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Title:TRANSMITTER OPTICAL SUBASSEMBLY ARRANGEMENT WITH VERTICALLY-MOUNTED MONITOR 
PHOTODIODES 

Publication No.US-2020-0251879-A 1 
Publication Date:08/06/2020 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 

EOPTOLINK-1002 
Eoptolink v. Applied Optoelectronics 

IPR2026-00122Page 1 of 107



UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

16/268,765 07/14/2020 

27543 7590 06/24/2020 

APPLIED OPTOELECTRONICS, INC. 
13115 JESS PIRTLE BLVD. 
SUGAR LAND, TX 77478 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

10714890 PAT266-002US 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

3070 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Kai-Sheng LIN, Sugar Land, TX; 
Applied Optoelectronics, Inc., Sugar Land, TX; 
Hsiu-Che WANG, Rosenberg, TX; 
Kevin LIU, Houston, TX; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 
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Issue Classification 
Application/Control No. 

16/268,765 

Examiner 

ARMANDO RODRIGUEZ 

Applicant(s)/Patent Under Reexamination 

LIN et al. 

Art Unit 

2828 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 
CLAIMS 

Final Original 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

Change(s) applied 

to document, 

/K.D.D/ 
6/5/2020 

NONE 

Final 

10 

11 
12 
13 
14 
15 
~lt 
17 

(Assistant Examiner) 

Original 

10 
11 
12 
13 
14 
15 
16 
17 
18 

/ARMANDO RODRIGUEZ/ 

Final 

18 
19 

Primary Examiner, Art Unit 2828 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Original Final Original Final Original Final Original Final Original Final Original 

19 
20 

Total Claims Allowed: 

(Date) 19 

04 May 2020 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1 

Part of Paper No.: 20200504 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS--Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box l 450 
Alexandria, Virginia 22313-1450 

By fax, send to: (57 l )-273-2885 

JNSTRlJCTlONS: This form should be used for transmitting the ISSUE FEE and PlJBLJCA TIONFEE (if required). Blocks l through 5 should be completed where appropriate. AH 
further correspondence including the Patent, advance orders. and notification of rnaintenance fees will be mailed to the current correspondence address as indicated unless coITected 
below or directed otherwise in Block l, by (a) specifying a new coffespondence address; andior (b) indicating a separate '1FEE ADDRESS'' for maintenance fee notifkations. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use B!ock l for any change of address) 

27543 7590 05/07i2020 

APPLIED OPTOELECTRONICS, INC. 
l 31 i 5 JESS PIRTLE BL VD. 
SUGAR LAND, TX 77478 

APPLICATION NO. FILING DATE 

16/268,765 02/06/2019 

J'\Jote: A certificate of rrrn.iJh1g can only be used for dcnnestic n1aHings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additjonaJ paper, such as an assignn1ent or formaJ drawing, n1ust 
have its own certjficate of rru:dHng or transn1issfrJn 

Certificate of Mailing or Transmission 
1 hereby certify that this Fee(s) Transmittal is being deposhed with the United 
States Postal Service with sufficient postage for first clas.s mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the lJSPTO via EFS-Web or by facsimile lo (:571) 273-},885. on the da.te below. 

il .. pnl Davis (l'yped or prmted name) 

/ A pnl Uav1s/ ,s,gnan,,-o) 

J UHe 4, 2020 (Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Kai-Sheng UN PA T266-002lJS 3070 

TITLE OF INVENTION: TRANSMITTER OPTlCAL SlJBASSEMBLY ARRANGEMENT WITH VERTICALLY-MOONTED MONITOR PHOTODJODES 

APPLN.TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER AJUUNJT 

RODRIGUEZ, ARMANDO 2828 

l. Change of correspondence address or indication of '"Fee Address" (37 
CFR J.3631. 

~:J Change of co1Tespondence address ( or Change of Correspondence 
Address fonn_ PTO/SB/L!2) attached< 

[.J "Pee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOT AL FEE(S) DUE DATE DUE 

$0.00 S0.00 

CLASS-SUBCLASS 

372-034000 

2. For printing on the patent front page, list 
( l) The names of up to 3 registered patent attorney, 
or agents OR. allernatively. 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the narr1es of up to 
'.2 registered patent attorneys or agents. If no narne is 
listed, no name will be printed. 

