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Introduction

The Z-217-1 Disk Drive Controller is a two-board pair which
will allow owners of the Z-100 series computers to add and
control up to two rigid 5-1/4-inch Winchester drives.

One of the two boards, the Data Separator, resides on the
rigid Winchester drive. The second board, the controller, is
located in any of the vacant S-100 connectors in the com-
puter's card cage. A single, 34-conductor cable connects the
two boards together. Another 34-conductor cable connects
the main board to the disk drives (daisy chain). In addition,
two other cables are used for data transmission to and from
the Winchester drives. One cable is used per drive.
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Specifications
Drives Supported .. .............. Two Winchester disk drives, each up to 65 MB.
Drive Interface .................. Seagate™ standard interface.
Interface to Host .. .............. Via S-100 bus, with exception that + 5V is not taken

from the bus, but, rather furnished from an external
source. Otherwise, compatible with IEEE standard
696.

Sector Size .................... Two sector sizes, 512 or 1024 bytes, with pro-
grammable interleave.

Buffering . ........ ... .. ... . ... Buffers all transfers to and from host via on-board
multiple-sector buffer.

Data Transfers . ................. All transfers made via TMA with programmable
mode of transfer — burst or byte. Data transfer can
be halted by host using PAUSE command. CON-
TINUE command resumes the transfer.

VO Ports ...................... Controller uses two 1/0 ports. Port address is set
by PAL and is not user selectable.

Error Detection ................. Detects and corrects (if enabled) data errors. Re-
ports logical errors. Reports drive errors and also
issues a HOME command if the drive was not previ-
ously accessed.

Power Requirements ............. + 5 volts, 2.5 amps maximum (controller board).
+ 5 volts, 1.0 amps maximum (data separator).
—5 volts or —12 to —16 volts (jumper selectable)
100 milliamps maximum (data separator).

The Zenith Data Systems Corporation reserves the right to discontinue products and to change specifica-
tions at any time without incurring any obligation to incorporate new features in products previously
sold.



Page 6

Z-217-1

Switch and Jumper Settings

Pictorial 1 illustrates the mother board of your Desktop Com-
puter and the location of DIP switch S101 in particular. The
illustration shows you the proper settings for autoboot upon
power-up from the Winchester drive. Refer to your Z-100
Series User’'s Manual, Appendix | for more information regard-
ing this switch and its settings.
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PICTORIAL 1
Z-100 Mother Board
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Controller Board Jumpers and
Switches (Pictorial 2)

The following information applies to the jumpers and switches
on your Z-217-1 Controller and Data Separator circuit boards.
Each jumper position is described and the “standard” position
for normal operation in a Z-100 Desktop Computer is iden-
tified. Refer to Pictorials 2 and 3 for the locations of each

jumper and switch.

PROM

FORMAT ENABLE

EXTENDED PORT
ADDRESS
(2 jumpers)

Vi*

2K position—for 2K ROM's.
1K position—for 1K ROM’s (position for
normal Z-100 operation).

Jumper installed—Format enabled.
Jumper not installed—Format protected
(position for normal Z-100 operation)

Left position—16-bit port addressing.
Right position—8-bit port addressing
(position for normal Z-100 operation).

Vector interrupt level—No jumpers in-
stalled (position for normal Z-100 oper-
ation). NOTE: You may find a jumper
installed between pins 3 & 4 of the top
row of jumpers. This is the storage loca-
tion for the Format Enable jumper.
Refer to Appendix B of your Z-7100
User’s Manual Winchester Supplement.

APx* Arbitration Priority DIP Switches

Positionno. 84 2 1

0 0 0 O—lowest priority (0)

1 0 0 0—middle priority (8) (setting
used for normal Z-100 op-
eration).

1 1 1 1—highest priority (15)

NOTE: Position 0 indicates a closed switch, posi-
tion 1 indicates an open switch. Disregard the
numbers on the switch. The numbers printed on
the P.C. board are the switch weights.
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Data Separator Board Jumpers



Data Separator Board Jumpers
(Pictorial 3)

JP1 Test—Calibration position for VCO.
Normal—Phase lock enabled (position for normal
Z-100 operation).

JP3 Test—Calibration position for sending 625KHz to
the 9602.
Normal—Routes READ data to the 9602 (position
for normal Z-100 operation).

JP4 Read Enable—Jumper installed asserts READ gate
(used for calibration)
Jumper not installed—normal read/write operation
(position for normal Z-100 operation).

System Operation

Since your system has been changed by the introduction of
the Z- 217 Winchester system, you will need a Winchester-
compatible version of your operating system(s). Refer to your
operating system manual(s) and the Z-100 User's Manual
Winchester Supplement for additional setup and operating in-
formation.

Software Access

The following will provide you with information regarding Win-
chester disk software operations.
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Software

IEEE 696 (S-100) Interface

Slave Interface—The Z-217 uses two /O (input/Output)
ports. The upper eight addresses are optionally used to de-
code the port address and must be at a logical “0” to access
this board. The option can be disabled by moving the Ex-
tended Port Address jumpers to the 8-bit position.

The lower eight address lines are decoded for port addressing
by a PAL. Eight vectored interrupts are used, any one of which
can be addressed and used by the controller by moving the
VI* jumper.

Master Interface—TMA (Temporary Master Access, previ-
ously referred to as DMA—direct memory access), performed
by the Z-217, conforms to all IEEE-696 (S-100 bus) require-
ments. One wait state is automatically added during read cy-
cles to allow it to work in the Z-100. The arbitration level (all
sixteen priority levels are available) for the TMA is selected
by the four AP* DIP switches. Twenty-four bit addresses are
used for TMA across 64K memory boundaries.

interrupt Handling—When INT* is asserted in the burst
mode, the Z-217 is taken off the bus. Your interrupt service
routine should check for a TMA in progress. If a TMA is in
progress, you should first halt the TMA by sending a PAUSE
command to the Z-217 before acknowledging the interrupt and
servicing it. Once the interrupt has been serviced, your inter-
rupt service routine should send a CONT command to the
Z-217 so the TMA may be resumed.

