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Hard Disk Drive Having a Bypass for SAS/SATA Signals

FIELD OF THE INVENTION

[0001] The present invention relates generally to mass storage devices, such as hard disk

drives, and their carriers.

DESCRIPTION OF THE PRIOR ART

[0002] Hard disk drives (HDDs) are non-volatile storage units used to store digital data.

HDDs are found in many computing systems, such as in personal computers, servers, storage

enclosures, blades, and other computing devices. For example, a storage enclosure typically

includes a plurality of HDDs, which are used by host(s) during operation to store digital

information.

[0003] One example of a known storage enclosure has a plurality of HDDs. The storage

enclosure comprises a chassis having a front portion and a back portion. A plurality of

carriers are removably housed in the front portion of the chassis and each carrier houses two

HDDs. Each carrier can be removed or inserted into the front portion of the chassis using an

ejector handle and the carrier and HDDs provide a mass storage assembly. When the carrier

is properly inserted into the front portion of the chassis, each HDD electrically connects to a

midplane in the storage enclosure, which allows one or more controllers in the storage

enclosure to access each HDD. Digital data may then be retrieved from or transmitted to

each HDD. Controllers, as well as other computing and control equipment, are typically

housed in the back portion of the chassis.

[0004] A typical HDD used in such a storage enclosure is configured to communicate

with a controller according to the Serial Attached SCSI (SAS) protocol and/or the Serial ATA

(SATA) protocol. SAS and SATA are data transfer technologies well known in the art and

are used for moving data to and from mass storage devices such as HDDs. Such HDDs are

therefore manufactured with either a SAS connector or a SATA connector. The connector

electrically connects to a midplane and is driven by a controller. A SAS connector comprises

32 pins or fingers that are electrically driven according to the SAS protocol in order to

transfer data to and from the HDD. As is known in the art, a SAS connector is backwards



compatible with SATA signals. For this reason, SAS connectors are more versatile than

SATA connectors since a SATA connector can only accommodate SATA signals and not

SAS signals, whereas a SAS connector can accommodate either SAS signals or SATA

signals.

[0005] The chassis of a server or storage enclosure is generally manufactured according

to industry standard physical sizes. For example, a chassis is typically designed to fit within

a 19" frame, or rack. The chassis width is determined by 19" rackmount standards and its

height is measured in "U's", where each "IU" represents 1.75". For a given chassis size, it is

desired to place as many components in the chassis as possible. Therefore, there is a need for

compactly fitting HDDs within the housing of the chassis.

[0006] To facilitate compact storage, it is known for the frame of the carrier to support a

printed circuit board (PCB) that extends longitudinally along the length of the carrier and

beneath both HDDs. Each HDD has a single SAS connector respectively which physically

and electrically engages a dedicated socket on the PCB. Conductive pathways on the PCB

independently electrically connect each SAS connector to respective dedicated pins on a high

speed connector. The high speed connector is mounted on the end of the PCB and is

removably connectable to a midplane in the storage enclosure.

[0007] In use, the carrier is inserted into a dedicated slot in the front portion of the

chassis. The frame of the carrier is received in the slot, and as the carrier is pushed into the

slot, the high speed connector mounted on the end of the PCB physically, and therefore

electrically, engages a dedicated socket on the midplane in the storage enclosure. A

controller electrically connected to the opposite side of the midplane can then be configured

to drive one or both of the HDDs using the SAS or SATA protocol and therefore store or

retrieve information.

[0008] Although the dual HDD carrier is relatively simple to manufacture, the provision

of the PCB increases the size of the carrier and therefore places a limit on the number of

carriers (and hence the number of HDDs) that can be placed in a given chassis. Also, the

PCB and high speed connector add to the parts that are required for manufacturing the carrier.

This increases manufacturing cost, as well as increases the number of components that may

need to be repaired or replaced during use of the carrier.

[0009] In another prior art arrangement, the frame of the carrier directly supports HDDs.

