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Figure 10-16 Status Circuit Timing Relationships 

10.3.6 Status Sensor Detail 
Figure 10-17 shows the detail operation of the status sensors. These sensors are a series of light emitting 
diodes with photo sensitive transistors and switches. These sensors perform the following functions for the 
RX50 drive. 

• Sense the location of the index hole in the media for the status circuits. 

• Sense the presence of the diskette for the status circuits. 

• Sense the write protect status of the diskette for the status circuits. 

10.3.6.1 Index Sensor Detail-The drive contains two index sensors, one sensor for each drive side. Each 
index sensor consists of a light emitting diode and photo-sensitive transistor. A select signal from the select 
circuits enables the photo-sensitive transistor. When the select signal is unasserted, the sensor is disabled. 

When a sensor is enabled, it controls a status signal, INDEX A L or INDEX B L, for the status circuits. 
The signal is asserted when the index hole in the diskette passes through the selected sensor. The light from 
the light emitting diode then strikes the photo-sensitive transistor, turns it on and asserts the index signal. 

10.3.6.2 Diskette Present and Write Protect Sensor Detail - The drive contains two sets of diskette 
present and write protect sensors, one set for each drive side. Each sensor provides a status signal to the 
status circuits. The sensors are switches selected by the select circuits. 

Each drive side has a write protect switch and a diskette present switch. The switches for each side are 
selected as pairs. Signal SEL A L selects the switches for drive side A. Signal SEL B L selects the switches 
for drive side B. 

When the door is closed, the switches come in direct contact with a diskette inserted in the drive side. The 
switches are normally closed. Inserting a write protected diskette in the drive opens both switches. When 
the switches are open and selected, the diskette present and write protect signals are asserted. 
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10.3.7 Stepper Motor Circuit Detail 
Figure 10-18 shows the detailed operation of the stepper motor circuits. Figure 10-19 shows the timing 
relationships between the circuits signals. These circuits perform the following functions. 

• Generate control signals that actuate the stepper motor. 
• Pass a track zero status signal to the controller. 

These functions are performed by the following stepper motor circuit elements. 

• Stepper motor driver 
• Track zero sensor 
• Track zero status circuit 

10.3.7.1 Stepper Motor Driver Detail - The stepper motor driver decodes control signals from the con­
troller and generates phase control signals for the stepper motor coils. This driver also passes phase control 
signals to the track zero status circuit. These signals indicate a possible track zero head position. 

The select and status circuits and the controller enable the stepper motor driver. The driver requires an 
asserted MPWR SEL H, SEL A/B H and SET H, while WRITE GATE L is unasserted. These signal 
states indicate that the following conditions exist for the stepper motor driver operation. 

• The spindle motor is operating. 
• The drive is selected. 
• The +5 volt power level is in tolerance. 
• The drive is not enabled for write operations. 

The step motor controller generates four phase-control signals for the operation of the step motor, STMTl, 
STMT2, STMT3, STMT4. These driver outputs are decoded from two controller signals, DIRECTION 
and STEP L. Figure 10-19 shows the timing relationships between the controller inputs and the driver 
outputs. 

The DIRECTION signal indicates the direction the stepper motor rotates. The STEP L signal indicates the 
number of steps the motor moves. 

10.3.7.2 Track Zero Sensor Detail - The drive contains one track zero sensor. This sensor consists of a 
light emitting diode and photo-sensitive transistor and is always enabled. When the heads are located at 
track 0, 1, or 2, this sensor asserts a track zero sense signal, TKOS, for the stepper motor circuits. 

The TKOS signal is asserted when a tab on the carriage assembly passes through the sensor. The tab stops 
light from the light emitting diode from striking the photo-sensitive transistor. This turns off the transistor 
and asserts TKOS. 

10.3.7.3 Track Zero Status Circuit Detail- The track zero status circuit monitors for a track zero R/W 
head location. When the drive is selected this circuit is enabled by the select circuits. When enabled, this 
circuit returns a track zero status signal, TRACK 0 L, to the controller. 

The track zero status circuit asserts the TRACK 0 L signal when the following conditions exist. 

• When the heads are located over track 0, 1, or 2, (TKOS H asserted). 

• When the stepper motor driver asserts the zero phase signals to the motor, (01 Hand 03 H 
signals asserted). 
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Figure 10-19 Stepper Motor Timing Relationships 

10.3.8 Read/Write Interface Circuit Detail 
Figure 10-20 shows the R/W interface circuit operational detail. Figures 10-21 and 10-22 show the timing 
relationships between the circuits signals and valid data. These circuits perform the following functions for 
the RX50 drive. 

• Pass write data from the controller to the R W module, 

• Pass write control signals from the controller to the R/W module. 

• Generate an erase control signal for the R/W module. 

• Pass read data from the R/W module to the controller. 

These functions are performed by the following R/W interface circuit elements. 

• Write driver circuit 
• Erase gate timer 
• Output driver 

10-27 



FROM } 
CONTROLLER 
CONNECTOR 
Jl 

FROM 
CONTROLLER 

WRITE DATA L 

WRITE GATE L 

FROM } M 'WR SEL H 
SELECT 
CIRCUITS 

DISK PH 

FROM } 
STATUS 
CIRCUITS W PROT H 

TKG43 

CONTROLLER READ DATA L TO } 

CONNECTOR 

Jl FROM} SEL A/B H 
SELECT 
CIRCUITS 

WRITE 
DRIVER 
CIRCUIT 

OUTPUT 
DRIVER 

+WRITE +WRITE 

-WRITE -WRITE 

WRITE GATE WRITE GATE 

l ERASE ERASE GATE 
GATE 
TIMER 

WRITE CURRENT SWITCH 

TO 
READ/ 
WRITE 
MODULE 

~R __ D_A_T_A __ H _____________ R_D_A_T_A __ H_{~~~~/ 
WRITE 
MODULE 

MA-0043-82 

Figure 10-20 Read/Write Interface Circuit Detail 
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10.3.8.1 Write Driver Circuit - When enabled, the write driver circuit passes write data and commands 
to the erase gate and R/W module. This circuit is enabled by the controller, select circuits, and status 
circuits (Figure 10-20). The write driver circuit is enabled when the following conditions exist. 

• The cont~oller selects a write function by asserting WRITE GATE L. 

• The spindle motor is enabled and the drive is selected. This is indicated by an asserted MPWR 
SEL H signal. 

• A diskette is present in the selected side and the door is closed. This is indicated by an asserted 
DISK P H signal. 

• The diskette is not write protected. This is indicated by an un asserted WPROT H signal. 

When enabled, the write driver circuits divide write data from the controller by two. It then passes the data 
on differential lines to the R/W module. This converts the write data pulses to leading edge triggered 
differential data. For further information on the write data see Section 10.3.9.4. 

The driver also passes two control signals from the controller to the R/W module, the WRITE GATE L 
signal as WRITE GATE and the TKG43 signal as WRITE CURRENT SWITCH. The WRITE GATE 
signal enables the write circuits in the R/W module. the WRITE CURRENT SWITCH signal controls 
the level of write current the write circuits generate. 

10.3.8.2 Erase Gate Timer Detail- The erase gate timer delays the WRITE GATE signal to generate an 
ERASE GATE signal. This delay is necessary because of the R/W head design (See Section 10.3.11). 
Figure 10-21 shows the relationship of the ERASE GATE and WRITE GATE. 

10.3.8.3 Output Driver Detail- The output driver passes read data, R DATA H, from the R/W module 
to the controller. Figure 10-22 shows the timing relationships between the circuit signals and the read data. 

The output driver is enabled by the select logic when SEL A/B H is asserted. This signal state indicates 
that the RX50 drive is selected. 

10.3.9 Write Circuit Detailed Operation 
Figure 10-23 shows the write circuit operational detail. These circuits perform the following functions for 
the RX50 drive. 

• Generate write currents for the heads. 

• Generate an erase current for the heads. 

• Generate head select signals. 

• Protect the heads and previously written data when the dc power is out of tolerance. 

These functions are performed by the following write circuit elements. 

• Write current generator 
• Voltage referance 
• + 12 volt gate 
• Differential write switch 
• Erase current generator 
• Multiplexer 
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10.3.9.1 Write Current Generator Detail- The write current generator provides a selectable current for 
the differential write switch. These currents are derived from the + 12 volts from the + 12 volt gate. 

When the WRITE CURRENT SWITCH signal is asserted, a low current for the inner tracks (44 through 
79) is provided to the differential write switch. When the WRITE CURRENT SWITCH signal is unas­
serted, a high current for the outer tracks (0 through 43) is provided to the differential write switch. 

10.3.9.2 Voltage Reference Detail - The voltage reference provides a stable voltage to the differential 
write switch. This voltage makes sure that the outputs of the differential write switch are balanced. 

10.3.9.3 +12 Volt Gate Detail- The +12 volt gate receives the RjW modules supply voltage (+12 Vdc) 
and a DCOK signal. If DCOK remains asserted, the gate passes + 12 V dc to the modules circuits. This 
makes sure that the write circuits are disabled if a low power condition exists. 

10.3.9.4 Differential Write Switch Detail - The differential write switch converts the write data from 
the RjW interface circuits to write currents for the RjW heads. Figure 10-24 shows the conversion of 
WRITE DATA from the controller (Section 10.3.8.1) to write currents for the heads. For this conversion, 
the differential write switch requires a write current and a reference voltage. 

The write currents, + WRITE and -WRITE, generate magnetic fields in the heads which records data the 
media. For further inf orma tion on the recording techniques see Section 10.3.11. 

10.3.9.5 Erase Gate Generator Detail- The erase gate generator converts the ERASE GATE L signal to 
an ERASE current for the RjW heads. This current generates a magnetic field in the heads which tunnel 
erases recorded data on the media. For further information on the recording techniques see Section 
10.3.11. 
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10.3.9.6 Multiplexer Detail - The multiplexer decodes three signals (ERASE GATE, WRITE GATE, 
and SELECT) to generate head select signals for a write function. Table 10-3 shows how the inputs assert 
the outputs, HEAD SEL A and HEAD SEL B signals. 

10.3.10 Read Circuit Detailed Operation 
Figure 10-25 shows the detailed operation of the read circuits. These circuits perform the following func­
tions for the RX50 drive. 

• Select a R/W head and read data. 
• Convert the analog read data to digital data. 

These functions are performed by the following read circuit elements. 

• Read amplifier 
• Multiplexer 

Table 10-3 Write Function Head Select 

INPUTS OUTPUTS 

ERASE WRITE SELAL HEAD HEAD 
GATEL GATEL SELA SELB 

no no no write not selected 
no yes no yes no 
yes no no yes no 
yes yes no yes no 
no no yes write not selected 
no yes yes no yes 
yes no yes no yes 
yes yes yes no yes 
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10.3.10.1 Read Amplifier Detail - The read amplifier converts analog read signals, developed in the Rj 
W heads by the media, to digital read data for the RjW interface circuits. Magnetic flux reversals on the 
media generate the analog signals. These flux reversals represent previously recorded data and clocks. 
Figure 10-26 shows the possible frequency combinations and the conversion results. 

10.3.10.2 Multiplexer Detail- The multiplexer decodes three signals (ERASE GATE, WRITE GATE, 
and SELECT) to generate head select signals and select read data for the read amplifier. The write circuits 
use the same multiplexer, however, the ERASE GATE L and WRITE GATE L signals are un asserted for 
a read function. 

Table 10-4 shows how the seek and interface module inputs select read data and head select signals. 
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Figure 10-26 Head Signal to Read Data Conversion 

Table 10-4 Read Function Head Select 

ERASE WRITE SELAL HEAD 
GATEL GATEL SELA 

no no yes yes 
no yes yes read not selected 
yes no yes read not selected 
yes yes yes read not selected 
no no no no 
no yes no read not selected 
yes no no read not selected 
yes yes no read not selected 
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10.3.11 Read/Write Heads Detailed Operation 
The RD50 drive has two R/W heads, one for each drive side. The heads are selected by either the write 
circuits or read circuits. Figure 10-23 shows the head connections for a write function and Figure 10-25 
shows the head connections for a read function. 

Each head consists of a R/W ferrite core wound with a differential coil. The head also contains a forked 
erase ferrite core wound with a coil. The erase core is located behind the write core with the forked core 
straddling the write core. This accounts for the delayed erase gate signal. For more information, refer back 
to Section 10.3.8.2. 

During write operations, current flows through the coils and generates a magnetic flux in the core. When 
the media passes under the R/W core, the surface of the media is magnetized in one direction. Reversing 
the current, magnetizes the surface in the opposite direction. 

The forked erase core trims the edges of the magnetized surface. This ensures off-track reading capability 
for diskette interchangeability between drives. 

During read operations only the R/W core is used. The erase core is not used. When the media passes 
. under the R/W core, the recorded flux reversals generate small alternating currents in the R/W coils. This 
current passes to the read circuits for conversion to digital data. 

10.4 INTERMODULE SIGNAL DEFINITIONS 
This section defines all control and data signals that pass between the controller and the RX50 drive and 
between the modules of the RX50 drive. All signal definitions in this section are grouped by common 
connector for easy recognition. 

10.4.1 Seek and Interface/Controller Module Connector Jl 
This section describes the signals passed between the seek and interface module and RX50 controller mod­
ule. Figure 10-27 shows the control and data interface signal direction between the controller and the drive. 
The seek and interface module is part of the RX50 drive. Chapter 9 discusses the controller in detail. 

Figure 10-28 shows the location of J1 and other connectors of the module. Odd numbered pins are ground­
ed and are not discussed. An L attaehed to a signal name designates it asserted low (logic 0). An H attached 
to a signal name designates it asserted high (logic 1) . 

Pin 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 

Mnemonic 

TKG43 L 
Reserved 
DRIVESEL3 L 
INDEXL 
DRIVESELOL 
DRIVE SELl L 
DRIVE SEL2 L 
MOTORONL 
DIRECTION 
STEPL 
WRITE DATAL 
WRITE GATE L 
TRACKOL 
WRITE PROTECT L 
READ DATAL 
Reserved 
READYL 

. Function 

Controls write current level 
Not used 
Selects drive side B if J 1 7 installed 
Indicates index mark of selected side 
Selects drive side A if J 1 7 not installed 
Selects drive side B if J17 not installed 
Selects drive side A if J 17 installed 
Turns spindle motor on or off 
Controls head movement direction 
Controls head movement distance 
Data to be stored on diskette 
Activates write circuits 
Track 0 head location indicator 
Indicates selected diskette is write protected 
Data retrieved from diskette 
Not used 
Indicates selected drive side contains a diskette 
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10.4.1.1 TKG43 L Input Signal - The RX50 controller generates this signal. It is asserted when writing 
data to tracks 44 through 79. In the asserted state, the seek and interface module reduces the write current. 
In the un asserted state, the seek and interface module generates a normal write current. 

10.4.1.2 DRIVE SEL 0 thru DRIVE SEL 3 Input Signals - These signals select the drive side (A or B) 
on which a function occurs. When J17 is not installed, signal DRIVE SEL 0 selects drive side A and signal 
DRIVE SEL 1 selects drive side B. When J17 is installed, signal DRIVE SEL 2 selects drive side A, and 
signal DRIVE SEL 3 selects drive side B. 

10.4.1.3 TRACK 0 L Output Signal- This signal indicates the heads are located over track 0 (the outer­
most track). This signal is valid only when a drive side is selected. 

10.4.1.4 MOTOR ON L Input Signal - This signal controls the motor control module which controls the 
spindle motor. When this signal is asserted, the spindle motor rotates. The spindle motor reaches the rated 
rotational speed within 1/2 second after an asserted MOTOR ON signal. 

10.4.1.5 DIRECTION Input Signal - This signal defines the moving head direction when STEP input 
line is pulsed. Step-out (moving away from the center of the disk) is defined as HIGH level of this signal 
(logic 1). Step-in (moving towards the center of the disk) is defined as LOW level of this signal (logic 0). 

10.4.1.6 STEP L Input Signal - When pulsed, this signal moves the heads. Each pulse moves one track 
space in the direction indicated by the DIRECTION signal. The minimum pulse width is 1 J1,S. The mini­
mum width between step pulses is 6 ms. This signal is ignored when WRITE GATE L is asserted, MOTOR 
ON L is unasserted, or no drive side is selected. 

10.4.1.7 WRITE DATA L Input Signal - This signal represents data to be stored on the diskette. Each 
transition to the asserted state reverses the current to the R/W heads. Write pulses must begin a minimum 
of 500 ns after WRITE GATE is asserted. A minimum of 36 ms is required after the last STEP pulse 
occurs. Write pulses are ignored when WRITE GATE or MOTOR ON are unasserted, the diskette is write 
protected, no diskette is present, or no drive side is selected. 

10.4.1.8 WRITE GATE L Input Signal - This signal enables writing and tunnel erasing of data to the 
diskette. This signal is ignored when the diskette is write protected. 

10.4.1.9 INDEX L Output Signal - The leading edge of this pulse signal indicates the detection of the 
index hole in the selected drive side. The INDEX L pulse is valid 250 ms after MOTOR ON L is asserted. 
This indicator signal is invalid if no drive side is selected. 

10.4.1.10 WRITE PROTECT L Output Signal - When asserted, this signal indicates that the write 
enable notch of the selected diskette is masked and the writing of new data is inhibited. This signal is 
invalid if no drive side is selected. 

10.4.1.11 READ DATA L Output Signal - This signal represents data retrieved from the diskette. 
READ DATA L is valid 250 ms after MOTOR ON L is asserted, 36 ms after receiving the last STEP L 
pulse, 1.21 ms after WRITE GATE signal is unasserted, or 30 ms after the drive side is selected. 

