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(57) ABSTRACT 

A computer system includes a hard disk drive and an 
interface for optionally operationally connecting a cache 
memory for the hard disk drive, via a mechanism such as a 
system bus that is separate from the hard disk drive or 
directly to a controller of the hard disk drive. A hard disk 
drive of the present invention includes a nonvolatile medium 
for storing data, a controller for reading and writing the data 
and an interface for optionally operationally connecting to 
the controller a cache memory for the nonvolatile medium. 
Whether data are cached depends on whether the cache 
memory is present. Computer systems of the present inven 
tion are configured with or without cache memories, 
depending on customer requirements. 
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HARD DISK DRIVE WITH OPTIONAL CACHE 
MEMORY 

This patent application claims the benefit of U.S. 
Provisional Patent Application No. 60/670,594, 

filed Apr. 12, 2005 

FIELD AND BACKGROUND OF THE 
INVENTION 

0001. The present invention relates to data storage 
devices and, more particularly, to a hard disk drive with an 
optional cache memory. 
0002 Almost every modern electronic system needs a 
storage device. One of the most popular storage devices is 
the hard disk drive. Hard disk drives typically are used as 
mass storage devices in Systems such as personal computers, 
media players, set-top boxes and many other systems. 
0003. The main advantage of hard disk drives over other 
non-volatile data storage devices such as flash memories is 
their cost efficiency per bit of stored data. One of the 
limitations of hard disk drives, particularly with regard to 
their use in portable devices, is their relatively high power 
consumption. Among the portable devices that usually 
include hard disk drives are laptop computers, portable 
media players and GPS receivers. Such devices typically are 
powered by rechargeable batteries. A major constraint on 
Such devices is the time that they can operate on a single 
battery charge. It therefore is important to design compo 
nents of these systems, notably the hard disk drives of these 
systems, that are major consumers of power, to be economi 
cal in their use of power. 
0004 One of the known methods for minimizing the 
power consumption of a hard disk drive is the inclusion in 
the hard disk drive of an auxiliary memory such as a flash 
memory that is used as a data cache. FIG. 1 is a high-level 
schematic block diagram of a prior art hard disk drive 
(HDD) 10 that uses a flash memory 12 as a cache memory. 
The data recording medium of HDD 10 is a magnetic 
recording medium 14 on a disk-like platter 16. A controller 
18 writes to magnetic medium 14 and reads from magnetic 
medium 14 using an electromechanical mechanism that 
includes a motor 20 for spinning platter 16, a read-write 
head 24 for reading and writing data bits at arbitrarily 
selected locations on platter 16 and an arm 22 for moving 
read-write head 24 to those locations. Cache memory 12 is 
used to limit the number of accesses to HDD 10 by its host 
device in which motor 20 is powered up. Limiting these 
accesses reduces the power consumption of HDD 10 and 
also increases the reliability of the overall system, for two 
reasons. First, read-write head 24 is parked for a larger 
portion of the time and so is the likelihood of platter 16 being 
damaged as a consequence of rough handling is decreased. 
Second, flash memory 12, having no moving parts, typically 
is more reliable than magnetic medium 14 as a data storage 
medium, reducing the chance of data loss in case of system 
failure. 

0005 The degrees of freedom available to the designer of 
a system that includes HDD 10 include: 
0006 1. Physical location: whether cache memory 12 is 
physically part of HDD 10 or is elsewhere in the host 
system, for example on the motherboard of the host system. 
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0007 2. Cache management responsibility: whether 
caching is managed by the hosts operating system or by 
controller 18. 

