N MR A 0 O
US006098114A

United States Patent [ (1] Patent Number: 6,098,114
’ ’
McDonald et al. [45] Date of Patent: Aug. 1, 2000
[54] DISK ARRAY SYSTEM FOR PROCESSING 5,506,977  4/1996 JONES ..c.coveeeuerrenueencrenecreeeneane 711/155
AND TRACKING THE COMPLETION OF I/O 5,530,897  6/1996 METILL -coecvveevrrccmnrenermerecerecerecirenes 710/9
,930, arks et al. ...
REQUESTS 5,530,960 6/1996 Park: 1 710/5
5,548,712 8/1996 Larson et al. ....occeevevvveveererveennenns 714/7
. . 5,550,975  8/1996 Ichinomiya et al. .. 714/51
[75]  Inventors: iihm;;ﬁgflgexcggszﬁfall\?mAclltlZ’“ 5.574.662 11/1996 Windrem et al. .. . 709/219
g A e 5,574,851 11/1996 Rathunde ......cc.cccoeevvvcvcecnnennnnee 714/7
Allen Altman, San Francisco; William 5.574.882 11/1996 Menon et al. w.oovrorororen.. 711/114
Edward Smith, III, Hayward, all of 5,581,740 12/1996 JONES crrrrrre.... ... 395/500.46
Calif. 5,586,248 12/1996 Alexander et al. ......cccoowereen... 714/22
[73] Assignee: 3Ware, Palo Alto, Calif. (List continued on next page.)
Primary Examiner—Thomas C. Lee
(21]  Appl. No.: 09/034,812 Assistant Examiner—Harold Kim
[22] Filed: Mar. 4, 1998 iz%rney, Agent, or Firm—Knobbe, Martens, Olson & Bear,
Related U.S. Application Data [57] ABSTRACT
[60] Provisional application No. 60/065,848, Nov. 14, 1997.
[S1] T8 CL7 oo GO6F 13/14 /> high-performance RAID system for a PC compriscs a
52] US. Cl 710/5; 711/114: 714/6 controller card which controls an array of ATA disk drives.
[ T e e - i i The controller card includes an array of automated disk
[58] Field of Search ...............ccocoooco... 710/3, 5, 9, 27, drive controllers, each of which controls one respective disk
710/57; 709/235; 711/4, 201, 114; 714/6, drive. The disk drive controllers are connected to a micro-
5, 7, 395/500.46 controller by a control bus and are connected to an auto-
. mated coprocessor by a packet-switched bus. The coproces-
[56] References Cited sor accesses system memory and a local buffer. In operation,

DOCKET
A L M

A R

U.S. PATENT DOCUMENTS
5,210,860  5/1993 Pfeffer et al. ....ccovvveviiviininnnne 714/42

5,278,838 1/1994 Nget al. ... . 714/6
5,283,875  2/1994 Gibson et al. ... .. 71174
5,297,258 3/1994 Hale et al. ... .. 711/114
5,309,451 5/1994 Noya et al. ... ... 714/766
5,313,585  5/1994 Jeffries et al. .. 711/201
5,313,626  5/1994 Jones et al. ..ocooeveenrerereeniennennes 714/5
5,315,602 5/1994 Noya et al. ... ... 714/766
5,345,565  9/1994 libbe et al. ....... ... 710/130
5,367,669 11/1994 Holland et al. ... e 71477
5,388,108 2/1995 DeMoss et al. .. ... 714/6
5,390,327  2/1995 Lubbers et al. ... e 71477
5,455,934 10/1995 Holland et al. ... . 711/4
5,473,761 12/1995 Parks et al. ... .. 71174
5,479,611 12/1995 Oyama ...... .. 714/48
5,479,653 12/1995 Jones ......... ... 714/5
5,483,641  1/1996 Jones et al. ... 710/3
5,487,160 1/1996 Bemis ........... ... 711/114
5,499,385  3/1996 Farmwald et al. ....ccccoeverveevuennenes 710/3
5,502,836  3/1996 Hale et al. ..cccooveeveveeecvcnunnenne 711/170

AUTOMATED
CONTROLLERS

PACKETS

ARRAY
COPROCESSOR

1/0 DATA

COMPLETION
FLAG

7

RY
SYSTEM MEMOI 00

TOKEN | STATUS =1

DRIVE—SPECIFIC
CONTROLLER COMMANDS

TOKEN
1/0 REQ

+
TOKEN

the disk drive controllers respond to controller commands
from the microcontroller by accessing their respective disk
drives, and by sending packets to the coprocessor over the
packet-switched bus. The packets carry I/O data (in both
directions, with the coprocessor filling-in packet payloads
on I/O writes), and carry transfer commands and target
addresses that are used by the coprocessor to access the
buffer and system memory. The packets also carry special
completion values (generated by the microcontroller) and
I/O request identifiers that are processed by a logic circuit of
the coprocessor to detect the completion of processing of
each I/O request. The coprocessor grants the packet-
switched bus to the disk drive controllers using a round robin
arbitration protocol which guarantees a minimum I/O band-
width to each disk drive. This minimum I/O bandwidth is
preferably greater than the sustained transfer rate of each
disk drive, so that all drives of the array can operate at the
sustained transfer rate without the formation of a bottleneck.
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