10.4.1.12 READY Output Signal - This signal indicates that a diskette is present in the selected drive 
side. It is valid only if a drive side is selected. 
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10.4.2 Seek and Interface/Motor Control Modules Connector J4 
This section describes the signals passed between the seek and interface module and motor control module. 
Figure 10-28 shows the location of 14 and other connectors of the module. Power and ground signals are 
not discussed in detail. An L attached to a signal name designates it asserted low (logic 0). An H attached 
to a signal name designates it asserted high (logic 1). 

Pin 

1,2 
3 
4 
5 
6 
7,8 

Mnemonic 

+12VRET 
MPWRH 
+5VDC 
SIDEAL 
SIDE BL 
+12 V DC 

Function 

Ground 
Turns on spindle motor 
Side B index light emitting diode power source 
Drive A indicator control 
Drive B indicator control 
Spindle motor and control logic power source 

10.4.2.1 MPWR H Input Signal- This signal controls the spindle motor. When the signal is asserted, the 
spindle motor control logic is enabled and the spindle motor turns on. 

10.4.2.2 SIDE A L Input Signal- This signal controls the drive A operational indicator on the front 
panel. When the signal is asserted, the indicator lights when the drive is in use. 

10.4.2.3 SIDE B L Input Signal - This signal controls the drive B operational indicator on the front 
panel. When the signal is asserted, the indicator lights when the drive is in use. 

10.4.3 Seek and Interface/Read Write Modules Connector J9 
This section describes the signals passed between the seek and interface module and R/W module. Figure 
10-28 shows the location of 19 and other connectors of the module. Power and ground signals are not 
discussed in detail. An L attached to a signal name designates it asserted low (logic 0). An H attached to a 
signal name designates it asserted high (logic 1). 

Pin Mnemonic Function 

1 DCOKL Turns on + 12 V power to module 
2 +12VRET Ground 
3 +WRITEL Plus write data 
4 RDATAH Read data 
5 WGATEL Enables a write function 
6 -WRITEL Minus write data 
7 SIDE 0 Not used 
8 WRITE CURRENT Controls the level of the write 

SWITCH current 
9 ERASE GATE L Controls tunnel erase function 

10 +5VDC Side B index light emitting diode 
power source 

11 SELAL Head select control signal 
12 +12VDC + 12 volt power source 

10.4.3.1 DCOK L Output Signal - This signal controls the + 12 volt power on the R/W module. When 
asserted, + 12 volt power is applied to the write and erase circuits on the module. When unasserted, + 12 
volt power is removed from the circuits for protection of data on the diskette. 

10.4.3.2 ±WRITE L Output Signals - This differential signal pair switches the direction of the write 
current in the R/W heads. The signals are alternately asserted but not simultaneously asserted. During 
write protected or non write operations both signals are unasserted. 
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10.4.3.3 R DATA H Input Signals - This signal is the data output of the R/W module to the seek and 
interface module. The signal contains positive going pulses averaging 1 j.lS in duration. Positive going edges 
contain timing information to reconstruct non return to zero (NRZ) data. 

10.4.3.4 W GATE L Output Signal- This signal controls the write circuits on the R/W module. When 
asserted, this signal enables the write circuits. This signal is unasserted during both non write and write 
protected operations. It is also unasserted jf the spindle motor is off, the drive side is not selected, the 
diskette is missing, or the diskette is in backwards. 

10.4.3.5 WRITE CURRENT SWITCH Output Signal - This signal switches the write current level 
above and below track 44. This action minimizes peak shift in the heads and media due to close tolerances 
of the flux changes. When asserted, this signal enables a high write current when the heads are positioned 
over tracks 0 through 43. When unasserted, this signal enables a low write current when the head are over 
tracks 44 through 79. 

10.4.3.6 ERASE GATE L Output Signal - This signal controls the current to the erase coils. When 
asserted, a current is produced in the selected erase coil. When writing is inhibited, this signal stays unas­
serted to disable the erase current. 

10.4.3.7 SEL A L Output Signal - This signal selects one of the heads for read, write, and erase oper­
ations. When asserted, head A of drive side A is selected. When unasserted, head B of drive side B is 
selected. 

10.4.4 Seek and Interface Power Connector J3 
This section describes the connector which receives power for the entire drive. Figure 10-28 shows the 
location of 13 and other connectors of the module. Refer to Section 10.2.4 for the power requirements. 

Pin 

1 
2 
3 
4 

Mnemonic 

+12 VDC 
+12 VDCRET 
+5 VDCRET 
+5VDC 

Function 

Plus 12 volts DC 
Ground 
Ground 
Plus 5 volts DC 

10.4.5 Seek and Interface Connectors J2,J5,J6,J7,J8,JI0, and J17 
This section describes the functions of the remaining connectors of the seek and interface module. A brief 
description of signal functions is also given. Figure 10-28 shows the location of these connectors and other 
connectors of the module. An Lattached to a signal name designates it asserted low (logic 0). An H 
attached to a signal name designates it asserted high (logic 1). 

10.4.5.1 Side A Switches and Indicators Connector J2 

Pin 

1 
2 
3 
4 
5 

Mnemonic 

WPAH 
SELAL 
DPAH 
SELAL 
INDEXAL 

Function 

Write protect indicator 
Write protect/diskette present indicator select 
Diskette present indicator 
Index indicator select 
Index indicator 
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10.4.5.2 Track 0 Sensor Connector J 5 

Pin 

1 
2 
3 

Mnemonic 

TKOSH 
TKOA 
TKOK 

Function 

Track zero indicator 
Transmitter diode +5 volt source 
Transmitter /receiver diode sink 

10.4.5.3 Side B Head Load Solenoid Connector J 6 

Pin 

1 
2 

Mnemonic 

+12 VDC 
SIDEB L 

10.4.5.4 Stepper Motor Connector J7 

Pin 

1 
2 
3 
4 
5 
6 

Mnemonic 

STMI 
STM2 
+12 VDC 
STM3 
STM4 
+12 VDC 

Function 

Head load solenoid power source 
Solenoid control signal 

Function 

Stepper motor phase 1 control 
Stepper motor phase 2 control 
Stepper motor + 12 V dc power source 
Stepper motor phase 3 control 
Stepper motor phase 4 control 
Stepper motor + 12 V dc power source 

10.4.5.5 Side B Switches and Indicators Connector J8 

Pin 

1 
2 
3 
4 
5 

Mnemonic 

WPBH 
SELBL 
DPBH 
SELBL 
INDEXBL 

Function 

Write protect indicator 
Write protect/diskette present indicator select 
Diskette present indicator 
Index indicator select 
Index indicator 

10.4.5.6 Side A Head Load Solenoid Connector J10 

Pin Mnemonic 

1 +12 VDC 
2 SIDEAL 

10.4.5.7 Drive Select Jumper J17 

Pin Mnemonic 

1 GND 
2 SEL 1 H 

Function 

Head load solenoid power source 
Solenoid control signal 

Function 

Ground 
This signal selects the drive configuration. When asserted, 
jumper removed, DRIVE SEL 0 L and DRIVE SEL 1 L 
access the drive. When unasserted, jumper installed, 
DRIVE SEL 2 L and DRIVE SEL 3 L access the drive. 
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10.4.6 Motor Control Modules Connectors J4,Jll,JI6 
This section describes the connectors of the motor control module. Figure 10-29 shows the location of these 
connectors and other connectors of the module. Connector 14 connects to the seek and interface modules 
connector 14 and is described in Section 10.4.2. 

10.4.6.1 Spindle Motor Connector Jll 

Pin 

1 
2 
3 
4 

Mnemonic 

TACH 1 
TACH 2 
MOT RET 
+12 VDC 

Function 

Half of tachometer differential pair 
Half of tachometer differential pair 
Spindle motor power return 
+ 12 volt motor power source 

10.4.6.2 Front Panel Operational Indicators Connector J16 

Pin 

1 
2 
3 
4 

Mnemonic 

+12 VDC 
SIDEAL 
+12 VDC 
SIDE B L 

Function 

Indicator power source for side A 
Side A indicator control signal 
Indicator power source for side B 
Side B indicator control signal 

10.4.7 Read/Write Module Connectors J9,JI4,JI5 
This section describes the connectors of the R/W module. Figure 10-30 shows the location of these connec­
tors and other connectors of the module. Connector 19 connects to the seek and interface modules connec­
tor 19 and is described in Section 10.4.3. 

~1~---------7.70---------+l·1 

1 11oJ
• 9. OJ11 "I

T11
.
30 

! '---I ~I __ -----I . 

I. J COMPONENT SIDE : I 
,1.59, r1.25--1 

MA·0018·82 

Figure 10-29 Motor Control Module Connector Locations 

141~---------7.70---------+l·1 

ITIDJ9 r-------IIT11.30 ~. J14[]]J15 

1 '---I --I 
~1.59-1 ~"25~ 

MA·0019·82 

Figure 10-30 Read/Write Module Connector Locations 
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10.4.7.1 Side A Read, Write, and Erase Head Connector J14 

Pin 

1 
2 
3 
4 
5 
6 

Mnemonic 

HEADSELA 
SHIELD 
ERASE COIL 
+ COIL 
-COIL 

Function 

Side A head common 
Head control line shield 
Erase coil control line 
Plus R/W coil control line 
Minus R/W coil control line 
Not used 

10.4.7.2 Side B Read, Write, and Erase Head Connector J15 

Pin 

1 
2 
3 
4 
5 
6 

Mnemonic 

HEADSELB 
SHIELD 
ERASE COIL 
+ COIL 
-COIL 

10.5 SPECIFICATIONS 

Function 

Side B head common 
Head control line shield 
Erase coil control line 
Plus R/W coil control line 
Minus R/W coil control line 
Not used 

The following paragraphs provide the specifications for the RX50 dual diskette drive. 

10.5.1 Performance Specifications 

Capacity (Formatted) 

Per drive 
Per surface 
Per track 
Diskette quantity 

Transfer Rate 

Per drive 

Access Time 

Track to track 
Head settling time 
Head load time 
Rotational latency 
Random access 
Drive motor start 

MFM 

819,200 
409,600 
5,120 bytes 
2 

MFM 

250,000 

Min 

6ms 

Typ 

lOOms 
164ms 
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(800k bytes) 
(400k bytes) 

(bits/sec) 

Max 

30 ms 
30ms 
200ms 

500 ms 



10.5.2 Reliability Specifications 

Mean time between failures 
spindle motor 

Mean time to repair 

Error Rates 
(Typical Random Exerciser) 

Soft read errors 
Hard read errors 
Seek errors 

Media life 

Media insertion 

10.5.3 Functional Specifications 

Rotational speed 
Speed variations 
Flux density (track 79) 
Track density 
Tracks (per diskette) 
Outside track radius 
Inside track radius 
Data sectors (soft) 
Data bytes per sector 
Index 

10.5.4 Electrical Specifications 

Requirement 

5 Volt Power 
Ripple 
Current 

12 Volt Power 
Ripple 
Standby current 
Operating current (seeking) 
Startup current for 0.25 sec 

6000 POH at 30% duty cycle 
2000 POH at 100% duty cycle 

15 min 

1 per 109 bits read 
1 per 1012 bits read 
1 per 106 seeks 

3 X 106 passes 

1 X 104 insertions 

300 rpm 
-1.5% to +1.5% max 
5576 FCI 
96 tracks per inch 
80 
57.15 mm (2.25 in) 
36.51 mm (1.427 in) 
10 
512 
1 

Min 

4.75 V 

11.4 V 

Typ 

5.0V 

0.50A 

12.0 V 

O.12A 
1.25A 

10.5.5 Environmental Specifications 

Ambient temperature 
Relative humidity 
Maximum wet bulb 
Shock and vibration 
Shipping shock 
Diskette jacket 

15° C to 32° C (59° F to 90° F) 
20% to 80% non condensing 
25° C (78° F) 
IG acceleration 
2G acceleration 
40° C (40° F) max 
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Max 

5.25 V 
50mV 
0.80A 

12.6 V 
100mV 
O.25A 
1.8A 
2.7A 



10.5.6 Mechanical Specifications 

Width 
Height 
Depth 
Weight 
Operating power dissipation 
Standby power dissipation 

14.6.1 mm (5.75 in) 
82.55 mm (3.25 in) 
215.9 mm (8.50 in) 
2.18 kg (4.81b) 
17.5 W typ 
4.2 W typ 
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11.1 GENERAL INFORMATION 

CHAPTER 11 
RD50 HARD DISK CONTROLLER MODULE 

The RD50 hard disk controller module is the interface component of the RD50 controller and drive subsys­
tem for the Professional 350 system. Figure 11-1 shows the RD50 hard disk controller module and its 
relationship to the other components in the Professional 350 system. 

11.1.1 Related Documentation 
The following documents supplement this technical description on the RD50 controller. 

Title Document No. 

Professional 350 Field Maintenance Print Set MP-01394-00 

SYSTEM MODULE 

MA-10,162 

Figure 11-1 RD50 Module System Relation 
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11.1.2 RD50 Hard Disk Controller Module Introduction 
The R050 module interfaces a R050 hard disk drive to the host processor (Figure 11-2). This module is a 
single 5.2 X 12 inch field replaceable unit (FRU PN 54-15134) which mounts in slot 1 of the Computing 
Terminal Interconnect (CTI) BUS option space. Three connectors on the module connect it to the host 
processor's CTI BUS and the drive. 

A zero insertion force (ZIF) connector (J1) at the bottom of the module makes the module compatible to 
the CTI BUS. This connector allows the host processor to control the operations of the controller from the 
CTI BUS. 

A 20-pin connector (J2) at the top of the module connects a cable (FRU PN 17-00282) from controller to 
the drive for data interfacing. . 

A 34-pin connector (J3) at the top of the module connects a cable (FRU PN 17-00286) from controller to 
the drive for command and status signal interfacing. 

Refer to Chapter 5 for the connector description and signal definitions for J1. Section 11.4 provides con­
nectors descriptions and signal definitions for J2 and J3. 

11.2 FUNCTIONAL COMPONENTS 
The following paragraphs describe the functional components of the R050 module. 

11.2.1 Overview 
To the host processor, the R050 controller appears as a set of registers accessible from the CTI BUS. The 
host processor reads and writes to these registers, issuing commands to the controller and retrieving or 
sending data to the controller. The R050 controller then enables the R050 hard disk drive to seek the data 
location and retrieve or store the data for the host processor. Seek operations are implied and embedded 
within the command sequence the controller accepts from the host processor. Refer to Sections 11.5 and 
11.6 for more information about the registers and the sequence the host processor accesses them. 

MA-0169-82 

Figure 11-2 R050 ~isk Controller Module 
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The RD50 controller contains a memory for use as a sector buffer and storage for status and commands. 
The microprocessor (~P) control circuits map the memory for both functions. Accesses to the status and 
command registers are mapped into predefined memory locations for the ~p control circuits. Accesses to 
the sector buffer are mapped into sequential address locations for use by the ~p control circuits. 

The transfers "between the controller and the host processor are program controlled by the host processor. 
Under this program, the host processor loads or unloads a sector buffer on the controller by writing or 
reading to one of the registers. The controller then encodes or decodes the data between the sector data 
buffer and the drive. The controller performs the data error detection for all data transfers between its 
sector buffer and the drive. 

The controller performs data transfers from the main memory to the disk surface In the following 
sequence. 

1. The host processor controls a data transfer from main memory to a sector buffer in the 
controller. 

2. The controller then controls the data transfer from its sector buffer to the RD50 disk drive. 

Upon data request from the host processor, the steps are reversed for data transfers from the drive to main 
memory. 

The following circuits in the RD50 controller pass data between the host processor ,and the RD50 hard disk 
drive (Figure 11-3). 

• CTI BUS interface 
• ~p control 
• Disk control and status 
• MFM write data 
• MFM read data 

eTi BUS 
INTERFACE 

14-_--"'-M;,...;.FM'-'-CR;:.-EA_D ;:.-DA_TA_---'-J 

Figure 11-3 RD50 Controller Block Diagram 
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11.2.2 CTI BUS Interface Circuits 
The host processor gains access to the controller through the CTI BUS interface circuits. This is done by 
reading and writing to the eight registers of the RD50 controller. (Refer to Section 11.5 for detailed infor­
mation about the registers.) For the processor to access these registers, the CTI BUS interface circuits 
perform the following functions. 

• Acknowledge addressing of its registers by the host processor. 

• Pass data between the host processor and the controller. 

• Generate interrupts for the host processor when the controller requires service. 

Refer to Section 11.3.1 for more information on the operation of these circuits. 

11.2.3 Microprocessor (~P) Control Circuits 
The microprocessor control circuits are responsible for the internal operations of the RD50 controller. 
These circuits perform the following functions. 

• Arbitrates the use of the internal I/O bus to control the internal data flow of the controller. 

• Controls access to the memory in the ~P control circuits. 

• Generates the RD50 disk drive control signals from the commands the controller receives from 
the host processor. 

Refer to Section 11.3.2 for more information on the operation of these circuits. 

11.2.4 Disk Control and Status Circuits 
The disk control and status circuits pass control and status information between the controller and the 
RD50 hard disk drive. The ~P control circuits control these circuits to access drive status information from 
the drive and passing drive control information to the drive. 

The ~P control circuits process all control and status information. The host processor accesses the ~P con­
trol circuits through the CTI BUS interface circuits. The ~P control circuits then execute microprograms 
for computing the seek and select signals generated for the drive. The ~P control circuits then cause the 
disk control and status circuits to pass the control and status information between the controller and drive. 

Refer to Section 11.3.3 for further information on the detailed operation of these circuits. 

11.2.5 MFM Write Data Circuits 
The modified frequency modulation (MFM) write data circuits convert data the controller received from 
the host processor to MFM data for the RD50 hard disk drive. These circuits perform the following 
functions. 

• Converts data bytes from the sector buffer in the ~P control circuits to serial data. 

• Calculates then adds two eRC bytes to the end of the serial data. 

• Converts the serial data to MFM data. 

• Generates status signals for the ~P controller during the conversion. 