In the byte mode, the PAUSE and CONT commands are still
executed by the Z-217, but they are not needed unless soft-
ware timing loops are being used or critical real-time process-
ing is being performed. Also, the Z-217 will not arbitrate for
the bus when INT * is asserted in the byte mode.
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Command Philosophy

There are two levels of commands associated with the Z-217
controller.

First level commands are direct commands that are written
directly into the controller's command register and executed
immediately. They are used to call second level commands.

Second level commands are used for the primary communica-
tion mode between the controlier and the operating system.
They are placed in a memory buffer until fetched by the con-
troller executing a first level (direct) command. The controller
uses a TMA to transfer commands into its internal command
buffer. Once a command has been completed, an interrupt
is generated to notify the host processor and status is returned
to the memory buffer via TMA.

Data Transfers

All data transfers take place via TMA; programmed input-out-
put is not allowed. A 2K x 8 buffer on the controller board
handles entire sectors of data at a time. When transferring
from the disk to memory, the buffer is used to correct any
errors detected by the ECC (Error Correction Code) before
the data is transferred to system memory. When writing to
the disk, the buffer is used to make an entire sector of data
available for the disk.

The system can handle a minimum interleave of three to one.

Direct Access Registers

The Z-217 controller occupies two I/O ports (command and
reset) in the system.
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Wiriting to the command port places commands in the control-
ler's command register. Reading this port yields the control-
“fer's hardware status.

Writing to the reset port causes the controller to execute a
hardware reset. Reading this port is used for interrupt ac-
knowledge and resets the interrupt latch and causes the status
to be read.

Direct Mode Commands (First Level)

The controller responds to the following direct mode com-
mands:

08 SETUP Uses the following three bytes to specify
the TMA address for commands (MSB is
first, least significant last). You must use
this command before the first EXECUTE
command is sent to the controller.

10 EXECUTE Causes the controller to fetch a command
from the memory buffer.

18 PAUSE Halts any TMA in progress until a CONT
command is received.

20 CONT Restarts any TMA that was stopped by a
PAUSE command.
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Control Block Commands (Second
Level)

The controller responds to the following commands when they
are the first byte in the control block of system memory.

TypeO

00 RECAL Causes the selected drive to step outward
one cylinder at a time until cylinder zero
is reached. No data is transferred.

01 STATUS Returns the status for the selected drive
to the TMA address. The format of the
status is shown on Page 21.

Type 1

10 WRITE Writes the specified number of sectors (up
to 256) from the TMA address to the
specified drive. Error Correction Code is
generated and written to the disk at this
time also.

11 READ Reads the specified number of sectors (up
to 256) from the specified drive to the TMA
address. Any errors detected by the ECC
are corrected (if enabled).

13 SEEK Positions the heads of the specified drive
to the specified logical address.



Type 2

20 FORMAT

21 FORMAT
TRACK

22 SETDRIVE

Type 3

30 WRITE ABS

31 READ ABS

33 SEEKABS

Formats the specified drive.

Formats only the specified track.

7
Sets drive parameters.

Writes one sector using absolute address-
ing.

Reads one sector using absolute address-
ing.

Positions the heads of the specified drive
to the specified cylinder.



Format of Commands

Type 0 and Type 1

MSB—Most Significant Byte; MB—Middle Byte;

Bit o
Bte | 7 6 5 4 3 2 1 0 LSB—Least Significant Byte

1 Command OP Code Flag byte: Bit # If set
7 Interrupts enabled

2 | Drive Select MSB—Logical Sector No.
6 Use burst mode TMA
c 3 MB—Logical Sector No. 5 Ignore PAUSE and CONT
o 4 LSB—Logical Sector No. 4 commands
M 5 Sector Count 3
2 Disableretries
M 6 MSB—Data TMA Address .
1 Disable ECC
A 7 MB—Data TMA Address 0 Chain next command im-
mediately
N 8 LSB—Data TMA Address
D 9 MSB—Next Command Address NOTE: Only Type 0, 1, and 3 commands can be
chained. Bytes 9, 10, and 11 are the starting ad-
10 MB—Next Command Address

dress of the next command block to be executed.
1 LSB—Next Command Address These three bytes must be valid or a new setup
command must be issued before the next execute

12 Fi R L
29° command. Also, this address must be valid if the
13 Error Code ' chain flag (bit 0) is set.
S 14 | Drive Select MSB—Logical Sector #
T of Error
A
T 15 MB—Logical Sector # of Error
U
S 16 LSB—Logical Sector # of Error




Type 2
Bit
Byte | 7 5 4 3 2 1 0

1 Command OP Code

2 | Drive Select N/A Max Head No.
C 3 Max Cylinder Number (MSB)
(@) 4 Max Cylinder Number (LSB)
M 5 Reduced Write Current (MSB)
M 6 Reduced Write Current (LSB)
A 7 Precomp Cylinder (MSB)
N 8 Precomp Cylinder (LSB)
D 9 Step Rate (LSB * 20 pS)

10 ECC Span

11 [N/A N/A Interleave Factor

12 Fill Character

13 Error Code
S
T 14 | Head # of Error Sector # of Error
# 15 Cylinder # of Error (MSB)
g 16 Cylinder # of Error (LSB)

*Cell Size: 0 = 512 bytes/logical sector

MSB—Most Significant Byte; LSB—Least Signifi-

cant Byte

1 = 1024 bytes/logical sector



Type 3
Bit
Bte [ 7 6 5 4 3 2 1 0
1 Command OP Code
2 | Drive Select N/A Head Select