$1000 08/07/2020 

prossrnan Tucker Perreault 

2 &Pfleger,PLLC 

3Norman S. Kinsella 

J. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appem on the patent. If an assignee is identified below, the document mus( have been previously 
recorded, or filed for recordation. as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a snbstilute for filing an assignment. 

(A) NAME OF ASSIGNEE 

Applied Optoelectronics, Inc. 
(B) RESIDENCE· (CITY and STATE OR COUNTRY) 

Sugar Land, Texas 

Please check the appropriate as.signee category or categories (wilJ not be pdnted on the patent) : [] lndjvidual !2j: Co1porath_1n or orher pdvate group en thy [] Government 

4a. Fees submitted: JXIIs.sue Fee [.JPublication Fee (if required) □Advance Order - # of Copies _________ _ 

4h. l'v1ethod of Payment: ( Please first reapply any previously paid fee shown above) 

.!XI Electronic Payment via EFS-Web O Enclosed check O Non-electronic payment by credit card (Attach form PTO-2038) 

IlsJ The Director is hereby authorized to charge the required foe(s), any deficiency, or credit any overpayment to Deposit A,'.count No ... ~.9.::J}()~ 

5. Change in Entity Stat.us (from status indicated above) 

!.:] Applicant certifying micro entity status .. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

[.J Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification ofMkro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking rl1is box will be taken 
to be a notification of loss of entitlement lo micro entity status. 
NOTE:. Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature __ /~K~e_n_n_e~t~h_M_. _T_h_o~m_pr--=-s~o_n~/ _____ _ 
Kenneth M. Thompson Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of 3 

0MB 0651-0033 

Date June 4, 2020 

72,001 Registration No. ________________ _ 
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Electronic Patent Application Fee Transmittal 

Application Number: 16268765 

Filing Date: 06-Feb-2019 

Title of Invention: 
TRANSMITTER OPTICAL SUBASSEMBLY ARRANGEMENT WITH VERTICALLY-

MOUNTED MONITOR PHOTODIODES 

First Named Inventor/Applicant Name: Kai-Sheng LIN 

Filer: Kenneth M. Thompson/April Davis 

Attorney Docket Number: PAT266-002US 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Al lowance-and-Post-lssuance: 

UTILITY APPL ISSUE FEE 1501 1 1000 1000 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1000 
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Electronic Acknowledgement Receipt 

EFSID: 39626129 

Application Number: 16268765 

International Application Number: 

Confirmation Number: 3070 

Title of Invention: 
TRANSMITTER OPTICAL SUBASSEMBLY ARRANGEMENT WITH VERTICALLY-
MOUNTED MONITOR PHOTODIODES 

First Named Inventor/Applicant Name: Kai-Sheng LIN 

Customer Number: 27543 

Filer: Kenneth M. Thompson/April Davis 

Filer Authorized By: Kenneth M. Thompson 

Attorney Docket Number: PAT266-002US 

Receipt Date: 04-JUN-2020 

Filing Date: 06-FEB-2019 

Time Stamp: 13:31:46 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $1000 

RAM confirmation Number E202064D32135995 

Deposit Account 501705 

Authorized User April Davis 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 
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37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

196827 

1 Issue Fee Payment (PT0-85B) 
PAT266_002US_lssueFee_ Tran 

no 1 
mittal.pdf 

91d7c3fce76bbf183d4b2cd40b 17838898f 
0096 

Warnings: 

Information: 

30599 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
dd4fee5350358034c1 Se1 a36b 1 592dfc5ed 

40128 

Warnings: 

Information: 

Total Files Size (in bytes) 227426 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

27543 7590 05/07/2020 

APPLIED OPTOELECTRONICS, INC. 
13115 JESS PIRTLE BLVD. 
SUGAR LAND, TX 77478 

APPLICATION NO. FILING DATE 

16/268,765 02/06/2019 

FIRST NAMED INVENTOR 

Kai-Sheng LIN 

EXAMINER 

RODRIGUEZ. ARMANDO 

ART UNIT PAPER NUMBER 

2828 

DATE MAILED: 05/07/2020 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

PAT266-002US 3070 

TITLE OF INVENTION: TRANSMITTER OPTICAL SUBASSEMBLY ARRANGEMENT WITH VERTICALLY-MOUNTED MONITOR PHOTODIODES 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 08/07/2020 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 

