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Specification 

1. Title of the Invention: 

Redundant disk storage system 

2. Claims: 
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(1) A redundant disk storage system comprising: 

a hard disk drive device having a pair of hard 

disk drives each having a magnetic disk which is a 

magnetic recording medium for recording data and a 

magnetic head assembly for recording and reading 

data on said magnetic disk; and 

a controller for controlling said hard disk drive 

device to record. data identical to data 

transferred from a host computer on each of said 

pair of hard disk drives, read data from one of 

said pair of drives, and transfer read data to the 

host computer, 
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wherein said cont=oller controls said hard disk 

drive device so that, when recorded data is read 

from said pair of hard disk drives, the distance 

between magnetic head positions and magnetic disk 

locations for reading identical data in said pair 

of drives differs in the respective drives. 

(2) A redundant disk storage system comprising: 

a hard disk drive device having a pair of hard 

disk drives each having a magnetic disk which is a 

magnetic recording medium for recording data and a 

magnetic head assembly for recording and reading 

data on said magnetic disk; and 

a controller for contro~ling said hard disk drive 

device to record data identical to the data 

transferred from a host computer in each of said 

.pair of hard disk drives, read data from one of 

said pair of drives, and transfer read data to the 

host computer, 

wherein said controller ·controls said hard disk 

drive device so that data identical to data 
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transferred from said host computer is recorded at 

different locations on the respective magnetic 

disks of said pair of drives. 

(3) A redundant disk storage system comprising: 

a hard disk drive device having a pair of hard 

disk drives each having a magnetic disk which is a 

magnetic recording medium for recording data and a 

magnetic head assembly for recording and reading 

data on said magnetic disk; and 

a controller for controlling said hard disk drive 

device to record data identical to data 

transferred from a host computer in each of said 

pair of hard disk drives, read data from one of 

said pair of drives, and transfer read data to the 

host computer, 

wherein said controller controls said hard disk 

drive device so that, while data read from one of 

a pair of hard disk drives is being transferred to 

said host computer, the magnetic head of the drive 

other than that transferring said data is set at a 
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position other than that where data corresponding 

to said data being transferred on the magnetic 

disk of this hard disk drive is recorded. 

(4) A redundant disk storage system as set forth in 

Claim 3, wherein said controller controls said 

hard disk drive device so that data identical to 

data transferred from said host computer is 

recorded at different locations on the respective 

magnetic disks of said pair of hard disk drives. 

(5) A redundant disk storage system comprising: 

a hard disk drive device having a pair of hard 

disk drives each having a magnetie·disk which is a 

magnetic recording medium for recording data, a 

magnetic head assembly for recording and reading 

data recorded on said magnetic disk, and a storage 

means for storing parameters indicating said 

magnetic disk and said magnetic head; and 

a controller for controlling said hard disk drive 

device to record data identical to data 

transferred from a host computer in each of said 

- 4 -



111111111111111111111111111111 
* C L M S * 

THIS SHEET HAS BEEN 
REPLACED 

pair of hard disk drives, read data from one of 

said pair of drives, and transfer read data to the 

host computer, 

wherein said controller reads parameters stored in 

each storage means of said pair of hard disk 

drives, converts read parameters to parameters 

based on the use of the hard disk drive device of 

said pair of drives recording identical data, 

stores converted parameters in the storage means 

of either of said pair of drives, reads said 

converted parameters stored in the storage means 

of a hard disk drive, and send said read converted 

parameters to a host computer, thereby controlling 

said hard disk drive device so that the host 

computer can receive parameters from it. 
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3. Detailed Descriotion of the Invention: 

[0001] 

(Field of the invention] 

The present invention relates to a redundant disk 

storage system and, more particularly, to a redundant 

disk storage system for recording data identical to 

data transferred from a host computer in each of a pair 

of hard disk drives and reading data from one of the 

pair of drives and transferring read data to the host 

computer. 

(0002] 

[Prior art and problems to be solved by the invention) 

A hard disk drive for recording data on a magnetic disk 

which is a magnetic recording medium for recording and 

reading data from a magnetic disk is an essential 

device for storing large amounts of data and programs 

in computer systems. Since a hard disk drive contains 

moving mechanical parts, a failure is relatively liable 
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to occur in it. A failure prevents the hard disk drive 

from reading or storing data and programs, which may 

stop the entire computer system using the drive. 

[0003] 

To prevent this, a multiplexed disk recording 

controller (redundant disk array) for multiplexing the 

hard disk drive and recording data, etc., in the 

multiplexed hard disk drive based on a command from. a 

host computer and reading data, etc., from the 

multiplexed hard disk drive has already been proposed. 

The multiplexed disk controller is provided with RAIO 

0, RAID 3, and RAID 5, which divide data among a 

plurality of hard disk drives and RAID l records data 

on two hard disk drives redundantly. 

[0004] 

In the multiplexed disk recorder to which RAID 1 is 

applied (hereafter, redundant disk storage system) 

identical data and programs are stored on two hard disk 

drives at all times. Redundancy is given so that, if a 
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failure occurs in one hard disk drive, data reading, 

etc., can be done using the remaining drive. 

[0005] 

The redundant disk storage system processes data as 

follows when it receives a data recording command 

(write command) from a host computer: That is, a write 

command or parameter received from a host computer is 

sent to the first hard disk drive, then also sent to 

the second hard disk drive. When both drives can 

transfer and record data (data-transfer-enabled), data 

from the host computer is simultaneously sent to the 

·pair of drives, thereby recording sent data on both 

magnetic disks of the pair of drives. 