A small PCB or "paddle board" electrically connects a SAS connector of HDD to dedicated



pins on a high speed connector. A flex circuit extends along the inner portion of the frame

immediately adjacent HDD. One end of the flex circuit physically and electrically connects

to a SAS connector of HDD, while the other end of the flex circuit physically and electrically

connects to conductive pathways on the paddle board, which form an electrical connection

with dedicated pins on the high speed connector. Both HDDs are therefore electrically

connected to a high speed connector without the provision of a PCB extending longitudinally

along the length of the carrier and beneath both HDDs. Instead, the paddle board and flex

circuit are used to form an electrical connection between the HDDs and the high speed

connector.

[0010] In use, the carrier is inserted into a dedicated slot in the front portion of the

chassis. The frame of the carrier is received in the slot, and as the carrier is pushed into the

slot, the high speed connector physically, and therefore electrically, engages a dedicated

socket on the midplane in the storage enclosure. A controller electrically connected to the

opposite side of the midplane can then be configured to drive one or both of the HDDs using

the SAS or SATA protocol and therefore store or retrieve information. Electrical signals

transmitted between the high speed connector and the SAS connector of HDD will travel

along dedicated conductive pathways on paddle board, whereas electrical signals transmitted

between the high speed connector and the SAS connector of HDD will travel along the flex

circuit.

[0011] Such a carrier is physically smaller due to the provision of the flex circuit, which

eliminates the need for the relatively bulky PCB that is used in other prior art carriers.

Therefore more carriers (and hence more HDDs) can be packed into a given chassis.

However, a flex circuit is expensive and substantially increases the manufacturing cost of the

carrier. Therefore, although such a carrier offers space savings over a carrier using a PCB, it

is more expensive to manufacture. Also, the paddle board, high speed connector, and flex

circuit amount to additional parts that are required for manufacturing the carrier. Not only

does this increase the manufacturing cost, but it also increases the number of components that

may need to be repaired or replaced during use of the carrier.

[0012] It is an object of the present invention to obviate or mitigate at least some of the

above-described disadvantages.



SUMMARY OF THE INVENTION

[0013] In general terms, the present invention provides a mass storage device comprising

an input connector for electrically receiving both a first set of data signals and a second set of

data signals. The first set of data signals are used to effect storage and retrieval of information

on the mass storage device, whereas the second set of data signals are electrically conducted

to an output connector on the mass storage device. When an adjacent mass storage device is

connected to the output connector, the second set of data signals are used to effect storage

and retrieval of information on this adjacent mass storage device.

[0014] Preferably, in one embodiment the mass storage device is a hard disk drive (HDD)

having an input connector that accommodates two sets of signals, either set being SAS or

SATA signals. One set of SAS or SATA signals is used to drive the HDD, whereas the other

set of SAS or SATA signals is forwarded to an output connector on the HDD, which can be

electrically connected to an input connector of an adjacent HDD.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Embodiments of the invention will now be described by way of example only

with reference to the accompanying drawings, in which:

[0016] Figure 1 is a perspective view of a storage enclosure;

[0017] Figure 2 is a perspective view of the carrier used in the enclosure of Figure 1.

[0018] Figure 3 is a plan view of the pair of hard disk drives shown on the carrier of

Figure 2;

[0019] Figure 4 is schematic showing data connections to a hard disk drive according to

one embodiment of the invention;

[0020] Figure 5 is a representation of a hard disk drive illustrating the input connector

used in the hard disk drive of Figure 4;

[0021] Figure 6 is a schematic representation of a plurality of disk drives connected in

seriatim.



DETAILED DESCRIPTION OF THE INVENTION

[0022] Referring initially to Figure 1, a storage enclosure 10 comprises a chassis 12

having a front portion 16 and a back portion 14. A plurality of carriers 18 are removably

housed in the front portion 16 of the chassis 12. Each carrier 18 can be removed or inserted

into the front portion 16 of the chassis 12 using an ejector handle 20. Each carrier 18 houses

two hard disk drives (HDDs) 22 and 24. When the carrier 18 is properly inserted into the

front portion 16 of the chassis 12, each HDD 22 and 24 electrically connects to a midplane in

the storage enclosure, which allows one or more controllers in the storage enclosure to access

each HDD 22 and 24. Digital data may then be retrieved from or transmitted to each HDD 22

and 24. Controllers, as well as other computing and control equipment, are typically housed

in the back portion 14 of the chassis 12.