C 3 Cylinder Number (MSB)
(o} 4 Cylinder Number (LSB)
M 5 N/A Sector Number
M 6 Data TMA Address (MSB)
A 7 Data TMA Address (MB)
N 8 Data TMA Address (LSB)
D 9 Next Command Address (MSB)

10 Next Command Address (MB)

11 Next Command Address (LSB)

12 * Flags

13 Error Code
S
T 14 | Head # of Error | Sector # of Error
¢ 15 Cylinder # of Error (MSB)
LSj 16 Cylinder # of Error (LSB)

* 0 = Disable Interrupts
1 = Enable Interrupts

MSB—Most Significant Byte; MB—Middle Byte;
LSB—L east Significant Byte



Format of Status Register
BIT

Interrupt

Busy

Burst Mode

TMA in Progress
Error

Immediate Mode Error
Paused

Done

O =2 NWHhONON



Format of Status Returned by 01 Command

Bit
Byte 7 6 5 4 3 2 1 0

1 Reserved B3| B2| B1| BO
2 Maximum Cylinder No. (MSB)
3 Maixmum Cylinder No. (LSB)
4 Reduced Write Current Cylinder Number (MSB)
5 Reduced Write Current Cylinder Number (LSB)
6 Precomp Cylinder No. (MSB)
7 Precomp Cylinder No. (LSB)
8 Current Cylinder No. (MSB)
9 Current Cylinder No. (LSB)

10 Step Rate

11 Span

12 Interleave Factor

13 Cell Size

14 Maximum Head #

15 Fill Character

16 Reserved

BO = Drive Ready
B1 = Accessed

B2 = Seek Complete
B3 = Track 0

Step Rate = Value times 20 n.S.

Cell Size 1 512 bytes/sector
2 = 1024 bytes/sector

Fill Character = The character used during for-
mat to fill the data fields.

MSB—Most Significant Byte; MB—Middle Byte;
LSB—Least Significant Byte

NOTE: Bytes 8 and 9 will not be recognized un-
less Bit 1 of Byte 1 (B1) is set.
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ftware Access

Error Codes

Type 0

00 No error

01 Drive not ready
02 No seek complete
03 No Track 0

04 No Index

05 No Drive Selected

Type 1

10 Header Address Mark not found

11 Seek error (bad cylinder number in header)
12 Sector number not found

13 ECC error in header

14 Data Address Mark not found

15 Non-correctable ECC error in data field

16 Correctable ECC error in data field

17 Write fault

Type 2
20 llegal op code
21 lilegal disk address

22 Format protected
23 Write protected

Type 3
30 Miscellaneous error
Type 4

40 Error during diagnostic
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PORTZ17
WICSETUP
WISBUSY
WISDONE

MOV
MoV
T
MOV
STARTL:

IN
TEST
JNZ
LOOF

e

Software Access Examples

The following information and examples present methods for
accessing the Z-217-1 Winchester Controller and Disk Drive
from assembly language routines. These examples assume
that there is no BIOS support and the access of the Z-217-1
will not affect the BIOS.

The first step is to set up the controller with the memory loca-
tion of its command buffer. This is the SETUP command dis-
cussed earlier.

NOTE: The Z217WCB in the following code is the Winchester
Control Block that is described in a previous section of this
manual.

EGiJ OAEH 5 Z-217 part address
Ecd 032H 5 SETUP command

EGU 01000000k 5 Busv status bit
EL 0000C001E 5 Done status bit
OX.PORTZ17 5 Base port of 217
AL, WICSETUF

Ox.AL 5 Do a SETUP command
12X, 1 5 LooP count for BUSY
AL, DX 5 Read status

AL » WISBUSY 5 Is he busv?
STARTZ 5 Yes, continue
START1

Timed out, rmo busy signal from =217

MOV OX,0FFSET NOZ217 5 Point to error messase
JMF NEAR PTR ABORT 5 Print erroar and exit
H Found the controller, execute the remainder of the command
STARTZ
MoV BX. 05 5 BX = seament
XOR XX ;5 CX = zern

e

SHL
RCL
SHL
RCL
SHL
RCL
SHL
RCL
ADD
ADC

Make a 20 bit address

EX.1 s Zhifted 1 bit

X, 1

EX, 1 $ Shifted 2 hits

(B9 ' |

BX, 1 5 Shifted 2 bits

CXs1

EX\ 1 5 and shifted 4 bits

CXs1

BX:OFFSET ZZ17WCE 5 Add affset of 217 blaock

X, 0 5 Frorpasate carryv



20 kit address in CLIEBEX

MIZW AL, IZL s AL = M:ZR

ouT OX,AL 5 Send it to controller
MoV AL, BH

QT DX, AL 5 Next one

MV AL, BL

T 00X, AL 5 And the last one

At this point, the Z-217-1 is ready to accept commands from
the command buffer. The following code will tell the Z-217-1
which type of drive is installed in the system:

5 %I = address of drive twvpPe specifier

MOV SI,0FFSET TUSER

CLD

MOV OI,0FFZET ZZ217WCE

MoV X, 12

REF MOVER s Mave it in here too
H Now execute the Set Drive Parameters command

CALL EXCCMD 5 Execute the command

QR AL > AL s AL = returned status
H “ZR“ flag clear if error executing commarnd

The following routine executes the command in the command
buffer. It then waits for the controller to inform it that the com-
mand has been executed.