0008. 3. Caching medium: volatile (e.g., DRAM) vs. 
non-volatile (e.g. flash) 
0009. A typical method of HDD cache management is as 
follows: When HDD 10 receives data to store as a conse 
quence of a write operation by the host of HDD 10. 
controller 18 writes the data to cache memory 12. When 
cache memory 12 is full, controller 18 transfers the data to 
magnetic medium 14 of platter 16. This method of operating 
HDD 10 saves substantially in power consumption. How 
much power is saved, vs. always writing to platter 16, is a 
function of the number of write accesses and the size of 
cache memory 12. Calculations for typical laptop computers 
(HDD capacity around 60 GB, flash memory capacity 
around 64-128 MB) show that the amount of data written per 
hour to cache memory 12 is a tiny fraction of the capacity 
of a typical platter 16. Using a relatively small cache 
memory 12 can give a 20%-30% reduction in power con 
Sumption in a typical consumer device. 
0010. The trade-off in such caching is between the addi 
tional cost of cache memory 12 vs. the power saved. This is 
an important limitation, as hard disk drives have become a 
standard commodity that is used in a wide variety of 
applications. However, in some applications, low cost is a 
more important constraint than low power consumption; in 
other applications, low power consumption is a more impor 
tant constraint than low cost; and in yet other applications, 
both constraints are important. The exact fine tuning 
between cost and power thus varies from one application to 
another, and can even vary from one user to another. 
0011. There is thus a widely recognized need for, and it 
would be highly advantageous to have, a commodity hard 
disk drive that can be adapted easily to the cost and power 
constraints of a wide variety of applications. 

SUMMARY OF THE INVENTION 

0012. According to the present invention there is pro 
vided a computer system including: (a) a hard disk drive; 
and (b) an interface for optionally operationally connecting, 
to the computer system, a cache memory for the hard disk 
drive. 

0013. According to the present invention there is pro 
vided a hard disk drive including: (a) a nonvolatile medium 
for storing data; (b) a controller for writing the data to the 
nonvolatile medium and for reading the data from the 
nonvolatile medium; and (c) an interface for optionally 
operationally connecting, to the controller, a cache memory 
for the nonvolatile medium. 

0014. According to the present invention there is pro 
vided a method of operating a hard disk drive that includes 
a nonvolatile data storage medium, including the steps of 
(a) providing an interface for optionally operationally asso 
ciating a cache memory with the hard disk drive; and (b) in 
exchanging data with the hard disk drive, determining 
whether the cache memory is operationally associated with 
the hard disk drive. 

00.15 According to the present invention there is pro 
vided a method of producing computer systems, including 
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the steps of: (a) providing each computer system with a 
respective hard disk drive; (b) providing each computer 
system with a respective interface for optionally operation 
ally connecting, to the each computer system, a cache 
memory for the respective hard disk drive of the each 
computer system; and (c) in configuring each computer 
system for delivery to a respective customer, deciding 
whether to operationally connect the cache memory to the 
each computer system at the respective interface of the each 
computer system. 

0016. According to the present invention there is pro 
vided a computer-readable storage medium having com 
puter-readable code embodied on the computer-readable 
storage medium, the computer-readable code for exchanging 
data with a hard disk drive in a computer system that 
includes an interface for optionally operationally connect 
ing, to the computer system, a cache memory for the hard 
disk drive, the hard disk drive including a nonvolatile data 
storage medium, the computer-readable code including: (a) 
program code for determining whether the cache memory is 
operationally connected to the computer system; and (b) 
program code for, if the cache memory is operationally 
connected to the computer system, then, in writing the data 
to the hard disk drive: (i) if the cache memory is full: (A) 
copying contents of the cache memory to the nonvolatile 
data storage medium, and (B) writing the data to the 
nonvolatile data storage medium, and (ii) otherwise, writing 
the data to the cache memory. 
0017. A computer system of the present invention 
includes a hard disk drive and an interface for optionally 
operationally connecting, to the computer system, a cache 
memory for the hard drive. That the connection of the cache 
memory to the computer system is "optional” means that the 
computer system is fully operational even without the cache 
memory. The cache memory, if present, merely enhances the 
operation of the computer system, for example by conserv 
ing power. 

0018 Preferably, the interface is for reversibly operation 
ally connecting the cache memory to the computer system. 

0019. In one variant of the computer system of the 
present invention, the computer system includes a mecha 
nism, such as a system bus, that is separate from the hard 
disk drive and that is for operationally connecting the hard 
disk drive to the interface. Preferably, such a computer 
system also includes an operating system for using the cache 
memory to cache data that are to be written to the hard disk 
drive. Most preferably, such caching is the only purpose for 
which the operating system uses the cache memory. Note 
that using the cache memory "only for caching data to be 
written to the hard disk drive does not preclude reading, 
from the cache memory, data that are waiting to be trans 
ferred to the hard disk drive. 

