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1.1 OVERVIEW

The QX-16HD has the same specifications as the QX-16 except as noted in the following sections.
Inthe QX-16HD, drive B houses the hard disk unit, which is connected to the APX-ISYM{HD) board
via the APX-T interface board. Figure 1-1 shows the main unit configuration.
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1.2 DIFFERENCES BETWEEN THE QX-16 AND THE QX-16HD
Hardware differences between the QX-16 and the QX-16HD are listed in Table 1-1.

TABLE 1-1. HARDWARE DIFFERENCES

QX-16 QX-16HD
Control ISYM APXASYM crrcuit board ARX-ESYM{MDY crrcut board
circuit {Modified APX-ISYM circuit
board board)
Disk Drives  Floppy Disk Drive 80543 x 2 SD-543 % 17
(FDD}
FDD affixing plate B £0D affixing plate B
(for QIX-16) ffar OX-16HDY
FO0D sorews FDD screws
Mix8ixa (M3 x 8l x4
(X186 FOD protective plate QX-18HD FDO protective
plate
Hard Disk Drive Nane [K5032 x 1
{HDD)
HOD screws
(Md x B)x 2
One HDD insutating shaet
I’F Board MNone AFX-T circuit board x 1
Case Uppet case - Upper case for QX-16 Upper case for QX-16HD
Label Une labet, manufactiirer's Unit |abel, manufacturer's
plaiz and DRIVE label are plate and DRIVE, |abel are
differant different
Screw Tightaning screw for FOD Tighiening screw for FOD
protective plate and protective plate and
groundng plate 2 grounding plate 2
(MAx B x3 M3 xd)x3
Cable HDD cable None Cable set #5AR

Cable sot #5A5
Cable sat #5AT

* Q%16 HO front 15 black.
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1.3 MAIN UNIT

Figure 2-2 shows the QX-18HD logic block diagram. The APX-ISYM (HD) board is an APX-ISYM
board modified (by a frace cut, an additional resistor, and an added jumper to connect the 12VC
power to the option slots) to work with the hard disk. The QX-16HD uses onea of the option slots
to house the APX-T hard cisk interface board.
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FIGURE 1-2. QX-16HD LOGIC BLOCK DIAGRAM
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1.4 APX-T BOARD

The APX-T circuit board (Figure 1-3) is the hard disk drive control circuit board, which is utilized
by inserting CN1 in one of three option slots of the QX-16HD. Three cable sets (5AR, 5AS, and
5AT) connect CN2, CN3, and CN4 with the hard disk drive; CN1 on the APX-ISYM(HD) board is
not used.
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FIGURE 1-3. APX-T BOARD COMPONENTS
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1.5 HARD DISK DRIVE

The DK503-2 hard disk drive is a half-height, sealed disk unit which utilizes a 5.25-inch magnetic
disk and a Winchester light-load head. A high speed stepper motor system is used as its seek
mechanism, and the drive has a large capacity and high refiabitity,

1.5.1 Environmental Conditions

Operation Storage
Temperature 5Cto3sC 20CtoB0C
Humidity 20 - 80 % 10 - 80 %
Resistance to shock max. 2 3 max. 20 G
{1 msec)
Resistance to vibraton 0.25 G 24
(5-50 Hz)

1.5.2 HDD Specifications
Table 1-2 lists the HDD specifications.

TABLE 1-2. HARD DISK DRIVE SPECIFICATIONS

ITEM SPECIFICATION

Total memory capacity Unformafied 13.33 MB
Formatted 10.495 MB

Capacity per area Formatted 2.79 MB
Capacity per track Formatted 874 B
Capaoity per sector Formatted 512 B
Sectors per track (Sokt sectan) 17 Sectars
Mumber of disks 2 Disks
Number of heads 4 Heads
Nurmber of cylinders 320 Cylinders
Mumber of tracks 1,280 Tracks
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2.1 APX-T CIRCUIT BCARD OVERVIEW

The APX-T circuit block diagram is shown below. An explanation of each block function is provided
after Figure 2-1.

{HARD DISK (XNTROL CIRCUIT)

i ¥
HOST : ¢ :
INTEREACES 1L > I N e :EI ::
DISK ("~ " T T
WRLTE . HARD
on- ! ' g
= PRECOMP =) q::b DISK
TROLLER LOGIC i & DRIVE
SECTOR S = = SWO2OO = = chrreed A3 B
BUFFER | (T ; S “=thE
!} BUFFER |, [ ! ' DATA '
(2016} NCONTROLLERY™] 1 I Q,= SEPARA- ¢
| : | TOR '
TWoLIOD-ED) TGP R |
{BUFFER CONTADQL CIRCIUNT) { DATA WRiTE CIRCULT :I

FIGURE 2-1. APX-T BLOCK DIAGRAM

Host Interface Logic

Performs APX-T board carc select signal generation and /0 of commands and data from host CPU
and status and data from HDOC (Hard Disk Controller).

Sector Buffer

A 2-Kbyte 2016 is utilized as the sector buffer. HDD write and read data read by the HOC are stored
once in the sector buffer.

Buffer Control Circuit

Sector buffer address incrementation, counier clearing, and generation of the sector buffer chip
select signal are pericrmed by this circuit. The main functions of the buffer control circuit are per-
formed by the buffer controfier (WD1100-21), which generates the hard disk head select signal and
drive select signal, and performs sector buffer control.

Hard Disk Control Circuit

This circuit is incorporated in the hard disk controller (WD2010), with a signal inversion buffer circuit
provided externally.

Data Write Circuit

This circuit is utilized when write data is sent to the hard disk. The write data signai timing is adjusted
in this circuit to prevent the peak shift phenomenon.

2-1
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Data Read Circuit

This circuit separates the hard disk drive MFM data read puises into a read puise and a clock pulse.
The Veoclk signal, generated by the data separator {DP8460). is sent to the data separator circuit
in the hard disk conirolier (WD2010). Separation of MFM data is performed in the data separation
circuit using the Veoclk signal.