EXCCMO:
MoV AL, BYTE FTR UNIT
R BYTE FTR ZZ17WCE+1,AL 5 Determine wunit number
MV BYTE FTR Z217WCB+WIZERR, -1 5 Indicate command not
MV DX, FORTZ17 s X = command pPort
M2V AL, 10OH 5 Exec commarnd
auT 0x, AL 5 Execute it

EXCiZMD1
CMF BYTE FTR Z217WCER+WIZERR, -1 5 Done wet?
4 EXZZMO1 5 No, keep waiting
MOV AL, BYTE FTR ZZ17WCB+WIZERR 5 AL = error code

RET

done

— b



Page 25

Z-217-1

s)'w
% B

@»v gt
B o8

1k

sEbe B R R e@

The following routines are simple sector read and write
routines. Note that the only difference between read and write
is the first byte in the command buffer: 11H for read, 10H

for write.
HE RDSED — Read a sector
H DX = ANDRESS OF DATA
5 X = aTARTINu SECTOR NUMERER
5 BX = SECTOR COUNT
5 NOTE: “CY” set if errar (as oppPused to WRTSELD issueing messagses
ROSED:
MOV BYTE FPTR Z217WCER,11H 5 Set a READ command
CALL WRTSECO 5 do the I/0
JINZ RIDESECL 5 If error
RET 5 No errors
ROSECL:
ST 5 Error » set carry
RET
HE .23 WRTSEL ~ Write a sector
5 X = ADDRESS OF DATA
H CX = STARTING SECTOR NUMBER
5 BX = SECTOR COUNT
WRTZELC:
MOV BYTE FTR ZZ17WCE»10H 5 Zet a WRITE command
CALL WRTSECO 5 do the I/0
JNZ WRTSECL s If error
RET $ No errors
WRTESECL:
ST 5 Error, Set carrv
RET
LR WRTSECQ — Do read/write, no errar detection
WRTSECO:
MOV =1,0FFSET Z217WCE 5 31 pPoints to command
MOV BYTE PTR [3I+11,0 ;3 Set drive/sector hi = 0
XCHG IZH, CL s Flip sector number
MoV WORD PTR C[35I+21,CX 5 Sector number
MOV BYTE PTR [SI+41.BL 5 Sector count
XOR CX. X
MoV BX, DX 5 BX = address
MoV DX.C5
SHL DX, 1 5 Shift 1 bit
RCL cX,1
SHL DX, 1 5 Shift 2 bits
RCL CX,1
SHL DX, 1 5 Shift 3 bits
RCL CX.1
SHL DX, 1 3 Shift 4 bits
RCL cX,1



CcALL

&

e B o gt g e
2 ?)’;@?& %&oﬁ’f i’%@%& S

e He?

DX, BX
X, 0
BYTE PTR
BYTE PTR
BYTE PTR
BYTE PTR
NEAR PTR
AL, AL

e
%, & B

[SI+51,CL
[(SI+461.DH
[SI+71,DL
[(SI+111,0
EXCCMD

DX:CX = 20 bit

Zero the flags
Do it
Status

The following example is a table that can be used to set up
for a ST-506 drive. In this example, WC is the reduced write-
current cylinder number and PC is the precompensation start-
ing cylinder number.

TUSER
TUSERMH
TUSERMC

TUSERWC

TUSERFC

TUSERSR
TUSERSM

022H

Setur command

Max
Max
Max
Max
Max
Max
Max

head number
cvl hi

c¥l lo

wc hi

we lo

Pc hi

Pc lo

Ster rate

ECC

burst srPan mask

Interleave
Fill character

address
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Theory of Operation

Refer to the block diagrams, Pictorials 4 and 5, and the
schematic for the following discussion.

The Z-217 Disk Controller is a bit-slice processor-based Z-100
bus controller (Z-100 is defined as the bus used in the Z-100
system). It is used to access one or two 5-1/4-inch Winchester
disks. The Z-217 Controller is made up of two boards, a con-
troller board that resides in the Z-100 bus and a data separator
board that is mounted on the drive.

The controller board contains the bit-slice processor and all
the interface circuitry to connect it to the drive, the Z-100 and
the data separator. Commands are issued by the host, re-
ceived and interpreted by the controller board. The controller
then issues control signals to the drive and data separator
to perform the desired function. Command information and
data are transferred to and from the controller by TMA (Tem-
porary Master Access). The data separator board connects
to the controller board and also to the data cable on the drive.
Its function during a read is to take the serial MFM data coming
off the drive and convert it to 8-bit parallel data; the write
operation is just the opposite.



WINCHESTER
DRIVE
DAISY CHAIN
INTERFACE

RAM BUFFER

Z100
BUS
INTERFACE

— BIT SLICE PROCESSOR

DATA

SEPARATOR
INTERFACE
PROMS
PICTORIAL 4
2-217-1 Controller Board
Block Diagram
ECC
GENERATION
+
DETECTION WRITE
CHANNEL
+

PARALLEL TO
SERIAL CONVERTER

CONTROLLER W”\é(}:z}]ls/?{TER
INTERFACE A

INTERFACE

PHASE LOCKED
LooPp
+
DATA SEPARATION
LoGIC

ADDRESS MARK

DETECTOR
+

SERIAL TO
PARALLEL CONVERTER

PICTORIAL 5

2-217-1 Data Separator
Block Diagram
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Circuit Description

The Controller Board

The Z-100 Bus Interface

The bus interface consists of all the devices that connect to
the Z-100 bus. U1, U2, and U5 are the address latches used
during a TMA to hold the address on the Z-100 bus. U4 and
U7, the data latches, are used during a TMA transfer to hold
the data on the bus. U4 is used during a memory write, and
U7 is used during a memory read. All of these registers are
connected to a common internal 8-bit data bus. Information
loaded into these registers, except the data in register U7,
is controlled by the bit-slice processor. U7 is clocked by the
TMA circuit.

U46, a PAL, is used with U80 to decode the port address
of the host. When J31 and J32 are set so AD1 and AD2
are pulled up, the board will respond to an 8-bit port address.
When J31 and J32 are connected to pins 6 and 5 of U80,
the board will respond to a 16-bit port address.