[0023] As can be seen more clearly in Figures 2 and 3, both HDDs 22 and 24 are directly

supported by a frame 30 of the carrier 18 in end to end relationship. The frame 30 may be a

pair of side rails connected to the HDDs 22,24, a tray structure to carry the HDDs 22,24, or

similar arrangement to support the HDDs.

[0024] Each of the HDDs 22,24 includes an input connector 34,42 respectively and an

output connector 40,46 respectively. The input connector 34 provided on HDD 22 directly

connects to a socket 36 in the midplane 38 of the storage enclosure 10.

[0025] The output connector 40 is electrically connected to the input connector 42 of

HDD 24 using a small PCB or "paddle board" 44. Each of the input connectors 34,42 have

64 fingers, or electrical contacts, communicating with internal connections in the respective

HDD. The fingers on the input connectors 34,42 are divided in to two sets, one of which

communicates internally with the HDD and the other of which connects to the output

connector 42, 46. The output connectors 40,46 of HDD 22,24 are a standard SAS connector

and therefore comprises thirty-two fingers. When the HDDs are connected to another, the

thirty-two fingers of the output connector 40 are electrically connected to the thirty-two

fingers of the input connector 42 that drive HDD 24, and the other thirty-two fingers of the

first set of the input connector 42 are not driven. In this case, the output connector 46 of the

HDD 24 is also not driven.



[0026] The connections made to the HDD 22 is shown in Figure 4. The first set of SAS

signals (labelled SAS 1 in Figure 4) is used to drive the HDD 22 according to the SAS

protocol, as is known in the art. The second set of SAS signals (labelled SAS 2 in Figure 4) is

electrically conducted through the HDD 22 to an output connector 40. The output connector

40 is electrically connectable to the input connector 42of HDD 24. Whilst not necessary in

all embodiments, the set of SAS signals being conducted through the HDD 22 to HDD 24

(SAS 2) may be conditioned using a SAS repeater 48 if necessary or if desired. Any

appropriate SAS repeater 48 known in the art can be utilized.

[0027] Advantageously, the provision of sixty-four fingers on the input connector 34,42,

as well as the provision of the output connector 40,46, does not substantially change the size

of the HDD 22,24. The connections between the input connections 34,42 and respective

outputs 40,46 are conveniently established on a PCB incorporated in the HDDs 22,24 and

provision of the connectors 34,42 and 40,46 requires populating additional conductive fingers

on the PCB, which does not require a lot of physical space.

[0028] Figure 5 pictorially illustrates a perspective view of an embodiment of the HDD

22,24 showing the input connector 24,42. HDD 22,24 includes a PCB 50 carrying the drive

components and connections for the HDD. An exposed edge of PCB 50 has two sets of

connections in the form of having sixty-four fingers that together form the input connector

34,42. A first set of thirty-two fingers of input connector 34,42 are populated on one side 52

of the PCB 50, whereas the other thirty-two fingers are populated on the opposite side 54 of

the PCB 50. The thirty-two conductive fingers populated on the one side 52 of the PCB 50

receive the SAS signals (SAS 1) used to drive HDD 22. The thirty-two conductive fingers

populated on the opposite side 54 of the PCB 50 receive the additional set of SAS signals

(SAS 2) and electrically connect to conductive pathways in the PCB 50 that transmit these

signals to the output connector 40,46. The output connector 40,46 comprises thirty-two

fingers populated on the one side of PCB 50 at the opposite end of the HDD 22,24. In this

manner, the HDDs may be arranged in seriatim with the signals applied uniformly.