• Passes the MFM write data to the RD50 hard disk drive. 
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The host processor selects the controller to perform a write operation by accessing registers in the ~p con­
trol circuits thr.ough the CTI BUS interface circuits. The ~p control circuits then execute a microprogram 
which allows the host processor to pass data through the CTI BUS interface circuits and store it in the 
sector buffer in the ~p control circuits. The ~p control circuits then cause the disk control and status 
circuits to pass control and status information between the controller and drive. This prepares and controls 
the drive to accept the data transfer. The ~p control circuits then sequentially transfer the data stored in 
the sector buffer to the MFM write data circuits. The MFM write data circuits convert the data to MFM 
encoded data and pass it to the RD50 hard disk drive for storage. 

Refer to Section 11.3.4 for further information on the detailed operation of these circuits. 

11.2.6 MFM Read Data Circuits 
The'MFM read data circuits convert MFM data from the RD50 hard disk drive into data the host proces­
sor retrieves from the controller. These circuits perform the following functions. 

• Searches the data on the RD50 hard disk drive for the valid MFM encoded header. 

• Decodes the MFM data following the header from the RD50 hard disk drive. 

• Converts the decoded data to bytes for the sector buffer in the ~p control circuits. 

• Calculates two CRC bytes from the data read from the drive and compares them to the values 
previously stored with the data. 

• Generates status signals for the ~p controller during the conversion. 

The host processor selects the controller to perform a read operation by accessing registers in the ~p control 
circuits through the CTI BUS interface circuits~ The ~p control circuits then execute a microprogram 
which causes the disk control and status circuits to send seek control signals to the drive and monitor status 
signals from the drive. The drive then returns MFM encoded data to the MFM read data circuits. These 
circuits convert the MFM encoded data to byte data which is stored in the sector buffer by the ~p control 
circuits. After all the data is stored in the sector buffer, the host processor retrieves the data from the sector 
buffer through the CTI BUS interface circuits. 

Refer to Section 11.3.5 for further information on the detailed operation of these circuits. 

11.3 THEORY OF OPERATION 
The RD50 controller has five circuit groups which interface the RD50 hard disk drive to the host proces­
sor. This section describes these circuits at a functional block diagram level and describes how the circuits 
function together. 

The host processor accesses this controller by reading and writing to the registers of this controller. Only 
one register, the STATUSjINIT register, is discretely found in the controller's circuits. The remaining 
registers are mapped into memory by the ~p control circuits. The ~p control circuits control all accesses to 
the controllers memory. The memory is mapped as register space and sector buffer space. 

The microprocessor on the controller processes all host processor accesses to all registers except the 
STATUSjINIT register. Accesses to registers require microprocessor intervention, but appear as address 
locations to the host processor. 

Refer to Sections 11.5 and 11.6 for detailed descriptions of the RD50 controllers registers. 
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11.3.1 CTI BUS Interface Circuits 
The CTI BUS Interface circuits allow the host processor access to the RD50 controllers registers. The CTI 
BUS interface circuit consists of the following circuits (Figure 11-4). 

• CTI BUS I/O controller 
• Data I/O port 
• CTI BUS data/address transceivers 
• Address buffer 
• STATUS/INIT register 

The host processor gains access to the RD50 controller through these circuits by passing an address to the 
circuits and then reading or writing the data. The host processor can address the ST A TUS/INIT register 
without intervention from the p,P control circuits. To address the other seven registers, however, requires 
loading the address into the address buffer. The p,P control circuits can then transfer the data between the· 
data I/O ports and the p,P control circuits over the internal I/O bus. 

11.3.1.1 CTI BUS I/O Controller - Figure 11-4 shows the CTI BUS I/O controller receiving and gener­
ating CTI BUS control signals. The controller decodes CTI BUS control signals from the host processor 
and passes I/O control signals to the CTI BUS data/address transceivers, data I/O ports, address buffer, 
and the ST A TUS/INIT register. These I/O control signals cause the circuits to receive data and addresses 
from the CTI BUS or send data over the CTI BUS. 

• Interrupt Generation 

Some of the CTI BUS control signals are interrupts and acknowledgements for the host proces­
sor. The CTI BUS I/O controller generates these interrupts from status signals it receives from 
the p,P control circuits. 

• Controller Reset 

Some of the CTI BUS control signals also generate a reset signal for the controller. This reset 
signal initializes the p,P control circuits and the MFM write data circuits. 

11.3.1.2 CTI Data/Address Transceivers - The CTI BUS data/address transceivers connect to the CTI 
BUS data/address lines. The I/O control signals cause the transceivers to pass data and addresses between 
the CTI BUS and the controller on internal data/address lines. 

11.3.1.3 STATUS/INIT Register - When the STATUS/INIT register is addressed by the host proces­
sor, the CTI BUS I/O controller allows two things to occur. Either the controller status data is sent or the 
command signal, RESET, is received over the data/address lines. The reset signal initializes the p,P control 
circuits and the MFM write data circuits. Accessing this register does not interrupt the p,P controller cir-
cuits or the internal I/O bus. ' 

11.3.1.4 Address Buffer - The address buffer receives three data/address lines from the CTI BUS datal 
address transceivers. When the host processor addresses any register except the STATUS/INIT register, 
this buffer is loaded with the bits that define access to one of the controllers registers. The p,P control 
circuits receive this register address. 

11.3.1.5 Data I/O Ports - The data I/O port contains buffers for temporarily holding the data and com­
mands passed between the host processor and the RD50 controller. The CTI BUS I/O controller allows the 
host processor to write or read data from the CTI BUS through the CTI BUS data/address transceivers to 
the data I/O port. The read and write strobes generated by the p,P controller circuits, allow the p,P control­
ler access to the data I/O port over the internal I/O bus. 
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Figure 11-4 CTI BUS Interface Circuits 
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11.3.1.6 General Controller Access - While the controller performs a function, only the STATUS/INIT 
register can be accessed and no other RD50 controller register can be accessed. Figure 11-3, the block 
diagram, shows the structure of the internal I/O bus. All data and command transfers occur over this bus. 
It is an illegal procedure to interrupt the internal I/O bus while the controller is performing a function. 

11.3.2 ~p Control Circuits 
The ~p control circuits are responsible for the internal operation of the RD50 controller (Figure 11-5). The 
circuit consists of the following circuits. 

• Microprocessor 
• Microprogram ROMs 
• Data flow controller 
• Address/status buffer 
• Memory 
• Disk read/write controller 

11.3.2.1 Internal I/O Bus Control - The ~p control circuits control transfers over the internal I/O bus 
by generating the addresses for the microprogram ROMs data flow controller. The addresses access the 
microprograms to execute the RD50 controller functions. These addresses also generate read and write 
strobes to control transfers over the internal I/O bus. 

The read and write strobes control accesses to the memory, address/status buffer, and disk R/W control 
buffer over the internal I/O bus. The read and write strobes also go to the other controller circuits to 
control transfers over the internal I/O bus. 

11.3.2.2 Memory Mapping and Access - The microprocessor maps accesses to the memory for status 
and commands storage and sector buffer storage. 

After the host processor addresses a register, except the STATUS/INIT register, the microprocessor 
causes the data flow controller to generate a read strobe. This strobe places the address/status buffer con­
tents on the internal I/O bus. The microprocessor then maps the access to the memory and causes the data 
flow controller to generate read and write strobes. These strobes transfer data between memory and the 
data I/O port in the CTI BUS interface circuits. Accesses to all other circuits are performed in the same 
way. 

When the host processor accesses the sector buffer, the memory returns a full status indicator to the 
address/status buffer for use by the microprocessor. 

11.3.2.3 Disk Read Write Control Buffer - The microprocessor loads commands into the disk R/W 
control buffer. The buffer then generates data control signals to perform read and write functions between 
the controller and drive. These signals set up the MFM write data circuits to transmit data to the disk drive 
or sets up the MFM read data circuits to decode data received from the disk drive. 
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11.3.3 Disk Control and Status Circuits - The disk control and status circuits pass control and status 
information between the RD50 controller and the RD50 hard disk drive (Figure 11-6). These circuits are 
used when the controller performs read and write functions between the controller and the drive. The disk 
control and status circuit consists of the following circuits. 

• Disk control signal buffer 
• Disk status signal buffer 

The following sections describe the buffers and their uses. Refer to Section 11.4 for further information 
about the signals passed between the controller and drive by these buffers. 

11.3.3.1 Disk Control Signal Buffer - This buffer passes disk control signals to the disk drive. Using 
write strobes, this buffer is loaded with control words on the internal I/O bus from the ~p control circuits. 
The control words, generated by the ~p control circuits, include select signals for the drive, write control 
signals, and seek control signals. The write control signals passed to the drive are also sent to the MFM 
write data circuits. This synchronizes drive control operations with the transmission of MFM write data to 
the drive. 

WRITE STROBE DISK 
WRITE CONTROL CONTROL DISK 

SIGNAL CONTROL 

" 
BUFFER SIGNALS 

IV Vl 
::J 
co 

g 
-l 
<{ READ STROBE z DISK 
0:: 

READ STATUS STATUS DISK 
UJ 
f- SIGNAL STATUS ~ 

OUT 
BUFFER SIGNALS 

MA-0055-82 

Figure 11-6 Disk Control and Status Circuits 

CTI BUS 
INTERFACE 

J.lPCONTROL 
(REGISTERS 
SECTOR 
BUFFER) 

MFM READ DATA 

Tal 
FROM 
RD50 
DISK 
DRIVE 



11.3.3.2 Disk Status Signal Buffer - This buffer allows the ~P control circuits to simultaneously access 
disk status information from the drive and read status information from the MFM read data circuits. 
When the ~P control circuits generate a read strobe, this information passes over the internal I/O bus for 
the ~P control circuits. The disk status information is used when the controller executes either a write or 
read- function with the drive. 

11.3.4 MFM Write Data Circuits 
The MFM write data circuits convert byte data from the sector buffer to MFM data to be written to the 
disk (Figure 11-7). These circuits are used with the disk control and status circuits when the controller 
performs a write data function to the drive. The disk control and status circuits select the drive, cause the 
drive to seek to the desired cylinder, and enable the drive to write to the disks. The MFM write data circuits 
convert the data the controller received from the host processor to MFM data for the drive. The ~p control 
circuits synchronizes all operations and signal generation to perform the write function. 

The MFM write data circuit consists of the following circuits. 

• Write clock generator 
• Parallel-to-serial converter 
• CRC generator/checker 
• MFM generator 
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11.3.4.1 Parallel-to-Serial Converter - The J.LP control circuits use a data control signal to enable the 
parallel-to-serial converter. The J.LP control circuits also issue a write strobe. This action loads a data byte 
from the sector buffer over the internal I/O bus into the parallel-to-serial converter. The MFM clock from 
the write clock generator serially shifts the data byte to the eRe generator/checker. When the converter 
generates a byte shifted status signal, the J.LP control circuits loads the next data byte into the converter. 

11.3.4.2 CRC Generator/Che~.ker - When the J.LP control circuits enabled the parallel-to-serial convert­
er, it also initialized the eRe generator/checker with a data control signal. The MFM clock shifts the data 
from the parallel-to-serial converter through the eRe generator/checker to the MFM generator. During 
the shift the eRe generator/checker calculates two eRe bytes. Those bytes are added to the end of the 
write data when the J.LP control circuits issue an end-of-data control signal. 

11.3.4.3 MFM Generator - The MFM generator receives a data control signal from the J.LP control cir­
cuits. This initializes the generator before starting to convert the byte data to serial data. Write control 
signals from the disk control and status circuits indicate if the data is recorded on inner or outer tracks. 
They also indicate when the drive is enabled to write to the disks. The MFM generator can then select 
precompensation values and synchronizes transmission of MFM write data to the drive with a drive write 
control signal. 

After the MFM generator is set up to convert the write data to MFM write data, the MFM clock causes the 
MFM generator to generate precompensated MFM write data for the drive. 

11.3.5 MFM Read Data Circuits 
The MFM read data circuits convert MFM encoded data read from the drive into 8-bit bytes for the sector 
buffer (Figure 11-8). The disk control and status circuits use these circuits when the controller performs a 
read data function with the drive. The disk control and status circuits select the drive, cause the drive to 
seek the desired cylinder, and enable the drive to read the disks. The J.LP control circuits synchronize all 
operations and signal generation to perform the read function. 

The MFM read data circuit consists of the following circuits. 

• Phase lock loop/data separator (PLL/DP) 
• Address mark detector 
• Serial-to-parallel converter 
• eRe generator/checker 

11.3.5.1 Phase Lock Loop/Data Separator - MFM read data is received from the disk drive via the 
phase lock loop/data separator. The J.LP control circuits enable this circuit with a data control signal to 
search for preambles. 

Preambles indicate the start of MFM encoded read data for each sectm:. A detected preamble causes the 
separator to generate a read status signal to the disk control and status circuits for access by the J.LP control 
circuits. 

During a preamble, the phase lock loop also locks to the MFM read data frequency and generates a delayed 
phase clock signal. The data separator then extracts the serial data at its clocked frequency from the MFM 
encoded read data. The phase lock loop/data separator then passes the serial data and data clocks to the 
address mark detector and the serial-to-parallel converter. 

11.3.5.2 Address Mark Detector - The J.LP control circuits, with a data control signal, enable the address 
mark detector. The detector searches for an address mark in the serial data and data clocks. When the 
mark is detected, an address mark signal initializes and enables the serial-to-parallel converter. 
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11.3.5.3 Serial-to-Parallel Converter - After the address mark detector enables the serial-to-parallel con­
verter, the converter assembles byte data from the serial data and data clocks it receives from the phase 
lock loop/data separator. The converter assembles an 8-bit byte, then generates a byte ready status signal 
for the ~p control circuits. The ~p control, circuits then generate a read strobe to retrieve the byte data over 
the internal I/O bus. This continues until the ~p control circuits retrieve all the necessary data. 

11.3.5.4 CRC Generator/Checker - The ~p control circuits initialized the CRC generator/checker 
before the read cycle began. The serial .. to-parallel converter assembles byte data, and passes the serial data 
to the CRC generator/checker. The CRC generator/checker monitors the data, computes two CRC bytes, 
and compares them to the CRC bytes at the end of the serial data. If the data is valid, the CRC generator/ 
checker generates a status signal for the ~p controller circuits. 

11.3.6 Controller Data Flow Description 
Figure 11-9 shows all the functional circuits described in Sections 11.3.1 through 11.3.5 and the data flow 
discussed below. Two examples of data flow are discussed below: a drive command data flow and a write 
data flow. These examples do not follow the microcode command sequences but are presented as an aid in 
understanding the RD50 controller capabilities. 
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11.3.6.1 Drive Command Data Flow - When the host processor sends a command to the drive, the fol­
lowing events occur. 

• The host processor asserts the CTI BUS control signals in the correct sequence. The RD50 con­
troller then accepts the register address and data and loads them into the address buffer and data 
I/O port. 

• The ~p control circuits access the register address in the address/status buffer then place the 
data in the assigned memory register location. The microprocessor interprets an access to the 
STA 2/COMMAND register as a go command. 

• The ~p control circuits perform the command and calculate the necessary values. 

• The ~p control circuits place a data command word on the internal I/O bus and then load the 
word into the disk control signal buffer. 

• The disk control signal buffer then asserts the disk control signals selected by the data command 
word for the RD50 hard disk drive. 

11.3.6.2 Write Data Flow - The following events occur when the host processor sends data to the drive 
for storage. 

• Once the host processor issues a write command to the controller, it then accesses the data regis­
ter continually. The host processor then places data words for the register on the CTI BUS 
address/data lines. The host processor then asserts the CTI BUS control signals in the correct 
sequence, activating the RD50 controller. The controller accepts the data and loads it into the 
data I/O ports. 

• The ~p controller continually accesses the data I/O ports and transfers the data over the internal 
I/O bus to the memory sector buffer. 

• When the transfer from the host processor to the RD50 controller is complete, the controller 
places the data words from the memory on the internal I/O bus. It then loads the data word into 
the parallel-to-serial converter. 

• The write clock generator clocks data through the MFM write data circuits, the parallel-to-serial 
converter, the CRC generator/checker, and the MFM generator. 

• Once a data word is shifted past the parallel-to-serial converter, a status signal is generated for 
the address status register. This tells the ~p controller when to load another data word into the 
converter. 

• . The serial data passes to the CRC generator/checker. Two CRC bytes are calculated to be 
added after the original write data is serially shifted out. 

• The MFM generator continually receives the write data, encodes it into MFM format and sends 
it to the RD50 hard disk drive. 

11.4 DETAILED CONNECTOR DESCRIPTIONS 
The following section describes the signals passed between the RD50 controller, the RD50 hard disk drive 
and the host processor. Figure 11-10 shows the connectors on the controller, the signal names, and the 
signal flow. 
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Figure 11-1 a R05a Controller Interface Signal Flow 

11.4.1 CTI BUS Interface Jl 
The R05a controller uses the data/address and control lines of the CTI BUS to implement program data 
transfers. For details see Chapter 5. 

11.4.2 Disk Control/Status Connector J2 
Table 11-1 lists the pin functions of the R050 controller modules J2 connector. The signal mnemonic 
column also describes the asserted state of the signal. An L after the mnemonic indicates an asserted low 
state (logic zero). An H after the signal name indicates an asserted high state (logic high). 
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Table 11-1 Connector J2 Pin Description 

Signal Signal 
Pin Name Mnemonic 

1 Ground 
2 Reduced write current RWCL 
3 Ground 
4 Reserved 
5 Ground 
6 Write gate WR GATE L 
7 Ground 
8 Seek complete SEEK COMPLETE L 
9 Ground 

10 Track 000 TKOOOL 
11 Ground 
12 Write fault WRITE FAULT L 
13 Ground 
14 Head select 20 HDSELOL 
15 Ground 
16 Unspecified 
17 Ground 
18 Head select 21 HDSEL 1 L 
19 Ground 
20 Index INDEXL 
21 Ground 
22 Ready READYL 
23 Ground 
24 Step STEPPULSEL 
25 Ground 
26 Drive select 1 DR SELL 
27 Ground 
28 Reserved 
29 Ground 
30 Reserved 
31 Ground 
32 Reserved 
33 Ground 
34 Direction In DIRECTION IN L 
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11.4.2.1 REDUCED WRITE CURRENT (Pin 2) - This signal goes to the disk drive. When the control­
ler asserts this signal and write gate, the disk drive uses a lower value of write current for writing on the 
disk. When this signal is unasserted, the disk drive uses a higher value of write current. 