0020. In another variant of the computer system, the hard 
disk drive includes a controller, and the interface is directly 
operationally connected to the controller. 

0021. A hard disk drive of the present invention includes 
a nonvolatile (e.g., magnetic or optical) medium for storing 
data, a controller for writing the data to the nonvolatile 
medium and for reading the data from the nonvolatile 
medium, and an interface for optionally operationally con 
necting, to the controller, a cache memory for the nonvola 
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tile medium. That the connection of the cache memory to the 
controller is “optional means that the hard disk drive is 
fully operational even without the cache memory. The cache 
memory, if present, merely enhances the operation of the 
hard disk drive, for example by conserving power. 
0022 Preferably, if the nonvolatile medium is a magnetic 
medium, then the hard disk drive includes an electrome 
chanical mechanism that the controller uses to write the data 
to the magnetic medium and to read the data from the 
magnetic medium. Most preferably, the electromechanical 
mechanism provides the controller with random access to 
the magnetic medium. 
0023 Although the scope of the present invention, in the 
case of both the computer system and the hard disk drive, 
includes volatile cache memories, it is preferred that the 
cache memory be non-volatile, for example a flash memory. 
0024. The scope of the present invention also includes a 
method of operating a hard disk drive that includes a 
nonvolatile data storage medium. An interface is provided 
for optionally operationally associating a cache memory 
with the hard disk drive. That the association is “optional 
means that the hard disk drive is fully operational even in the 
absence of the cache memory. The cache memory, if present, 
merely enhances the operation of the hard disk drive, for 
example by conserving power. In exchanging data with the 
hard disk drive, i.e., in writing data to the hard disk drive or 
in reading data from the hard disk drive, it first is determined 
whether the cache memory is in fact operationally associated 
with the hard disk drive. If the cache memory is in fact 
operationally associated with the hard disk drive, 
0.025) then: 
0026. In writing new data (i.e., data not yet cached) to the 
hard disk drive, if the cache memory is full, meaning that 
there is no room in the cache memory to write the new data, 
the contents of the cache memory are copied to the non 
Volatile data storage medium and the new data are written to 
the nonvolatile data storage medium. If the cache memory is 
not full, then the data are written to the cache memory. 

0027) or 
0028. In reading data from the hard disk drive, it first is 
determined whether the data reside in the cache memory. If 
the data reside in the cache memory, then the data are read 
from the cache memory. If the data do not reside in the cache 
memory, then the data are read from the nonvolatile data 
storage medium. 

0029. The scope of the present invention also includes a 
method of producing computer systems. Each computer 
system is provided with a respective hard disk drive and with 
a respective interface for optionally operationally connect 
ing, to the computer system, a cache memory for the 
computer systems hard disk drive. That the connection of 
the cache memory to the computer system is "optional 
means that the computer system is fully operational even 
without the cache memory. The cache memory, if present, 
merely enhances the operation of the computer system, for 
example by conserving power. Finally, in configuring each 
computer system for delivery to a customer thereof, it is 
decided whether to actually operationally connect a cache 
memory for the computer systems hard disk drive to the 
computer systems interface. Whether the computer system 
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is delivered to the customer with or without a cache memory 
for the hard disk drive operationally connected to the 
computer system depends on the customer's requirements. 
0030 Preferably, each computer system is provided with 

its own mechanism, separate from its hard disk drive, for 
operationally connecting the hard disk drive to the interface. 
Alternatively, each hard disk drive includes a controller, and 
each computer systems interface is directly operationally 
connected to the controller of that computer systems hard 
disk drive. 

0031. The cache memories could be volatile memories or, 
preferably and alternatively, non-volatile memories such as 
flash memories. 

0032. The scope of the present invention also includes a 
computer-readable storage medium having embodied 
thereon computer-readable code for implementing the 
method of the present invention for operating a hard disk 
drive. 