2.2 APX-T CIRCUIT BOARD QO ADDRESS MAP

The APX-T circuit board 110 address map and each register built into the aclual circuit elements
are shown in Table 2-1. The functions of the registers are explained after Table 2-1. The CPU sets
the data required for hard disk control with these registers.

TABLE 2-1. APX-T BOARD ADDRESS MAP

ADDRESS READ WRITE
BOH ~Saoteyr buffer Sector Buffer Sectar Buffer
{2016)
81H Error register Write Precomp Cylinder Hard disk controller
22H Sector Count Reguster WD2010
83H Sector Number Register
84H Cylinder Register i.ow
85H Cylinder Register High
87H Staius Registar
86H SDH Register Hard disk controliar
wD2010
and Buffer controller
WD1100-21

Error Register:

Write Prearmp Cylinder:
Sector Count Register:
Sector Number Register:

Cylinder Register Low:
Cylinder Register High:

SDH Register:
Status Register:
Cormmand Register:

2-2

Sets error data wilh command completion.
Sets cylinder number with which RWX signal is output (128 cylinders.)
Specifias the number of sectors actessed during muttisector operation,

Enters the sector number accessed first, It is incremented by one
during a multisector commana,

Enters the cylinder number for the lower 8 bits.

Enters the cylinder number for the upper three bits. The remaining
5 bits are gnored.

This register specifies the sector size, drive number, and head number.
Sets status data.

Loads commands to be executed. After a command is loaded,
execution pegins.
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2.3 IC FUNCTIONS

The fogic I1Cs on the APX-T circuit board are the hard disk controller (WD2010) and the buffer can-
troller (WD1100-21), which are described in the following subsections:

2.3.1 Hard Disk Controllar (WD2010)

The hard disk controlier {WD2010} receives commands from the host CPU, writes and reads MFM
data to/from the HDD, performs HDD control, and sends HDD status data to the host CPU.

The WD2010 adds exclusive code after writing MFM data to the HDD for each sector. The WD2010
performs check (read errer or not) and automatic error correction during reading operation by
using this code.

The hard disk controlier operates in accordance with CPU instructions. The APX-ISYM{HD) circuit
board CPU manages the hard disk. A description of the hard disk controlier pins is provided in
Table 2-2.

TABLE 2-2. WD2010 PIN DESCRIPTION

MNEMONIC  SIGNAL NAME ‘PIN NAME VO FUNCTION
BCS BUFFER. GHIF 1 o Whar active, # enables reading or writing the
SELECT extarnal Sector Buffer, as well as controlling bus

switching.

BCR BUFFER 2 0 BCR iz active prior 10 read and write functions, It
is high every tme BCS changes staie.

MR MASTER RESET 5 I When active, MR initiatizes all internal Togic, except
the Task File.

RE READ ENADLE 6 O Tri-state, bidirectionat signal. RE is an input when

reaciing the Task File. and an output when reading
the Sector Buffer.

WE WRITE ENABLE 7 QO Tr-state, bidirectional signal. Used as an input
when wriling to the WD2010 Task File. Used as
an guiput when the WD201G is writing to the Sec.

tor Buffer
CSs CHIP SELECT 8 CS must be high to read from or write to the
WDOZ2010 Task Fiie.
AD ADDRESS o 9 Frovides the address of the register within the
through through thraugh Task File that is to transmit or receive on the
AZ ADDRESS 2 11 data bus.
o7 DATA 7 12 He; 8-hit, tr-state, bidirectional bus uwsed for the
through throLigh through transfer of commands, status, and data.
Do DATA O 19
BRDY BUFFER READY a5 | When active, the Sector Buler is full or empty.
STEP STER PLLSE 27 O This signai is used for pulsing the stepper motor.
It has a puise width = 1.6 usac for a stepping rate
of 3.2 msec per step, and 8.4 usec for aii ather
stepping rates,
DRDY DRIVE READY Pl | DRDY must be high to execute any drive relatad
COMMAands.
INDEX INDEX PULSE 29 I Tha laading edge of thie signal indicates that the

index mark has bean detected.

2-3
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TABLE 2-2 WD2010 FIN DESCRIPTION

MNEMONIC  SIGNAL NAME FIN NAME FUNCTION

WF WRITE FAULT 30 Whan mgh, WF indicates a write error at the drive.
This will halt al write, . read, and siepping
commands.

TKOOO TRACK 000 3 This signal is autput when the reaclfvrite beads sre
positonad ovar track 0 {eyh.C00). Itis used to verify
proper complation of a resiors command.

5C SEEK az The leading edge of SC indicates that the

COMPLETE drive has setfied down atter steppling, # s static
tested i the rsing edge has not been received
within 10 revolutions after the stepping pulses.

DIRIN HBRECTION IN 26 This signal delermunes tha direction of the
ragtifwrite heads when stepped. A high signal
moves them in, a8 low signal, ool

RO READ DATA 37 MFM data clock pulses are received from the drive.

“The ciock pulses and data are separsled internalty,

RG READ GATE 38 ARG is high when a search for an agdress mark is
initiated. It remaing high-until the end of the ID or
data fielt. (See drive interface.)

BCLK REALD CLOCK 39 This clock is generated by a VCQ, phase locked
to data read from the disk,

DRUN DATA RUN 34 DRUN informs the w2010 when a field of all ones
ar zeros has bean delected. {See drive interdface )

LATE LATE 22 This signat is used in the write precompensation
circuitey along with CARLY to contred e delay of
WD,

EARLY EARLY 23 This signal is used in the write pracompensation
circuitry along with LATE o condrol the delay of
wh.

WG WRITE GATE 24 WG is oulput when valid data is to be wntten. It
enables write current to the head and is immeaiate-
y brought 1ow it & Wiite Fault (WF) is detected.