A lower write current is used when writing to tracks 128 through 157 rather than through tracks 0 through 
127. This is because the heads fly lower over the inside tracks. When the heads are closer to the disk, a 
lower write current generates a weaKer wri~e magnetic field. Using a normal write current at the inside 
tracks would damage data in the adjacent tracks. 

11.4.2.2 WRITE GATE (Pin 6) - This interface signal goes to the disk drive. The asserted state of this 
signal enables the write drivers when SEEK COMPLETE is asserted. 

11.4.2.3 HEAD SELECT (Pin 14 and 18) - The two signals (HD SEL 0, and HD SEL 1) go to the disk 
drive. They form a binary word to select one of four disk drive heads. 

11.4.2.4 STEP (Pin 24) - This interface signal goes to the disk drive. It controls the movement of the 
R/W heads. The DIRECTION IN signal defines direction of movement. 

11.4.2.5 DIRECTION IN (Pin 34) - This interface signal goes to the disk drive. When a step pulse is 
issued, this signal defines the movement direction of the RjW heads. The asserted state of DIRECTION 
IN selects head movement towards the center of the disk. An unasserted signal selects head movement 
towards track zero. 

11.4.2.6 DRIVE SELECT (Pin 26) - This signal goes to the drive. It indicates to the drive that the RD50 
controller is ready. This signal becomes unasserted if any of the following occurs. 

• The host processor sends a Reset command. 

• POWER OK is unasserted on the CTI BUS. 

• INIT is asserted on the CTI BUS. 

11.4.2.7 SEEK COMPLETE (Pin 8) - This signal comes from the disk drive. When asserted, it indicates 
that the RjW heads have completed a seek command. When unasserted, all writing is inhibited. SEEK 
COMPLETE gets un asserted during any seek operation. 

11.4.2.8 TRACK 000 (Pin 10) - This signal comes from the disk drive. When asserted, the RjW heads 
are positioned at track zero, the outermost track. 

11.4.2.9 WRITE FAULT (Pin 12) - This signal comes from the disk driv.e. When asserted, one of the 
following conditions is detected and writing or RjW head motion is inhibited. The signal stays asserted 
until the condition is corrected. 

• The heads receive current when WRITE GATE is asserted. 

• DRIVE SELECT and WRITE GATE are asserted but the heads do not receive current. 

• Either there are multiple heads, no head, or a head is incorrectly selected. 

• The dc voltages are out of tolerance. 

11.4.2.10 INDEX (Pin 20) - This signal comes from the disk drive as a low going pulse, and occurs once 
every disk revolution. The pulse indicates the beginning of the track. 
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11.4.2.11 READY (Pin 22) - This interface signal comes from the disk drive. When asserted, it indicates 
that the drive is ready to read, write, or seek. If SEEK COMPLETE and READY are asserted, then the 
I/O signals are valid. When unasserted, all writing and seeking actions are inhibited. 

11.4.3 Disk Data I/O Connector J3 
Table 11-2 lists the pin functions of the RD50 controller modules 13 connector. The signal mnemonic 
column also describes the asserted state of the signal. An L after the mnemonic indicates an asserted low 
state (logic zero). An H after the signal name indicates an asserted high state (logic high). 

11.4.3.1 DRIVE SELECTED (Pin 1) - This signal comes from the disk drive. When asserted, it indi­
cates that the drive is selected. 

11.4.3.2 MFM WRITE DATA (Pins 13 and 14) - This differential pair goes to the disk drive and defines 
the transitions to be written on the disk surface. If WRITE GATE is asserted, a flux reversal occurs on the 
disk at the transition of +MFM WRITE DATA going more positive than the -MFM WRITE DATA. 
When the RD50 controller reads data from the drive, this signal becomes un asserted (+MFM WRITE 
DATA more negative than -MFM WRITE DATA). 

11.4.3.3 MFM READ DATA (Pins 17 and 18) - This differential pair comes from the disk drive and is 
recovered read data from the selected head. The transition of the +MFM READ DATA signal going more 
positive than the -MFM READ DATA signal represents a flux reversal from the selected head. 

Table 11-2 Connector J3 Pin Description 

Pin 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Signal 
Name 

Drive selected 
Ground 
Reserved 
Ground 
Spare 
Ground 
Unspecified 
Ground 
Spare 
Spare 
Ground 
Ground 
+MFM write data 
-MFM write data 
Ground 
Ground 
+MFM read data 
-MFM read data 
Ground 
Ground 

Signal 
Mnemonic 

DRVSELDL 

+MFM WRITE DATA H 
-MFM WRITE DATA H 

+MFMREADDATAH 
-MFMREADDATAH 
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11.5 PROGRAMMING REGISTERS 
The following sections describe the RD50 controller module registers. The registers access the sector buffer 
and the command modes of the controller. 

The RD50 controller contains eight 16-bit registers for communications with the CTI BUS. These registers 
handle the communications between the RD50 controller and the host processor. All write operations to the 
registers are done by word transfers. Registers not defined are reserved. Table 11-3 defines the eight regis­
ters of the RD50 controller. 

All the registers are available to the host processor unless the controller is executing a function. This is 
indicated by a set BUSY bit in the STATUS/INIT register. The STATUS/IN IT register can be accessed 
at all times. 

NOTE 
An addressing error occurs, if the BUSY bit is set 
and then any register, except the STATUS /INIT 
register, is addressed. This forces the host processor 
to timeout trap to memory location 4. Refer to 
Chapter 5 for a detailed description of timeout trap. 

11.5.1 ID Register (774000) 
This is a read only (R/O) register. When read by the host, the register returns a 16-bit ID of 0101 hex, 
000401 octal. This indicates the starting address range of the RD50 controller. 

NOTE 
If this register is accessed when the BUSY bit is set 
in the STATUS /INIT register, the host processor 
will timeout trap to memory location 4. Refer to 
Chapter 5 for a detailed description of timeout trap. 

Table 11-3 Programming Registers 

Bus 
Address 

774000 
774004 
774006 
774010 
774012 
774014 
774016 
774020 

Name 

ID 
ERROR/PRECOMP 
BACKUP REV/SECTOR ID 
DATA BUFFER 
CYLINDERID 
HEADID 
STA2/COMMAND 
STATUS/INIT 

Type 

Read Only (R/O) 
R-Error /W -Precomp 
Read/Write (R/W) 
R/W 
R/W 
R/W 
R-STA 2/W-Command 
R-Status/W-Init 
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11.5.2 ERROR/PRECOMP Register (774004) 
This register has two functions: the high byte contains error information and the low byte stores the cylin­
der address at which write precompensation starts. 

NOTE 
If this register is accessed when the BUSY bit is set 
in the STATUS/IN IT register, the host processor 
will timeout trap to memory location 4. Refer to 
Chapter 5 for a detailed description of timeout trap. 

The high byte of this register is read only (RIO) for error information. This information is valid only if the 
error bit is set in the STA 2/COMMAND register. The high byte is cleared by issuing a new command. 
Table 11-4 defines the error bits of the high byte. 

The low byte of this register is write only (W 10). It stores the cylinder number at which write precompen­
sation starts. A default precompensation value is stored in this byte during a software or hardware initiali­
zation of the RD50 controller. The default value is cylinder number 12810 divided by 4. To use a different 
write precompensation point, divide the selected cylinder number by 4 and write the result into the low byte 
of this register. 

11.5.2.1 DM Not Found, Bit 8 - This bit can only be set during a Read Sector command. It indicates 
that the Data Mark (DM) was not found after successfully reading the requested ID field. 

11.5.2.2 TROOO Error, Bit 9 - This bit can only be set during a Restore command. It indicates that track 
zero (TROOO) was not found after the drive performed seeks through 1100 tracks. 

11.5.2.3 Illegal/Aborted Command, Bit 10 - This bit is set when anyone of the following conditions 
occur. 

• An invalid command is received. 

• A command is received that cannot be executed based on status information from the drive (for 
example, write fault is present during a Write Sector command). The host must analyze other 
status bits to determine the cause of the error. 

• A self-diagnostic error occurs during power-up or reset. 

Table 11-4 Error Bit Definitions 

Bit Number 

08 
09 
10 
11 
12 
13 . 
14 
15 

Function 

DM (data mark) not found 
TROOO error 
Illegalj aborted command 
Not used 
ID not found 
CRC error, ID field 
CRC error, data field 
Not used 
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11.5.2.4 ID Not Found, Bit 12 - When this bit is set, it indicates that the disk the requested sector was 
not found after two revolutions of the disk. 

NOTE 
When bit 12 is set, a Restore command must be 
issued to return the drive to its track 000 reference 
point and clear the bit. 

11.5.2.5 CRC Error ID Field, Bit 13 - When this bit is set, it indicates that a CRC error was found in the 
ID field. This bit can only be set if the comparing parameters (for example, cylinder number or sector 
number) match, but the CRC bytes do not match the computed CRC value. 

11.5.2.6 CRC Error Data Field, Bit 14 - When this bit is set, it indicates that a CRC error was found in a 
data field during a Read Sector command. Although the data may be bad, the host may read the sector 
buffer. 

11.5.3 BACKUP REVISION/SECTOR ID Register (774006) 
This is a 16-bit read/write (R/W) register. The low byte of this register identifies the sector address used in 
the present operation. Refer to Table 11-5 for low byte bit definitions. The high byte of this register identi­
fies the last time the sector was backed-up to off-line storage. Refer to Table 11-6 for high byte bit 
definitions. 

NOTE 
If this register is accessed when the BUSY bit is set 
in the STATUS /INIT register, the host processor 
will timeout trap to memory location 4. Refer to 
Chapter 5 for a detailed description of timeout trap. 

NOTE 
The sector ID byte can be read only after a Read 
Sector command is performed. It should not be read 
during a transfer of the internal sector buffer. 
Reading the byte during a transfer, resets the 
address pointer of the internal sector buffer to zero. 

11.5.4 DATA BUFFER Register (774010) 
This is a 16-bit read/write (R/W) register. It is the data transfer window between the RD50 controller and 
the host. Accessing this register resets both the DRQ bit in the ST A TUS/INIT register and the data 
request bit in the STA 2/COMMAND register. 

When another word is ready to be read from or written to the sector buffer, the DRQ and data request bits 
are set again. The sequence is repeated until the buffer is completely read or written. 

NOTE 
If this register is accessed when the BUSY bit is set 
in the STATUS /INIT register, the host processor 
will timeout trap to memory location 4. Refer to 
Chapter 5 for a detailed description of timeout trap. 
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Table 11-5 Sector ID Bit Definitions 

Bit Number 

o 
1 
2 
3 
4 
5,6,7 

Function 

Sector ID bit 0 
Sector ID bit 1 
Sector ID bit 2 
Sector ID bit 3 
Reserved 
Not used 

Table 11-6 Backup Revision Bit Definitions 

Bit Number 

8 
9 

10 
11 
12 
13 
14 
15 

Function 

User-definable. Usually these 
bits indicate the backup 
code to off-line storage. 
Codes are user defined. 

11.5.5 CYLINDER ID Register (774012) 
This is a 16-bit read/write (R/W) register. It identifies the cylinder used in the present operation. Refer to 
Table 11-7 for bit definitions. 

NOTE 
If this register is accessed when the BUSY bit is set 
in the STATUSjINIT register, the host processor 
will timeout trap to memory location 4. Refer to 
Chapter 5 for a detailed description of timeout trap. 

11.5.6 HEAD ID Register (774014) 
This is a read/write (R/W) register. It contains the ID of the surface/head used in the present operation. 
Refer to Table 11-8 for bit definitions. 

NOTE 
If this register is accessed when the BUSY bit is set 
in the STATUS /INIT register, the host processor 
will timeout trap to memory location 4. Refer to 
Chapter 5 for a detailed description of timeout trap. 
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Table 11-7 Cylinder ID Bit Definitions 

Bit Number 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10-15 

Function 

CYL ID bit 0 
CYLIDbit 1 
CYL ID bit 2 
CYL ID bit 3 
CYLIDbit4 
CYL ID bit 5 
CYL ID bit 6 
CYLIDbit 7 
Reserved 
Reserved 
Not used 

Table 11-8 Head ID Bit Definitions 

Bit Number 

o 
1 
2 
3-15 

Function 

HD IDbit 0 
HD ID bit 1 
Reserved 
Not used 

11.5.7 STA 2/COMMAND Register (774016) 
This is a read/write (R/W) register. The low byte contains the command used in the present operation; the 
high byte contains the secondary status (STA 2) of the operation. Refer to Table 11-9 for the bit definitions 
of the command byte. Refer to Table 11-10 for the bit definitions of the secondary status byte. 

NOTE 
If this register is accessed when the BUSY bit is set 
in the STATUS /INIT register, the host processor 
will timeout trap to memory location 4. Refer to 
Chapter 5 for a detailed description of timeout trap. 

11.5.7.1 Restore - The Restore command moves the R/W head assembly to Track 000. This command 
is executed only if the DRIVE READY and SEEK COMPLETE signals are asserted and the WRITE 
FAULT signal is unasserted. Use this command after an ID Not Found error or a software INITIALIZE 
command. 

After receiving the RESTORE command, the controller sets the BUSY bit in the ST A TUS/INIT register 
and tests for a TRACK 000 (TROOO) signal. 

If the TRACK 000 signal is asserted, the command is terminated. This sets the OP ENDED bit, and resets 
the BUSY bit in the STATUS/INIT register. 
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Table 11-9 Command Byte Bit Definitions 

Command 

Restore 
Read sector 
Write sector 
Format 

Bits 
76543210 

0001 0000 
00100000 
0011 0000 
0101 0000 

Table 11-10 Secondary Status Bit Definitions 

Bit Number 

8 
9 

10 
11 
12 
13 
14 
15 

Function 

Error status 
0- not used 
0- not used 
Data request 
Seek complete 
Write fault 
Drive ready 
0- not used 

If the TRACK 000 signal is un asserted when it is tested, a step pulse is issued to the drive. Step pulses are 
issued to the drive until the head assembly is positioned to track zero (TRACK 000 signal asserted) or 1100 
step pulses are issued. 

If track zero is found before 1100 step pulses are issued, the command is terminated with OP ENDED 
only. 

However, if after 1100 step pulses are issued and the TRACK 000 signal is still unasserted, the command is 
terminated. The OP ENDED bit is set in the STATUSjINIT register, the error bit is set in the STA 
2jCOMMAND register, and the TROOO error bit is set in the ERRORjPRECOMP register. 

11.5.7.2 Read Sector - A Read Sector command causes the RD50 controller to read one sector (256 
16-bit words) from the drive to the sector buffer in the controller. 

When the Read Sector command is received, the BUSY bit is set in the STATUSjINIT register. A seek is 
then performed to the requested cylinder in the CYLINDER ID register. Once the head assembly is posi­
tioned over the destination cylinder, each sector ID field is read. The sector IDs are compared with the 
head, sector, and cylinder addresses specified for the Read Sector command. 

Once the correct sector is found, the ID field CRC is verified. If the ID field is correct, the controller then 
searches for the data mark. 

When the data mark is detected, the data field is transferred to the sector buffer. The backup revision ID 
byte is loaded into the high byte of the BACKUP REV jSECTOR ID register. The eRC of the data field is 
then checked. 
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Once the data field CRC value is read, the BUSY bit is reset and the DRQ bit is set in the ST ATUSjINIT 
register. 

If the computed data field CRC value does not compare to the value read from the sector, the error bit is 
set in the STA 2jCOMMAND register. The CRC error data field (bit 14) is then set in the ERRORj 
PRECOMP register. 

If interrupts are enabled when the first DRQ bit is set, an interrupt to the host is generated. The host 
checks the error bit in the ST A 2jCOMMAND register or reads a data word out of the internal sector 
buffer using the DATA BUFFER register. 

When the host reads the word from the DATA BUFFER register, the DRQ bit is reset. When the next 
word is ready, another DRQ is generated. This sequence is repeated 256 times before the buffer is com­
pletely read. Once the sector buffer is empty, OP ENDED is set in the STATUSjINIT register. This 
indicates that the operation is complete. 

During a Read Sector command, errors may occur which will terminate the command. If this occurs, the 
BUSY bit is reset and the OP ENDED bit is set in the STATUSjINIT register. Also, the error bit is set in 
the STA 2jCOMMAND register. This indicates that the ERRORjPRECOMP register contains detailed 
error -information (see Section 11.5.2). The following events terminate a command. 

• The correct ID field cylinder, head, or sector address cannot be found within two disk revolu­
tions. The ID Not Found error (bit 12) is set in the ERRORjPRECOMP register. 

• The ID field cylinder, head, and sector addresses are found but the computed ID field CRC does 
not match the one recorded. The CRC error ID field (bit 13) is set in the ERRORjPRECOMP 
register. 

• The DM is not detected within 16 bytes of the ID field CRC and after two disk revolutions. The 
DM Not Found error (bit 8) is set in the ERRORjPRECOMP register. 

11.5.7.3 Write Sector - The Write Sector command writes the internal sector buffer (256 16-bit words) 
to the specified cylinder, head, and sector of the disk. 

When this command is received the DRQ bit is set in the STA TUSjINIT register. If the interrupts are 
enabled, this generates an interrupt to the host. 