0033. The present invention provides many advantages 
over the prior art. Among these advantages are the follow 
ing: 

0034. A consumer or an original equipment manufacturer 
can select how much cache to attach to his/her/its hard disk 
drive. It is up to the consumer or to the original equipment 
manufacturer, rather than the manufacturer of the hard disk 
drive, to bear the cost of cache memory. Omitting the cache 
memory for a user who does not need one bears only a small 
penalty in cost, the cost of the interface. 
0035 Having to keep on hand only one kind of hard disk 
drive or only one kind of computer system simplifies the 
inventory tasks of a vendor of hard disk drives and computer 
systems of the present invention. 
0.036 By purchasing a hard disk drive or a computer 
system of the present invention without a cache memory, a 
customer saves money up front. The customer is free at any 
time to invest in an upgrade to a hard disk drive or a 
computer system with caching. The customer is free to 
exercise this option when prices of cache memories are low. 
0037 Avendor of a hard disk or computer system of the 
present invention adds value to its product at minimal cost 
and minimal operational overhead. A vendor can target 
products of the same product line separately to customers 
who need caching and to customers who do not need 
caching. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0038. The invention is herein described, by way of 
example only, with reference to the accompanying drawings, 
wherein: 

0.039 FIG. 1 is a high-level schematic block diagram of 
a prior art hard disk drive; 
0040 FIG. 2 is a high-level schematic block diagram of 
a hard disk drive of the present invention; 
0041 FIG. 3 is a partial high-level schematic block 
diagram of a computer system of the present invention; 

0.042 FIG. 4 is a flow chart of writing to a hard disk drive 
according to the present invention; 

Oct. 12, 2006 

0043 FIG. 5 is a flow chart of reading from a hard disk 
drive according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0044) The present invention is of a hard disk drive and a 
related computer system that can be configured easily, per 
application, to optimize cost VS. power consumption. 
0045. The principles and operation of a hard disk drive 
according to the present invention may be better understood 
with reference to the drawings and the accompanying 
description. 
0046 Although the scope of the present invention 
extends to hard disk drives that use any kind of nonvolatile 
data storage media, for example optical storage media, the 
description herein of the preferred embodiments of the 
present invention is in terms of a hard disk drive whose 
nonvolatile data storage medium is a magnetic medium Such 
as magnetic medium 14. It will be clear to those skilled in 
the art how to apply the principles of the present invention 
to other nonvolatile data storage media. 
0047 Referring again to the drawings, FIG. 2 illustrates 
a hard disk drive 30 of the present invention. Hard disk drive 
30 shares most of its components with hard disk drive 10. 
The principal difference between hard disk drive 10 and hard 
disk drive 30 is that instead of a hard-wired cache memory 
12, hard disk drive 30 includes an interface 32 for an 
optional cache memory 34. Interface 32 is a standard inter 
face for reversibly connecting a memory such as a flash 
memory to controller 18. For example, in some versions of 
HDD 30, interface 32 is a standard USB interface; in other 
versions of HDD 30, interface 32 is a slot such as commonly 
is used in appliances such as digital cameras and MP3 
players for inserting a flash memory card. Although in 
principle cache memory 34 need not be a non-volatile 
memory, in the overwhelming majority of cases cache 
memory 34 is a non-volatile memory Such as a flash 
memory. Usually, the reversibility of the operational con 
nection between interface 32 and cache memory 34 is 
preserved, to allow a user of a system that includes HDD 30 
to Swap cache memories 34 (e.g. to upgrade to a larger cache 
memory 34) on a per-application basis. Optionally, cache 
memory 34 is sealed permanently to interface 32. For 
example, an original equipment manufacturer may seal 
cache memory 34 permanently to interface 32 of a HDD 30 
that the original equipment manufacturer purchases from a 
manufacturer of hard disk drives. 