WCLK WRITE CLOCK 25 A5 MHz clock used internally 1o control WD,

AWC REDUCE WHRITE 33 RWC can be programmead to redice the write
CURRENT current starting at a selected cyiinder. (See write
precomp cyiindar regster,)

WD WRITE DATA 21 WO is the MFM data 1o ba written to the disk. Tha
fragquency is conirolied internally by WC and should
be stabilized further sxternally bty a D fig-flop cock-
ed by a 10 MHz clock, The output bas an active
pui-up and puil-down thal can sink 4.8mA.

Veo + 5V 40 +5 Volts

Vss Ground 20 Ground
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2.3.2 Buffer Controller (WD1100-21)

FRINCIFLES LOr QFERATION

The buffer controller's main function is sector butfer address specification. The CPU and hard disk
controlier (WD2010) do net centrol the sector buffer address. The buffer controller also generates
the drive select signal, head select signal, and the DRUN signal. The pin terminals of the buffer
controlier (WD1100-21) are expiained in Table 2-3.

TABLE 2-3. WD1100-21 PIN DESCRIPTION

MNEMONIC  SIGNAL NAME FIN NAME /O FUNCTION
Do DATA D 25 7-hit data bus used to write to the SDH
through thraugh through Register.
D& DATA § k1|
WE WHITE ENABLE 17 Must be active it write to the SDH Register. WE
or RE must be active o increment the Buffer
Address Counter.
RE READ ENABLE 18 ARE or WE must be high to increment the
Butter Address Counter,
A2 ADDRESS 2 22 I AZ through AQ are used to address the SDH
through through through Regster (A2-AD = 8) and incramanl the Bufier
AD ADDRESS O 24 Address Counder, {A2-AD = 0,
Cs CHIP SELECT 16 | Must be active to write to tha S0DHM Register.
MR MASTER RESET 10 | When agtive, i initisfizes & internal logic, incheding
the SDH Register,
BCLR BUFFER CLEAR 3z o When active, this signal indicales that the Butfer
Addrast Counter has baan cleared.
RCE RAM CHIP 33 O Activated by BCS, or C3 and AQ through A2
EMARLE equal to zero. Used to enabile access to the Data
Buffer.
Al10 BUFFER ADDRESS 34 Buffer Address Counter. Jsed 1o address the
through 10 through 15 through Data Buffer.
A15 39
BCS BUFFER CHIP 11 1 When active, this signal asserts RCE.
SELECT
BCR BUFFER COUNTER 12 | This signal resets the buffer address counter
HESET to zera, marking A10 through A15 = 0.
BROY BUFFER READY 14 Q This signal is output when the buffer counter (A10
through A15) has reached the sessior size specifiad
in the S0DH Register (512).
DRH DRIVE SELECT 5 | Most significant bit of the drive select number, Must
HIGH be encoded externally.
HD1 HEAD SELECT 1 8 | Bit 1 of the head select number. Must be encoded
axternally.
HDG HEAD SELECT 0 g I Bit O of the head select number. Must be encoded
externally.
DRDA READ DATA 1 1 | Thig signal is data read from disk dirve 1. It iz

shaped and placed on cutput pin 13,
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TABLE 2-3. WD1100-21 PIN DESCRIPTION {Continued)

MNEMONIC  SIGNAL NAME PIN NAME YO FUNCTION
DRTIM DRUN TIMING 19 | An external load used to adjust DRUN to a
nominal pulse width of 250 nsec,
DRUN DATA RUN 15 0 This signal is output when a field of ones or
zercs has been detected.
Vss Ground 20 Ground
Voo +5V 40 +5 Valts

2.4 OPERATION MODES

HDD write data and HDC read data are stored once in the sector butfer. Sector buffer reading and
writing are performed by the CPU on the APX-ISYM(HD) circuit board. The CPU accesses the sec-
tor buffer as an /O port.

APX-T circuit board operation is performed in the following two modes:

Read mode: Reads data from the hard disk and stores it in the secior buffer.
Write mode: Reads data from the sector buffer and writes it to the hard disk.

2.4.1 Read Mode

Commands required for hard disk operation are sent to the hard disk coniroller (WD2010) or buffer
contreller (WD1100-21) by the CPU. The signai iines and fiming for this are shown in Figures 2-2
and 2-3,

ALDIESS )( A0,Al, A2 STABIE X

AN

- NN
0B7-0 XXX

KKK

XX

DATA MUST
BE VALID

FIGURE 2-2. COMMAND WRITE {CPU TO TASK FILE)
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When a command is executed, data read from the hard disk is output to terminais DO-D7 of the
hard disk controller. The hard disk controller writes data in the sector buffer. When thig occurs, the
sector buffer address is specified by the buffer controiler (WD 100-21). The signal lines used and
signal timing are shown beiow.

B7-0 < para varzn > {onrn vaLIH— f——

FIGURE 2-3. BUFFER WRITE TIMING (WD201C TO SECTOR BUFFER)
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2.4.2 Write Mode

Data to be written to the hard disk is sent to the sector buffer by the CPL). The butfer controller
(WD1100-21) specifies the sector buffer address. During writing, the CPU specifies address 80H
only. Commands reauiring hard disk write operaticn are sent to the hard disk controlier WD2010
or buffer controller , as in the Read Mode. {See Figure 2-2.)  During hard disk data write, the
hard disk controlier operation is as shown in Figure 2-4; Figure 2-5 shows the buffer read timing.

B7-0 \-DM'AVALID/ <DATAVALI> ”"'_'_

FIGURE 2-4. DATA WRITE TO HARD DISK

BCS

DB7~=0

FIGURE 2-5. BUFFER READ TIMING (SECTOR BUFFER TO WD2C10)
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After read- or write-mode execution, status data and error data are stored in the register of the hard
disk controller (WDZ2010). The CPU reads this data after command execution ¢compiletion. Signal
lines used during that time and signal timing are shown below in Figure 2-6.