The host then transfers a 16-bit data word to the DATA BUFFER register which resets the DRQ bit. After 
the controller stores the data word in the sector buffer, the controller sets the DRQ bit again. This sequence 
is repeated until 256 words are loaded into the sector buffer. 

After the buffer is loaded, the BUSY bit is set in the STATUSjINIT register. A seek is then performed to 
the requested cylinder and the ID field is verified. 

After the ID field is verified, the controller turns on the write gate and writes to the specified cylinder, 
head, and sector. This includes the data preamble, the sync mark, the data mark, the data, the backup 
revision level byte, the reserved bytes, and the two bytes of CRC. 

When it has completed writing this information, the controller resets BUSY and sets OP ENDED in the 
STATUSjINIT register. If the interrupts are enabled, the OP ENDED bit generates an int~rrupt to the 
host. This indicates that the write operation is complete. 
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There are two error conditions that can occur during a Write Sector command: ID Not Found and ID Field 
CRC error. If either occurs, the operation terminates with ERROR set in the STA 2jCOMMAND regis­
ter and OP ENDED set and BUSY reset in the ST ATUSjINIT register. The ERRORjPRECOMP regis­
ter contains detailed error information. 

11.5.7.4 Format - This command is a special type of write command. It allows the host processor to 
format one track at a time and defines the physical location of each sector on the track. 

To use this command, the host processor loads the cylinder ID and head ID of the track to be formatted 
into the CYLINDER ID register and the HEAD ID register. The host processor then loads the Format 
command into the STA 2jCOMMAND register. 

When the controller decodes the command, it generates the DRQs needed to load 256 words into the sector 
buffer. When the first DRQ occurs, the host processor loads the data buffer in the controller with the 
sector ID assigned to the first sector after the INDEX signal. 

When the second DRQ occurs, the host processor loads the data buffer with the sector ID assigned to the 
second sector after the INDEX signal. The host processor continues to assign sector IDs until it reaches the 
seventeenth DRQ. 

From the seventeenth DRQ until the last DRQ, the host loads data into the data buffer. This operation 
assigns the fill character to be written into the sector. 

To address the sectors sequentially around the track from 0 to 15 load each word with the corresponding 
sector address (for example, word 0 with sector address zero, word 1 with sector address one, word 2 with 
sector address two). 

To interleave the sectors in a random pattern such as 0, 8, 1, 9, 2, 10, 3, 11, 4, 12, 5, 13, 6, 14, 7, and 15, 
load each word with the random sector address (for example, word 0 with sector address zero, word 1 with 
sector address eight, word 2 with sector address one). 

NOTE 
The bit organization is the same for both these 
words and the BACKUP REV jSECTOR ID reg­
ister (see Section 11.5.3 and Table 11-5) 

Once the sector buffer is loaded, the controller sets the BUSY bit in the STATUSjINIT register. The drive 
seeks to the specified cyFnder and selects the head. 

The controller then waits for the INDEX signal from the drive. When the signal is received, the controller 
turns on the write gate and writes the complete track. 

The cylinder address used is the cylinder address stored in the CYLINDER ID register. The head address 
used is the head address stored in the HEAD ID register. The sector address for the first sector is word 0 of 
the sector buffer, the sector address for the second sector is word 1 of the sector buffer, and so on. 

The data fields, backup revision bytes, and reserved bytes are set to zero. 

After the track is completely written, the controller resets the BUSY bit and sets the OP ENDED bit in the 
STATUSjINIT register. This indicates that the operation is complete. 

11.5.7.5 Error Status - This bit indicates that the ERRORjPRECOMP register contains a valid error 
status. It provides a fast way for the host to check if error information is stored in the ERRORj 
PRECOMP register. Once the error status bit is set, the host reads the ERRORjPRECOMP register and 
determines what caused the error. 
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11.5.7.6 Data Request - This bit (together with DRQ) is set when data is ready to be read or written to 
the sector buffer. Reading or writing to the DATA BUFFER register clears both this bit and DRQ. When 
another word is ready to be read from·or written to the sector buffer, the DRQ and data request bits are set 
again. The sequence is repeated until the buffer is completely read or written. 

11.5.7.7 Seek Complete - This bit indicates the condition of the Seek Complete signal from the drive. 
When set, it indicates the drive is ready to read or write. 

11.5.7.8 Write Fault - When this bit is set, it indicates a write fault condition exists at the drive. If a 
write operation was performed when this fault condition occurred, data was not written correctly because 
of a failure in drive electronics. This bit can only be reset by turning the system power off and then back on 
again. 

11.5.7.9 Drive Ready - When this bit is set, it indicates that the drive is ready to seek, read, or write. 

11.5.8 STATUS/INIT Register (774020) 
This register may be read or written to at any time. All other registers should only be accessed if the BUSY 
bit in this register is reset. Table 11-11 defines the bits of this register. 

11.5.8.1 OP ENDED - When this bit is set, it indicates that the operation specified in the command 
register is complete. The status of the completed operation is indicated in the ST A 2/COMMAND regis­
ter. If interrupts are enabled, this bit also causes an interrupt to the host. The OP ENDED bit is reset by 
reading or writing to the STA 2/COMMAND register. 

11.5.8.2 RESET/INITIALIZE - When this bit is set it causes an INITIALIZATION sequence (see 
Section 11.5.4). 

Table 11-11 STATUS/INIT Register Definitions 

Bit Number 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Function 

OP ENDED (Operation ended) R/O 
Not used 
Not used 
RESET/INITIALIZE W /0 
Not used 
Not used 
Not used 
DRQ (data transfer request) R/O 
Reserved 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
BUSY (internal I/O bus in use) R/O 
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11.5.8.3 DRQ - When this bit is set, it indicates a data transfer is needed. The bit is cleared by accessing 
the Data Buffer register. When another word is ready to be read from or written to the sector buffer, the 
DRQ (data required) bit and the data request bit are set again. The sequence is repeated until the buffer is 
completely read or written. 

If interrupts are enabled, this bit also causes an interrupt to the host processor. 

11.5.8.4 BUSY - When this bit is set, it indicates no other register may be accessed. This bit is set when 
the controller uses the internal I/O bus. 

11.6 GENERAL SEQUENCE OF OPERATION 
The RD50 controller can store and recover data blocks of 256 16-bit words. The following sections describe 
the general sequence of operations for the RD50 controller. 

11.6.1 Read Sector, Write Sector, Format Command 
To perform a Read Sector, Write Sector, or Format command, the host processor does the following. 

• Reads the STATUS/INIT register (774020) and determines that the BUSY bit is not set. 

• Loads the CYLINDER ID register (774012) with a cylinder address. 

• Loads the ERROR/PRECOMP register (774004) with the write precompensation cylinder 
address if the address is not cylinder 128. 

NOTE 
The ERROR/PRECOMP register is loaded with the 
write precompensation cylinder address during 
initialization. It is not necessary to load it during 
each operation. 

• Loads the HEAD ID register (774014) with a head number. 

• Loads the BACKUP REV/SECTOR ID register (774006) with a sector address and backup 
revision information. 

• Enables the RD50 controller interrupts if the host processor wants them. 

• Loads the ST A 2/COMMAND register (774016) with a command. 

• Waits for either a DRQ interrupt or for the BUSY bit to be reset and the DRQ bit to be set in 
the STATUS/INIT register. 

11.6.1.1 Read Sector Command Follow-up Sequence - After the controller completes a Read Sector 
command, the host checks the error bit in the STA 2/COMMAND register. If the error bit is reset, the 
host moves the DATA BUFFER register contents to main memory. After each word transfer, the host 
waits for another DRQ interrupt or loops on the DRQ bit in the STATUS/INIT register. 

Both the DRQ bit and the data request bit are set after each data word is loaded into the DATA BUFFER 
register. After all 256 words are read, the OP ENDED bit is set in the STATUS/INIT register and if 
interrupts are enabled an OP ENDED interrupt is generated. 
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11.6.1.2 Write Sector and Format Command Preparation - Before the controller executes a Write 
Sector or a Format command, the host moves the first data word from main memory to the DA T A 
BUFFER register. After each word transfer, the host waits for another DRQ interrupt or loops on the 
DRQ bit in the STATUS/INIT register. 

Both the DRQ bit and the data request bit are set when the controller is ready to load the next data word 
into the DATA BUFFER register. After all 256 words are loaded, the controller executes the command. 

11.6.1.3 Write Sector and Format Command Follow-up - The controller indicates a completed com­
mand by resetting the BUSY bit and setting the OP ENDED bit in the STATUS/INIT register and if 
interrupts are enabled generates an OP ENDED interrupt. The host processor checks the error bit in the 
STA 2/COMMAND register to determine error free Write Sector or Format command completion. 

11.6.2 Read After Write Verify Follow-up 
A Read After Write Verify operation occurs when a Read Sector command follows a Write Sector com­
mand on the same sector. After the completion of the READ command, the host processor verifies the 
data written to the disk. 

After loading a Read Sector command into the STA 2/COMMAND register, the host waits for the DRQ 
bit to set. The host then checks the error bit in the ST A 2/COMMAND register to verify the data. 

11.6.3 Restore Command 
To perform a Restore command the host processor does the following. 

• Enables RD50 controller interrupts in the CPU if the host processor wants them. 

• Loads the STA 2/COMMAND register with the Restore command code. 

• Waits for either an OP ENDED interrupt or for the BUSY bit to be reset and the OP ENDED 
bit to be set in the STATUS/INIT register. 

• The host processor determines an error free Restore command completion by checking the error 
bit in the STA 2/COMMAND register. 

11.6.4 Initialization Sequence 
The controller executes a Reset/Initialize sequence for the following conditions. 

• During the power-up sequence. 

• When the CTI BUS signal INIT is asserted. 

• When the CTI BUS signal P OK is unasserted then asserted. 

• When the host processor sets the RESET/INITIALIZE bit in the STATUS/IN IT register .. 
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If anyone of the above conditions occur, the microprocessor does the following. 

• Sets the BUSY bit in the STATUS/INIT register. 

• Performs an internal initialize sequence. 

• Performs an internal memory test. 

• Clears the internal sector buffer. 

• Clears the CYLINDER ID, HEAD ID, and BACKUP REV/SECTOR ID registers. 

• Stores a default write precompensation cylinder address of 128 in the PRECOMP byte. 

• Clears the error byte in the ERROR/PRECOMP register. 

NOTE 
During a power-up initialization sequence, the drive 
performs an auto restore to track zero. 

• Resets the BUSY bit and sets OP ENDED bit when the initialization sequence is complete. 

NOTE 
After an initialization sequence, the READY and 
SEEK COMPLETE bits must be set in the STA 2/ 
COMMAND register before the host processor 
accesses any register except the STATUS /INIT 
register. 

11.7 SPECIFICATIONS 
The following paragraphs provide the RD50 controller specifications. 

11.7.1 Environmental 

Specification 

Temperature 
Humidity 
Wet bulb reading 
Dew point 
Temperature 
fluctuation 
Power dissipation 

11. 7.2 Power 

Voltage 

+5 volts 
-12 volts 
+ 12 volts 

Min 

10° C (50° F) 
10% 

2° C (36° F) 

Current 

4.8A -
200mA 
100mA 

Nom 

49W 
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50° C (104° F) 
90% 
28° C *82° F) 

20° C/hour 
36° F/hour 
83W 





12.1 GENERAL INFORMATION 

CHAPTER 12 
RD50 HARD DISK DRIVE 

The ROSO hard disk drive is the storage component of the ROSO controller and drive subsystem for the 
Professional 3S0 computer system. Figure 12-1 shows the drive's relationship to other components of the 
system. 

12.1.1 Related Documentation 
The following documents also provide information on the ROSO-A hard disk drive. 

Title Document No. 

Professional 3S0 Field Maintenance Print'Set MP-O 1394-00 

SYSTEM MODULE 

MA-l0,162 

Figure 12-1 RD50 Hard Disk Drive System Relation 
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12.1.2 RD50 Hard Disk Drive Introduction 
The RD50 drive is a 5.25 inch (130 mm) non-removable media disk drive. The disk drive, called a 
Winchester drive, allows the heads, which normally fly over the disk surface (media) to land when the drive 
is powered off. This drive uses lubricated media and lightly loaded (mechanically) read/write (R/W) 
heads. 

High-bit densities on the media are achieved by flying the heads at a height of 20 micro-inches. This flying 
height requires a clean air environment. To ensure this, the head and disk assembly (HDA) is manufac­
tured and sealed in an environmentally clean room. 

A controller interfaces the RD50 drive to a host computer. This controls the drive operations and converts 
the data to or from the modified frequency modulation (MFM) format required by the drive. 

12.2 FUNCTIONAL COMPONENTS 
The following paragraphs describe the functions of the components that make up the RD50 drive. 

12.2.1 Overview 
The RD50 drive is a random access storage device which uses two non-removable 5.25 inch disks as storage 
media. -Each disk surface uses one movable head to service 153 data tracks. The total formatted capacity 
of the drive is 5 megabytes (16 sectors per track, 512 bytes per sector, 612 tracks per drive). Figure 12-2 
shows the RD50 drive and Figure 12-3 shows the functional components of the RD50 drive. 

This drive consists of a drive mechanism and two circuit modules. The drive mechanism contains the stor­
age media and the supporting mechanical assemblies. One circuit module, the motor control module, con­
tains the spindle motor control circuit. The other module, the read/write (R/W) module, contains the fol­
lowing circuits. 

• Power-on circuit 
• Fault detection circuit 
• Seek circuit 
• Write circuit 
• Read circuit 

Two connectors on the R/W module connect the drive to a controller. A third connector on the R/W 
module connects the drive to a power source. A spring, located on the mounting plate, grounds the drive 
frame to the system chassis. 

The RD50 drive is a field replaceable unit (FRU PN RD50-A). The R/W module is also a FRU of the 
RD50-A drive (PN 29-24112-00). Chapter 11 describes the two cables that connect the RD50 drive to a 
controller. Chapter 13 describes the power cable that connects the RD50 drive to a power supply. For more 
information on drive maintenance refer to Section 12.5. 

12.2.2 Drive Mechanism 
The drive mechanism is an HDA which contains a stepper motor, a head carriage assembly, a spindle 
motor, media, and sensors and hardware to support the HDA. 

12.2.3 Spindle Motor Control Circuit 
The spindle motor control circuit is located on the motor control module. This circuit keeps a brushless 
spindle motor rotating at a constant speed. 

12.2.4 Power-Up Circuit 
The power-up circuit provides the RD50 drive with a power-on sequence. This sequence allows the spindle 
motor time to rotate up to speed, forces a recalibration (recal) to the outer track of the media (track 0), and 
indicates that the RD50 drive is ready. 
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Figure 12-2 RD50 Hard Disk Drive 
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Figure 12-3 Simple Block Diagram 
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12.2.5 Fault Detection Circuit 
~he fault detection circuit monitors the RD50 drive for faults which could destroy stored data. When a 
fault is detected this circuit generates a status signal for the controller and disables the write circuit. 

12.2.6 Seek Circuit 
The seek circuit controls a stepper motor that actuates the head carriage assembly. This assembly positions 
the R/W heads over a data track. The seek circuit receives control signals directly from the controller. 

12.2.7 Write Circuit 
The write circuit receives modified frequency modulated (MFM) data and control signals from the control­
ler. The circuit then generates the write current for the heads to store the data on the media as magnetic 
domains. 

12.2.8 Read Circuit 
The R/W heads sense the data recorded on the media. The read circuit then converts the data to MFM 
data pulses. 

12.3 THEORY OF OPERATION 
The following paragraphs describe the RD50 drive functions. 

12.3.1 Drive Mechanism Detailed Operations 
The drive mechanism is an HDA with the supporting sensors and hardware. The sealed HDA consists of 
the following items. 

• Stepper motor and head carriage assembly 
• Spindle motor assembly and speed sensor circuit 
• Filters 

The supporting sensors and hardware consist of the following items. 

• Index sensor 
• Track zero sensor 
• Spindle brake 
• Spindle ground spring 
• Drive select indicator (LED) 
• Mounting hardware 

12.3.1.1 Sealed Head and Disk Assembly (HDA) - The following paragraphs describe the items con­
tained in the sealed head and disk assembly. 

NOTE 
The HDA is an environmentally sealed unit. Opening 
this unit or breaking its seals destroys the data 
stored on the media and the reliability of the drive. 

Stepper Motor and Head Carriage Assembly 
Figure 12-4 shows the stepper motor and head carriage assembly. This assembly moves the flying R/W 
heads across rotating media and positions them over the data tracks. These tracks are 4000 microinches 
apart, and require close tolerances between all mechanical parts. 

Three bearings rotate on shafts connected to the head carriage assembly. Each bearing makes a two point 
contact to a carriage rod. The bearings are arranged so that the two inner bearings roll on a common 
carriage rod and the outer bearing roll on a second carriage rod. 

12-4 



CARRIAGE 
ASSEMBLY 

TRACK 
ZERO 
BRACKET 

MA-0061-82 

Figure 12-4 Stepper Motor and Head Carriage Assembly 

r-
I ,-----'----, 
I 
I 
I 
I 

I MOTOR I 
II CONTROL I 
L~~::_-1 

I 

: READ/WRITE 
MODULE L _________ _ 

12-5 

'-v-' 

CONTROL 
CONNECTOR 

--l 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DC POWER I 
__ .J __ J 

~ 

DATA 
CONNECTOR 

'-v-' 
POWER 
CONNECTOR 



A forked band wraps around the capstan of the stepper motor and attaches to the head carriage assembly. 
As the stepper motor capstan rotates, the head carriage assembly moves out towards track zero or in 
towards track 152. 

The capstan is rotated in increments of 0.90 called half steps. Two stepper motor cycles, or 1.80 of rotation, 
move the heads one full track. 

Spindle Motor Assembly and Speed Sensor Circuit 

NOTE 
The spindle motor assembly is part of the HDA. 
Removal or disassembly of this unit destroys the 
data stored on the media and the reliability of the 
drive. 