Page 1 of 3 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

27543 7590 05/07/2020 

APPLIED OPTOELECTRONICS, INC. 
13115 JESS PIRTLE BLVD. 
SUGAR LAND, TX 77478 

APPLICATION NO. FILING DATE 

16/268,765 02/06/2019 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Kai-Sheng LIN PAT266-002US 3070 

TITLE OF INVENTION: TRANSMITTER OPTICAL SUBASSEMBLY ARRANGEMENT WITH VERTICALLY-MOUNTED MONITOR PHOTODIODES 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

RODRIGUEZ, ARMANDO 2828 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

372-034000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1000 08/07/2020 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: □Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE Page 10 of 107



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/268,765 02/06/2019 

27543 7590 05/07/2020 

APPLIED OPTOELECTRONICS, INC. 
13115 JESS PIRTLE BLVD. 
SUGAR LAND, TX 77478 

FIRST NAMED INVENTOR 

Kai-Sheng LIN 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

PAT266-002US 3070 

EXAMINER 

RODRIGUEZ. ARMANDO 

ART UNIT PAPER NUMBER 

2828 

DATE MAILED: 05/07/2020 

Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-010 I or (571 )-272-4200. 

Page 3 of 3 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. Page 12 of 107



Notice of Allowability 

Application No. 
16/268,765 
Examiner 
ARMANDO RODRIGUEZ 

Applicant(s) 
LIN et al. 
Art Unit 
2828 I AIA (FITF) Status 

Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to 4/24/2020. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1-10 and 12-20 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 
2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.0 Information Disclosure Statements (PTO/SB/08), 6. ~ Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

/ARMANDO RODRIGUEZ/ 
Primary Examiner, Art Unit 2828 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200504 
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Application/Control Number: 16/268,765 
Art Unit: 2828 

DETAILED ACTION 

Notice of Pre-A/A or A/A Status 

Page 2 

The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Response to Amendment 

The 35 USC 112(b) rejection of claims 11, 16-19 are withdrawn based on 

applicant's amendment and arguments filed on April 24, 2020. 

The 35 USC 102 rejection of claims 1 and 11 are withdrawn based on applicant's 

amendment and arguments filed on April 24, 2020. 

The 35 USC 103 rejection of claim 16 is withdrawn based on applicant's 

amendment and arguments filed on April 24, 2020. 

Allowable Subject Matter 

Claims 1-10, 12-20 are allowed. 

The following is an examiner's statement of reasons for allowance: 

Regarding claims 1-10. 

Independent claim 1 is allowed based on applicant's amendment and arguments 

filed on April 24, 2020, where the claim now includes the limitation "a base 

portion comprising a feedthrough device. the teedthrough device providing a vertical MPD 

mounting surface". 

Claims 2-10 depend from claim 1. 

Claims 12-15 were previously allowed in office action mailed on January 24, 

2020. 

Regarding claims 16-20. 
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Application/Control Number: 16/268,765 
Art Unit: 2828 

Independent claim 16 is allowed based on applicant's amendment and 

Page 3 

arguments filed on April 24, 2020, where the claim now includes the limitation "a base 

portion comprising a feedthrough device, the feedtrirouqh device providing a vertical MPD 

mounting surface". 

Claims 17-20 depend from claim 16. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ARMANDO RODRIGUEZ whose telephone number is 

(571 )272-1952. The examiner can normally be reached on M-F 9:00AM-5:00PM. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, JESSICA MANNO can be reached on 571-272-2339. The fax phone 

number for the organization where this application or proceeding is assigned is 571 -

273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 
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Application/Control Number: 16/268,765 
Art Unit: 2828 

Page 4 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/ARMANDO RODRIGUEZ/ 
Primary Examiner, Art Unit 2828 
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SIN: 16/268,765 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: Kai-Sheng LIN Examiner: Rodriguez, Armando 
Serial No.: 16/268,765 Group Art Unit: 2828 Conf. No.: 3070 
Filed: February 6, 2019 Docket: PAT266-002US 
Title: TRANSMITTER OPTICAL SUBASSEMBLY ARRANGEMENT WITH 
VERTICALLY-MOUNTED MONITOR PHOTODIODES 

RESPONSE UNDER 37 C.F.R. § 1.111 

This is in response to the Official Action in this case mailed on January 24, 2020. As this 

response is being filed within the three-month shortened statutory period of reply no extension of 

time is believed necessary. However, Applicant conditionally petitions for an extension of time to 

provide for the possibility that the need for an extension has inadvertently been overlooked. As 

provided below, please charge Deposit Account No. 50-1705 for any required fee, or for any 

deficiency in the enclosed fee. 

