Cromemeco STDC Disk Controller Instrucetion Manual
B. Error Messages

09

0A

0B

0C

0D

0E

OF

10

11

12

Failed to Verify after Write

After data is written to the disk, it is read back and verified, This error
occurs if the data cannot be properly verified.

Failed to Read - Fault Error

During the read, a fault error occurred within the drive; as reported by
the drive. This may be any of several errors.

Failed to Read - CRC Error

The CRC read from the disk is incorreect; it is different than the expected
CRC. This error usually means that the data just read is incorrect.

Failed to Read - Cannot Locate Sector

The sector cannot be found on the current track. This error occurs if the
media surface is damaged or if the controller electroniecs are not
funetioning properly.

Surface is Write Protected

The surface selected for the current write command is write protected
and cannot be written to. '

Failed to Select Unit

There was an attempt to select a drive that was not present, or the
controller or drive malfunetioned,

Failed te Select Head

The drive has returned a fault error on attempting to select a non-existent
head.

Index Pulse Timeout

Indexr pulses were not being received properly,

Seek Range Error

There was an attempt to access a non-existent track.
Buffer not Available

Error occurred while trying to flush write buffers,

11
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Hard Disk System Errors
The following error codes are displayed when a system disk error occurs:
00 No Acknowledge Received from Drive

The drive did not acknowledge a command sent to it, Make sure the drive ]
is connected properly.

01 Drive Remains BUSY - Acknowledge Stuck Low

The acknowledge signal from the drive did not go high again after the
command strobe went inactive, L

02 Timeout Occurred during Rezeroing

A rezero command did not complete within a specified time. Check the
drive electronies,

03 Fault Condition Reported by Drive

A fault condition occurred within the drive, as reported by the drive. This
may be any of several errors.

04 Failed to Read - CRC Error

The CRC just read from the disk is incorrect; it is different than the
expeeted CRC, This error usually means the data just read.is incorrect,

05 Header Ofif the Disk Does Not Compere with Expected Header

The seetor header as read from the disk is not what the drivers expected.
Thus, the current disk location is incorrect.

06 Failed to Verify after Write Operation

After data is written to the disk, it is read back and verified. This error *
occurs if the data cannot be properly verified.

07 Header or Trailer Error

The format of the sector header or trailer just read is ineorrect. e

12
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Appendix C
USING THE STDC WITH A WDI-II

To operate the STDC and WDI-II boards concurrently in the same system, the
WDI-II must be modified as deseribed in this appendix. This procedure applies
to revisions C and D of the STDC, and revision D of the WDI-II,

Note: The following modification should be done only by your local authorized

1,

2.

3.

7

8.

9.

Cromemeo dealer, distributor or service faeility.

Position the WDI-II board with the solder sice up and the edge connector
towards you.

Solder together pins 32 and 33 of 1C42, Solder & S5-inch insulated Jumpe;
to IC42 pin 33, and run it through the feed-through hole just above pin
33 (figure L"‘l)

Turn the beard over so the component side is up and the edge connector
is towards you.

Cut tire troces from pins 32 and 33 of IC42 (figure C-2).

At the feed-through hole to the right of IC1 Pin 7, cut the trace going to
IC43 pin 13 (figure C-2).

Solder the 5-inch jumper from the solder side to the feed-through hole at
the right of IC1 pin 7 (figure C-2).

Install a 2-pin connector (Cromemeco part number 017-0009} at J3, to the
left of IC1 (figure C-2).

On the STDC board, install a 2-pin connector at J3 if it is not already in
place (figure 1-2)

Install the WDI-II and STDC boards, and connect the DMA priority cable
from the right-hand OUT pin of J3 on the WDI-II to the right~hand IN pin
of 43 on the STDC (figures C-2 and 1-2),

This completes the modification. Follow normal checkout procedures to verify
proper operation.