Mo A AZSTARLE Y

FIGURE 2-6. WD2010 REGISTER READ BY CPU fND2010 TO CPUY

2.5 APX-T LOGIC CIRCUITRY
2.5.1 Host Interface Logic

The host interface circult, Figure 2-7, consists of a circult that records the /O address of the APX-T
circuit board and the bus girection conversion circuit of the L5245 bidirectional buffer on the data
bus. The host interface circuit is shown below in Figure 2-7. Circuit aperation is described foliowing

the figure.

L5245 (TC]

oa

To
cru

o7

A a

4 pIe

et

oo

o7

WD<01q

RE signal
LS11E (7TB) —_—
18D
BERE O=——51 £:1:3]
B] O (FG TH
Ad >——(NcTE
AY g———iit i D [1% WDaO 10
:g 0——“-—2 BCI SGHAL
FIGURE 2-7. HOST INTERFACE LOGIC
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2.5.1.1 APX-T GCircuit Board Decoding (All of the following conditions must be satistied.)

Address signal lines A3-A7 show 8XH.

BSAK must be high. This indicates that the DMA (8237) on the APX-ISYM(HD)
circuit board is not in use.

BCS of the WD2010 must be high. The WD2010 must not access the sector buffer.
2.5.1.2 L8245 Direction Determination
To A from B—IRD is active—The CPU is executing the 1/0 read cycle.

From A to B—IRD is inactive—The CPU is performing other than the I/O read
cycle.
(RE of the WD2010 is a tri-state bidirectional ter-
minal. RE is low sometimes. However, RCS is ac-
tive at that time, which closes the LS245 gate so
that the CPU is not influenced.)

2.5.2 Buffer Control Circuit

The buffer control circuit (Figure 2-8) consists of the buffer controller (WD1100-21) and a binary
counter (LS293). The function of the buffer control circuit is as shown below.

Sector buffer address incrementation
Buffer counter clearance.
Sector buffer chip select signal generation.
These operations are executed by the hard disk controller (WD2010) or CPU.

2016 woLloa-21 wp2g1n
o0 AQ ALD
h Al ALL
A2 : AL2
Ly ALY G g
AL
A4 AlS BCR BeR
A
A WE WE
JRS—— o ¥ | A _
A RE v e
AlL
2 l L
TR
i)

BCLR
% 15203

FIGURE 2-8. BUFFER CONTROL CIRCUIT
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2.5.2.1 Sector Buffer Address Incrementation

The conditions for address incrementation are shown in Figure 2-9.

wWpllog-21
[ - - 1
, '
BCS -
Tory .
I
LQ !
—CH
r ro COUNTER
g5 CONTROL |
I|' :],L
RE T '
BUFFER
' COUNYER
WE
- — — — el

FIGURE 2-2 ADDRESS INCREMENTATICN FOR SECTOR BUFFER

Buffer addresses AO-AS are specified by the buffer controller (WD1100-21). Addresses AG-A9 are
specified by the L5293,

Address specification by the 1.5293 is as shown in Figure 2-10. When the sector buffer address
becomes 512 bytes, the WD1100-21 outputs BRDY to the WD2010.

riger » A A DI DO DI
w _ 07 V) VA V7 T VA T T T
[ﬁ?}a ,///;: - ]

(s8) o] it
0 A, ~

FIGURE 2-10 UPPER ADDRESS INCREMENTATION FQR SECTOR BUFFER
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2.5.2.2 Buffer Counter Zero Clear

Buffer counter zero clear is executed wnen BCR, output by the hard disk controller (WD2010), is
active. (BCR becomes active every time the status of BCB changes.) When BCR is active, the buffer
controiler (WD1100-21} clears address signal ines A10-A15 1o zero. Aisc, when this ocours, the
WD1100-21 makes BCLR high and all IC 1.5293 outputs fow.

2.5.2.3 Seactor Buffer Chip Select Signal Generation

The sector buffer chip select signal, CS, is output by RCE of the buffer controlier (WD 1100-21). Con-
ditions fer RCE ouiput are shown in Figure 2-11.

WDL1l00-21
i ]
i |
BC%
e RCE
1 |
1 | B
N
cs

FIGURE 2-11. RCE SIGNA| GENERATOR CIRCUIT
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2.5.3 Hard Disk Control Clrcult

For the mast pan, the hard disk controi circutt is built into the hard disk controller f#D2010). However,
exceptions to this are the HOD drive select signal and the head delect signal which are output by
the butfer controller (WD1100-21). Altogether there are 11 control signal lines. This section describes
the generation of the HDD drive seiect signal and the head select signal by the buffer controller.

The bufter controfler IC is provided with a SDH (Size, Drive, Head) register. The CPU writes head
select and drive select signal data to this register. The SDH register address is 86H. The function
of each SDH register bit is shown in Figure 2-12.

T 1 ' | 2 to
EXT SIZE DAIVE HEAD
(3 5 SECTOR SIZE 4 3 DAIVE » 2 1 T HEAD #
o | 0 288 0| 4 DSEL 0o {a HSELD
4 1 52 4 1 DSEL 2 o ] i HSEL }
1|0 1024 i | a DSELY ol 1| a HSEL 2
1 1 128 i 1 DSEL 4 a 1 i HSEL 2
t o | o HSEL 4
e | HEEL 5
i i a HSELS
i 1 1 HSEL?

FIGURE 2-12 SDH REGISTER

The content of SDH register biis O-1 are output to the WD1100-21 head salect signal {HDG, HD1)
pin. The content of SOH register bit 4 is cutput to the WD1100-21 drive select signal (DRH) pin.

2.5.4 Data Write Circuit

The write data {WD) output by the hard disk controller (WD2010) is coriverted to MFM data. However,
it is not practical to send this data directly to a hard disk because peak shift occurs, which easily
causes errors ta occur. To prevent peak shift, the write data (WD) output timing is adjusted by the
data write ¢circuil, called a write precompensation circuit.