The spindle motor assembly consists of two disks attached to a spindle and rotated at a constant speed of 
3600 rpm by a brushless de motor. A speed sensor circuit in the spindle motor sends a signal, representing 
the spindle motor's speed, to the spindle motor control circuit. The spindle motor control circuit then con­
trols the spindle motor's speed. Refer to Section 12.3.2 for more information. 

As the motor rotates the disks (media), an air cushion between the heads and the media is created. This 
causes the heads to fly above the media at an average height of 20 microinches. This distance allows high 
density data recording. 

When power is removed from the drive, the motor and media slow down and stop rotating. This removes 
the air cushion and allows the heads to land on the media. 

Filters 

NOTE 
The filters are part of the HDA. Disassembly of the 
HDA to access the filters destroy the data stored on 
the media and the reliability of the drive. 

The stepper motor, head carriage assembly, and spindle motor are all environmentally sealed in a casting. 
An air filtration system inside the sealed casting removes particles that would damage the heads and media. 

The filtration system consists of a dual chamber filter. One chamber removes 0.3 micrometer particles 
from the air. The filter maintains a clean air environment inside the sealed HDA for the life of the drive 
and requires no maintenance. 

The other chamber is a filtered vent which allows pressure equalization between the sealed HDA and the 
outside environment. During normal operation there is no measurable air flow between the HDA and the 
outside environment. 

Figures 12-5 and 12-6 show the air flow paths of this system. 
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12.3.1.2 Sensors and Hardware - The following paragraphs describe the sensors and hardware of the 
drive mechanism. 

Index Sensor 
The spindle motor hub has two tabs attached to it. One tab is a ferrous metal tab used by the index sensor; 
the other tab is nonferrous metal and is for counter balancing. The index sensor is a transistor which 
responds to magnetic field variations. This response is called a hall effect. The sensor is mounted on the 
HDA 0.030 inches away at its closest point from the ferrous metal tab on the spindle hub. 

The ferrous tab distorts the magnetic field of the sensor. The sensor generates a pulse (INDEX SENSE) to 
the write circuits in the R/W module. For more information on t,his signal see Section 12.3.6. 

Track Zero Sensor 

NOTE 
The track zero sensor position is set at the time of 
manufacture. Replacement or adjustment of this 
sensor alters the position of track zero. 

The track zero sensor is an infrared light emitting diode, a photo sensitive transistor, and a light interrupt­
ing tab on the stepper motor shaft. When the tab interrupts the light from the diode to the photo sensitive 
transistor, the transistor turns off. This generates a signal (TRK 0 SENSE) for the R/W module. This 
occurs when the heads are located near track zero. For more information on this signal see Section 12.3.S. 

Spindle Brake 
A brake mounts on the HDA near the spindle hub. This brake minimizes head flutter when the spindle 
motor slows down after power is removed from the drive. Flutter is a condition where the heads bounce 
over the media. This occurs when the slower disk rotation creates an unstable air cushion. 

This brake is a solenoid actuated brake pad. The brake is mounted on the HDA so that the pad is situated 
0.010 inches from the spindle hub. When power is applied to the motor control module, the solenoid is 
activated and pulls the brake pad away from the spindle hub allowing the hub to spin freely. 

When power is removed from the solenoid, the brake pad contacts the hub and slows it down. This allows 
the heads to land on the media quickly, extending the life of the media and the heads. 

Spindle Ground Spring 
The spindle ground spring provides a discharge path for static electricity which builds up on the spindle and 
the media. The spring bolts to the HDA allowing a carbon contact to touch a metal cone at the base of the 
spindle motor. This discharges static electricity from the HDA. 

Drive Select Indicator 
The drive select indicator on the front bezel of the drive lights if the controller has selected the RDSO disk 
drive. This indicator is controlled by a signal from the controller. 
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12.3.2 Spindle Motor Control Circuit Detailed Operations 
The spindle motor control circuit is on the motor control module (Figure 12-7). The spindle motor control 
circuit performs the following functions. 

• Provides maximum allowable current to the spindle motor when power is first applied. This rap­
idly brings the motor up-to-speed. 

• Monitors the speed of the motor and adjusts the current driving the motor. This keeps the motor 
rotating at a constant speed. 

These functions are performed in two stages. In the first stage, the HALL IN signal sets the current level 
required by the spindle motor. In the second stage, the HALL IN signal switches the current between the 
two spindle motor driver coils. This produces the magnetic fields required by the spindle motor. 

The motor control module receives + 12 Vdc power from a power supply. This power is routed directly to a 
connector for the brake and a +6.2 Vdc regulator. The regulator provides operating voltages to the module 
and a speed sensor circuit located in the spindle motor. 
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Figure 12-7 Spindle Motor Control Circuit Detail 
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12.3.2.1 Motor Current Control- Current coupled to the spindle motor is controlled by a speed compa­
rator, constant pulse width generator, and an integrator. These three circuit segments set the current level 
for the current drivers and operate in two modes: start up and normal operation. 

The speed comparator's output drives both the integrator and the constant width pulse generator. During 
start up the speed comparator controls the integrator, providing the maximum current to the current dri­
vers. As the spindle speed increases to normal speed, the speed comparator minimizes its effect over the 
integrator and the constant width pulse generator controls the integrator. 

The speed comparator receives the HALL IN signal from a speed sensor circuit in the spindle motor. This 
signal's frequency is two times that of the motor speed. 

The comparator uses the falling edge of the HALL IN signal to discharge its capacitor. The charge rate of 
the capacitor is set at the factory. The combination of the frequency of discharge and the charge rate 
determines the width of a falling pulse from the comparator to the constant pulse width generator and 
integrator. 

The constant pulse width generator uses the falling edge of the pulse from the speed comparator to gener­
ate a constant width falling pulse for the integrator. The average voltage level of these pulses represents the 
amount of current required by the motor to maintain a speed of 3600 rpm. 

When the motor rotates slower than 3600 rpm the ratio of falling pulse widths to the rising pulse widths is 
greater than the established average. This causes the integrator to generate a higher average voltage. This 
voltage represents a higher current coupling by the current drivers causing the motor to speed up. 

When the motor rotates faster than 3600 rpm, the ratio of falling pulse widths to rising pulse widths is less 
than the established average. This causes the integrator to generate a lower average voltage. This voltage 
represents a low current coupling by the current drivers causing the motor to slow down. 

12.3.2.2 Spindle Motor Current Switching - The current drivers switch the current between the two coils 
of the motor and act as a current limiter. These drivers are controlled by the integrator and by the HALL 
IN signal from the motor. 

The current drivers normally operate within their linear amplifying range except when power is first 
applied. The integrator output level saturates the drivers when power is first applied, providing the maxi­
mum current for the coils. This causes the motor to come up-to-speed quickly. 

During normal operation the integrator output controls the level of current the drivers provide through the 
motor coils, while the HALL IN signal switches the drivers to provide current through coil A or coil B. 

If the motor is obstructed from rotating when the power is on, the drivers are permanently damaged. This 
prevents overloading the coils and damaging the spindle motor in the HDA. 
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12.3.3 Power-up Circuit Detailed Operations 
The power-up circuits provide the RD50 drive with a power-up sequence. Thi~ sequence begins when either 
of the following conditions occur: 

1. Power is first applied to the drive. 

2. Power goes out of tolerance then back into tolerance. 

The power-up sequence initializes the drive in the following ways. 

• Generates a 64ms POWER-ON RESET signal after the +5 Vdc stablizes. 

• Counts 512 index pulses then generates an UP TO SPEED signal. 

• Generates recalibration signals for the seek circuit until the heads are located over track zero. 

• Generates a READY signal when the heads are located at track zero. 

Figure 12-8 shows the power-up circuit in detail. Figure 12-9 shows a timing diagram and the relationship 
between drive control signals and signals generated by the power-up circuit. 

12.3.3.1 Reset Signal Generation - When power is first turned on, a POWER-UP RESET signal is 
asserted. This signal stays asserted for 64ms after the +5 V dc stabilizes and resets the power-up, fault 
detection, and seek circuits. 

12.3.3.2 Up To Speed Signal Generation - An UP TO SPEED signal is controlled by an up-to-speed 
counter. This counter is reset when the POWER-UP RESET signal is asserted or the fault detection circuit 
asserts the DC UNSAFE signal. 

This counter counts 512 index pulses from the write circuit after the power is stabilized, then asserts an UP 
TO SPEED signal. This signal enables the seek circuits and the recal or ready logic in the power-up circuit. 

12.3.3.3 Recalibration Signal Generation - The power-up circuit controls two signals which recalibrate 
the RD50 drive to track zero, a FORCE OUT and a RECAL STEP signal. Both of these signals control 
the seek circuit to move the heads to track zero. For operation of the seek circuit see Section 12.3.5. 

A track zero flip-flop is reset by a POWER-UP RESET or a DC UNSAFE signal from the fault detection 
circuit. Resetting the flip-flop un asserts TRKOO FOUND signal and asserts the FORCE OUT signal. The 
index pulse clocks the flip-flop with the state of the TRKOO signal. If the TRKOO signal is not asserted, the 
FORCE OUT signal remains asserted. If the TRKOO signal is asserted the TRKOO FOUND signal is 
asserted and the FORCE OUT signal is unasserted. 

The recal or ready logic is enabled when the UP TO SPEED signal is asserted. If the TRKOO FOUND 
signal is unasserted the INDEX signal generates RECAL STEP signals for the seek circuit. If the TRKOO 
found signal is asserted the RECAL STEP signal is inhibited. 

12.3.3.4 Ready Signal Generation - The recalibration or ready logic generates a ready signal for the fault 
detection circuit and the controller. When the up-to-speed counter asserts the UP TO SPEED signal and 
the track zero flip-flop asserts the TRKOO found signal, the READY signal is asserted. The signal indicates 
that the drive is initialized and ready to operate. 

The logic state of the READY signal passes to the controller when the drive select (DSELECT) signal is 
asserted. This. signal asserts when the drive select (DRSEL) signal from the controller is asserted or the 
radial jumper R is in place (Figure 12-9). For normal settings of these jumpers see Section 12.5.3. 
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12.3.3.5 Recalibration Signal Generation Deselection - Generating recalibration signals during a power­
up sequence can be prevented. A defeat power-up recal jumper (see Section 12.5.3 for normal settings) 
must be in place to preset the track zero flip-flop. The remaining sequences, power-up reset and up-to­
speed, become the power-up sequence. 

12.3.4 Fault Detection Circuits Detailed Operation 
The fault detection circuit monitors the RjW module, protecting the recorded data and RjW heads during 
circuit malfunctions, illegal operations, or commands. If faults are detected, the fault detection circuits 
disable or reset circuits on the RjW module. If no faults are detected, the fault circuit generates an enable 
signal for the write circuit. Figure 12-10 shows the fault detection circuit in detail. 

The fault circuit monitors the RjW module for the following faults. 

• Head selection malfunction 
• Unsafe voltage levels 
• Unsafe write circuit 

12.3.4.1 Head Selection Malfunction Detection - The head select unsafe detector receives two signals: 
HD BUSS from the read and write circuits and WR GATE from the controller. This detector monitors 
these signals for the following faults. 

• No head is selected. 

• More than one head is selected. 

• A head is selected for a read operation when a write operation is to be performed. 

• A head is selected for a write operation when a read operation is to be performed. 

If one of these faults exists, a HD UNSAFE signal is asserted inhibiting the write circuit from operating. If 
none of these faults exist, the HD UNSAFE signal is unasserted. This signal is used by the write circuit and 
the write status logic in the fault detection circuit. 
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12.3.4.2 Power Unsafe Detection - A power unsafe detector monitors the levels of the +5 and + 12 Vdc. 
If the level of either voltage is out of tolerance, the detector asserts a DC UNSAFE signal for the power­
up, write, and see~ circuits. 

The following are power unsafe. 

• If the +5 Vdc falls below 4.3 Vdc 
• If the +12 Vdc falls below 9.5 Vdc 

12.3.4.3 Write Circuit Unsafe Detection - The functions of the write circuit are monitored by the write 
switch/dc unsafe monitor. This monitor asserts a write current switch fault or power unsafe signal (WR 
SW / DC UNSAFE) to disable the write and read circuits. 

The WR SW / DC UNSAFE signal is asserted if any of the following conditions exist. 

• The write function is selected but no write current exists. 

• A write current exists but the write function is not selected. 

• The DC power is unsafe (see Section 12.3.4.2). 

• The POWER-UP RESET signal is asserted (see Section 12.3.3.1). 

12.3.4.4 Write Status Detection - A write status monitor generates two signals: a WRITE FAULT sig­
nal for the controller and a GATED WR GATE for the write circuit. An asserted WRITE FAULT signal 
indicates a fault exists in the RD50 drive. An asserted GATED WR GATE signal indicates that the proper 
conditions exist for performing a write function. 

The state of the write fault signal is sent to the controller when the co~troller selects the RD50 drive by 
asserting DRSEL or by installing jumper R (see Section 12.5.3 for normal settings). 

The write fault signal is asserted when any of the following conditions exist. 

• A head unsafe condition exists (see Section 12.3.4.1). 
• The dc power is unsafe (see Section 12.3.4.2). 
• The write circuit is unstable (see Section 12.3.4..3). 

A GATED WR GATE signal is asserted when all of the following conditions exist. 

• No faults are detected. 

• The power-up circuit asserts READY (see Section 12.3.3.4). 

• The seek circuit asserts SEEK COMPLETE (see Section 12.3.5.5). 

12.3.5 Seek Circuit Detailed Operation 
The seek circuit generates control signals for a stepper motor to position the R/W heads over anyone of 
the 153 tracks. This circuit is controlled by the controller or by the power-up circuit during a power-up 
sequence. Figure 12-11 shows the seek circuit in detail. 

The seek circuits are inhibited from operating during the power-up sequence by the power-up circuit 
(POWER-UP RESET asserted) or during a dc unsafe condition by the fault detection circuit (DC 
UNSAFE asserted). Inhibiting the seek circuits at these times protects R/W heads from damage. 
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To generate stepper motor control signals, the seek circuit performs the following. 

• Selects the direction to move the heads. 

• Receives step pulses. 

• Converts step pulse and direction signals to stepper motor control signals. 

• Monitors for a track zero head location. 

• Indicates when the seek circuit is operating. 

12.3.5.1 Head Direction Selection - The controller controls which direction the heads are to move, 
towards the center of the drive or towards track zero. When the controller asserts the DIRECTION IN 
signal, the heads move towards the center of the disk. When the controller unasserts DIRECTION IN 
signal, the heads move towards track zero. 

During a power-up sequence the power-up circuit asserts a FORCE OUT signal (see Section 12.3.3.3). This 
signal selects a head movement towards track zero. 
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12.3.5.2 Step Pulse Selection - Step pulses are normally generated for the counter/decoder by signals 
the seek circuit receives from the controller. The controller sends step pulses and a DRSEL (DSELECT) 
signal to the step pulse/second step one shot. This one shot operates in both double step or single step 
modes. 

When jumper H is installed, the step pulse/second step one shot operates in the single step mode (see 
Section 12.5.3 for normal settings). It generates one pulse for every falling transistion it receives from the 
controller (Figure 12-12). 

When jumper H is removed, the step pulse/second step one shot operates in the double step mode (see 
Section 12.5.3 for normal settings). It generates two 2 JLS pulses for every falling transition it receives from 
the controller. The second pulse is 2.8ms after the first pulse. Refer to Figure 12-12 for timing 
relationships. 

The step pulses then pass through a step pulse gate. This gate passes these pulses from the, step pulse/ 
second step one shot or the power-up circuit (RECAL STEP), as gated step pulses. This occurs when the 
following conditions exist. 

• The UP TO SPEED signal from the power-up circuit is asserted. 

• A head movement direction towards the center of the disk is selected when the heads are at 
track zero. 

12.3.5.3 Step Pulse and Direction Signal Conversion - A counter/decoder and the motor drivers convert 
the direction and gated step pulses to stepper motor control signals. The DIRECTION signal causes the 
counter/decoder to count up or count down. The gated step pulses clock the counter in the counter/ 
decoder. 

The output of the counter is decoded to generate signals which select the motor drivers. The motor drivers 
then generate the motor control signals, -PHASE A, +PHASE A, -PHASE B, AND +PHASE B, for the 
stepper motor. 

DIRECTION (TP15) __________ IN _______ ....... I OUT 

II 2J.ls MINIMUM I I --1 r 10J.ls MAXIMUM --, r--l00ns 

~ ~~------STEP (TP1) 

II II I I I 
---." 114 I 3ms MINIMUM I I 

I 1\ I I I 
SEEK COMPLETE (TP5) I I I I I I I I L 

-----I.... I I I ~I ------1 ~I I 

GATED STEP 
PULSES WITH 
SECOND STEP 
(TP2) 

I I I I l4ms I ----..I ~ 500ns TYPICAL 
: : I iTYPICALj I I I 
I I I I I I I 

---1nJ1flJ1flJ lflIlfl.J 
I I I 

-----+I ~ 2.8mS 

----.j I I+-- 3.0mS 

Figure 12-12 Seek Circuit Timing 

12-18 

MA-0068-B2 



12.3.5.4 Track Zero Monitoring - The seek circuits monitor for a track zero head location. When the 
heads are at track zero, a TRACK 0 signal is asserted. This signal is used by the power-up circuit, the step 
pulse gate, and the controller (TRACKOOO). When the drive is selected, DSELECT is asserted. 

The TRACK 0 signal is generated when the sensor on the drive mechanism asserts a TRK 0 SENSE signal 
and the counter/decoder indicates a PHASE A stepper motor position. Refer to Section 12.3.1.2 for fur­
ther information on the TRK ° SENSE signal. 

12.3.5.5 Seek Complete Indicator - A seek complete timer monitors the step pulses. This timer asserts a 
SEEK COMPLETE signal when the seek circuit does not receive a step pulse for 14ms or more (Figure 
12-12). The SEEK COMPLETE signal is used by the fault detection circuit and the controller. 