The board occupies two ports, AE hex and AF hex in the
8-bit mode, and O0AE hex and 00AF hex in the 16-bit mode.
These ports are fixed by the PAL. The PAL must be repro-
grammed to change the port address. The port AE hex is
used to send direct mode commands and to read the status
of the Controller. When the host executes an “out” to port
AE hex, the PAL will issue a clock pulse from pin 16 that
latches the value on the Z-100 data bus into U3, the Command
Register. This pulse will also clock U26 (pin 3), setting the
Q output high (pin 5). The second half of U26 is used to syn-
chronize this output to the internal clock.
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Circuit |

When the host executes an “in” from port AE hex, the PAL
(U46) will issue a pulse (from pin 17) to U8 to enable its data
onto the Z-100 bus. Information about the PAL and its pro-
gramming are in the Semiconductor Information section of this
Manual. U8 is the status register that can be used by the
host to monitor the status of the controller. Data is written
to the status register by the bit-slice processor from the inter-
nal bus. U23 is also clocked when the status register is loaded.
If the high order bit of status is a one, U23 will be set and
the Q output (pin 9) will go high. A low from U50 (pin 2) will
then be driven onto one of the vectored interrupt lines of the
Z-100 bus. The host may also execute an “in” from port AF
hex to read the status. The same signal will result from pin
17 but JACK will also be activated, which will cause U23 to
be cleared. This results in an interrupt acknowledge.

When the host executes an “out” to port AF hex, a hardware
reset will result. PRIN (U46 pin 14) will be pulled low causing
RESET (U24 pin 22) to go low. RESET can also result from
the reset line on the Z-100 bus going low. All latches will
return to a known state and the bit-slice processor will run
through a reset program.

Internal Clock

The internal clock of the controller runs at 6 MHz. It is gener-
ated by Y1, a 12 MHz oscillator, then divided by two by U23.
A two-phase 6 MHz clock is then available at U23 pins 5
and 6. Three gates of U47 are tied in series to provide a
6 nanosecond skew (typically). The bit-slice processor will run
off the skewed clock.



The Program Control Unit

The program control section is the heart of the bit-slice pro-
cessor. It includes the PROM’s (U14-U19) which contain the
program, an AMD2910 (U11) that controls program execution,
and the condition code multiplexer (U21, U22, and U32) used
for conditional program operations.

The PROM'’s used in the Z-217 are very fast “registered” bipo-
lar PROM'’s. The register built into the PROM acts as a pipe
line register, allowing the address to be changed while holding
the data stable. The PROM'’s have an access time of about
15 to 20-nanoseconds.

Addresses to the PROM’s are generated by the sequencer
(U11). The sequencer will allow the program to advance,
jump, and execute subroutine calls. This chip also has a built-
in 12-bit loop counter. U11 is also connected to the internal
data bus, allowing constants to enter from the PROM'’s
through U10. These constants can either be used as jump
addresses or loaded into the counter. The instruction lines
to the sequencer come directly from the PROM outputs (data
bits 33-36). J11 is a jumper to allow for future expansion
of the PROM size from 1K to 2K.

U32, U21, and U22 form a 16-to-1 multiplexer. The output
at U32 (pin 5) is the true or inverted value of the selected
input. The input is selected by the micro code data bits 28—31.
The output is true or inverted depending on the state of data
bit 32 (high is inverted). The output of this condition code
multiplexer is fed into U11 pin 14. The purpose of the condition
codes are to allow conditional jumps and subroutine calls and
returns. The inputs to this multiplexer are from various drive,
data separator, and ALU status lines. J12 is also connected
to an input of the multiplexer and serves as the format protect
for the disk drives. If the jumper is not installed, the controller
will not format a drive.
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Circuit Description

Arithmetic Logic Unit

The ALU section of the Controller uses two AMD2901 4-bit
slices to form an 8-bit ALU. (U12 handles the four low-order
bits, and U13 handles the four high-order bits.) U30 is a 6-bit
latch used to latch status lines from the ALU slices. U30’'s
clock is generated by data bit 8 of the micro code and the
non-skewed clock through U24. This allows the status of the
ALU’s to be latched only when data bit 8 is set. The ALU
chips contain 16 internal registers and are addressed by data
bits 14-17 and 21-24. The internal bus is also connected
to the input of the ALU’s. This allows the logical operation
to be performed by several different sources, internal registers
or constants from internal bus or zero. U31 is a dual 4-to-1
multiplexer. It allows the ALU’s to rotate and shift in several
different modes: shift in a zero or one in both directions, shift
in a previously latched carry in both directions, or rotate in
both directions. These modes are controlled by data bits 9
and 10 of the micro code, and the direction is controlled by
the instruction given to the ALU from data bits 11-13, 18-20,
and 25-27.

Internal Bus Control

The sections of the controller board are tied together by a
common 8-bit bus. The section U33 through U35 controls
which element of the controller can drive the bus and which
element on the bus receives the data. U35 is a 3-to-1 decoder.
Its inputs are data bits 46, and control what output will go
low. The outputs of U35 will go low and remain low for one
clock cycle. These outputs will drive the output enables for
the driving elements on the bus. U33 and U34 combine to
make a 4-to-1 decoder. Its inputs come from data bits 0-3.
They also control which output will go low. These outputs do
not go low until the second half of the clock cycle, and remain
low for only that half of the cycle. These outputs are used
as clocks to latch the data off the bus.



Internal RAM Buffer

The data read from or written to the disk is stored in a 2K
by 8-bit RAM. This RAM is addressed by U36—-38. These are
parallel loading 4-bit counters. The desired address is placed
in the counters by the processor through the internal bus.
The address can then be incremented by placing a 1 in data
bit 7. This signal is combined with non-skewed clock by U47
(pin 7-9), and the output is then fed to the counters. U40
is a bidirectional 8-bit buffer so the RAM data can be put
on the bus and vice versa.