The hard disk magnetic inversion spacing is 200 ns, 300 ns, and 400 ns. The output waveforms,
with which 1 pulse is written to disk, are as shown in Figure 2-13 (left). When 2 pulses are written
with 200 ns spacing, each independent waveform interferes and the peak of the synthetic waveform
15 shifted from the write location as shown in Figure 2-13 (right). This is called peak shift. To eliminate
this interference as much as possible, write compensation is performed. Since peak shift can be
foreseen, write iming s shifted in a direction which automaticaliy reduces the peak shift. Write com-
pensation is performad past the cylinder 128 circumference with 13 ns as required compensation.
This circuit is called a write precompensation circuit and is shown in Figure 2-14.
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PRINCIPLE OF WRITE PRECOMPENSATION
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FIGURE 2-14. WRITE PRECOMPENSATION CIRCUIT
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The signal liming of this circuit is shown in Figure 2-15. Hard disk controller (WD2010) terminal WD
is the input terminal, and $151 terminal W is the output terminal. The hard disk controiler signals
(RWC, LATE, EARLY) control this circuit. RWC is active when the hard disk drive head position is
past cylinder 128. LATE and EARLY are output with automatic timing provided by the hard disk
controller. The WD signal output is synchronized with CLK by the LS174. The signal input to the
delay element (DCE 05-20) terminal IN is cenverted to three signais (T1, T2, T3) as shown in Figure
2-15. 8151 terminals A, B. and C are gate terminals. The D0-D7 input terminal signal output by
terminai W is selected by this signal. THe LATE/EARLY signal output is synchronized with CLK by
the LS174. These two signals are inpuf to 5151 terminals A and B after a 1 clock delay.

TABLE 2-4. 5151 LOGIC

INPUTS QUTPUTS
SELECT 5TROBE

c B A 5 Y W
X X X H L H
L L L L Do Do
L L H L o1 D1
L H L L o2 0z
L H H L 03 D3
H L L L 04 D4
H L H L 05 D5
H H L L 6 DB
H H H L o7 o7

It the RWC signal output is low, the W signal output is always signal T2. However, when A and
B are both low, W output is still high. If RWC signal output is high, W signal output is determined
by the status of the A and B terminals. When A is low, signal T3 is output to terminal W. When B
15 low, T1 is output to terminal W. When the signals of terminais A and B are simultaneously high,
signal T2 is output; however, when A and B are low, terminai W oltput is still high. The SMHz clock
is input to terminal WCLK, which is used to control the write data (WD) output of the hard disk controller.
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2.5.5 Data Read Circuit

The data read circuit (Figures 2-16 through 2-18) separates MFM data read fromthe hard disk into
a read pulse and a clock pulse. The Vcoclk signal, which separates the MFM data, is generated
in the data read circuit. The data read circuit is composed of two functional blocks:

VFO circuit
Data separator

Vo oclk ggptaaxat‘fd
MFM DATA VFO 2 DATA > puise
o Qs . .
“| Circuit _ Separa- . Separated
;l tor < Clock pulse
FIGURE 2-16. DATA READ CIRCUIT BLOCK DIAGRAM
WD}.J.O_O—Z]. WD2C10
DRUN % DRI
+5
RD
RG
L
DRDL -1
&C “I-C
MM DATA @ @
.5 afo|dfz 'O MHz Clocx MFM DATA
] T0 \f
Ea) 0 +5
B S e x
Jdow ol Bl pozf et TR
L r @ K —=orix B 2 L| :: 1.5Kn
oo ? o CHE s i 20
e [EF C: °‘§ perll? [—”% ?':hf
['L3 3% o I AL a
W‘i} . 2: ,c,é]%,::: 12 fux|
- 3 o 1Ka 1%
3wl Cour" 1=5Ed 150pF 5T
a - ®a car o o

FIGURE 2-17. DATA READ CIRCUIT
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Figure 2-18 shows the data read internal circuit.

oDo8464
el A L _:
MET !

: ] EDAT, I
' hase Cha |
cx —H 2 Bl Emamr—'b rge Filter 1
WD1100-21 HOMHZH gLk : P !
1 ]
— ‘
! RG veacLk hsiiomisen]

R FlT — — o e = =

phm] T 3
DRI
SRR S (RSP DR

q

I

Jais] R . RG JRCIK :

' .

I

|

I

1

(o) T

w2010

FIGURE 2-18. DATA READ INTERNAL CIRCUIT

DRUN s active when terminal DRD1 detects a sync field (1°) called sync start. (MFM data is
input to terminal DRD1 )

RG Becomes active several bytes after the sync field is detected. When this signal is low, the
VFO circuit response speed is-fast and the jock time (2*) is short. When it is high, the
VFO circuit response speed is slow, which only follows a slow phase change, such as
a rotary speed change. (indicated during data read.}

"1 Sync field: Figure 2-19 shows the hard disk format. The sync field exists at the begin-
ning of the ID field and data field which consist of "00”.

"2 Lock time: Operates to match sync field signal timing. Lock time is the time period
from sync start to synchronization.
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FIGURE 2-19. HARD DISK FORMAT

2.5.6 MRM Data Transmission and Reception Methods

To improve noise performarice, the circuitry illustrated in Figures 2-20 through 2-22 is used for MFM

data transmission and reception. The principle of noise performance is shown in Figure 2-23. When
WG is inactive, + MFM WD and -MFM WD terminals have high impedance.

“ +MEM WO

LT3 3A ‘ O+MFM D
MFM I
WRITE 1
OATA MEv. 12 a

. WO——
2 DATA
"' ~MFM WD I
; O =MFM RD
s

FIGURE 2-20. MFM DATA TRANSMISSION CIRCUIT

Weite Data . l_] [_'I ]_]
i

(ea) .
PIN 2 G 1 (High Impedance)
PIN3 G 1] ] {High Impedance)

FIGURE 2.21. WRITE DATA TRANSMISSION LINE WAVEFORMS
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FIGURE 2 —-22. READ DATA TRANSMISSION LINE WAVEFORMS

2.5.7 Index/Track Zero Sensors

2.5.7.1 Index Sensor

One index pulse is autput for each spindie motor rotation by the detection of a gap engraved on
the outer circumference of the spindle motor rotor by a magnetic sensor. To reduce the magnetic
SENSOr IS uneven response time and temperaiure dependence, the magnetic sensor output is dif-
lerentiated once to provide an index putse. The index pulse cycie is 16.67 nsec (3,600 RPMY, with
a puise width of 200 usec (typ).