[0006] 

Moreover, the redundant disk storage system processes 

data as follows when it receives a data read command 

(read command) from a host computer. This case 

involves a first and second methods. 
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In the first method, a read command is sent only to one 

of a pair of hard disk drives, and processing waits 

until the hard disk drive to which this read command is 

sent is able to read data (read-enabled possible). 

When this drive is read-abled, to read data, 

information indicating read-enabled is sent to the host 

computer and required data is .transferred from the hard . 
disk drive to the host computer. 

[0008] 

In this method, the control program is simple, but a 

long time is required for authorizing a failure in the 

hard disk drive in which a read command is received, 

and, moreover, a read command must be sent to the 

remaining hard disk drive after failure authorization. 

Therefore, if a failure occurs in either drive, a long 

time is required from read command receiving to the 

completion of magnetic disk data reading. 
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Furthermore, in the second method, both of a pair of 

hard disk drives issue a read conunand and required data 

is transferred from a hard disk drive to whichever of 

the pair of drives becomes data-transfer-enabled first. 

[0010) 

Use of this method shortens the read time at a failure 

in a hard disk drive compared to the first method 

because, even for a failure in either hard disk drive, 

only one of the pair of drives must be able to transfer 

data. However, in this method, if necessary data is 

recorded near the internal circumference on the hard 

disk, the read voltage of data read by the magnetic 

head is low and data may not be recognized in some 

cases. Therefore, the drive itself must repeat a retry 

to read data or the redundant disk storage system must 

retry sending a parameter or command to the drive 

again, if necessary: Retry by the drive itself or the 

redundant disk storage system eventually enables data 

to be read. Therefore, if required data is recorded 

near the internal circumference on the hard disk, the 
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probability of not reading data rises or a long read 

time is needed. 

[0011] 

The first object of the invention is to provide a 

redundant disk storage system with a lower probability 

of simultaneous retry, thus lowering the possibility of 

a data recognition failure in both of a pair of hard 

disk drives simultaneously. 

(0012] 

Moreover, in the first or second method in said 

redundant disk storage system, read heads of the two 

hard disk drives are both positioned where said data is 

recorded or at the first position at the end of the 

first data reading. Therefore, the first and the 

second methods do not differ greatly in the time for 

movement from the location of data previously recorded 

to that of required data. 
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(0013] 

The second object of ~he invention is to provide a 

redundant disk storage system which can shorten seek 

time from the time a read request is made for the hard 

disk drive to the movement of the head to a location 

where required data is recorded. 

[0014) 

Moreover, in the conventional redundant disk storage 

system, it was difficult to incorporate a hard disk 

drive in a computer, e.g., a personal computer, because 

of increased scale accompanied by increased recording 

capacity. Therefore, the hard disk drive was connected 

externally. Where a hard disk drive is installed 

outside the computer, the interface of the hard disk 

drive had to be connected with a cable. In this case, 

to avoid malfunctioning due to noise, a small computer 

system interface (SCSI) suitable for an external hard 

disk drive was generally used to connect the redundant 

disk controller and a pair of hard disk drives, thereby 

making the capacity of tens of G bytes possible. 
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In contrast, the AT interface was generally used for 

personal· computer having a small built-in hard disk 

drive. However, an AT interface was not used in the 

redundant disk drive because the maximum capacity of a 

hard disk drive which can be used by a host with which 

an AT interface is connected was limited to 528M bytes 

due to BIOS restrictions. 

[0016] 

However, large-capacity hard disk drives have been 

downsized rapidly by the development of an MR head, 

etc., and it has become possible to rnanufactu~e even a 

3.5-inch hard disk drive having a capacity exceeding G 

bytes which can be built into personal computers. 
-· Moreover, with the addition of ATA specifications by 

ANSI, it has become possible for BIOS to access a large 

capacity, the same level as for a SCSI, even for a hard 

disk drive with an AT interface. Accordingly, the 

necessity of mirroring is increasing rapidly even in 

small hard disk drives used for personal computers. 
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(0017] 

In this connection, in the redundant disk controller 

connected to a host computer with an AT interface, 

internal data RAM was needed. This was because 

synchronization timing between the host and hard disk 

drive was severe and consecutive transfer of 256 words 

of data was needed for processing an Identify Drive 

command. That is, the Identify Drive command is 

executed once for initialization immediately after 

power is turned on. The command enables the host 

computer to receive parameter information from the hard 

disk drive. A parameter block consists of 256 words of 

data. The command requests· the consecutive transfer of 

256 words of data from the drive to the host computer 

in units of 16 bits. This parameter must to be 

partially modified for the controller to operate a pair 
·• 

of hard disk drives. Therefore, data RAM for storing 

256 words of data had to be incor~orated into the 

controller. Thus, the controller circuit structure was 

complicated and cost increased. 
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The third object of the -invention is to provide a 

redundant disk storage system, with a simple structure, 

which can transfer data between a host computer and a 

hard disk drive at low cost without having data RAM in 

the controller. 

[0019] 

(Means for solving the problems) 

For the attainment of said first object, the invention 

as set forth in Claim 1 provides a redundant disk 

storage system comprising a hard disk drive device 

consisting of a pair of hard disk drives having a 

magnetic disk which is a magnetic recording medium for ... 
recording data and a magnetic head for recording and 

reading data stored on said magnetic disk, and a 

controller for controlling said hard disk drive device 

so as to record data identical to data transferred from 

a host computer in each of said pair of hard disk 

drives, read data from one of said pair of drives, and 

transfer read data to the host computer; said 
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controller controls said hard disk drive device so 

that, when recorded data is read from said pair of hard 

disk drives, the distance between the magnetic head 

positions and the magnetic disk locations· for reading 

identical data in said pair of drives differs in the 

respective drives. 