Alternatively, the conductive pathways may be routed through the paddle board 44 to transfer

from the other side to the one side. The PCB 50 therefore provides a single connector for two

sets of signals, one of which controls the HDD 24 and the other of which is directed along a

pathway from the PCB to the output connector 40,46.



[0029] It will be appreciated that the exact number of fingers on the input connectors

34,42 may vary and that, for example, in alternative embodiments, it may be possible to

reduce the number of pins/fingers used (for example, by sharing GND and/or power signals).

[0030] In the embodiment shown in Figures 2 to 5, the output connector 40 of the HDD

22 is electrically connected to the input connector 42 of the HDD 24 using a paddle board 44.

It will be appreciated, however, that the output connector 40 of HDD 22 may be electrically

connected to the input connector 42 of HDD 24 using other means. For example, output

connector 40 may be connected to the input connector 42 using electrical cables or wires, or

optionally the two connectors 42 and 44 may be modified to directly mate with each other.

[0031] In use, the carrier 18 is inserted into a dedicated slot in the chassis of the storage

enclosure 10 using handle 20. The frame 30 of the carrier 18 is received in the slot, and the

carrier 18 is pushed into the slot until the input connector 34 of the HDD 22 physically and

therefore electrically engages a dedicated socket 36 on the midplane 38. A controller (not

shown) electrically connected to the opposite side of the midplane can then be configured to

drive one or both of the HDDs 22 and 24 via the SAS protocol. When the controller wishes to

communicate with HDD 24, the SAS signals used for communication with HDD 24 are

electrically conducted through HDD 22 via connectors 34 and 40 to input connector 42.

[0032] Conveniently, a high speed connector is not necessary since the input connector

34 of the HDD 22 directly connects to the socket 36 in the midplane 38. Additionally, the

SAS signals used to drive the HDD 24 are transmitted through a dedicated pathway in the

HDD 22, therefore eliminating the need for either a relatively bulky underlying PCB or an

expensive flex circuit. The only additional part needed for manufacturing the carrier 18 is an

electrical conductor to electrically connect the output connector 40 of HDD 22 to the input

connector 42 of HDD 24, which in one embodiment is simply an inexpensive paddle board

44.

[0033] In the embodiment shown in Figures 2 to 5, HDDs 22 and 24 are identical and

therefore interchangeable. Therefore, any HDD of the type shown in Figure 4 may directly

connect to the midplane 38 and transmit an additional set of SAS signals to another HDD

connected to its output connector.



[0034] Although the invention has been described with reference to certain specific

embodiments, various modifications thereof will be apparent to those skilled in the art

without departing from the spirit and scope of the invention as outlined in the claims

appended hereto.

[0035] For example, in the embodiment described in Figures 2 to 5, it will be appreciated

that a controller could instead communicate with HDD 22 and/or HDD 24 using the SATA

protocol, since a SAS connector is backwards compatible with SATA signals. In such an

embodiment, SAS 1 and/or SAS 2 in Figure 4 would instead comprise a set of SATA signals,

and a set of SATA signals being conducted through HDD 22 to/from HDD 24 may be

conditioned using a SATA repeater if necessary or if desired. In this regard, it will be

appreciated that if the HDDs 22 and 24 communicate with an external controller using only

the SATA protocol, the input connectors 34, 42 and the output connectors 40,46 need not

accommodate SAS signals, but can instead be replaced with connectors (having fewer

pins/fingers) that only accommodate SATA signals.

[0036] It will also be appreciated that, in an alternative embodiment, the output connector

46 of HDD 24 can be left depopulated since it is not required. Although this requires

manufacturing HDDs having different numbers of connectors (e.g. HDDs with output

connectors and HDDs without output connectors), this allows for cost savings in

manufacturing. For example, a manufacturer of a given HDD can leave the output connector

depopulated if the HDD is not required to pass through a set of SAS/SATA signals (e.g. if the

HDD is utilized in a single HDD carrier or if the HDD is utilized only as as HDD 24 in

Figure 2), and the manufacturer can populate the output connector only for HDDs required to

pass through a set of SAS/SATA signals.

