US009411361B2

a2 United States Patent

Balasubramanian et al.

US 9,411,361 B2
Aug. 9,2016

(10) Patent No.:
(45) Date of Patent:

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(1)

(52)

(58)

FREQUENCY DIVISION CLOCK
ALIGNMENT USING PATTERN SELECTION

Applicant: Cavium, Inc., San Jose, CA (US)

Inventors: Suresh Balasubramanian, Shrewsbury,
MA (US); Steve Aiken, Pepperell, MA
(US); Georgios Faldamis, Somerville,
MA (US)

Assignee: Cavium, Inc., San Jose, CA (US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 89 days.

Appl. No.: 14/542,216

Filed: Nov. 14, 2014

Prior Publication Data

US 2016/0142067 A1l May 19, 2016

Int. Cl1.
GO6F 1/08
GO6r 1/12
GO6F 1/10
U.S. CL
CPC .. GOG6F 1/08 (2013.01); GO6F 1/10 (2013.01);
GO6F 1/12 (2013.01)

(2006.01)
(2006.01)
(2006.01)

Field of Classification Search

CPC GOGF 1/04; GOGF 1/08; GOGF 1/10;
GOG6F 1/12; HO3L 7/24

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
6,473,476 B1  10/2002 Banks
7,005,907 B2* 2/2006 Ibuka ......cccccecevnn. GO6F 1/10
327/156
7,272,743 B2* 9/2007 Oikawa .....c.cccceceennen. GO6F 1/10
375/354
7,301,385 B2* 11/2007 Takano ............... G60F 1/10
327/292
7,532,077 B2 5/2009 Wang et al.
7,622,965 B2 11/2009 Scoville
7,809,971 B2* 10/2010 Shimobeppu ............. GO6F 1/10
327/156
2012/0206178 Al 82012 Balasubramanian

* cited by examiner

Primary Examiner — Patrick O’Neill
(74) Attorney, Agent, or Firm — Occhiuti & Rohlicek LLP

(57) ABSTRACT

Generating a clock signal includes: at a root node of a clock
distribution network, receiving a first clock signal generated
based on areference clock signal; ata first leaf node, detecting
a reference event associated with the reference clock signal
and generating a synchronizing signal; passing the synchro-
nizing signal from the first leaf node to the root node; at the
root node, generating a second clock signal from the first
clock signal synchronized to the synchronizing signal, and
distributing the second clock signal to the leaf nodes. Gener-
ating the second clock signal includes selecting a repeating
pattern of cycles of the first clock signal including fewer than
all of the cycles of the first clock signal, and at least every
cycle of the first clock signal that is shifted in time by a
propagation delay with respect to a rising edge of the refer-
ence clock signal.

16 Claims, 5 Drawing Sheets
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