[0020] 

For the attainment of said first object, the invention 

as set forth in Claim 2 provides a redundant disk 

storage system comprising a hard disk drive device 

consisting of a pair of hard disk drives having a 

magnetic disk which is a magnetic recording medium for 

recording data and a magnetic head for recording and 

reading data recorded· on said magnetic disk and a 

controller for controlling said hard disk drive device 
·• 

so as to record data identical to data transferred from 

a host computer in each of said pair of hard disk 

drives, read data from one of said pair of drives, and 

transfe~ read data to the host computer; said 

controller controls said hard disk drive device so that 

data identical to data transferred from said host 
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computer is recorded at diffe~ent locations on the 

respective magnetic disks of said pai= of drives. 

[0021] 

For the attainment of said second ·object, the invention 

as set forth in Claim 3 provides a redundant disk 

storage system comprising a hard disk drive device 

consisting of a pair of hard disk drives having a 

magnetic disk which is a magnetic recording medium for 

recording data and a magnetic head for recording and 

reading data recorded on said magnetic disk and a 

controller for controlling said hard disk drive device 

so as to record data identical to data transferred from 

a host computer in each of said pair of drives, reads 

data from one of said pair of drives, and transfer read 

data to the host computer; said controller controls 

said hard disk drive device so that, while data read 

from one of a pair of drives is being transferred to 

said host computer, the magnetic head of a drive other 

than that transferring said data is set at a position 

other than the location where data corresponding to 

said data being transferred on the magnetic disk of 

this drive is recorded. 
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Fu=thermore, for the a~~ainment of said first object, 

in the invention as set forth in Claim 4, a controller 

according to the invention as set forth in Claim 3 is 

adapted to control said hard disk. drive device so that 

data identical to data transferred from said host 

computer is recorded at different locations on the 

respective magnetic disks of said pair of hard disk 

drives. 

[0023) 

For the attainment of said third object, the invention 

as set forth in Claim 5 provides a redundant disk 

storage system comprising a hard disk drive device 

consisting of a pair of hard disk drives having a 

magnetic disk which is a magnetic recording medium for 

recording data, a magnetic head for reco·rding and 

reading data recorded on said magnetic disk, and a 

storage means for storing parameters indicating said 

magnetic disk and said magnetic head and a controller 

for controlling said hard disk drive device so as to 

record data identical to data transferred from a host 
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computer in each of said pair of drives, read data from 

one of said pair of drives, and transfer read data to 

the host computer; said controller reads parameters 

stored in each storage means of said pair of drives, 

converts read parameters to parameters based on the use 

of the hard disk drive device of said pair of drives 

recording identical data, stores converted parameters 

in the storage means of either of said pair of drives, 

reads said converted parameters stored in the storage 

means of a drive, and sends said read converted 

parameters to a host computer, thereby controlling said 

hard disk drive device so that the host computer can 

receive parameters from it. 

[0024] 

[Operation] 
·• 

According to the invention as set forth in Claim 1, a 

control means records data identical to data 

transferred from a host computer on a magnetic disk 

which is a magnetic recording medium through a magnetic 

head, and reads data from one of a pair of hard disk 
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drives through a magnetic disk and transfers read data 

to the host computer. 

(0025] 

Here, the controller controls the hard disk drive 

device so that, when recorded data is read from a pair 

of hard disk drives, the distance between the magnetic 

head positions of the pair of drives and the magnetic 

disk locations for reading identical data differ in the 

respective drives. 

[0026) 

Thus, when recorded data is read from a pair of hard 

disk drives, since the distance between the magnetic 

head positions of the. pair of drives and the magnetic 

disk locations for reading identical data differs in 

the respective drives, in the case where identical data 

is recorded at the identical location on the magnetic 

disks of a pair of drives, for example, data reading on 

one of a pair of drives can be started prior to data 

reading on the other drive, preventing data reading on 

a pair of drives from starting simultaneously. 
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Moreover, when a retry to read data on one drive is 

repeated, the magnetic head in the other drive moves to 

the position where required data is recorded and, when 

said magnetic head moves to where required data is 

recorded, retry on one drive ends, thereby lowering .the 

probability of a simultaneous retry on a pair of 

drives. Moreover, even though magnetic heads of a pair 

of drives are set at a relatively identical _position, 

if identical data is recorded at different locations on 

the respective magnetic disks of a pair of drives, 

since, in one drive, for example, required data is 

recorded near.the internal circumference on the hard 

disk, the probability of a retry with respect to the 

magnetic disk of said drive is low because required 

data is not recorded near the internal circumference on 

the magnetic disk of the other drive even though a 

retry is made. Therefore, the probability of a 
·• 

simultaneous retry in a pair of drives can be lowered. 

[0027] 

Here, according to the invention as set forth in Claim 

2, a controller controls a hard disk drive device so 

that data identical to data transferred from a host 
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computer is recorded at different locations on the 

respective magnetic disks of a pair of hard disk 

d;:-ives. 