[0037] More generally, it will be appreciated that the invention is not limited to HDDs, as

in the embodiments shown in Figures 2 to 5, but applies generally to the family of mass

storage devices. Examples of other mass storage devices include optical drives and solid state

memory based media that emulate HDDs. Moreover, it is contemplated that the mass storage

device 22 can be configured to have an input connector 34 that accommodates x sets of input

signals for storing and retrieving information in x mass storage devices, where x ≥ 2 . One set

of input signals is used to drive mass storage device 22, while the other x - 1 sets of input

signals are transmitted through the mass storage device 22 to a neighbouring mass storage



device 24 via an output connector 40. This would allow x mass storage devices to be placed

in tandem on a carrier, with only the first mass storage device directly connected to the

midplane 38. For example, in the embodiment shown in Figure 4, and as shown

schematically in Figure 6, HDD 22 can be configured to have an input connector 34 that

accommodates x sets of SAS/SATA signals. One set of SAS/SATA signals is used to drive

the HDD 22, while and the other x - 1 sets of SAS/SATA signals are transmitted through the

HDD 22 to neighbouring HDD 24 via output connector 40. The contact signals for the next

HDD are provided on the fingers connected internally to that HDD and the balance connected

to the output connector.

[0038] The set of signals fort the next HDD are directed locally and the balance provided

to the output. In this manner, the HDDs are arranges in seriatim with an ordered chain of

control paths. It will be appreciated, however, that the above-described embodiments are

particularly well suited for the case of a dual hard drive carrier.

[0039] Additionally, it is also contemplated that the invention need not be limited to a

mass storage device 22 that communicates with an external controller according to the SAS

or SATA protocol. Other transmission protocols may instead be used, for example, SCSI or

fibre channel (FC). It will be appreciated that the number of pins required on the input

connector 36 and output connector 40 would need to be modified appropriately to suit the

transmission protocol.



What is claimed is;

1. A mass storage device comprising an input connector for receiving both a first set of

data signals and a second set of data signals, the first set of data signals being used to effect

storage and retrieval of information on said mass storage device; and a pathway for

conducting said second set of data signals from said input connector to an output connector,

the second set of data signals being used to effect storage and retrieval of information on an

adjacent mass storage device when said adjacent mass storage device is connected to said

output connector.

2 The mass storage device of claim 1 wherein said mass storage device is a hard disk

drive, said first set of data signals comprises a set of SAS or SATA signals, and said second

set of data signals comprises another set of SAS or SATA signals.

3. The mass storage device according to claim 1 including a signal repeater in said

pathway.

4. The mass storage device of claim 1 wherein said pathway is formed on a printed

circuit board incorporated in said mass storage device.

5. The mass storage device of claim 4 wherein said input connector includes a first array

of connectors is provided to receive said first set and said second set of data signals and said

output connector includes a second array of connectors.

6. The mass storage device of claim 5 wherein said arrays are on oppositely directed

faces of said mass storage device.

7. The mass storage device of claim 6 wherein said first array includes a set of

connectors in a predetermined position in said first array and said second array includes a set

of connectors located so as to be in said predetermined position on an adjacent mass storage

device.



8. A mass storage assembly comprising a carrier, a plurality of mass storage devices on

said carrier, each of said devices having an input connector to receive data signals to effect

storage retrieval of information on said devices, at least one of said devices having an output

connector connectible to an input connector of another of said devices, said input connector

of said one of said devices having a first set of connections to receive a first set of data

signals used to effect storage and retrieval of information from said one device and a second

set of connections connected to a pathway to transfer data signals from said input connector

to said output connector of said one device.

9. The mass storage assembly according to claim 8 wherein said output connector of

said one of said devices is connected to said input connector of another of said devices by a

printed circuit board.

10. The mass storage assembly of claim 8 wherein said pathway is provided on a printed

circuit board incorporated in to said one mass storage device.