13
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Feed-Through

Run Jumper Through
Feed-Through Hole
to Component Side

Jump Together Pins
32 and 33 of 1IC42 )

Figure C-1: WDI—.II MODIFICATIONS (SOLDER SIDE)
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Appendix D
STDC PARTS LIST

Integrated
Circuits
Designation Cromemco Part No.
Description
IC1 26LS32 010-0360
IC2 745151 010-0156
IC3 26LS31 010-0361
IC4 T4F74 010-0337
IC5 74574 010-0142
IC6 T4F32 010-0377
ICT 74L8322/AM25L822 010-0362
IC8 741874 010-0055
ICS 7415368 010-0153
IC11 74LS163 010-0128
IC12 Sekt 20 pin 017-0004
Pal STDC Disk Formatter 502-0087
IC13-14 7418374 010-0133
IC16 74LS04 010-0066
IC17 MPQ6002 012-0070
IC18 AM686 CNI 011-0108
IC19 T4F74 010~0337
IC20 Sekt 20 pin 017-0004
Pal STDC NRZ-MFM Precom 502-0069
IC21-22 7415374 010-0133
IC23 7418373 010-0102
IC24 7418374 010-0133
IC25 T4ALS354 010-0397
IC26 Sckt 28 pin 017-0071
ROM Code STDC 502-0106~3
IC27 74L586 010-0052
IC28 7415138 010-0096
IC29 74LS258 , 010-0101
1C30-31 64K RAM 128 Cycele 011-0107
IC32 MPQ2907 012-0071
IC33 CA3240A RCA 012-0028
IC34-35 Delay Line 010-0336
IC36 7418374 010-0133
IC37 Sckt 20 pin 017-0004
Pal STDBC 502-0086

17
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Integrated
Circuits (Continued)
Designation Cromemco Part No.
Description
IC38 Sekt 20 pin 017-0004
Pal STDC Inter Control 502-0123
1C39 7418240 010-0038
1IC40 - 7418373 010-0102
IC41 Z80A/MOSTEK 3880P-44 011-0010
Sckt 40 pin 017-0006
IC42 Sckt 20 pin 017-0004
Pal STDC Addr Compear 502-0071
1C43 741.8258 010-0101
IC44~45 64K RAM 128 Cyele 011-0107
IC46 Z80A-DMAAPS 011-0041
Sekt 40 pin 017-0006
IC47 7415138 - 010-00986
IC48 741874 010-0055
IC49-50 64K RAM 128 Cyele 011-0107
IC51 7407 010-0104
IC52 7415240 010-0038
IC33 AMZ8121/AM25LS2521 010-0328
IC54 74L8373 010-0102
IC55-56 7415374 010-0133
IC57 T4LS373 010-0102
IC58 7418374 010-0133
IC59 T4LS240 010-0038
IC80 Sekt 20 pin 017-0004
' Pal STDC Memory Control 502-00686
IC61-62 64K RAM 128 Cyecle 011-0107
IC63-64 Reg. 7805/340T-5 012-00901
Sil-pad reg. 021-0109
IC85 ‘Reg. 7905/320T-5 012-0000
IC66 : Reg. 7812 012-0002
IC65-66 Heatsink mounts 021-0164
Diodes/
Transistors
Designation Cromemeo Part No.
Description
Di 1N5231B 008-0006
D2 1N4148 008-0002
D3 IN5711/5082-2800 HP 008-0033
Ql VN10OKM VFET 009-0026
Q2-3 2N 3906 009-0002
Q4-5 2N3904 $409-0001