12.3.6 Write Circuit Detailed Description 
The write circuit converts MFM encoded data from the controller to current pulses for the head coils. This 
creates a high flux magnetic field which orients the oxide coating on the media to form magnetic domains. 

Figure 12-13 shows the write circuit detail. Timing relationships between data and command signals 
(Figure 12-14) are described in the following paragraphs. 

A differental receiver, when enabled by the controller (DSELECT asserted), passes encoded data (MFM 
WRITE DATA) to a flip-flop. This divides the data by two, creating a rectangular wave which represents 
flux transitions. This signal drives a differential write switch (Figure 12-13). 

The differential write switch, when provided with WRITE CURRENT, controls currents that drive a cen­
ter tapped R/W coil. The current reverses at each edge of the rectangular wave. Reversing the current 
creates alternating magnetic fields in the coils and magnetic domains on the media. 

A write current regulator provides WRITE CURRENT to the differential write switch. The regulator is 
also enabled and disabled by the fault detection and power-up circuits. 

The write current regulator provides two levels of write current. These levels are selectable by the reduce 
write current (R WC) controller signal. One level of write current is used for recording data on tracks 0 
through 127, RWC unasserted. The other current level is used for tracks 128 through 152, RWC asserted. 

When the differential write switch generates the write currents, a R/W head select decoder asserts one of 
four head select signals for one of the four R/W heads. Each head select connects to the center tap of a 
R/W coil. The coils are selected for a write function by the controller (HD SEL 0, HD SEL 1, and WR 
GATE). The decoder is disabled for operation by the fault detection circuits (WR SW /DC UNSAFE 
asserted). For more information see Section 12.3.4.3. 

A one shot in the write circuit converts the INDEX SENSE signal from the drive mechanism to alms 
pulse (Figure 12-15). This pulse is a reference signal which indicates the start of the track. It is used by the 
power-up circuits (Section 12.3.3) and the controller. 
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Figure 12-15 Index Signal Timing 

12.3.7 Read Circuit Detailed Description 

MA-0070-82 

The read circuit converts flux transitions sensed by the R/W heads to MFM data pulses. The flux transi­
tions reside on the media from previous write functions. 

Figure 12-16 shows the read circuit in detail. Timing relationships between data and command signals 
(Figure 12-17) are described in the following paragraphs. 

For the amplifier/filter to receive a proper signal from the heads, the R/W head select decoder asserts one 
of four head select signals for one of the four R/W heads. Each head select connects to the center tap of a 
R/W coil. The coils are selected for a read function by the controller (HD SEL 0, HD SEL 1, and WR 
GATE). The fault detection circuits disable the decoder when WR SW /De UNSAFE is asserted. For 
more information see Section 12.3.4.3. 

When the head is selected, the amplifier/filter receives a differential read signal from the heads. The read 
signal is a low voltage analog signal which represents the flux reversals recorded on the media. 
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Figure 12-17 Read Data Timing 

The signal is amplified 400 times and then passed through a 3.1 MHz low pass filter. It is observable at test 
points TP7 and TP8 (Figure 12-17). The amplification allows the rest of the read chain to convert the 
analog data signal to a digital data signal. 

The amplifier/filter passes the amplified read signal to a peak detector. The peak detector converts the 
differential read data signal to rectangular wave signals. Each transition of the signal represents the zero 
crossings of the analog signal, the recorded flux changes. The peek detector passes this digital signal to a 
time domain filter. 

The time domain filter stops noise mixed with the read data from passing to the pulse generator. This is 
done by comparing the digital signal to itself after a delay of SOns. Both signals are observable at test points 
TP 11 and TP 13 (Figure 12-17). 

Each transition of the filtered read data is then converted to a pulse by the pulse generator and sent to the 
differential driver. When the controller enables the driver by asserting DRSEL, differential MFM READ 
DATA is passed to the controller. 
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12.4 CONNECTOR DESCRIPTIONS 
This section defines all signals that pass between the modules of the RD50 drive. Signal definitions are 
grouped by common connectors. 

12.4.1 Connector Jl, RjW Module 
This section describes the control and status signals passed between the RjW module of the RD50 drive 
and the RD50 controller. Figure 12-18 shows the signal direction between the drive and the controller. 
Figure 12-19 shows the connector location. 
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Table 12-1 lists the pin functions of the Jl connector. The odd-numbered pins of the connector are ground­
ed and are not discussed. The signal mnemonic column describes the asserted state of the signal. An L after 
the mnemonic denotes an asserted low state. An H after the signal name denotes an asserted high state. 

POWER 
CONNECTOR J3 

CONTROL 
STATUS 
CONNECTOR 

DATA I/O 
CONNECTOR J2 

FRONT PANEL 

COMPONENT SIDE 

MA-Olll-82 

Figure 12-19 I/O Connector Locations 

Table 12-1 Control/Status Connector Jl 

Signal Signal 
Pin Name Mnemonic 

2 Reduced write current RWCL 
4 Reserved 
6 Write gate WR GATE L 
8 Seek complete SEEK COMPLETE L 

10 Track 000 TKOOOL 
12 Write fault WRITE FAULT L 
14 Head select 20 HDSELOL 
16 Unspecified 
18 Head select 21 HDSEL 1 L 
20 Index INDEXL 
22 Ready READYL 
24 Step STEPPULSEL 
26 Drive select 1 DR SELL 
28 Reserved 
30 Reserved 
32 Drive capacity 5MBL 
34 Direction in DIRECTION IN L 
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12.4.1.1 REDUCED WRITE CURRENT (Pin 2) - This signal is asserted by the controller. When this 
signal and WRITE GATE are asserted, the RD50 drive uses a lower value of write current for writing on 
the disk. When this signal is unasserted, the drive uses a higher value of write current. 

Tracks 128 to 152 require a lower write current than do tracks 0 to 127. Since the heads fly lower at the 
inner tracks, a lower write current ensures generating the proper magnetic fields. Using a high write current 
at inner tracks destroys data in the adjacent tracks. 

12.4.1.2 WRITE GATE (Pin 6) - The controller asserts this signal, enabling the write drivers when 
SEEK COMPLETE is asserted. 

12.4.1.3 SEEK COMPLETE (Pin 8) - The drive asserts this signal to the controller. This signal is assert­
ed when the R/W module seek circuit does not receive a step pulse in 14ms and the R/W heads have 
settled. If this signal is unasserted, writing is inhibited. SEEK COMPLETE is unasserted during any seek 
operation. 

12.4.1.4 TRACK 000 (Pin 10) - The drive asserts this signal to the controller. When the signal is assert­
ed, the R/W heads are positioned at the outermost track ( track zero). 

12.4.1.5 WRITE FAULT (Pin 12) - The drive asserts this signal to the controller. When the signal is 
asserted, one of the following conditions is detected and writing or seeking is inhibited. The signal remains 
asserted until the condition is corrected. 

• The heads receive current when WRITE GATE is unasserted. 

• DRIVE SELECT and WRITE GATE are asserted, but the heads do not receive current. 

• There are multiple heads selected, no head selected, or an improperly selected head. 

• The dc voltages are out of tolerance. 

12.4.1.6 HEAD SELECT (Pin 14 and 18) - The controller asserts the two signals, HD SEL 0 and HD 
SEL 1. They are decoded to select one of four disk drive heads. 

12.4.1.7 INDEX (Pin 20) - The drive asserts this signal to the controller. The INDEX signal is an assert­
ed pulse that occurs once per revolution of the disks. The leading edge of the pulse indicates the beginning 
of each track (sector 0). 

12.4.1.8 READY (Pin 22) - The drive asserts this signal to the controller. When this signal is asserted, 
the drive is ready to read, write or seek. If SEEK COMPLETE and READY are asserted, the I/O signals 
are valid. When READY is unasserted, all writing and seeking actions are inhibited. 

12.4.1.9 STEP (Pin 24) - The controller asserts this signal to control the R/W head movement in the 
direction defined by the DIRECTION IN signal. 

12.4.1.10 DRIVE SELECT (Pin 26) - The controller asserts this signal. It selects the drive and the indi­
cator on the bezel. This signal becomes un asserted if one of the following occurs. 

• The host resets the controller. 
• A power fault occurrs in the host processor. 

12.4.1.11 DRIVE CAPACITY (Pin 32) - The drive asserts this signal to the controller. This signal is 
generated by the DRIVE SELECT signal on the 5 megabyte disk drive. This signal is always unasserted on 
the 10 megabytes disk drive. 
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12.4.1.12 DIRECTION IN (Pin 34) - The controller asserts this signal. It defines the direction of the 
R/W head movement when a step pulse is issued. The asserted state of DIRECTION IN selects head 
movement towards the center of the disk. An unasserted signal selects head movement towards track zero. 

12.4.2 Connector J2, R/W Module 
This section describes the data signals passed between the R/W module of the RD50 hard disk drive and 
the RD50 controller. Figure 12-18 shows the signal direction between the drive and the controller. Figure 
t 2-19 shows the connector location. 

Table 12-2 lists the pin functions of the RD50 drive J2 connector. 

The signal mnemonic column describes the asserted state of the signal. An L after the mnemonic denotes 
an asserted low state (logic zero). An H after the signal name denotes an asserted high state (logic high). 

12.4.2.1 DRIVE SELECTED (Pin 1) - The drive asserts this signal to the controller when the drive is 
selected. 

12.4.2.2 MFM WRITE DATA (Pins 13 and 14) - The controller asserts this differential pair and defines 
the transitions to be written on the disk surface. If WRITE GATE is asserted, the transition of +MFM 
WRITE DATA line going more positive than the -MFM WRITE DATA causes a flux reversal on the 
disk. While the controller reads data from the drive, this signal is un asserted (+MFM WRITE DATA more 
negative than -MFM WRITE DATA). 

12.4.2.3 MFM READ DATA (Pins 17 and 18) - The drive asserts this differential pair to define recov­
ered read data from the selected head. The transition of the +MFM READ DATA line going more positive 
than the -MFM READ DATA line represents a flux reversal from the selected head. 

Table 12-2 Data I/O Connector J2 

Pin 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Signal 
Name 

Drive selected 
Ground 
Reserved 
Ground 
Spare 
Ground 
Reserved 
Ground 
Spare 
Spare 
Ground 
Ground 
+MFM write data 
-MFM write data 
Ground 
Ground 
+MFM read data 
-MFM read data 
Ground 
Ground 

Signal 
Mnemonic 

DRVSELDL 

+MFM WRITE DATA H 
-MFM WRITE DATA H 

+MFM READ DATA H 
-MFM READ DATA H 
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12.4.3 Connector J3, RjW Module 
Connector J3 on the RjW module receives power for the entire RDSO drive. Section 12.6.S provides these 
power requirements. Table 12-3 lists the pin functions of the RDSO drive J3 connector. Figure 12-19 shows 
the connector location. 

12.4.4 Connector J 4, RjW Module 
Connector J4 on the R/W module passes power to the motor control module of the RDSO drive. Table 
12-4 describes the connector pin functions. Figure 12-20 shows the location of the connector. 

12.4.5 Connector J5, RjW Module 
Connector JS passes read, write, and head select signals between the R/W module and the HDA. Table 
12-S describes the connector pin functions. Figure 12-20 shows the location of the connector. 

12.4.6 Connector J6, RjW Module 
Connector J6 passes signals between the R/W module, the index sensor and front bezel indicator. Table 
12-6 describes the pin functions of the connector. Figure 12-20 shows the location of the connector. 

12.4.7 Connector J7, RjW Module 
Connector J7 on the R/W module passes control signals to the stepper motor. Table 12-7 describes the pin 
functions of the connector. Figure 12-20 shows the location of the connector. 

12.4.8 Connector J8, RjW Module 
Connector J8 passes signals between the R/W module and the track zero sensor. Table 12-8 describes the 
pin functions of the connector. Figure 12-20 shows the location of the connector. 

Table 12-3 Power Connector J3 

Pin 

1 
2 
3 
4 

Mnemonic 

+12 Vdc 
+12 V Return 
+5 V Return 
+5 Vdc 

Function 

Plus 12 Vdc 
Ground 
Ground 
Plus 5 Vdc 

Table 12-4 Motor Control Module Power Connector J4 

Pin 

1 
2 

Mnemonic 

+12 Vdc 
+12 V Return 

Function 

Plus +12 Vdc 
Ground 
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Table 12-5 UDA Connector J5 

Pin 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Mnemonic 

+HEADO 
HEADSELO 
-HEAD 0 
GND 
+HEAD 1 
HEADSEL 1 
-HEAD 1 
GND 
+HEAD2 
HEADSEL2 
-HEAD 2 
GND 
+HEAD3 
HEADSEL3 
-HEAD 3 
GND 

Function 

+Head zero read and write data 
Selects head zero 
-Head zero read and write data 
Ground 
+Head one read and write data 
Selects head one 
-Head one read and write data 
Ground 
+Head two read and write data 
Selects head two 
-Head two read and write data 
Ground 
+Head three read and write data 
Selects head three 
-Head three read and write data 
Ground 

Table 12-6 Index and LED Connector J6 

Pin 

1 
2 
3 
4 
5 

Mnemonic 

+ACTIVITY LED 
-ACTIVITY LED 
GND 
INDEX SENSE 
+5VDC 

Function 

+5 Vdc power source for indicator 
Indica tor ground 
Spindle ground 
Index signal from sensor 
Power for index sensor 

Table 12-7 Stepper Motor Connector J7 

Pin Mnemonic Function 

1 -Phase B Step motor control 
2 +Phase B Step motor control 
3 GND Ground 
4 -Phase A Step motor control 
5 +Phase A Step motor control 

Table 12-8 Track Zero Sensor Connector J8 

Pin 

1 
2 
3 
4 
5 

Mnemonic 

GND 
TRK 00 SENSE 
+5VDC 
GND 

Function 

Ground 
Track zero sensed 
Track zero sensor power source 
Ground 
Not used 

12-29 



12.4.9 Connector Jl, Motor Control Module 
Connector Jl on the motor control module passes power to the brake assembly. When power is applied the 
brake assembly, the brake releases the spindle hub. Table 12-9 describes the pin functions of the connector. 
Figure 12-20 shows the location of the connector. 

12.4.10 Connector J2, Motor Control Module 
Connector J2 on the motor control module passes controlled power signals to the spindle motor. Table 
12-10 describes the pin functions of the connector. Figure 12-20 shows the location of the connector. 

12.5 MAINTENANCE PROCEDURES 
This section describes the the field serviceable portion of the RD50 drive. If field maintenance or repair is 
required, certain restrictions apply. 

The environmentally sealed head and disk assembly (HDA) must not be opened. If the HDA is tampered 
with, the warranty does not hold for the drive. Any special tools or additional restrictions are covered ,in the 
appropriate sections. 

12.5.1 Preventive Maintenance 
The RD50 drive does not require preventive maintenance. 

12.5.2 Test Point Locations 
Figure 12-21 shows the locations of all test points on the RjW module described in Section 12.2. These test 
points are not accessable in the field and should not be touched by a field technician. 
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Figure 12-20 Internal Connection Locations 
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Table 12-9 Spindle Brake Connector Jl 

Pin 

I 
2 

Mnemonic 

+12VDC 
GND 

Function 

Brake release power source 
Ground 

Table 12-10 Spindle Motor Connector J2 

Pin Mnemonic Function 

I HALLIN Sensed motor speed 
2 GND Ground 
3 +6VDC Motor speed sensor power 
4 +12VDC Motor power source 
5 COILA Motor speed control 
6 COILB Motor speed control 

e9 

e8 

e7 elO 

e1 
e16 

e3 e11 
e4 e6 

e14 

e2 

e15 

e5 

COMPONENT SIDE 

12 e 

13 e 
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Figure 12-21 R/W Module Test Point Locations 

12-31 



12.5.3 Jumper jDip Switch Settings 
The RDSO drive contains a set of jumper or dip switches to select options described in Section 12.3. If the 
drive contains a 14-pin chip with jumpers, all jumpers are in place. If the drive contains a 14-pin dip switch, 
all settings are set to the ON position. The chip is located in pins 1 through 7 and 9 through IS of the 
16-pin socket. No jumper is between pins 8 and 16 of the 16-pin socket. 

These settings indicate the drive is set to operate in the following ways. 

• When power is first applied, the drive performs a recalibration to zero. 

• The seek circuit causes the stepper motor to move two steps for every step pulse it receives from 
the controller. This occurs if the pulses are 2.8ms or more apart. 

• The controller selects the drive for operation. 

12.5.4 Removals and Adjustments 

Tools Required: 

S j 64 inch hex driver 
Phillips head screw driver 

NOTE 
Special clean room facilities and tools must be used 
for removal of any assembly not covered in this 
section. 

Perform the following procedure. 

1. Remove the four phillips screws holding the skid plate to the RDSO drive frame (Figure 12-22). 

2. Remove the four hex head screws holding the RjW module to the RDSO drive frame. 

3. Disconnect Jl through J8, noting their positions. Figure 12-21 shows the connector locations. 

4. Slide the RjW module towards the rear of the drive and remove it. 

S. To reinstall, reverse the above procedure. 

NOTE 
Do not flex the printed circuit cable when removing 
J5. 