[0028] 

Thus, since data identical to data transferred from a 

host computer is recorded at different locations on the 

respective magnetic disks of a pair of hard disk 

drives, the recording of identical data at locations 

near the internal circumferences on both magnetic disks 

of a pair of drives can be prevented, thereby,_ even 

though data is recorded at a location near the internal 

circumference on the magnetic disk of one drive, 

enabling identical data to be recorded at a location 

other than near the internal circurnf erence on the 

magnetic disk of the other drive and lowering the 

probability of a simultaneous retry on a pair of 

magnetic disks. 

[0029] 

Moreover, according to the invention as set forth in 

Claim 3, a controller controls a hard disk drive device 
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so that, while data read from one of a pair of hard 

disk drives is being transferred to a host computer, 

the magnetic head of a drive other than that 

transferring data is set at a position other than the 

location where data corresponding to data being 

transferred on the magnetic disk of this drive is 

recorded. 

[0030] 

Thus, since the magnetic head of a drive other than 

that transferring data is set at a position other than 

the location where data corresponding to data being 

transferred on the magnetic disk of this drive, when 

the next data is read, seek time can be reduced and 

data read immediately. 

[0031] 

Moreover, in the invention as set forth in Claim 41 a 

controller according to the invention as set forth in 

Claim 3 controls a hard disk drive device so that data 

identical to data transferred from a host computer is 
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recorded at different locations on the respective 

magnetic disks of a pair of hard disk drives. 

[0032] 

Thus, since data identical to data transferred from a · 

host computer is recorded at different locations on the 

respective magnetic disks of a pair of drives, the 

recording of identical data at locations near the 

internal circumferences OD both magnetic disks of a 

pair of drives can be prevented, thereby, even though 

data is recorded at a location near the internal 

circumference on the magnetic disk of one drive, 

allowing identical data to be recorded at a location 

other than near the internal circumference on the 

magnetic disk of the other drive and lowering the 

probability of a simultaneous retry on a pair of 

magnetic disks. 

[0033] 

According to the invention as set forth in Claim 5, a 

control means records data identical to data 

transferred from a host computer on a magnetic disk 
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which is a magnetic recording medium through a magnetic 

head and reads data from one of a pair of hard disk 

drives through a magne~ic dis~ and transfers read data 

to the host computer. 

[0034] 

Here, parameters indicating a magnetic disk and a 

magnetic head are stored in each storage means of a 

pair of drives. 

[0035] 

Then, a controller reads paramete.rs stored in each 

storage means of a pair of hard disk drives, converts 

read parameters to parameters based on the use of the 

hard disk drive device of a pair of drives recording 

identical data, stores converted parameters in the 

storage means of either of a pair of drives, reads 

converted parameters stored in the storage means of a 

drive, and sends read converted parameters to a host 

computer, thereby controlling a hard disk drive device 

so that the host computer can receive parameters from 

it. 

- 25 -



THIS SHEET· Hf\S BEEN . 
REPLACED 

[0036) 

Thus, since parame~ers s~ored in each s~orage means can 

be converted to parameters based on the use of the hard 

disk drive device consisting of a pair of hard disk 

dr~ves and stored in either storage means, said stored 

converted parameters are read and sent to a host 

computer, and the host computer receives said 

parameters device, and a storage means, RAM, for 

example, in a control means, needed for consecutively 

transferring said parameters to the host computer, can 

be eliminated, simplifying said controller structure. 

[0037] 

[Embodiment] 

The embodiment of the invention is explained in detail 

below with reference to drawings. Figure 1 shows a 

block diagram of a redundant disk storage system 

according to the embodiment. As shown in Figure 1, a 

redundant disk storage system is provided with a hard 

disk drive device 14 having a pair of hard disk drives 

(hereafter, HOD) 1 and HDD2. Each HDDl and HDD2 is 
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provided with a magnetic disk (hereafter, MD) (not 

shown) for recording data, a magnetic head for 

recording MD and read~ng data recorded on the MD, and 

RAM for recording parameters indicating the 

characteristics of the MD, magnetic head, and HDDs 

comprising them. 

[0038) 

Each HDDl and HDD2 is connected to a controller 12 and 

a host_computer 10 through an AT interface. 

[0039] 

The controller 12 controls each HDDl and HDD2 to record 

data identical to data transferred from the host 

computer 10 in each MD of a pair of HDDl and HDD2, read 

data from the MD of one HOD of the pair, and transfer 

read data to the host computer 10. 

[0040] 

The controller 12 is provided with a bidirectional 

buffer 16 connected to a data bus of the host computer 
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10 through an AT interface, as shown in Figure 2. The 

bidirectional buffer 16 is used to hold said data 

temporarily when data is transferred between ~he host 

computer 10 and HDDl and HDD2. The bidirectional 

buffer 16 is connected to buffer selectors 18 and 20 

through terminal A. Buffer selectors 18 and 20 are 

connected to a host register 22 through terminal B. 

The host register 22 is connected to the bidirectional 

buffer 16. The host register 22 is used to store 

parameters and commands from the host computer 10. 

[0041) 

Buffer selectors 18 and 20, connected to a bus 

controller 40, are used to transfer data by switching 

terminals A, B, and C to terminals A and C or terminals 

B and C based on the data transfer direction between 

the host computer 10 and HDDl and HDD2 based on the 

signal from the bus controller 40. 

[0042] 

The controller 12 is provided with an address decoder 

32 and selectors 36 and 38. The bus for the control 
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signal ~f the host computer 10 is connected to the host 

register 22 through an AT interface and the address 

decoder 32. The address decoder 32 is used to specify 

a write address for writing a parameter or a command 

from the host computer 10 to the host register 22 based 

on the control signal from the host computer 10. 