Drive and Data Separator Interface

U41 and U43 are latches used to hold the levels of control
lines going to the disk drive. These lines are buffered with
open-collector buffers. The write gate going to the drive is
driven by a special circuit. This line can not be pulled low
during power up until the supply level gets above 4 volts (ap-
prox.). Also on power down, the line can not be driven if the
voltage falls below 4 volts.

U44 is a bidirectional buffer used to pass data to and from
the data separator. U48 is another latch to hold levels of con-
trol lines going to the data separator and to the TMAC (Tempo-
rary Master Access Control).

U45 synchronizes the asychronous signals from the data
separator, the drive, and the TMAC to the internal clock.
These signals are then fed to the condition code multiplexer.
All signals coming from the drive and the data separator have
receivers.



Temporary Master Access Control

This section of the controller controls the DMA transfers on
the Z-100 bus. U28 and U29 are PALs programmed to perform
data transfers on the Z-100 bus. When DMARUN and
BYTRDY are asserted by the bit-slice processor, U28 will as-
sert the IWANT signal, starting U25 and US55 (the arbitration
logic) to determine bus control. The exact sequence and tim-
ing is outlined in the IEEE-696 (S-100) bus specification.

The dip switches permit you to select the DMA priority level
desired for the controller. U27B is used to echo back a signal
called TMACBUSY to the bit-slice processor. This signal tells
the bit-slice that the TMAC is in the process of transferring
a byte. U56 and U20 are buffers used to assert the status
and control lines on the Z-100 bus. The TMAC issues a signal
called ENASDBUF that is connected to the address buffers
of section A. It causes the output enable to go low, so addres-
ses are driven on to the bus. LDDATA is another signal issued
by the TMAC to strobe data into the data buffer at the correct
time during a read cycle. An interrupt at any time in the transfer
cycle will cause the present cycle to complete and then to
release bus control.

The Data Separator

The data separator card and its attendant circuitry are pro-
prietary information and the property of Zenith Data Systems.
For this reason, no circuit description, parts listing, or schema-
tic diagram is furnished. However, you may refer to Pictorial
3, the Block Diagram of the Data Separator Card for general
information as to its function within the Z-217-1 Controller.



Controller Board Connector

P1 -100 Pin Bus Interface

©oONOOONAWN =

N/U
N/U
XRDY
Vio*
VI1*
VI2*
VI3*
Vi4*
VI5*
Vig*
VI7*
N/U
N/U
DMA3*
A18
A16
A17
SDSB*
CSDB*
GND
N/U
ADSB*
DODSB*
|
PSTVAL*

N/U = Not Used

26
27
28
29
30
31
32
33

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

PHOLDA
N/U
N/U
A5

A4

A3
A15
A12
A9
DO1
DOO0
A10
DO4
DO5
DO6
DI2
DI3
DI7
SM1
SOUT
SINP
SMEMR
SHLTA
N/U
GND

51

ELEREES

59

61

SRXBR

67

69
70
[al
72
73
74
75

N/U
N/U
GND
N/U
DMAOQ*
DMA1*
DMA2+*
SXTRO*
A19
SIXTN=*
A20
A21
A22
A23
N/U
N/U
N/U
N/U
N/U
GND
N/U
RDY
INT*
HOLD*
RESET*

76
77
78
79
80
81
82
83

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

PSYNC
PWR=*
PDBIN
AO

A1l

A6

A7

A8
A13
A14
A11
DO2
DO3
DO7
Dl4
DI5
Di6
DI
DIO
SINTA
SWO*
N/U
N/U
GND
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In Case of Difficulty

The Z-217 Disk Controller and Data Separator are not consid-
ered to be user serviceable. If your controller or separator
does not operate properly, first refer to the chart below. If
the problem persists, return it to one of the repair centers
listed in the documentation you received with the Z-100 Com-

puter.

Problem

Possible Solution

Winchester does not boot.

Verify correct version of ROM.

Verify settings of DIP SW101.

Verify correct positioning of programming jumpers.
Check all cable connections.

Remove and reseat Controller board.

Review software. See Z-100 User’'s Manual Winchester
Supplement.

LU
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CIRCUIT HEATH
Comp. No. Part No.

Replacement Parts

DESCRIPTION

Resistors

All resistors are 1/4 W, 5%, unless marked otherwise.

R1,2,4,5,21 6-102-12

R3 6-101-12
R20 6-471-12
RP10 9-135

RP20-RP25  9-124

Capacitors

1000

100 2

470 Q

220 () resistor pack
4700 Q) resistor pack

All capacitors are 20%, unless marked otherwise.

C1-C57 21-786
C100-C103 25-915

Switches

S1 60-667

Miscellaneous

Y1 150-145

Semiconductors

0.1 pF ceramic
47 uF electrolytic

DIP 2 pos. SPST

12 MHz crystal

See “Semiconductor Identification.”
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Semiconductor Identification

This section is divided into two parts. The “Component
Number Index” relates circuit component numbers to Heath
part numbers. The “Part Number Index” relates part numbers
to manufacturers’ part numbers, and provides lead configura-
tion drawings for each part.