• Claims, beginning at Page 2; and 

• Remarks, beginning at Page 7. 
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IN THE CLAIMS 

1. (Currently Amended) A transmitter optical subassembly (TOSA) module, the 

TOSA module comprising: 

a laser diode (LD) mounting surface; 

at least a first LD disposed on the LD mounting surface, the first LD having a back-side 

emission surf ace for emitting a portion of optical power along a first optical path; 

a base portion comprising a feedthrough device, the feedthrough device providing a vertical 

MPD mounting surf ace; and 

a first MPD disposed on the vertical MPD mounting surface, the first MPD having a light 

receiving region optically aligned with the first LD via the first optical path based 

at least in part on the vertical MPD mounting surface extending substantially 

transverse relative to the LD mounting surface such that the first optical path 

intersects with the light receiving region of the first MPD. 

2. (Currently Amended) The TOSA module of claim 1, further comprising: 

a housing having a plurality of sidewalls that define a cavity, the LD mounting surface 

being disposed in the cavity; and 

a feedthrough device defined at least in part by the base, wherein the feedthrough device is 

configured to at least partially be disposed in the cavity of the housing, and wherein 

a first end of the feedthrough device provides an electrical coupling region to 

electrically couple to an optical module substrate to receive a radio frequency (RF) 

driving signal to drive the first LD, and a second end of the feedthrough device 

defines the vertical MPD mounting surf ace, the vertical MPD mounting surf ace 

being disposed in the cavity. 

3. (Original) The TOSA module of claim 2, wherein the cavity of the housing is 

hermetically sealed to prevent ingress of contaminants. 
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4. (Original) The TOSA module of claim 2, wherein at least one sidewall of the 

plurality of sidewalls of the housing provides a thermoelectric cooler (TEC) mounting section, and 

wherein the TOSA provides: 

a thermoelectric cooler (TEC) arrangement mounted to the TEC mounting section; and 

a LD submount disposed on the TEC arrangement, the LD submount being in thermal 

communication with the TEC arrangement, and wherein the LD submount provides 

the LD mounting surface. 

5. (Original) The TOSA module of claim 1, further comprising a plurality of transmit 

(TX) radio frequency (RF) traces, the TX RF traces being disposed on a surface of the base that 

extends away from the vertical mounting surface along a direction that is substantially parallel 

with the LD mounting surf ace. 

6. (Original) The TOSA module of claim 5, wherein the plurality of TX RF traces are 

disposed below the MPD when mounted to the vertical MPD mounting surface to allow the 

plurality of TX RF traces to extend towards the LD mounting surface, and wherein a portion of 

the plurality of TX RF traces are disposed adjacent the LD mounting surface. 

7. (Original) The TOSA module of claim 1, further comprising a second LD disposed 

on the LD mounting surf ace and a second MPD disposed on the vertical MPD mounting surface, 

the second LD being configured to emit an associated channel wavelength different from that of 

the first LD, and wherein the second LD and second MPD are optically aligned via a second optical 

path such that the second optical path extends from a back-side emission surface of the second LD 

and intersects with a light receiving region of the second MPD. 

8. (Original) The TOSA module of claim 7, further compnsmg a multiplexing 

arrangement, the multiplexing arrangement having at least first and second input ports optically 

aligned with the first and second optical paths, respectively, to receive and combine channel 

wavelengths emitted by the first and second LDs into a multiplexed optical signal for output via 

an output port. 
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9. (Original) The TOSA module of claim 8, wherein the multiplexing arrangement 

includes an arrayed waveguide grating A WG to multiplex the received channel wavelengths, and 

wherein A WG provides the output port and passes the multiplexed optical signal on to a transmit 

waveguide coupled to the output port. 

10. (Original) The TOSA module of claim 8, wherein the first and second input ports 

of the multiplexing arrangement are angled relative to the light emitting region of the first and 

second LDs such that incident channel wavelengths received along the first and second optical 

paths intersect at an angle of about 8 degrees to prevent back reflection. 