Moreover, the bus for the control signal of the host 

computer 10 is further connected to HDDl and HDD2 

through selectors 36 and 38 and AT interfaces. 

Selectors 36 and 38 are connected with a drive 

controller 42. The drive controller 42 is used to send 

a control signal for specifying a write or read address 

of HDDl and HDD2 to H~Dl and HDD2 through selectors 36 

and JS when data is transferred from the host computer 

10 to HDDl and HDD2 or from HDDl or HDD2 to the host 

computer 10. 

·• 
[0043] 

The host register 22, buffer selectors 18 and 20, bus 

controller 40, and drive controller 42 are connected to 

an MPU 26, which has RAM and ROM. Buffer selectors 18 

and 20 are connected to AT interfaces. through terminal 
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c. Selectors 36 and 38 are connected to AT interfaces, 

which are connected to HOD! and HDD2. 

[0044] 

The operation of a redundant disk storage system 

structured like the above is explained with reference 

to the flowchart in Figure 3. The recording identical 

data is explained first. 

[0045) 

The host computer 10 sends a command for recording 

data, for example, data A, to the MDs of HOD! and HDD2 

and a parameter containing a data storage address of MD 

for recording data, for example, an address near the 

outer circumference C2 of MD to the controller 12 

(Figure 4 (a). At this time, the host computer 10 

sends a control signal to the address decoder 32, which 

sends a command and a parameter of the host computer 10 

and a control signal for specifying a recording address 

to the host register 22. The host register 22 stores 

commands and parameters sent through the bidirectional 

buffer 16 at a location specified by a control signal 
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of the host register 22. The host register 22 is read 

in step 102 and an offset is marked at the data storage 

address of parameters in step 104. 

"[0046] 

A method for marking an off set at the data storage 

address of parameters is explained below. An offset is 

marked at said address so that data identical to data 

transferred from the host computer 10 is recorded at 

different locations on the respective MDs of a pair of 

HDDl and HDD2. As stated above, if identical data is 

recorded at identical locations near the internal 

circumference Cl of the MDs of HOD! and HDD2, when 

recorded data is read, the read voltage of da~a read 

from the magnetic head is low and, even if data is 

read, data may not be recognized. Therefore, an offset 
·• 

is marked at either data storage address of parameters 

so that both data recording locations of MDs are not 

near the internal circumference. For example, an 

offset ~s marked at either data storage address of 

parameters so that the data storage address of the MD 

of one HOD and the data storage address of the MD of 

the other are symmetrical with respect to the center of 

- 31 -



illiii1IBHlf 
THIS SHEET HAS BEEN 

REPLACED. 

the radius of the MO. The will be explained with 

reference to Figure 4. When the data storage address 

of the parameter sent from the host computer 10 is near 

the internal circumference Cl of the MD 1 an offset.is 

not marked at the data storage address of the parameter 

for HODl, but is marked only at the data storage 

address of the parameter for HDD2 so that it is 

positioned symmetrically with respect to a point near 

the center of the radius of the MD, that is, it comes 

around the outer circumference C2. Thus, identical 

data, for example, the location of HDDl where data A is 

recorded 1 is around the internal circumference Cl of 

MDl, and identical data, for example, the location of 

HDD2 where data A is recorded, is around the outer 

circumference C2 of MD2, preventing both data recording 

locations from being around the internal circumference 

Cl. Moreover, when the data storage address of the 
·• 

parameter sent from the host computer 10 is near the 

outer circumference C2 of the MD, for example, the 

location of HDDl where data B is recorded is around the 

outer circumference C2 of MDl and, in HDD2, it is 

around the internal circumference Cl of MD2. 
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In step 106, a controller 24 is set so that the 

operation· of the buffer selector 18 changes from B to 

c. In s·tep 10·9, commands ·and parameters stored in the 

host register 22 are sent to HDDl through an AT 

interface. At this time, the control signal for 

controlling HDDl is sent from the drive controller 42 

to HDDl through the selector 36. For HOD!, the 

magnetic head is moved so that data is recorded at a 

specified location based on the sent control signal, 

command, and parameter. 

[0048] 

In step 110, the controller 24 is set so that the 

operation of the buffer selector 20 changes from B to 
·• 

C. In step 112, the command stored in the host 

register 22 and the parameter containing the data 

storage address at which an off set is marked in step 

104 are sent to HDD2 through an AT interface. At this 

time, the control signal for controlling HDD2 is sent 

from the drive controller 42 to HDD2 through the 

selector 38. For HDD2, the magnetic head is moved so 
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that data is recorded at an off set and specified 

location based on the sent control signal, command, and 

parameter. 

[0049] 

In step 114, the controller 24 is set so that the 

operations of the buffer selectors 18 and 20 changes 

from C to B. In step 116, it is determined whether a 

signal representing data-transfer-enabled, in which 

data can be recorded, is input f rorn both HDDl and HDD2. 

It waits until said signal is input from both HDDl and 

HDD2 and, when said signal is input from both HDDl and 

_HDD2, in step 118, the controller 24 is set so that the 

operations of the buff er selectors 18 and 20 change 

from A to C. 