0048 Interface 32 is adapted to allow controller 18 to 
sense the presence and size of cache memory 34. For 
example, if interface 32 is a USB interface, then when cache 
memory 34 is connected to interface 32, or when HDD 30 
is powered up, controller 18 conducts an enumeration pro 
cess according to the USB standard to determine whether 
cache memory 34 is present in interface 32 and, if cache 
memory 34 is present in interface 32, what the size of cache 
memory 34 is. In the absence of cache memory 34, control 
ler 18 always writes incoming data directly to magnetic 
medium 14 of platter 16. If cache memory 34 is present, 
controller 18 caches incoming data in cache memory 34, as 
described above, until cache memory 34 is full, at which 
time controller 34 transfers the contents of cache memory 34 
to magnetic medium 14 of platter 16 and erases cache 
memory 34. 
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0049) HDD 30 of FIG. 2 is a hardware/firmware imple 
mentation of the present invention. FIG. 3 illustrates a 
software implementation of the present invention. Specifi 
cally, FIG. 3 is a partial high-level schematic block diagram 
of a computer system 40 of the present invention. System 40 
includes a processor 42; a RAM 44; input and output devices 
Such as a keyboard and a display screen, represented col 
lectively by an I/O block 46; a hard disk drive 56 that is 
similar to prior art hard disk drive 10 except for lacking a 
cache memory; and an interface 48 for optionally reversibly 
connecting to system 40 a cache memory 50 that is used for 
caching writes to HDD 10. Components 42, 44, 46, 48 and 
56 communicate with each other via a common system bus 
52. Among the data stored on HDD 56 is the code of an 
operating system 54. When system 40 is powered up, 
processor 42 downloads the code of operating system 54 to 
RAM 44 and then executes the code of operating system 54 
from RAM 44 to manage the operation of system 40. HDD 
56 thus is an example of a computer-readable storage 
medium in which is embedded computer-readable code for 
implementing the method of the present invention. Note that 
actions described herein as being performed “by operating 
system 54 actually are operations that are performed by 
processor 42 by executing code of operating system 54. 
0050. Like interface 32, interface 48 is a standard inter 
face for reversibly connecting a memory such as a flash 
memory to system 40. For example, in some versions of 
system 40, interface 48 is a standard USB interface; in other 
versions of system 40, interface 48 is a slot such as com 
monly is used in appliances such as digital cameras and MP3 
players for inserting a flash memory card. Although cache 
memory 50, like cache memory 34, need not be a non 
Volatile memory, in the overwhelming majority of cases 
cache memory 50 is a non-volatile memory such as a flash 
memory. As in the case of the connection between interface 
32 and cache memory 34, the operational connection 
between interface 48 and cache memory 50 usually is kept 
reversible. 

0051. Also like interface 32, interface 48 is adapted to 
allow processor 42, under the control of operating system 
54, to sense the presence and size of cache memory 50. The 
code of operating system 54 includes code for sensing the 
presence and size of cache memory 50 when system 40 is 
powered up. A flag that indicates the presence or absence of 
cache memory 50 then is set in a register in processor 42 or 
else in RAM 44. If cache memory 50 is present, then the size 
of cache memory 50 is recorded in another register in 
processor 42 or alternatively in RAM 44. Subsequently, 
operating system 54 tests the presence and size of cache 
memory 50 by inspecting the flag and the recorded size, 
rather than by interrogating interface 48. The code of 
operating system 54 also includes code for using cache 
memory 50 as a cache for HDD 56 if cache memory 50 is 
present. In the absence of cache memory 50, when operating 
system 54 receives an instruction from an application pro 
gram to write data to HDD 56, operating system 54 writes 
those data directly to HDD 56. If cache memory 50 is 
present, then when operating system 54 receives an instruc 
tion from an application program to write data to HDD 56, 
operating system 54 instead first attempts to write the data 
to cache memory 50. If cache memory 50 is full, then 
operating system 54 writes the data to HDD 56, copies the 
contents of cache memory 50 to HDD 56, and erases cache 
memory 50. 
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0052 Although in principle cache memory 50 is avail 
able to operating system 54 for any purpose for which 
operating system 54 needs a memory, it is preferable to 
restrict the use of cache memory 50 by operating system 54 
to the caching of data to be written to hard disk 56. 

0053 FIG. 4 is a flow chart of writing to HDD 30 or 56. 
In block 60, controller 18 of HDD 30 receives an instruction 
from the host of HDD 30 to write data to platter 16, or 
operating system 54 receives an instruction from an appli 
cation program to write data to HDD 56. In block 62, 
controller 18 or operating system 54 determines whether 
cache memory 34 or 50 is present. If cache memory 34 or 
50 is absent, then in block 64, controller 18 writes the data 
directly to magnetic medium 14 of platter 16, or operating 
system 54 writes the data directly to HDD 56. If cache 
memory 34 or 50 is present, then in block 66, controller 18 
or operating system 54 determines whether cache memory 
34 or 50 is full. If cache memory 34 or 50 is not full, then 
in block 68 controller 18 or operating system 54 writes the 
data to cache memory 34 or 50. If cache memory 34 or 50 
is full, then in block 70 controller 18 writes the data directly 
to magnetic medium 14 of platter 16, or operating system 54 
writes the data directly to HDD 56. Then, in block 72, 
controller 18 copies the contents of cache memory 34 to 
magnetic medium 14 of platter 16, or operating system 54 
copies the contents of cache memory 50 to HDD56. Finally, 
in block 74, controller 18 or operating system 54 erases 
cache memory 34 or 50. 