11. (Cancelled) 

12. (Original) A method for optically coupling monitor photodiodes (MPDs) to 

corresponding laser diodes (LDs) in a multi-channel optical transceiver (TOSA) housing, the 

method comprising: 

mounting at least one MPD to a vertical MPD mounting surf ace provided by a feedthrough 

device; 

patterning a plurality of conductive traces on to one or more surfaces of the feedthrough 

device; and 

inserting the feedthrough device into a cavity of the TOSA housing to bring the plurality 

of conductive traces into close proximity with the LDs in the TOSA, wherein 

inserting the feedthrough device into the cavity causes each of the at least one 

MPDs mounted to the vertical MPD mounting surface to optically couple with a 

back-side emission surface of each corresponding LD. 

13. (Original) The method of claim 12, further comprising introducing an inert gas into 

the cavity to form a hermetic seal. 

14. (Original) The method of claim 12, further comprising introducing wire bonds 

between the LDs and the plurality of conductive traces after insertion of the feedthrough device 

into the cavity of the TOSA housing. 
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15. (Original) The method of claim 12, wherein patterning the plurality of conductive 

traces includes disposing each conductive trace of the plurality of conductive traces on to a surface 

that extends below the vertical MPD mounting surf ace. 

16. (Currently Amended) A multi-channel optical transceiver module comprising: 

a printed circuit board assembly (PCBA); 

a multi-channel transmitter optical subassembly (TOSA) arrangement coupled to the 

PCBA, the TOSA arrangement comprising: 

a laser diode (LD) mounting surface; 

at least a first LD disposed on the LD mounting surface, the first LD having a back­

side emission surface for emitting a portion of optical power along a first 

optical path; 

a base portion comprising a feedthrough device, the feedthrough device providing 

a vertical MPD mounting surface; 

a first MPD disposed on the vertical MPD mounting surface, the first MPD having 

a light receiving region optically aligned with the first LD via the first 

optical path based at least in part on the vertical MPD mounting surf ace 

extending substantially transverse relative to the LD mounting surface such 

that the first optical path intersects with the light receiving region of the first 

MPD; and 

a multi-channel receiver optical subassembly arrangement. 

17. (Currently Amended) The multi-channel optical transceiver of claim 16, wherein 

the TOSA arrangement further comprises: 

a TOSA housing having a plurality of sidewalls that define a cavity, the LD mounting 

surface being disposed in the cavity; and 

a feedthrough deyice defined at least in part by the base, wherein the feedthrough device is 

configured to at least partially be disposed in the cavity of the TOSA housing, and 

wherein a first end of the feedthrough device provides an electrical coupling region 

to electrically couple to an optical module substrate to receive a radio frequency 
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(RF) driving signal to drive the first LD, and a second end of the feedthrough device 

defines the vertical MPD mounting surf ace, the vertical MPD mounting surf ace 

being disposed in the cavity of the TOSA housing. 

18. (Original) The multi-channel optical transceiver of claim 17, wherein the cavity of 

the TOSA housing is hermetically sealed to prevent ingress of contaminants. 

19. (Original) The multi-channel optical transceiver of claim 17, wherein at least one 

sidewall of the plurality of sidewalls of the TOSA housing provides a thermoelectric cooler (TEC) 

mounting section, and wherein the TOSA provides: 

a thermoelectric cooler (TEC) arrangement mounted to the TEC mounting section; and 

a LD submount disposed on the TEC arrangement, the LD submount being in thermal 

communication with the TEC arrangement, and wherein the LD submount provides 

the LD mounting surface. 

20. (Currently Amended) The multi-channel optical transceiver of claim [[15]] 16, 

further comprising a plurality of transmit (TX) radio frequency (RF) traces, the TX RF traces being 

disposed on a surf ace of the base portion that extends away from the vertical mounting surf ace 

along a direction that is substantially parallel with the LD mounting surface, and wherein the TX 

RF traces are disposed below the MPD when mounted to the vertical MPD mounting surface to 

allow the TX RF traces to extend towards the LD mounting surf ace. 
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REMARKS 

Please reconsider the application in view of the following remarks. Applicant submits that 

the claims, as presented, are in condition for allowance and respectfully requests the withdrawal 

of all pending rejections of the claims. 