[0050] 

In step 120, information representing data-transfer-

enabled is wri~ten to the host register 22. Since the 

host computer 10 reads the host register 22 regularly 

to check whether information representing data-

transf er-enabled is written to the host register 22, 
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the host computer 10, upon finds t}:lat said information 

is written to the host register 22, transfers data 

through an AT interface. Transferred data is sent to 

both HDDl and HDD2 through buffer selectors 18 and 20 

and AT interfaces. Thus, HDDl and HDD2 record data in 

a specified location through a magnetic head. That is, 

for example, HDDl records data A near the internal 

circumference Cl of MDl, as shown in Figure 4 (a), and 

HDD2 records data A near the outer circumference C2 of 

MD2, as shown in Figure 4 (b). 

[0051] 

In step 124, the controller 24 is set so that the 

operations of buffer selectors 18 and 20 change from C 

to B. In step 126, it is determined whether a signal 

which represents the end of data transfer is input from 
·• 

both HDDl and HDD2, and waits until said signal is 

input, and, when said signal is input, in step 128, 

information representing the end of data transfer to 

HDDl and HDD2 is written to the host register 22 and 

processing ends. 
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[0052] 

As stated above, since it is so arranged that identical 

data is recorded at different locations on the 

respective MDs of HDDs, the recording of identical data 

at ~ocations near the internal circumferences on both 

MDs of a pair of HDDs can be prevented. Thus, even 

though data is recorded at a location near the internal 

circumference on the MD of one HOD, since ~dentical 

data is recorded at a location near the outer 

circumference on the MD of the other HOD, the 

probability of reading data from the MD of the other 

HOD can be made high and the probability of a 

simultaneous retry in a pair of HDDs can be lowered, 

even though a retry to send a parameter and a command 

for reading data near the internal circumference on the 

MD of one HOD is repeated. 
·• 

[0053] 

In the data recording above, an offset is marked at 

either data storage address so that the data storage 

address of the MD of one HOD and the data storage 

address of the MD of the other HOD are symmetrical with 
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respect to the center of the radius of the MD, but the 

invention is not limited to this. An offset can also 

be marked at the data storage ~ddress of the MD of the 

other HOD so that the data storage address of the MD of 

the HOD is shifted for a predetermined address. 

Therefore, as shown in Figure 5, when identical data C 

is recorded, for example, on HDDl, for which no offset 

is marked, if data is recorded near the internal 

circumference Cl of MDl (Figure 5 (a)), on HDD2, an 

off set is marked so that the address is shifted for a 

predetermined address and data is recorded near the 

outer circumference C2 of MD2 (Figure 5 (b)). 

Moreover( for example, when identical data D is 

recorded, on HDDl, if data is recorded near the outer 

circumference C2 of MD!, on HDD2, the address is 

shifted for a predetermined address and data is 

recorded at a location slightly shifted toward the 
·• 

internal circumference Cl side from around the outer 

circumference C2 of MD2. Here, for example, when data 

D is read after data C is read, in HDDl, the magnetic 

head moves to a position near the outer circumference 

C2 from near the internal circumference Cl as it moves 

from C to Don MDl. Furthermore, on HDD2, the magnetic 

head only moves slightly to the internal circumference 
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Cl side from near the outer circumference C2. Thus, 

when the reading position moves, the travel distances 

of the magnetic heads vary in response to it by HODl 

and HDD2. Therefore, the time from receiving a command 

and reading data until reading the next data is 

reduced .. 

[0054] 

Next, reading identical data on a redundant disk 

storage system will be explained. The processing 

executed when an ID (Identity Drive) command is sent 

from the host computer 10 for initialization when power 

is turned on is explained with reference to Figure 6. 

Moreover, the ID command enables the host computer 10 

to receive HOD parameters. One parameter block 

consists of 256 words of data. It requests that 256 
·• 

words be transferred consecutively from the HOD to the 

host computer in units of 16 bits. 

When power is turned on, in step 132, the address 

decoder 32 sends IOCS16 (a signal to change the bit 

width from 8 to 16) in the address decoder 32, 

generated in an IOCS16 generator 33, to the host 
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computer 10. After the controller 24 is set so that 

the operations of the buff er selectors 18 and 20 change 

from B to C, the ID.command is sent to HDDl and HDD2. 

In step 134, parameters from HDDl and HDD2 are stored 

in RAM of an MPU 26 after the controller 24 is set so 

that operations of the buffer selectors 18 and 20 

change from C to B. In step 136, stored parameters are 

changed to parameters based on the use of HDDl and HDD2 

in which identical data is recorded, that is, 

parameters (parameters for the mirrored disk) for 

r~cording identical data on a pair of HDDl and HDD2. 

[0055] 

In step 138, if an ID command is sent from the host 

computer 10 to the host register 22, the ID command is 

read from the host register and the host register 22 is 
·• 

made busy to make the host computer 10 wait. Then, in 

step 140, a write buffer conunarid is sent to either HDDl 

or HDD2, HDDl for example, and the parameter, changed 

in step .136, for the mirrored disk is written to RAM of 

HDDl. I~ step 142, a read buffer command is sent to 

HDDl. 
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[0056] 

In step 144, it is determined whether a signal which 

represents the ready state is input from HDDl and waits 

until the signal is input. When the signal is input, a 

signal indicating that the redundant disk storage 

system is ready is sent to the host register 22. Then, 

in step 148, the parameter, changed in step 136, for 

the mirrored disk is read from RAM of HDDl and sent to 

the host computer at the same time and processing ends. 