2.5.7.2 Track Zero Sensor

A shield plate affixed to the stepper motar shaft shields light transmitted to a photosensaor for track
zero detection. When the photosensor is off {light is shielded) and the stepper motor has A-phase
excitation, Track 00 is detected. The shield plate location adjustment is based gn the relationship
between the response time of the photosensor and the shield plate shift speed, so that the photosensor
is turned off (light is shielded) between cylinders 2 and 3. {C-D phase excitation location.)

2-20




UL FhalNLArLl o W LAFLRATIVAN

2.6 HARD DISK DRIVE (DK503-2)

2.6.1 Main Components

The DK503-2 consists of the following five parts:
Data enctosure
Centrol circuit board
Index and {rack zero sensors
Frame
Front panel

FAAME

THDEX SENSOR

EHCLOSURE

{ FRONT PAMELY

FIGURE 2-24. DK503-2 MAIN COMPONENTS
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The sealed data enciosure consists of a magnetic head, magnetic disk, spindie motor actuator, and

write/read ampiifiers.

STEE® BELT

]

MAGHEYTIL FILT!E/
nisK

ENCLOSTAE

st e e

' /‘«‘cnxum. POARD

SPIHDLE MOTOR

Magnetic head/disk;

Spindle motor:

Linear actuator;

Write amp/Read amp:

2-22

"FIGURE 2-25. DATA ENCLOSURE

The DKS503-2 incorporates two magnetic disks and four heads that per-
form data read and write on each corresponding disk face.

Te rotate the magnetic disks, a brushless DC motor is coupled directly
to the spindle, The 3600 RPM rotation is contrelled by a micrecemputer
on the control circuit board, and a drive circuit with 12VDC is used as
a drive source. When the motor is off, the motor coil is shorted by a relay
to provide a quick stop time.

The linear actvator consists of a head arm, linear slider, steel belt, and
a stepper moter The heads are shifted by an amount that corresponds
to the rotary angie of the stepper motor.

The write amp performs data write while the read amp provides
preampiification for the read signal. They are mounted on a flexible printed
circuit board in the data enclosure.
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2.6.2 Control Circuit Board

All DK503-2 hard disk drive control circuits are mounted on one printed circuit board.

Control circuits: Interface line driver, receiver circuit
Access control circuit
Read/write control circuit
Spindie motor dirve control circuit

Figure 2-26 provides a control circuit board block diagram.

P -
| DATA [}
: ERCLOSSOR . : Read Amp “ .
{2y (1) n -
Magnetic Head | I X Differen- oo, Pulse Line
: ’ Nead Am 3 A2C Ane LPE F2EFracer Shaver Drivax
| i Tty T ‘ S——®READ DATA-P
| | 5 READ DATA-N (RS-422)
L e e = 'L
WRITE DATA-P
(854221 ypyre nnnuu__cD"—"
Prauuency
Divider ”
/2 ™ 5
Singla chip Hew|¥ | briver Lodex :} Spindie
Receive L S— R e Sonsor Hator
NEAD SELECT 2-M [ ﬂ E—
NZAD SELECT 2-N
HEAD SELFQT 2-M . oo
2239;‘““‘" & 350Gate ] Senxor

DRIVE SELEGT 1-N Gate Array
BRIVE SELECT 2-N —r———
DAIVE SELECT 3-N 4 oriver
DAIVE SELECT 4-N

DIRECTION -H ov MB112518S
RESFAVED -N

] stpl.n
Motor

4

hid

SEEK COMPLETE -N
TRACX000 -N
WRITE FAULT -N
INDEX -n

READY -N

DRIVE SFLECTED -N
RESERVED -N

+10V  Head Amp
Reguraror *A% 4Read Amp
s12v0e

& gm +1 2V
+5vDC P 45V
RETURN P

RETURN

FIGURE 2-26. HARD DISK DRIVE CONTROL CIRCUIT BOARD

Preamp: The differential input/output preamp is mounted on the flexible printed
circuit board in the data enclosure. The weak voltagbe from the head
(1-2mVpp) is amplified about 40 times (typ.).

AGC amp: Gain is automatially controlled within a 5- to 10-fold range to com-
pensate for differences in amplitude by amplifying the read signals
between the inner and outer circumference of the disks.

Low pass filter: Removes high frequency noise that overlaps the AGC amp output
signal.

Differentiation

circuit: Differentiates the read signal.

Comparator, pulse  Converts the differentiated read signal into a 50 nsec {typ.) TTL pulse.
circuit:
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3.1 TROUBLESHOOTING BY UNIT REPLACEMENT

Since the APX-T circuit board and hard disk drive are CPU 17O ports, APX-T circuit board and hard
disk trouble are not evident unless these poris are accessed by the CPU. A QX-16HD diagnotic
disk is available fo test the hard disk. A troubleshooting flowchant is provided below, in Figure 3-1.

Troubie during hard disk access

APX-T circuit board replacerment

Y

Restoration “““““’“‘“’"””"'l

M End

Hard disk drive replacemeni

Restoraton

M End

Cable or connecior malfunction is suspected.
Heplace cables and conneciors, one at a time,
urtil the problem is remedied.

End

Confirm that the power supply and voliage are normal, Alsouse a test program to confinm
that no trouble exsts besides that of the APX-T board and hard disk drive.

FIGURE 3-1. TROUBLESHOOTING FLOWCHART

31




IR EaPTUAS NG REV.A

3.2 HARD DISK DRIVE TROUBLESHOOTING

The foliowing replacement parts are commercially available. However, o ensure correct equipment
performance, the replacement of other pars can only be performed at the factory.