18
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Capacitors
Designation Cromemeo Part No.
Deseription
C1 005 uf erde 100V 004-0142
C2 . 001 uf erde 50V 004-0141
C3 5 pf erde 1000V 004-0145
C4 005 uf erde 100V 004-0142
C6 68 pf mica 100V 004-0121
C?,8 5 pf erde 004-0145
C9 .047 uf poly 50V 004-0151
Cl0 .01 uf erde 25V 004-0153
C12-15 1 uf mono 50V 004-0147
Cl16-19 10 uf tant 20V 004-0032
Cc20 75 pf erde 50V 004-0007
C21,23 47 pf erde 1000V 004-0152
C24-25 6.8 uf tant 35V 004~-0034
C26 1 uf mono 50V 004-0147
C27 220 pf erde 1000V 004-0013
C28 30 pf erde 1000V 004-0003
C29-35 047/50V 004-0061
-0- 047/50V 004-0061
Resistors
Designation Cromemco Part No.
: Deseription
R1-2 100 ohm 1/4 001-0007
R3 1 kohm 1/4 001-0018
R4-5 100 ohm 1/4 001-0007
R&6-7 1 kohm 1/4 001-0018
RS 150 ohm 1/4 001-0008
R10 2,7 kohm 1/4 001-0023
R11 51 ohm 1/4 001-0004
R12,13 1 kohm 1/4 001-0018
R14 - 220 ohm 1/4 001-0010
R15 1.5 kohm 1/4 001-0020
R17 220 kohm 1/4 001-0078
R18 180 ohm 1/4 001-0009
R20 1.5 kohm 1/4 001-0020
R22 68 ohm 1/4 001-0005
R23 330 ohm 1/4 001-0013
R24 .560 ohm 1/4 001-0015

19
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Resistors (Continued)

Designation Cromemeco Part No.
Desecription
R25 1 kohm 1/4 001-0018
R26 4.7 kohm 1/4 001-0024
R28 220 ohm 1/4 001-0010
R29 4.7 kohm 1/4 001-0024
R31 1 kohm 1/4 001-0018
R32 330 ohm 1/4 001-0012
R33-34 22 ohm1/4 ¢01-0001
R35 180 ohm 1/4 001-0009
R36 100 ohm 1/4 001-0007
R38 1 kohm 1/4 001-0018
R39-40 20 ohm 3W G01-0046
Resistor
Networks
Designation Cromemco Part No.,
Deseription
RN1 150 ohm 7R 8P 003-06010
RN3 150 ohm 9R 10P 003-0083
RN4 47 ohm 4R 8P 003-0047
RNS 2 kohm 4R 8P 003-0029
RNG 680 ohm 4R 8P 003-0087
RN7 47 ohm 4R 8P 003-0047
RN8 10 kohm SR 10P 003-0024
RN9 1 kohm TR 8P ¢03-0007
RN10 1 kohm 9R 10P 003-0011
RN11 33 ohm 4R 8P 303~0000
Miscellaneous
Designation Cromemco Part No.
Deseription
L1 Inductor 100 uH 007-0023
J1 Sckt 34 pin connector 017-0091
J2,J3 Sekt wafer 2 pin 017-0009
J3 Sckt 20 pin connector 017-0364
Y1 Crystal 10 MHz 026-0035
Rivet .125 x .382 015-0188
Spacer 1/4 hex 6-32 015-0169
Standoff 1/4 hex 4-40 015-0173
STDC PC board 020-0138
Heatsink 021-0017

20
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LIMITED WARRANTY

Cromemco, Inc. (“Cromemco”) warrants this equipment against defects in material and workmanship to the original purchaser for ninety (0} days
from the date of purchase, subject to the following terms and cenditions.

What Is Covered By This Warranty:

Curing the ninety (90) day warranty period Cromemco will, at its option, repair or replace this Cromemco product ar repair or replace with new or
used parts any parts or components, manufactured by Cromemee, which prove to be defective, provided the product is returned to your Dealer as
set forth below.

How To Obtain Warranty Service:

You should immediately notify IN WRITING your Dealer or Cromemco of problems encountered during the warranty period in order to obtain warranty
service: first obtain a return authorization number by contacting the Dealer from whom you purchased the product. Then attach to the product:

1. Your name, address, and telephone number,
2. the return authorizaticn number

3. adescription of the problem, and

4. proot of the date of retail purchase

Ship or otherwise return the product, fransportation and insurance costs prepaid, 1o your Dealer. I you are unable to receive warranty repair from the
Dealer from whom you purchased the procuct, you shoulc contact Cromemco Customer Support at: Cromemco, Inc., 280 Bernardo Ave., Mountain
View, Ca. 94043,

What Is Not Covered By This Warranty:
Cromemco does not warrant any products, components, or parts not manufactured by Cromemco.