[0057] 

Thus, when parameters of HDDl and HDD2 are converted to 

parameters based on use as a pair of HODs in which 

identical data is recorded and a command enabling the 

host computer to receive parameters for the redundant 
·• 

disk storage system is received, RAM in the control 

means, needed to transfer parameters to the host 

computer consecutively in partial rewriting, is 

elimina~ed by the use of RAM in the HOD, simplifying 

the controller structure. 
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Moreover, since the connection of the controller to the 

host computer and a pair of small HDDs with a large 

capacity th~ough an AT interface is possible, mirroring 

can be implemented even with the small HOD used in 

personal computers. 

[0059] 

Moreover, since the bus for the control signal with the 

host computer connects the.host computer and the 

controller through an AT interface, this can make the 

redundant disk storage system smaller compared to when 

the host computer is connected using a SCSI. 

[0060] 
·• 

Moreover, the structure of the bus for data transfer is 

arranged so that data can be transferred directly 

between the host computer and a HOD, but the control 

signal is generated by the drive controller in the 

controller to synchronize data transfer. Therefore, 
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data can be transferred between HDDs without having RAM 

in the controller. 

[0061] 

Next, reading identical data on the redundant disk 

storage ~ystem will be explained with reference to 

Figures 7 and 8. When sending of an ID command from 

the host computer 10 ends, a command for reading data 

from the host computer 10 and a parameter containing a 

data read address for specifying the location of data 

to be read on the MD of the HOD are sent. 

[0062] 

When this command and parameter are received, in step 

152, they are sent to HDDl and HDD2 after the 

controller 24 is set so that operations of the buffer 

selectors 18 and 20 change from B to c. At this time, 

a control signal for controlling HDDl and HDD2 is sent 

from the drive controller 42 to HDDl and HDD2 through 

selectors 36 and 38. 
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[0063] 

In step 154, after the controller 24 is set so that the 

operations of the buffer selectors 18 and 20 change 

from C to B, the magnetic head of either HDD moves to 

the specified data read address and it is determined 

whether a signal which indicates data-transfer-enabled 

in which recorded data can be transferred to the host 

computer is input, and waits until the signal is input 

from either HOD, and, when the signal is input from 

either HOD, in step 156, the controller 24 is set so 

that, of buffer selectors 18 and 20, the operation of 

the buffer selector corresponding to the HOD where the 

signal is input changes from C to A, thereby allowing 

the HOD with data transfer-enabled to be connected with 

the host computer 10. Thus, the HOD connected with the 

host computer 10 transfers data of the specified -· 
address to the host computer 10. 

[0064] 

In step 158, it is determined whether a signal 

representing data-transfer-enabled is input from the 

HOD other than that transferring data, and waits until 
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the signal is input, and, when the signal is input, in 

step 16·0, the parameter is changed by changing data 

read address in· the parameter sent from the host 

computer 10 to another data read address. In step 162, 

after the controller 24 is set so that, 6f buffer 

selectors 18 and 20, .the operation of buffer selector 

corresponding to the HOD other than that transferring 

data changes from B to C, in step 162, a parameter 

containing the changed data read address is sent to the 

other HOD. At this time, a control signal for 

controlling the other HOD is sent from the drive 

controller 42 to the other HOD through a responsive 

selector. Thus, the magnetic head position of the HOD 

other than that transferring data starts moving to the 

changed data read address. 

(0065] 
·• 

In step 164, after the controller 24 is set so that, of 

buffer selectors 18 and 20, the operation of the buffer 

selector. corresponding to the HOD other than that 

transferring data changes from C to B, it is determined 

whether a signal representing data-transfer-enabled is 
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input from the other HDD, and waits till the signal is 

input, and, when it is input, processing ends. 

[0066] 

Here, in step 156, after the HOD which is data-

transfer-enabled is connected to the host computer, 

during processing from step 158 to step 164, an 

interrupt is made each predetermined time and the 

interrupt processing in Figure 8 is conducted. That 

is, in step 166, it is determined whether a signal 

representing the end of transfer is input from the HOD 

which is data-transfer-enabled, and if the signal is 

not input, control returns as shown in the flowchart in 

Figure 7, and, if the signal is input, processing 

terminates. 

[0067] 

Thus, since it is so arranged that the magnetic head of 

the HDD other than that transferring data is set at a 

position other than the position where data 

corresponding to the data being transferred is recorded 

on the MD of this HDD, while data is being read from 
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one HOD, the magnetic head _in the other HOD can be set 

at a position other than the location where data being 

read is recorded, thereby shortening seek time when 

next data is read and allowing data to be read 

inunediately. 

[0068] 

In the embodiment explained above, it is so arranged 

that, when data identical to data transferred from the 

host computer is recorded at different locations on the 

respective MOs of a pair of HDDs and data read from one 

of a pair of HDDs is transferred to the host computer, 

the magnetic head of the HOD other than that 

transferring data is set ·at a position other than the 

location where data corresponding to data being 

transferred is recorded on the MD of this HOD, but the -· 
invention is not lim~ted to this. This can also be 

done as follows: 

[0069] 

That is, it is also so arranged that, when identical 

data is recorded on a pair of HDDs, data identical to 
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data transferred from the host computer is recorded in 

different locations on respective MDs of a pair of 

HDDs, and, when data read from one of a pair of HDDs is 

transferred to the host computer, the magnetic head of 

the HOD other than that transferring data c_an be set at 

a position where data cor~esponding to data being 

transferred is recorded or at the initial location on 

the MD of this HOD. 