1. Front panel {with LED display access)
2. Control circut hoard
3. Index sanscr

INDEX SENSOR

FRONT PANEL

CONTROL BOARD

FIGURE 3-2 REPLACEMENT PARTS LOCATIONS

3-2
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Before attempting troubleshooting, confirm that the terminator mounting and jurnper setting are correct.

TABLE 3-1. TROUBLESHOOTING REFERENCE GUIDE

TROUBLE

CAUSE

REMECY

Read or
ReadfVrite error

Bad sector

Controf gircuit foard

Enciosura

Use the test program ta verily whether or not the error sector is bad,

After confirming that the error secior is a bad sector, register the
bad sentor using the test program.

If the test prograrm does not isolate the eror, the enor may be
intermittent, Retest to verify,

‘Replace the control circult board. {See Secton 4.7.2)

Replace the hard disk drive unit. {See Section 4.3)

Spindie motor
does not rotate

Controb circuit board

Hard digk unit

Repface the control circuit board. {Sea Saction 4.7.2)

Replace the hard sk drive unit, (See Section 4.3)

Rotation stops
about & seconds
alter power supply
output

Inciex sensor

Control circuit board

Replace the index sensor. (See Ssclion 4.7 .5)

Replace the contral circuit board. {See Secton 4.7.2)

Doas not seek

Contral circuit board

Enclosurs

Replace the control cirouit board, (See Saction 4.7.3)

Replace the hard digk drive unit. {See Section 4.2)

READY signal is
not active

Controd carcuit board

Enclosure

Repiace the control curcut board, (See Section 4.7.2)
Repiace the hard disk drive unil. (See Section 4.3

Access display
LED does not
hght

Front panel

Control circuit board

 Replace the Iront pansl, (See Section 4.7.1)

Replace lhe contred circuit board. (See Section 4.7.23
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4.1 OPTION COVER AND UPPER CASE REMOVAL

1. Remove two screws (A) from the option cover (Figure 4-1) and lift the cover from the main unit.
Remove the option port shield (B) if present.

2. Use a flat-blade screwdrniver to lift two caps (C) from the upper case, then remove four screws (D).

Remove cable (E) from dlisk drive A; remave cables {F) from the hard disk drive: remove speaker
connector CN14 {G); then it the case to remove.

4. Remove ground wire {H).

FIGURE 4-1. UPPER CASE REMOVAL/REP|ACEMENT

4.2 OPTION COVER AND UPPER CASE REPLACEMENT

1. Install connector {E) to disk drive A (Figure 4-1); connect (F} to the hard disk drive: install con-
nector CN14 {G), to the speaker; connect ground wire (H); then position the upper case on the
lower case assembly,

NOTE: Make sure the FDD cable and the hard disk drive cables are not pinched between the
grounding tabs on the video board and the case top.

2. Install the four Phillips screws (D) and two caps (C).
3. Install the option port shield (B) and the option cover; secure the cover with two screws (A).

4-1
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4.3 FDD AND HARD DISK DRIVE (HDD) REMOVAL

1. Remove the upper case {Section 4.1).
2. Remove four screws {A}, Figure 4-2, from grounding plate (B).

3. Remove two screws (C) to remove drive A; remove two screws (D); and remove the insuiation
plate to remove the hard disk drive. Slide the drive through the opening in the front case of
the main unit to remove.

FIGURE 4-2. FDD AND HDD REMOVAL/REPLACEMENT
4.4 FDD AND HDD UNIT REPLACEMENT
1. Slide the drive through the opening in the front case (Figure 4-2). Install two screws (C) to secure
drive A, and install the insulation piate and two screws (D) to secure the HDD.
2. Position grounding piate (B), then instali four screws,
Make sure to use the screw (D) with M3 # 4.

4.2
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4.5 APX-T BOARD REMOVAL

1. Remove the option cover (Section 4.1).
2. Remove cables (A), Figure 4-3, from the APX-T board.
3. Remove the APX-T board by lifting it straight up.

FIGURE 4-3. APX-T BOARD REMOVAL/REPLACEMENT

4.6 APX-T BOARD REPLACEMENT

1. Install the APX-T board (Figure 4-3} in any option slot.
2. Install connectors (A) to the APX-T board.
3. Install the option cover (Section 4.2).

4-3
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4.7 HDD DISASSEMBLY AND ASSEMBLY
Reter 1o Figures 4-4 and 4-5 when performing the procedures lisied in Sections 4.7.1 through 4.7 6.
4.7.1 Front Panel Removal

1. Remove screws (1) from four locations on the front panel,

2. Remncve connector J8, which conniects the front panei's LED to the control board.
3. Hemove the front panel by drawing if forward.

4.7.2 Front Panel Replacement

1. Mount the front panel.
2. Aftach connector J8, which connects the front panel to the control board.
3. Secure screws {1) at four locations un either side of the front panel.

4.7.3 Control Board Removal

1. Remove the front panel.

2. Remove screws (2), which secure the control board at five locations.

3. Remove screw (3), whict secures e cordral board and drive mechanism ground [eads.
4. Detach the connector which connects the control board with the drive mechanism.

5. Remove the control board, taking care not to damage it

4.7.4 Contraol Board Replacemant

Mount the board on the drive mechanism and connect-all cennectors.
Secure the ground {eads for the controt Doard and drive mechanism.
Tighten the screws securing the control board at five locations.
Connect the connectar between the front panel LED and control board.

aok W~

Install the front panel.