This warranty does not apply if the preduct has been damaged by accident, abuse, misuse, mogification, or misapplication; by ¢amage during shipmeri;
or by improper service. This product is not warranted to operate satistactorily with peripherals or products not manufactured by Cromemco. Transportation

~ and insurance charges incurred in transporting the product to and from your Dealer ot Cromemco are not covered by this warranty.

Exclusion of Liability, Damages, and Other Warranties:

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, WHETHER ORAL OR WRITTEN, EXPRESS OR IMPLIED. ANY IMPLIED
WARRANTIES, INCLUDING IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, ARE EXCLUDED
WHERE SUCH EXCLUSION IS ALLOWED AND OTHERWISE LIMITED IN DURATION TO NINETY (90) DAYS FROM THE DATE OF PURCHASE
OF THIS PRODUCT. IF THIS PRODUCT IS NOT IN GOOD WORKING ORDER AS WARRANTED ABCVE, YOUR SOLE REMEDY SHALL BE
REPAIR OR REPLACEMENT AS PROVIDED ABOVE. CROMEMCC SHALL NOT BE LIABLE FOR INCIDENTAL AND/OR CONSEQUENTIAL
DAMAGES FOR THE BREACH OF ANY EXPRESS OR IMPLIED WARRANTY, INCLUDING DAMAGE TO PROPERTY AND, TO THE EXTENT
PERMITTED BY LAW, DAMAGES FOR PERSONAL INJURY, EVEN IF CROMEMCO HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. THE AGENTS, DEALERS, AND EMPLOYEES OF CROMEMCO ARE NOT AUTHCRIZED TO MAKE MODIFICATIONS TO THIS
WARRANTY, OR ADDITIONAL WARRANTIES BINDING ON CROMEMCO ABOUT OR FOR PRODUCTS SOLD OR LICENSED BY CROMEMCO.
ACCORDINGLY, ADDITIONAL STATEMENTS WHETHER ORAL OR WRITTEN EXCEPT SIGNED WRITTEN STATEMENTS FROM AN OFFICER
OF CROMEMCO DO NOT CONSTITUTE WARRANTIES AND SHOULD NOT BE RELIED UPON. SOFTWARE, TECHNICAL INFORMATION,
AND FIRMWARE ARE LICENSED ONLY BY A SEPARATE AGREEMENT ON AN “AS IS" BASIS.

Limitation on Statute of Limitation and Transferability:

THIS WARRANTY AND THE STATUTE OF LIMITATIONS SHALL RUN CONCURRENTLY WITH ANY ACCEPTANCE PERIOD. THIS WARBANTY
IS NOT TRANSFERABLE. NQ SUIT, LITIGATION, OR ACTION SHALL BE BROUGHT BASED ON THE ALLEGED BREACH OF THIS WARRANTY
OR IMPLIED WARRANTIES OR FOR OTHER CAUSE MORE THAN ONE YEAR AFTER THE DATE OF PURCHASE IN THOSE JURISDICTIONS
ALLOWING SUCH A LIMITATION; OTHERWISE NO SUCH ACTION SHALL BE BROUGHT MORE THAN ONE YEAR AFTER THE EXPIRATION
OF THIS WARRANTY.

Other Important Provisions:

Some states do not allow the exclusion or limitation of incidental or consequential damages or limitations on how long an implieg warranty lasts.
so the above limitation or exclusion may net apply 1o you. This warranty shall not be applicable o the extent that any provision of this warranty
is prohibited by any federal, state, or municipal law which cannot be preemptec. This warranty gives you specific legal rights, and you may also
have other rights which vary from state to state.
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