0054 FIG. 5 is a flow chart of reading from HDD 30 or 
56. In block 80, controller 18 of HDD 30 receives an 
instruction from the host of HDD 30 to read data from platter 
16, or operating system 54 receives an instruction from an 
application program to read data from HDD56. In block 82, 
controller 18 or operating system 54 determines whether 
cache memory 34 or 50 is present. If cache memory 34 or 
50 is absent, then in block 84, controller 18 reads the data 
directly from magnetic medium 14 of platter 16, or operating 
system 54 reads the data directly from HDD 56. If cache 
memory 34 or 50 is present, then data that were written 
recently to HDD 30 or 56 may still be in cache memory 34 
or 50, making it unnecessary to expend the time and power 
needed to read the data from platter 16 or from HDD 56. 
Therefore, in block 86, controller 18 or operating system 54 
determines whether the requested data are present in cache 
memory 34 or 50. If the requested data are present in cache 
memory 34 or 50, then in block 88 controller 18 or operating 
system 54 reads the data from cache memory 34 or 50. 
Otherwise, in block 84, controller 18 reads the data directly 
from magnetic medium 14 of platter 16, or operating system 
54 reads the data directly from HDD 56. 

0055. The present invention, as described above, Sup 
ports an innovative method of producing computer systems. 
The computer systems are manufactured with hard disk 
drives and with interfaces for cache memories as described 
above. The interfaces could be integral to the hard disk 
drives, if the hard disk drives are configured like HDD 30: 
or alternatively the interfaces could be coupled to the hard 
disk drives via a system bus as in computer system 40. As 
orders for computer systems are received, the producer 
decides whether to fill each order with a computer system 
that includes a cache memory 34 or 50 operationally con 
nected to that computer systems interface 32 or 48 or, 
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alternatively, to deliver the computer system without cache 
memory 34 or 50, depending on the customer's require 
mentS. 

0056) While the invention has been described with 
respect to a limited number of embodiments, it will be 
appreciated that many variations, modifications and other 
applications of the invention may be made. 
What is claimed is: 

1. A computer system comprising: 

(a) a hard disk drive; and 
(b) an interface for optionally operationally connecting, to 

the computer system, a cache memory for said hard 
disk drive. 

2. The computer system of claim 1, wherein said interface 
is for reversibly operationally connecting said cache 
memory to the computer system. 

3. The computer system of claim 1, wherein said cache 
memory is a volatile memory. 

4. The computer system of claim 1, wherein said cache 
memory is a non-volatile memory. 

5. The computer system of claim 4, wherein said cache 
memory is a flash memory. 

6. The computer system of claim 1, further comprising: 
(c) a mechanism, separate from said hard disk drive, for 

operationally connecting said hard disk drive to said 
interface. 

7. The computer system of claim 6, wherein said mecha 
nism includes a system bus. 

8. The computer system of claim 6, further comprising: 
(d) an operating system for using said cache memory to 

cache data that are to be written to said hard disk drive. 
9. The computer system of claim 8, wherein said operat 

ing system uses said cache memory only to cache said data. 
10. The computer system of claim 1, wherein said hard 

disk drive includes a controller, and wherein said interface 
is directly operationally connected to said controller. 

11. A hard disk drive comprising: 
(a) a nonvolatile medium for storing data; 
(b) a controller for writing said data to said nonvolatile 
medium and for reading said data from said nonvolatile 
medium; and 

(c) an interface for optionally operationally connecting, to 
said controller, a cache memory for said nonvolatile 
medium. 