4.7.5 Index Sensor Removal

1. Remove the front panel.

2. Remove the contral board.

3. Remove screw (4), which secures the index sensor.

4. Remove the index sensor, taking care that it does not contact the spindle motor.

4.7.6 Index Sensor Replacement

1. Mount the index sensor and tighten it slightly using the mounting tool.

2. Adjust the clearance between the tip of the index sensor and the rotor of the spindle motor 10
0.2-0.3 mm, then tighten the screw (See Figure 4.5}

3. Mount the control board.
Mount the control panel.

4-4




e Pl PR =TT e T N § el e TF Ll b |

FIGURE 4-4. HARD DISK DAIVE DISASSEMBLY/ASSEMBLY

Spindle moftor rotor

IndeX sepnsor

FIGURE 4-5. INDEX SENSOR POSITION
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§.1 DISCRIMINATION OF A BAD SECTOR

The sectors which are recorded on the hard disk drive enclosure should be registered, via soft-
ware, as bad sectors, using the following procedure:

Step 1. Make a backup copy of the system disk. {See Section 5.2 for details on how to make
a backup copy.)
Step 2. Execute the "Read after write” test of the test program.

Step 3. If an error is reported in Step 2, judge the error sector a bad sector.

Bad Sector Indicator

Front Panel

"FIGURE 5-1. BAD SECTOH LABEL LOCATION

TABLE 5-1. LABEL CONTENTS

CYL. NO. {Cyhnder) Decimal
HC. NG, {Head) Decimal
SEC. NO. {Sector) Decimal
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5.2 MAKING A BACKUP COPY

CP/M
HARD DISK DRIVE wm> FLOPPY DISK DRIVE
A PIPA*"C;
or
D:

Source drive
Destination drive

FLOPPY DISK DRIVE——>> HARD DISK DRIVE

A PIPC:* " A
or
D

MS-DOS
HARD DISK DRIVE——> FLOPPY DISK DRIVE
A COPY C:"."A

Destination drive
Source drive

FLOPPY DISK DRIVE—=> HARD DISK DRIVE
A COPY A*.* C
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$.3 HARD DISK DRIVE JUMPER, TERMINATOR, AND DIP SWITCH SELECTION

The HDD unit comes in two configurations {Figure 5-2); a DE-35 control board with a WI30668
enclosure, or a DE-36 control board with a WISG669 enclosure. The control boards are not
interchangeabile.

The DE-35 board jurnper sattings and lerminator location are illustrated in Figures 5-3 and 5-4, respec-
tively, and Table 5-2 descnbes the functions of the jumpers.

The DE-36 board has DIP swilches instead of the jumperfterminator configuration. Figures 5-5 and
5-6 show the correct settings for these switches.

Control circuit board DE-35 DE-36
Interchangeataility O X O

Data enclosure

WIi3G664 W 30669

JP-1 JP-2
ooogf/o’/ O ZeZ SRS,

ololo|oBEA oA o o ol o

1 2 3 4 3 b 7 8 1 2 3 4

FIGURE 5-3. JUMPER SELECTION—DE-35 BOARD

53
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TERMINATOR

FIGURE 5-4. INSTALLATION OF TERMINATOR—DE-35 BOARD

TABLE 5-2. JUMPER FUNCTIONS

PIN NO. FUNCTION
JP-1 1
G Utilized when aptional functions builf into the hard disk conlrol circuit are utilized.
B
JP-2 1
jia)
4
JP 2 Specilies & drive address, Control signal 11C is enabied in the unit only when con-
o troller drive select and the drive address specified by a jumper are in accord.
5
JP-10 JP-1
1 2 3 4 5 & 7 )
| I— Mo. 1
MNo. 2 Drive Address
Ne. 3
No. 4
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DIP SW "RISW"

1 2 3 4 58 7 @

\i'f

CONTROL BOARD

FIGURE 5-5. DIP SWITCH RSW SETTING—[E-36 BOARD

DIP 8W “JP1"

I 2 3 4 5 8 7 8

d ON ] ,
{\ S _ » 1]

CONTROL. BAOARD

FIGURE 58, DIP SWITCH JP1 SETTING—DE-36 BOARD

5.5
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5.4 HDD (DK503) CONNECTOR SIGNAL NAMES AND FUNCTIONS

Figure 5-7 shows the hard disk drive connector locations, while Tabies 5-3 through 5-5 provide the
signal names and functions,

FIGURE 5-7. CONNECTCR LOCATIONS
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TABLE 5-3. CONNECTOR J1 PIN FUNCTION
PIN NO. SIGNAL NAME 1o FUNCTION
6 WG I Data is written to the disk through the selected head by s
signal.
g sC O Indlicates that a stepper motor seek operation has been com-
pleted. Read/Write enable only accurs when this signal appears,

10 TROOD G Indicates that a head is positioned at the outermast cylinder.
When power is turmed on the heads are autormatically postioned
at this |location.

12 WF ] Output whan a drive abnormality i detacled and recorded data
might be destroved,

14 HDO I Selects head 0.

18 HD1 I Selects head 1.

20 INDEX O Occurs once per disk rotation to indicate track start, Cycle s
16-67 ms t/p.

22 READY 0 Indicates normal disk operation to enable seek.

24 STEP I Delermines the head seek track number. Head seek occurs
in FWDYREY directinns by step pudse numbers combined with
the DIEIN signal.

25 bSO I Selecis drive 0.

34 DIRIN 1 Selects seek direction, PWDYREY.

135 GND — —
TABLE 5-4. CONNECTOR J2 PIN FUNCTION
PIN NO. SIGNAL NAME QO FUNCTION

13 +MFM WD I Data ta be written o diskette.

14 +MFM WD I

17 + MFM RD ) Data o be read from diskeite

18 +MFM RD 0

2468  GND — -
11,1215,
16,19.20
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5.5 TRANSPORTATION

For sate hard disk transport, shift the heads to cylinder 319 (shipping zone). However, if dedicated
transport packing is used, the heads can be at any position during transpon.

Cylinder 318 Shifting
Set up: Check the program.

Method. Activate the check program and select 9, SEEK 319 from initial screen, then turn the
main frame power supply off.

TABLE 5-5, CONNECTOR J3 PIN FUNCTION

PIN NO. SIGNAL NAME 1o FUNCTION
1 +12 ¥ | —
2 +12 V¥ GND O —
3 +5 WV GND o —
4 +5V Q
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