Component Number Index

CIRCUIT HEATH CIRCUIT HEATH
COMPONENT PART COMPONENT PART

NUMBER NUMBER NUMBER NUMBER

D1-D2 56-61 U3t 443-1087

Qio1 417875 U3z 443-878

U1-Us 443-1031 U33, U4 443-1075

U6 443-1084 u3s 443-877

u7,Us 443-1031 U36-U38 443-1094

use Not used U39 443-1079

u1o 443-1096 u40 443-1097

U11 443-1091 u41 443-1098 or 443-805
U112, U13 443-1090 v42 443-967

ui4 444-155 u43 443-879

uis 444-156 U44 443-1097

u16 444-157 u4s 443-1098 or 443-805
u17 444-158 U46 444-150

uis 444-159 u47 443-1095

u19 444-160 u4s 443-1098 or 443-805
u20 443-1096 u49 443-1084

u21, u22 443-878 Us0, Us1 443-967

u23 443-900 us2 443-872

u24 444-153 us3 443-901

U25, U2e6, U27 443-1051 uUs4 443-1020

uz2s 444-151 uss 444-154

uz29 444-152 usé 443-857

uso 443-879 us7-U79 Not used

uso 443-1092



HEATH MAY BE
PART REPLACED DESCRIPTION LEAD CONFIGURATION

NUMBER WITH (TOP VIEW)

BAND 7%) DE
56-61 STB620 Diode ’SQ
CATHODE
HEATH MAY BE

PART REPLACED DESCRIPTION LEAD CONFIGURATION

NUMBER WITH (TOP VIEW)

B

417-875 2N3904 Transistor ¢ £°3
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HEATH MAY BE
PART REPLACED DESCRIPTION LEAD CONFIGURATION
NUMBER WITH (TOP VIEW)
vee 62 64 6Y 54 5Y A 4y
443-857 74L8367 Tri-state hex ’
buffer D E [ l:l
Gl 1A 1y 2A 2v 3A 3Y  GND
Vee Ab Y6 A5 Y5 Ad Y4
14 13 12 1 10 9 8
443872 74L514 Hex inverting tbl {>¢
Schmidt
trigger b _bc
2 3 4 5 6 7
Al Yl A2 Y2 A3 Y3  GND
DATA OUTPUTS
vee Y0 Y1 Y2 v3 v4 Y5 Y6
16 15 14 13 12 11 10 9
| L]
443-877 74L5138 3-line to b YO Yl vz Y3 yi s
8-line A Y6
decoder 8 C G‘?A 628 Gl Y7
1 2 3 4 5 6 7 8
A B C, G2A G G, Y GND
SELECT ENABLE ouTPUT
DATA INPUTS DATA SELECT
Vee 4 5 6 7 A B C
16 15 14 13 12 11 10 9
4 05 D6 D7 A 8
443-878 74L8151 8-input D3 c
multiplexer D2 DI D0 v w S
(MUX) J \ T
1 2 3 4 5 6 7 8
3 2 1 0 v W STROBE GND
DATA INPUTS OUTPUTS




MAY BE
PART REPLACED DESCRIPTION LEAD CONFIGURATION
NUMBER WITH (TOP VIEW)
vee 6 6 SO 50 4D 40 CLOCK
6l JulJl el dnl Jo 9
0 B—1 D
0 ckdo—e—obCk T —abck
CLEAR CLEAR CLEAR
443-879 74LS174 D-type hex —¥ ¥
. 3 3
flip-flop TUEAR TLEAR CLEAR
q CKJo—e—op (K a —OpCK a
D] [D D
i I e W
1 2 3 4 5 § 7 8
CEAR 10 1 20 2 3 3% GND
Veeo 2CLR 2D 2¢Kk  2PR 2Q 20
D PR lQj
Dual D flip-f » | o ctn o
] ual D flip-flo TLR g
443-900 74874 p-tlop CK oy Q o
D PR Q
1 2 3 4 5 6 7
1CLR 10 ICK IPR 10 16 GND
Vee 48 [T 3B 3A 3y
7 B FEY S 7Y B 7Y B 7] B ) 8
Quad, 2-input @J @"
- 1 4
443-90 745132 NAND Schmidt » A D B C
1 2 3 4 5 6 7
W 18 1Y A 2 2 GND
443-967 7406 Open collector

hex inverter/
driver




MAY BE
PART REPLACED DESCRIPTION LEAD CONFIGURATION
NUMBER WITH (TOP VIEW)
Vee oY A S5y 4A N
14 13 12 1 10 9 8
443-1020 7407 Open collector ‘
hex buffer/
driver [> [> [>
1 2 3 4 5 6 7
1A Y W2 3 3Y  GND
S e g g g g g & g I
pi) WO BT') I N3 S N7 ) S NTY B T) R NVY B FE) S V) S Y
443-1031 74ALS574 3-gate
octal D flip-flop
1 2 4 5 6 8 910
s 2 15 K = R 2 2 5] 2
2 2 2
Ye¢ CIR 2D ClK PRE 20 20
14 13 12 1 10 9 8
k J OR N PACKAGE
443-1051 74ALS74 Dual D flip-flop
_|1|_|2|_|3HAH5H(’H7'J
1 1D 1 1l 1o 10 GoND
CIR CLK  PRE
123 4%
El E3
AghL Ay £
443-1075 74F138 3-line
to 0p 010,030,050, 0y
8-line decoder ‘i’ T T T T T T T
151413121110 9 7
Ve PINI6
GND = PIN 8




MAY BE
PART REPLACED DESCRIPTION LEAD CONFIGURATION
NUMBER WITH (TOP VIEW)
Q “ I= [o=] ~ Ne) 8 b4
= 2 2 2z o T v 8 & g 8 8
sl 22l 2t 20 0] s | e el 15| a4 13
443-1079 TMS 4016 2K x 8 static RAM b
3 8 9 10 11 12
T 2 2 ¥ 2 % I 2 33 3 4
Vo e ey SA Sy 4a 4y
1 13 12 11 10 9 8
443-1084 741519 Hex inverting »
Schmidt
trigger
1 2 3 4 5 6 7
W Iy A 2y 3A 3  GND
ouTPUT
CONTROL
A DATA INPUTS oUTPUT
Vee 26 SELECT 2y
16 15|14 13 12 1 10 9
263 2c2  2c1  2c0 Y
L 26 B B A A
443-1087 74LS253 Dual 4-to-1 MUX
Lr 16 BB A A ‘
103 12 1l 101y
| | | [ 1
1 2 3 4 5 6 7 8
OUTPUT B OUTPUT GND
CONTROL SELECT DATA INPUTS Iy
16
— x j{
8750 B Fo 85 T LIS S
F‘AOH39”38H37”36”35”34”33“32”31”30”29“28"27”26”25”24”23“22”21l_
443-1090 2901B 4-bit -
arithmetic
logic unit
(ALU)