11. The mass storage assembly of claim 8 including a signal repeater in said pathway.

12. The mass storage assembly of claim 8 wherein said mass storage devices are arranged

on said carrier in seriatim and said output connector of said one of said devices is aligned

with said input connector of another of said devices.

13. The mass storage device of claim 12 wherein said output connector of said one device

is connected to said input connector of said other of said devices by a printed circuit board.

14. The mass storage device of claim 8 wherein said first set of data signals and said

second set of data signals each comprise a SAS or SATA compatible data set.

15. A storage unit for storing digital data on a plurality of mass storage devices, said unit

having a midplane having a plurality of midplane connectors to connect said mass storage

devices to controllers to effect storage and retrieval of information, each of said midplane

connectors having a plurality of sets of data signals supplied thereto, at least one of said mass



storage units connected to said midplane connector having an input connector to receive said

sets of data signals from one of said midplane connectors, said at least one mass storage

device having an output connector for connection to an adjacent mass storage device, and a

pathway to connect said input connector to said output connector, whereby a first set of said

data signals is directed to effect data storage and retrieval on said one mass storage device

and said second set of data signals is directed to said output connector to effect data storage

and retrieval from said adjacent mass storage device.















A . CLASSIFICATION OF SUBJECT MATTER
IPC: GIlB 23/00 (2006.01) , GIlB 33/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GIlB (2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)
EPOQUE, Canadian Patent Database: SAS, SATA, repeater, storage, device output, input connector, pass_through, signal, hard, drive,
multiple, plurality,

C . DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO2007050152 Al (SKINNER DAVID et al.) 03 May 2007 (03-05-2007) 1,2,4-10,12-15
Y *page 5, lines 2-9; page 7, line 19 to page 8, line 6; fig. 3; fig. IA* 3, 11

Y US2005138261 Al (MARUSHAK NATHAN et al.) 23 June 2005 (23-06-2005) 3,1 1
*page 2, paragraph 22; page 3, paragraphs 23, 27, 28 and fig. 5*

Further documents are listed in the continuation of Box C . [X ] See patent family annex.

* Special categories of cited documents "T" later document published after the international filing date or priority
date and not m conflict with the application but cited"to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance

"X" document of particular relevance, the claimed invention cannot be
"E" earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive

filing date step when the document is taken alone

"L" document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance, the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

being obvious to a person skilled m the art
"O" document referring to an oral disclosure, use, exhibition or other means

"&" document member of the same patent family
"P" document published prior to the international filing date but later than

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

20 October 2010 (20-10-2010) 3 November 2010 (03-1 1-2010)

Name and mailing address of the ISA/CA Authorized officer
Canadian Intellectual Property Office
Place du Portage I, Cl 14 - 1st Floor, Box PCT Adrian Chitiu (819) 997-1425
50 Victoria Street
Gatineau, Quebec KlA 0C9
Facsimile No.: 001-819-953-2476

Form PCT/ISA/210 (second sheet ) (July 2009) Page 2 of 3



Information on patent family members PCT/CA20 10/000954

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

WO2007050152A1 03 May 2007 (03-05-2007) US2007097612A1 03 May 2007 (03-05-2007)

US7474517B2 06 January 2009 (06-01-2009)

US2005138261A1 23 June 2005 (23-06-2005) AT372554T 15 September 2007 (15-09-2007)
CN1894682A 10 January 2007 (10-01-2007)
CN100524272C 05 August 2009 (05-08-2009)
DE602004008801D1 18 October 2007 (18-10-2007)
EP1697850A1 06 September 2006 (06-09-2006)
TW269172B 2 1 December 2006 (21-12-2006)
US7124234B2 17 October 2006 (17-10-2006)
US2006271722A1 30 November 2006 (30-1 1-2006)
US7334075B2 19 February 2008 (19-02-2008)
WO2005066818A1 2 1 July 2005 (21-07-2005)

Form PCT/ISA/210 (patent family annex ) (July 2009) Page 3 of 3


	front-page
	description
	claims
	drawings
	wo-search-report