Status of Claims 
Claims 1-20 were previously pending. Applicant herein amends independent claims 1 and 

16 to include what Applicant understands to be allowable features of dependent claims 2 and 17, 

respectively. In particular, Applicant herein amends independent claims 1 and 16 to recite that, 

inter alia, the base portion comprises a feedthrough device, and that the feedthrough device 

provides the vertical MPD mounting surface. Independent claim 16 was further amended to clarify 

that the multi-channel optical transceiver comprises, inter alia, a multi-channel receiver optical 

subassembly to overcome a rejection under 35 U.S.C. 112, as discussed below. Claims 2 and 17 

were amended for consistency. Claim 20 was amended to correct a minor dependency issue. 

Dependent claim 11 was cancelled herein without prejudice or disclaimer. No new claims are 

presented herein. Accordingly, claims 1-10 and 12-20 remain pending for examination with claims 

1, 12 and 16 being independent claims. 

Allowed Claims & Allowable Subject Matter 
Applicant notes with appreciation the Examiner's acknowledgement of allowed claims 

12-15, and the indication of allowable subject matter in claims 2-10 and 17-19. See Office 

Action dated January 24, 2020; pages 6-9. 

Rejections under 35 U.S.C. § 112 

Dependent claim 11 was rejected under 35 U.S.C. 112 as allegedly being indefinite. In 

particular, Page 2 of the Office Action asserts that: "[t]he claim 11 depends from claim 1 and claim 

11 recites a multi-channel transceiver arrangement, however claim 1 does not provide the required 

claim structure to obtain a multi-channel arrangement because claim 1 pertains to a first LD and a 

first MPD and does not recite any structural relationship for having four different channels as 

required by claim 11." 

As an initial matter, Applicant respectfully notes that independent claim 1 compnses 

features such as a first LD and a first MPD, but nothing in independent claim 1 requires only these 

features. Furthermore, dependent claim 11 properly narrows claim 1 to require that the TOSA 
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module of claim 1 is implemented within a multi-channel transceiver capable of sending and 

receiving at least four different channel wavelengths. 

Without conceding as to the merits of this rejection, Applicant herein cancels dependent 

claim 11 merely to advance prosecution. Accordingly, the rejection of claim 11 appears moot and 

Applicant respectfully requests withdrawal of the rejection. 

Independent claim 16 was rejected under 35 U.S.C. 112 for allegedly being indefinite. 

Page 3 of the Office Action asserts: "The preamble of claim 16 recites a multi-channel transceiver, 

however no structure has been recited to obtain a multi-channel arrangement and no structure has 

been recited to receive signals as implied by reciting a transceiver." 

As an initial matter, Applicant notes that the Office appears to have interpreted the 

preamble limitations reciting "a multi-channel optical transceiver module" as being structural 

limitations within the claim. However, the Office Action did not articulate a basis for asserting 

the preamble language of independent claim 16 amounts to structural limitations. See e.g., MPEP 

2111.02(/). 

Even assummg, in arguendo, the Office asserts the preamble language amounts to 

structural limitations, Applicant notes that one of ordinary skill in the art would recognize the 

structure of a multi-channel optical transceiver, particularly in view of Applicant's disclosure. 

Applicant is also unclear how the preamble language of independent claim 16 can be identified as 

structural by the Office Action and simultaneously support the Office Action's position that "the 

claim provides no structure for a multi-channel transceiver. ... " See Office Action dated January 

24, 2020; page 3. 

In any event, and without conceding the merits of this rejection, Applicant herein amends 

independent claim 16 to include, inter alia, a multi-channel ROSA arrangement. Support for this 

amendment can be found at, paras. 0026, 0030-0032, and FIGs. 2-3 of Applicant's originally filed 

disclosure. 

Accordingly, Applicant respectfully requests reconsideration and withdrawal of the 

rejection of claim 16, and the claims dependent therefrom, under 35 U.S.C. 112. 

Rejections under 35 U.S.C. § 102 

Claims 1 and 11 were rejected under 35 U.S.C. § 102 as being unpatentable over U.S. Pat. 

Pub. No. 2018/0138657 (Mura). Applicant respectfully requests reconsideration in view of the 

following remarks. 
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Dependent claim 11 was cancelled herein without prejudice or disclaimer and this rejection 

now appears moot. 