®
IH2ZA3HAHSHON7THE A O HIOLINI2A 13 141516 1711 18 191 20
™Mo - [=] (=] o o o [ =) [=] — o~ O o [= — o Laal
L€ L€ L L - = - 5 = oYl - — — O O m o o m
x>




MAY BE
PART REPLACED DESCRIPTION LEAD CONFIGURATION
NUMBER WITH (TOP VIEW)
a T
S AN TS5 S 218 >—~‘3'_‘>-9c2>—o S5 a0
o)yl 2 0 H 29 28l 27 WaeH s 2a){ 23]{ 22l 21
443-1091 2910 Micro-program controi
[}
1H2Rs3HaRsHeH7HeH o HiofuH 41516 17 18[{ 195 20
qqmmr—_an—_g\_NU_-—_Qzucj O O M~ e~
>—o>—c|§|o_|§ R ‘§|u|°—:‘|ao>o>-
v
cc I 1D 2% D 2 28
14 13 12 11 10 9 8
 E—
443-1092 7415260 || Dual 5-input NOR gate »
™
1 2 3 4 5 6 I
1A 1B 1C  2A Iy 2y GND
INPUTS OUTPUTS INPUTS
DATA RIPPLE MAX/ DATA  DATA
CC A CLOCK CLOCK MIN LOAD C b}
16 15 14 13 12 1 10 9
A VUURIPPLEMAX,  LOAD €
CLOCK MIN
P B D
443-1094 74L.5191 Up/Down sync. counter
% % cmenoowue 9% 9
[ i | [
DATA 0, O, ENABLE DOWN 0 0p  GND
B upP
- _— —_
INPUT  QUTPUTS INPUTS OUTPUTS
Jor N PACKAGE
443-1095

74AS804 Hex 2-input
NAND driver

POSITIVE LOGIC: Y<AB




MAY BE
PART REPLACED DESCRIPTION LEAD CONFIGURATION
NUMBER WITH (TOP VIEW)
8 g £ % ¥ % £ g % B§
Nkl 18 J¥2 W [FUY S TS S VY S I B 5
443-1096 74ALS244 3-state octal buffer
1 2 3 4 5 6 7 8 9 10
= Z ¢ % £ z § E % 2
= Jo 3 ¥ m & &2 & B 2
n I 18 17 16 15 14 13 12 11
443-1097 74ALS245 3-state octal
transceiver
£ 2z 2 2 T =2 X = 2 g
8 (=4 =] =] (=4 o a =] o =
= ==} o P~ P~ Ne) N=) [Ta) T2y <
ool dwef sl updnldizldn
Q D D Q Q D 0 0
CLR CK CKCLR CLRCK CKCLR
443-1098 74ALS273 Octal
or— -or— flip-flop
443-805 7418273 CLR CK CKCLR CLRCK CKCLR
Q D D 0 Q D D0
1 2 3 4 5 6 8 9 10
o (=4 a (=} (=4 o a [=4 a
'C; — — oJ o e} o < <r 5
P ) W DT S T S TR S B U'Y B T3 o B7') o Y'Y S BVY i Y
See page
444-150 following Address decoder
these charts.* J—r AND GATE ARRAY
i N 1 T I 1
LA e L HE

*This component is available only from Zenith Data Systems or Heath Company.




MAY BE
PART REPLACED DESCRIPTION LEAD CONFIGURATION
NUMBER WITH (TOP VIEW)
19 vl s d el ldeldn
444-151-1 »* TMACA T ﬁ 5
444-152-3 * ; 1 [ 1 [ [ ﬁ
Array logic ‘ ANDG TL ARRAY ]
T I I I I | 1 T
dHsHaHsH s THsH s Hw
sl 2] al ] Jio] ]s]
444-153 * PAL "h rh
444-154 * Arbitrator (AND GATE ARRAY
8 9
444-155-2 * Bits 07
444-156-2 * Bits 815 » o = ~ o
< <« w |12 18 8 I ° S ST T
sl el al ol ol ] el sl
444-157-2 * Bits 16—23
444-158-2 * Bits 2431
* .
444-159-2 Bits 32-39 3 TH s 6 7 g sHuoHuH 1
e < < {f"\ (N <'_‘ <(O OO O—. o QDZ_’J
444-160-2 * Bits 4047
444-9038 * 1K x 8 PROM

*These components are available only from Zenith Data Systems or Heath Company




N

&

s

e
{7
o
S
-
i
R
gy
% S:é
-
-
sy
e
F
%@?ﬂ

PAL Equations for 444-150

PDBIN vee

PWR

st

Sout

SINP
AT

A6

T I
AVYNY I1V9 ANV

VYYY

A5

| I

Ad

T2

A3

SRES = SOUT*PWR*AD1*AD2+AT*AG*AS*A4*A3*A2+A1*A0

TACK = SINP*PDBIN*AD]*AD2*AT*AG*A5*A4*A3*A2*A1*A0
LDCD = SOUT*PWR*ADI*AD2*AT*A6*A5*A4*A3*A2*AL
RDST = SINP*PDBIN*ADI*AD2*AT*AG*A5*A4*A3*A2*AL
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Circuit Board X-Ray View

NOTE: To find the PART NUMBER of a component:

A. Find the circuit component number (R111, C101, etc.)
on the “X-Ray View” (fold-out from this page).

B. Locate this same number in the “Circuit Component
Number” column of the “Replacement Parts List.”

C. Adjacent to the circuit component number, you will find
the PART NUMBER and DESCRIPTION.
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