[0070] 

In this case, since data identical to data transferred 

from the host computer is recorded at different 

locations on the respective magnetic disks of a pair of 

HDDs, the recording of data at locations near the 

internal circumferences on both magnetic disks of a 

pair of HDDs can be prevented, thereby, even though ·• 
data is recorded at a location near the internal 

circumference on the MD of one HOD, enabling identical 

data to be recorded at a location other than near the 

internal: circumference on the MD of the other HOD and 

lowering the probability of a simultaneous retry in a 

pair of HODS. 
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Moreover, it is also so arranged that, when identical 

data is recorded on a pair of HODs, data identical to 

data transferred from the host computer is recorded at 

identical locations on MDs of a pair of HDDs, and, when 

data read from one of a pair of HDDs is transferred to 

the host computer, the magnetic head of the HOD other 

than that transferring data can be set at a position 

other than the location where data corresponding to 

data being transferred is recorded on the MD of this 

HOD. 

[0072] 

In this case, since it is so arranged that the magnetic 

head of the HOD other than that transferring data is ... 
set at a position other than the location where data 

corresponding to data being transferred is recorded on 

the MD of this HOD, while data is being read from one 

HOO, th~ MD in the other HOD can be set at a position 

other than the position where data being read is 

recorded, thereby, when the next data is read, 
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shortening seek time and allowing data to be =ead 

immediately. 

[0073] 

Moreover, it can also be so arranged that, when 

identical data is recorded at identical locations on 

MDs of a pair of HDDs, when recorded data is read from 

a pair of HDDs, the distance between the positions of 

the MDs of a pair of HDDs and the MD positions for 

reading the identical data differ in respectiv~ HDDs. 

[0074] 

Thus, while one HOD is repeating a retry to read data, 

the magnetic head on the other HOD moves to the 

location on the MD where required data is recorded and 

when said magnetic head is located at said location, 

the retry of one HOD ends, preventing a simultaneous 

retry on a pair of HDDs. 
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[Q075] 

(Advantages of the invention] 

As explained above, according to the invention as set 

forth in Claim 1, since it is so arranged that, when 

data is read, the distance between the magnetic head 

positions and the magnetic disk locations for reading 

identical data on a pair of hard disk drives differs in 

the respective drives, a pair of drives will not start 

reading data simultaneously, and moreover, the 

probability of a simultaneous retry on a pair of hard 

disk drives can be lowered. 

(0076] 

According to the invention as set forth in Claim 2, -· 
since data identical to data transferred from the host 

computer is recorded at different locations on the 

magnetic disks of a pair of hard disk drives, the 

recordin9 of identical data at locations near the 

internal circumferences on both magnetic disks of a 

pair of drives can be prevented thereby, even though 

data is recorded at a location near the internal 
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circumference on the magnetic disk of one hard disk 

drive, enabling identical data to be recorded at a 

location other than near the internal circumference on 

the magnetic disk of the other drive and lowering the 

probability of a simultaneous retry on a pair of 

magnetic disks. 

[0077] 

According to the invention as set forth in Claim 3, it 

is so arranged that the magnetic head of the hard disk 

drive other than that transferring data is set at a 

position other than the location where data 

corresponding to data being transferred is recorded on 

the magnetic disk of this hard disk drive, thereby, 

when the next data is read, shortening seek time and 

allowing data to be read immediately. 
·• 

[0078] 

According to the invention as set forth in Claim 4, 

since data identical to data transferred from the host 

computer is recorded at different locations on the 

magnetic disks of a pair of hard disk drives, the 
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recording of identical data at locations near the 

internal circumferences on both magnetic disks of a 

pair of drives can be prevented thereby, even though 

data is recorded at a location near the internal 

circumference on the magnetic disk of one hard disk 

drive, enabling identical data to be recorded at a 

location other than near the internal circumference on 

the magnetic disk of the other drive and lowering the 

probability of a simultaneous retry on a pair of 

magnetic disks. 

(0079] 

According to the invention as set forth in Claim 5, 

since it is made possible that parameters stored in 

each storage means are converted to parameters based on 

the use of a hard disk drive device consisting of a ·• 
pair of hard disk drives in which identical data is 

recorded and are stored in either storage means, said 

stored converted parameters are read and sent to a host 

computer., and the host computer receives parameters for 

the hard disk drive device, a storage means, RAM for 

example, in a control means, needed for consecutively 

transferring said parameters to the host computer, can 
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be eliminated, allowing said controller structure to be 

simple and the redundant disk storage system structure 

to be simple and manufactured at low cost. 

4. Brief Description of the Drawings: 

Figure 1 is a block diagram showing a redundant disk 

storage system of the embodiment according to the 

invention; 

Figure 2 is a· detailed circuit diagram of a control 

circuit; 

Figure 3 is a flowchart showing the operation _(data. 

recording) of a redundant disk storage system; 

·• 
Figure 4 is a drawing showing the relationship between 

locations of recorded identical data when identical 

data is recorded at synunetrical positions with respect 

to the center of the radius of the hard disk; 

Figure 5 is a drawing showing the direction and 

distance of travel in reading the next data from the 
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magnetic disk location when some data is read when 

identical data was reco=ded at different locations; 

Figure 6 is a flowchart showing initialization when an 

ID command is received from the host computer; 

Figure 7 is a flowchart showing the operation (data 

reading) of a redundant disk storage system; and 

Figure 8 is a flowchart showing the interrupt 

processing conducted each predetermined time when the 

processing of reading data from a redundant disk 

storage system is conducted. 

[Description of symbols] 

10 host computer 

12 controller 

14 hard disk drive device 

HDDl, HDD2 ... hard disk drives 

MDl, MD2 ... magnetic disks 
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