12.6 SPECIFICATIONS 
The following paragraphs provide the specifications for the RDSO disk drive. 
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Figure 12-22 Assembly and Disassembly 

12.6.1 Performance Specifications 

Formatted Data Capacity 

Per drive 
Per surface 
Per track 
Sectors per track 
Per sector 

Transfer rate 

Access time 

. Track to track 
Average 
Maximum 
Head settling time 

Average latency 

5.0 megabytes 
1.25 megabytes 
8192 bytes 
16 
512 bytes 

5.0 megabits/second 

3 ms 
170ms 
500ms 
15 ms 

8.33 ms 
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12.6.2 Reliability Specifications 

Mean time to repair 
Preventive maintenance 

Error rates 
Soft read errors 
Hard read errors * 
Seek errors 

12.6.3 Functional Specifications 

Rotational speed 
Recording density 
Flux density 
Track density 
Cylinders 
Tracks 
Read/write heads 
Disks 

12.6.4 Electrical Specifications 

Requirement 

+5 volt power 
Ripple 
Current 

+ 12 volt power 
Ripple 
Current 

12.6.5 Environmental Specifications 

Ambient Temperature 

Operating 
Nonoperating 

Temperature Gradient 

Operating 
Nonoperating 

Maximum elevation 

Operating 
Nonoperating 

* Not recoverable within 8 retries 

30 minutes 
Not required 

1 per 1010 bits read 
1 per 1012 bits read 
1 per 106 seeks 

3600 rpm ± 1% 
7690 bpi maximum 
7690 fei maximum 
255 tpi 
153 
612 
4 
2 

Min Mid 

+4.75V +5.0V 

0.7A 

+11.4V +12.0V 

1.8A 

Max 

+5.25V 
50mV 
1.0A 

+12.6V 
75mV 
4.5A t 

100 to 500 C (500 to 1220 F) 
-400 to 660 C (-400 to 151 0 F) 

11 0 C/hr (200 F) 
200 C/hr (360 F) 

2.4 km (8000 ft.) 
9.1 km (30,000 ft.) 

t Current draw for 20 seconds at power on. 
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Heat Dissipation 

Typical 
Maximum 

Relative Humidity 

Operating 
Nonoperating 

Operating Shock 

25 W (85 BTUjhr) 
29 W (99 BTUjhr) 

20 to 80% 
10 to 95% 

Half sine-shock pulse of 109 pk of 10 + 3ms duration applied perpendicular to each side. 

12.6.6 Mechanical Dimensions 

Height 
Width 
Depth 
Weight 

82.55 mm 
146.05 mm 
204.47 mm 
2.27 kg 
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13.1 INTRODUCTION 

CHAPTER 13 
POWER SUPPLY 

This chapter describes the operation of the power supply in the Professional 350 computer. The shaded 
area in Figure 13-1 represents the relationship of the power supply to other components on the Professional 
350 system. 

The H7862 switching power supply converts line mains ac voltage to dc according to the Professional 350 
specifications. To protect itself and the computer system, the power supply also monitors voltage input and 
output. Figure 13-2 shows the functional block diagram for the power supply. 

The power supply also asserts two status signals to the CPU on the system module. These signals tell the 
CPU that ac and dc power have reached correct values. After receiving these signals, the CPU starts 
executing a boot program. 

Section 13.6 provides the physical and electrical specifications for the power supply. 

SYSTEM MODULE 

MA-io.162 

Figure 13-1 System Functional Block Diagram 
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Figure 13-2 Power Supply Functional Block Diagram 

13.2 PHYSICAL DESCRIPTION 
The power supply connects to the system module with a cable (PN 17-00280) from J2 of the power supply. 
It copnects to the RX50 diskette drive with a 6 inch cable (PN 17-00342-02) from PI of the power supply, 
and to the RD50 hard disk drive with a 4 inch cable (PN 17-00342-01) from P2. 

The power supply box mounts inside, on the top left of the Professional 350 computer's chassis. Two slide­
lock connectors hold the four studs on the bottom of the power supply chassis. Figure 13-3 shows the power 
supply. 

A rocker switch on the front panel (Figure 13-3) turns system power on and off and acts as a reboot switch 
for the CPU. 

The exhaust fan on the left side cools the supply by pulling air across heat sinks and internal components. 
The air is drawn through the power supply chassis from the right side (which is all ventilating holes) and 
across the entire system chassis. This air movement cools the system components, option modules, and disk 
drive motor(s). 

The rear panel has a connector for the ac power cable (Figure 13-3). The connector is polarized and allows 
the cable to be inserted in only one way. A circuit breaker protects internal wiring from component failure. 

Before applying power for the first time, the user must set the voltage select slide switch for the ac mains 
operating voltage (line voltage). The user must also set this switch anytime the mains voltage chap.ges. 

The power supply contains three jacks. The rear jack connects to the system module circuit board. The two 
on the right side connect to the diskette motors and the optional hard disk drive. 

Section 13.6 provides the physical and electrical specifications for the power supply. 
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Figure 13-3 H7862 Power Supply 
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13.3 FUNCTIONAL DESCRiPTION 
The power supply converts ac to dc at mains voltage. The user sets the voltage selection slide switch on the 
rear panel, plugs the ac power cable into the power supply and ac source, and turns on the front panel 
switch. Table 13-1 shows the possible combinations of settings for the voltage selection switch and the 
actual ac input. A separate rectifier and regulator on the circuit board power the internal circuits. these 
circuits control regulation, protection, and the power status signals to the CPU. 

WARNING 
Check the ac select switch setting. A setting for 120 
Vac operation in a 240 Vac environment causes the 
internal fuse to blow. If the power switch is immedi­
ately turned off, it is possible to reset the switch cor­
rectly and then use the computer. However, the 
power supply must be repaired, before using the 
computer in a 120 Vac environment. If the circuit 
breaker trips within 3 to 8 seconds, the primary 
capacitors and possibly more components are 
destroyed. 

13.3.1 Power Conversion 
Mains ac voltage is first filtered and then rectified to produce a dc voltage. The dc is then switched by two 
switching transistors that present high voltage dc pulses to the power switching transformer primary. The 
transformer's output, dc pulses, are rectified and filtered again to produce smooth dc. This permits the 
regulator to control the amount of energy transferred to the rest of the computer. 

The transistors' switching is controlled by a driver transistor. The switch control signal, SWCON, controls 
the driver transistor. Section 13.4.2.1 provides a detailed description of how this works. 

A crowbar protection circuit grounds the +5 and + 12 V dc outputs in the event of component failure. This 
prevents excessive voltages from getting out to the system devices. A diode in the -12 V dc output serves 
the same purpose. 

WARNING 
The input capacitors hold high voltages for up to 5 
minutes after system power is turned off. Refer to 
Section 13.4.1 for high voltage testing instructions. 

Table 13-1 AC Voltage Switch Settings 

Switch 
Setting Voltage 

120 120 
240 240 
120 240 

240 120 

Operation 

OK 
OK 
Internal fuse blows, protecting the transformer and 
fan. Refer to Section 13.3. 

Fan turns at 1/2 speed. Green indicator on rear of sys:' 
tem box does not light. Switching transistors do not 
turn on. No power is provided to rest of system. 
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13.3.2 Control Circuits 
When power is first applied, the start-up regulator provides power for the internal control circuits and 
reference voltages used in protection circuits. The regulation circuit controls the duration of the switch 
pulse. 

The two types of control circuits, regulation and protection, are discussed in the following paragraphs 
(Figure 13-4). 

13.3.2.1 Regulation - Regulation circuits, using pulse width modulation, maintain the voltage levels. This 
is done by adjusting the pulse width of SWCON. As current demand changes, the current sensing circuit 
holds SWCON high, making its pulses longer. The longer pulse permits the switching transistors to stay on 
for a longer time, permitting additional energy transfer and output power. 

13.3.2.2 Protection - Protection circuits prevent damage from incorrect voltages. There are three protec­
tion circuits: overvoltage, start-up undervoltage, and overcurrent. These are exclusive of the circuit breaker 
and fuse. The circuits are ANDed so that any fault condition stops the switching transistors (Figure 13-5). 
The circuit names indicate the kind of protection given by each circuit. Table 13-2 shows the threshold 
values for the protection circuits. 

The -12 V dc regulator chip has an internal overcurrent protection circuit. A diode protects the chip from 
reverse voltages. 

SWCON 

START UP VOLTAGE SENSE~-~ ___ ~ 

Figure 13-4 Control Block Diagram 

OVERVOLTAGE 

START UP UNDER 
VOLTAGE 

OVERCURRENT 

PULSE WIDTH MODULATOR 
REGULATOR 

Figure 13-5 Protection 
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Table 13-2 V oltage Protection Thresholds 

Over Over 
Output Voltage Current 

+5 7.0 V max 21-29 A 
+12 14.5 V max 11-15 A 
-12 -14.0 V max 1.5-2.5 A 

13.3.3 Power Status Signals 
There are two power status signals sent to the CPU from the power supply: DCOK and POK. DC OK 
indicates that the dc levels are at specified voltages. POK tells the CPU that ac has been applied long 
enough to charge the primary capacitors so the emergency power loss program can be executed. 

13.4 DETAILED DESCRIPTION 
This section describes how each circuit group works. 

13.4.1 Power Conversion 
Incoming ac first passes through a line filter. This prevents computer-generated noise pulses from 'being 
generated into the ac mains (line voltage). A full wave bridge then converts the ac to dc. If the ac mains is 
120 Vac, then the full wave bridge serves as a voltage doubler and rectifier. This provides 250-350 Vdc to 
the two input capacitors. The capacitors store the energy for the switching cycles (Figure 13-6). 

The regulation circuits, using the signal SWCON, make the switch driver transistor pulse on and off. This 
places a voltage across the control winding of the base power transformer and turns the two switching 
transistors on and off. Section 13.4.2 describes the circuits that control SWCON. 

The switching transistors place a dc pulse on the primary of the switching transformer. The pulse has high 
voltage (about 360 Vdc) at low current and the transformer converts this to low voltage at high current. 
The switching frequency stays constant at 50 kHz. However, the pulse width changes to control the amount 
of power the transformer couples to the power supply output. 

There are three secondaries to the transformer, one for each of the output voltages. Each ac output is 
rectified. The dc passes through low pass filters to smooth the pulsing dc output. Inductors and capacitors 
work together to smooth the pulses and steady the dc. 

Crowbar protection circuits on the outputs of the +5 and + 12 Vdc lines protect the computer in the event 
of component failure in the power supply. These circuits short the outputs to ground. A diode in the -12 
Vdc output protects the 3-pin regulator chip and its output devices from positive voltages in the same way. 

WARNING 
The input capacitors hold high voltages for 5 min­
utes after system power is turned off. Before remov­
ing the power supply cover, turn off the power sup­
ply. Wait 5 minutes. Then measure the dc voltage 
from the case of Q2 (TO-3 transistor closest to the 
open side of the case) to the end of bleeder resistor 
R4 (also closest to the open side of the case). First 
set the meter to at least 500 V dc full scale and 
reduce it as needed. If the voltage is 20 V or less, 
proceed with caution. 
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The signal, SWCON, controls the pulse width of the switched dc output from the power supply. Its sources 
are the regulation and protection circuits. When SWCON is high, it turns off a pre-driver transistor which 
turns off the driver transistor. The driver transistor controls the switching transistors by opening the control 
winding in the base power transformer. When the driver is off, the switching transistors are on. 

The following sections describe the regulation and protection circuits. 

13.4.2.1 Pulse Width Modulation Regulation - The +5 and + 12 Vdc voltages are compared by a divider 
network and comparator circuit that provide a constant input to a regulator IC. When current demand is 
high, a drop in voltage occurs. The regulator senses the voltage drop and increases the pulse width (duty 
cycle). This permits additional energy transfer during the extended switch pulse. 

The regulator's control signal is ANDed with the output of the protection circuits (Section 13.4.2.2) before 
going to the pre-driver transistor. 

The -12 V dc output has its own 3-pin regulator chip. 

Soft Start - On power-up or when recovering from an overcurrent condition, the pulse width modulator 
goes through a soft start routine. This means the pulse width increases slowly from zero to operating width. 
The width is controlled by the charging of the output soft start capacitor. This prevents voltage surges on 
the output. If an output shorts this gives the overcurrent circuit time to act before damage occurs. 

13.4.2.2 Protection - The overvoltage, start-up under voltage, and overcurrent circuits prevent internal 
damage to the power supply and the computer it is installed in. They are ANDed with the regulator's 
output so that any change from normal operation pulls SWCON low. This halts the switching transistors' 
control circuits (Figure 13-7) and prevents the switching transistors from applying input to the power trans­
former primary. 

Overvoltage - Each output voltage is compared to internally generated reference voltages. These reference 
voltages come from the voltage across a precision zener diode. If any of the three output voltages exceed 
specified parameters, a latch circuit is tripped. The latch turns the switching transistors off and prevents 
further dc output. Since this latch is electrical, the operator must remove system power (turn it off) before 
power can flow again. 

If the -12 V dc circuit has a positive voltage applied to it, a diode protects the regulator chip by grounding 
the output. 
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Figure 13-7 Protection Block Diagram 

Start-Up Undervoltage - This circuit checks the power supply's start-up supply. If the voltage drops to 
8.75 Volts or less, it turns off the switching transistors. When voltage rises to normal, switching can start 
again. 

Overcurrent - This circuit checks the current drain on the +5 and +12 Volt lines. Divider networks com­
pare the voltage drop across a current sense resistor. When the voltage across the sense resistor rises above 
the threshold value, a timing capacitor is discharged. SWCON is then held low, stopping the switching 
action. At the same time, the soft start capacitor begins discharging. 

When the overcurrent condition clears,. the timing capacitor starts charging. This begins a delay period. 
When the timing capacitor has charged enough, the overcurrent circuit releases SWCON so that switching 
can start again. However, the soft start capacitor discharg creates a slow restart. This helps prevent damage 
by detecting the fault, if it is still on the output, before the supply delivers full power. 

The overcurrent sense capacitor requires 1 ms to charge up again. this allows the voltages and current to 
stabilize (soft start) before SWCON cycles again. 

The -12 V dc regulator chip has an internal overcurrent protection circuit. 

13.4.3 Power Status Monitor 

NOTE 
In this section, ac and dc refer to mains alternating 
current and the direct current output. The signal 
names, AC and DC, refer to specific signals used in 
the power status monitor circuits. 

The power supply control circuits assert two signals to the CPU on the main system board. There is a 
specific sequence for the two signals on power up and power down; DCOK is asserted before POK on 
power-up and POK is cleared before DCOK on power down (Figure 13-8). 

The dc detector looks for minimum values for the +5, + 12, and -12 Vdc outputs. DCOK indicates that the 
power supply voltages from the power supply to the system module are within tolerance. 

The ac detector measures ac at the switching transformer's secondary and is related to the energy stored in 
the input filter capacitors. POK H tells the CPU that ac has been applied long enough to charge the prima­
ry capacitors so the emergency power loss program can be executed. The signal change from a low to a 
high state initiates the boot program in the CPU (DCOK is high also). The change from high to low initi­
ates the emergency power loss program. 

The following sections describe how the signals are generated. Refer to Figures 13-8 and 13-9 while reading 
these sections. 
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Figure 13-8 Power Status 

POWER UP 

ACr~ 

DC 

DeOK ......; F 3ms MIN 

POK ____ --+l---:: __ --1Foms MIN 

POWER DOWN 

AC~~l-___ _ 

POK , ______ _ 

DeOK -::::fl.- 4ms MIN 

DC -.; I+: 5J.Ls MIN 

MA-l0,164 

Figure 13-9 Power Status Signal Timing 

13.4.3.1 DCOK - When all voltages have reached their minimum values, the protection circuit asserts 
DC. DC and AC (ac is present long enough to produce a +5 V dc output) are asserted at the beginning of a 
timing chain. AC and DC clock a one-shot timer. DCOK is asserted to the CPU a minimum of three ms 
later. 

The DCOK timing circuits also receive input from the ac detector (which asserts POK). The ac detect 
information permits the DCOK signal to time out through a capacitor if ac source voltage stops. On power 
down, the falling edge of AC removes POK. This starts timing out DCOK. A minimum of four ms after 
AC is removed, DCOK is removed and the CPU executes the emergency power loss program. 

The monitor circuits indicate an output is in regulation if the voltage is greater than the following voltages. 

• +5 Vdc +4.7 ±0.2 V 
• +12 Vdc +1l.1 ±0.3 V 
• -12 Vdc +10.8 ±0.3 V 

13.4.3.2 POK - On power up, the +12 Vdc asserts AC and sets a one-shot timer. This is ANDed with a 
signal that indicates the DCOK signal is asserted. A one-shot timer asserts POK a minimum of 70 ms later. 

On power down, the falling edge of AC removes POK. 
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13.5 CONNECTORS 
Table 13-3 shows the pinning for J2, the system module connector on the rear panel. 

Table 13-4 shows the pinning for PI and P2, the disk motor(s) connectors on the side panel. 

Table 13-3 System Module Connector, J2 

Pin 

1 
2 
3 
4 
5 
6-9 
10-16 

Voltage/Signal 

DCOK 
reserved 
POK 
-12 Vdc 
+12 Vdc 
+5 Vdc 
Ground 

Table 13-4 Disk Motor(s) Connectors, PI and P2 

Pin 

1 
2-3 
4 

Voltage/Signal 

+12 Vdc 
Ground 
+5 Vdc 
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13.6 SPECIFICATIONS 
The following paragraphs provide the specifications for the power supply. 

13.6.1 Physical 

Height 
Width 
Depth 
Weight 

13.6.2 Electrical 

Line voltage 

Line frequency 

Input line current 
(at full rated output) 

Real input power 
(at full rated output) 

Output regulation 

Rated output voltage 
and current 
specifications 

10.8 cm (4.25 in) 
21.0 cm (8.25 in) 
33.0 cm (13.0 in) 
4.54 kg (10 lbs) 

87 - 128 Vac (for 120 Vac operation) 
174 - 256 Vac (for 240 Vac operation) 

47 - 63 Hz (for either voltage range) 

6 A rms (for 120 Vac operation) 
4 A rms (for 240 Vac operation) 

320 Watts 

+5 Vdc ±5% 
+12 Vdc±5% 
-12 Vdc ±5% 

+5 Vdc at 5 A min, 20 A max 
+12 Vdc at 1 A min, 8 A max 
-12 Vdc at 100 mA min, 1 A max 
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