12. The hard disk drive of claim 11, wherein said non 
Volatile medium is a magnetic medium. 

13. The hard disk drive of claim 12, further comprising: 
(d) an electromechanical mechanism that is used by said 

controller for writing said data to said magnetic 
medium and for reading said data from said magnetic 
medium. 

14. The hard disk drive of claim 13, wherein said elec 
tromagnetic mechanism provides said controller random 
access to said magnetic medium. 

15. The hard disk drive of claim 11, wherein said non 
Volatile medium is an optical medium. 

16. The hard disk drive of claim 11, wherein said interface 
is for reversibly operationally connecting said cache 
memory to said controller. 
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17. The hard disk drive of claim 11, wherein said cache 
memory is a volatile memory. 

18. The hard disk drive of claim 11, wherein said cache 
memory is a non-volatile memory. 

19. The hard disk drive of claim 18, wherein said cache 
memory is a flash memory. 

20. A method of operating a hard disk drive that includes 
a nonvolatile data storage medium, comprising the steps of 

(a) providing an interface for optionally operationally 
associating a cache memory with the hard disk drive; 
and 

(b) in exchanging data with the hard disk drive, deter 
mining whether said cache memory is operationally 
associated with the hard disk drive. 

21. The method of claim 20, further comprising the step 
of: 

(c) in writing said data to the hard disk drive, if said cache 
memory is operationally associated with the hard disk 
drive: 

(i) if said cache memory is full: 
(A) copying contents of said cache memory to the 

nonvolatile data storage medium, and 
(B) writing said data to the nonvolatile data storage 
medium; and 

(ii) otherwise: writing said data to said cache memory. 
22. The method of claim 20, further comprising the step 

of: 

(c) in reading data from the hard disk drive, if said cache 
memory is operationally associated with the hard disk 
drive: 

(i) determining whether said data reside in said cache 
memory, 

(ii) if said data reside in said cache memory: reading 
said data from said cache memory, and 

(iii) otherwise: reading said data from the nonvolatile 
data storage medium. 

23. A method of producing computer systems, comprising 
the steps of: 

(a) providing each computer system with a respective 
hard disk drive; 

(b) providing each computer system with a respective 
interface for optionally operationally connecting, to 
said each computer system, a cache memory for said 
respective hard disk drive of said each computer sys 
tem; and 

(c) in configuring each computer system for delivery to a 
respective customer, deciding whether to operationally 
connect said cache memory to said each computer 
system at said respective interface of said each com 
puter system. 

24. The method of claim 23, further comprising the step 
of: 

(d) providing each computer system with a respective 
mechanism, separate from said respective hard disk 
drive, for operationally connecting said respective hard 
disk drive to said respective interface. 
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25. The method of claim 23, wherein each said hard disk 
drive includes a controller, and wherein, in each computer 
system, said respective interface of said each computer 
system is directly operationally connected to said controller 
of said respective hard disk drive of said each computer 
system. 

26. The method of claim 23, wherein said cache memories 
are volatile memories. 

27. The method of claim 23, wherein said cache memories 
are non-volatile memories. 

28. The method of claim 27, wherein said cache memories 
are flash memories. 

29. A computer-readable storage medium having com 
puter-readable code embodied on said computer-readable 
storage medium, the computer-readable code for exchanging 
data with a hard disk drive in a computer system that 
includes an interface for optionally operationally connect 
ing, to the computer system, a cache memory for the hard 
disk drive, the hard disk drive including a nonvolatile data 
storage medium, the computer-readable code comprising: 

(a) program code for determining whether the cache 
memory is operationally connected to the computer 
system; and 

(b) program code for, if the cache memory is operationally 
connected to the computer system, then, in writing the 
data to the hard disk drive: 
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(i) if the cache memory is full: 

(A) copying contents of the cache memory to the 
nonvolatile data storage medium, and 

(B) writing the data to the nonvolatile data storage 
medium, and 

(ii) otherwise, writing the data to the cache memory. 
30. The computer-readable storage medium of claim 29, 

further comprising: 

(c) program code for, if the cache memory is operationally 
connected to the computer system, then, in reading the 
data from the hard disk drive: 

(i) determining whether the data reside in the cache 
memory; 

(ii) if the data reside in the cache memory: reading the 
data from the cache memory; 

(iii) otherwise, reading the data from the nonvolatile 
data storage medium. 