Independent claim 1 has been amended to include certain features of dependent claim 2 

understood to be allowable over the art of record. In particular, Applicant has amended claim 1 to 

recite, inter alia, that the base portion comprises a feedthrough device, with the feedthrough device 

providing the vertical MPD mounting surf ace. 

In contrast, Mura discloses that the photodiode 160 mounts to a base 110 by way of 

photodiode holder 161. FIG. 2 of Mura is reproduced below for reference. In Mura, the base 110 

is configured to be disposed within housing 200, see e.g., Mura; F/Gs. 1 and 6, but nothing in 

Mura teaches that base 110 is a feedthrough device. 

The Office Action appears to agree with Applicant's understanding that Mura fails to teach 

or make obvious such a feature based on allowed independent claim 12 being generally directed 

to a method that includes "mounting at least one MPD to a vertical MPD mounting surface 

provided by a feedthrough device." 

FIG.2 

100 

t 

For at least these reasons, Mura fails to identically disclose each and every feature of 

independent claim 1. 
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Accordingly, Applicant respectfully requests reconsideration and withdrawal of the 

rejections of independent claim I under 35 U.S.C. 102. 

Rejections under 35 U.S.C. § 103 

Claim 16 was rejected under 35 U.S.C. 103 as being unpatentable over Mura in view of 

U.S. Pat. Pub. No. 2004/0163836 (Kumar). Applicant respectfully requests reconsideration in view 

of the following remarks. 

Claim 16 was amended to include the features of dependent claim 17 understood by 

Applicant to be allowable. Thus, claim 16 recites features similar to those of independent claim 

I and now recites, inter alia, that the base portion comprises a feedthrough device, and that the 

feedthrough device provides the vertical MPD mounting surface. As discussed above, nothing in 

Mura teaches or makes obvious such a feature. 

Kumar was cited to by the Office Action in effort to teach the printed circuit board 

assembly (PCBA) recited in independent claim 16. See Office Action dated January 24, 2020; 

page 6. Applicant does not concede the merits of the Office Action's assertions regarding the 

teachings of Kumar, but respectfully notes that nothing in Kumar remedies the deficiencies of 

Mura noted above. 

Accordingly, Applicant respectfully requests reconsideration and withdrawal of the 

rejections under 35 U.S.C. § 103. 

Having dealt with all the objections raised by the Examiner, it is respectfully submitted 

that the present application, as amended, is in condition for allowance. Thus, early allowance is 

earnestly solicited. 

If the Examiner desires personal contact for further disposition of this case, the Examiner 

is invited to call the undersigned Attorney at 603.668.6560. 

In the event there are any fees due, please charge them to our Deposit Account No. 50-

1705 (Ref :PA T266-002US). 

Respectfully submitted, 

By: /Kenneth M.Thompson/ 

Date: April 14, 2020 Kenneth M. Thompson 
Reg. No. 72,001 
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Application/Control Number: 16/268,765 
Art Unit: 2828 

DETAILED ACTION 

Notice of Pre-A/A or A/A Status 

Page 2 

The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Claim Rejections - 35 USC § 112 

The following is a quotation of 35 U.S.C. 112(b): 
(b) CONCLUSION.-The specification shall conclude with one or more claims particularly 
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor 
regards as the invention. 

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claims 11, 16-19 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre­

AIA), second paragraph, as being indefinite for failing to particularly point out and 

distinctly claim the subject matter which the inventor or a joint inventor, or for pre-AIA 

the applicant regards as the invention. 

Regarding claim 11. 

The claim 11 depends from claim 1 and claim 11 recites a multi-channel 

transceiver arrangement, however claim 1 does not provide the required claim structure 

to obtain a multi-channel arrangement because claim 1 pertains to a first LO and a first 

MPD and does not recite any structural relationship for having four different channels as 

required by claim 11. Furthermore, the office also interprets claim 11 as claiming a 

transceiver which transmit and receive signals no structure has been recited in claims 1 

and 11 to receive signals. 
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Page 3 

Since claims 1 and 11 lack the required structure for a multi-channel transceiver 

a proper search of claim 11 cannot be completed and claim 11 will be examined as 

having a first laser diode and a first photodiode as claimed in claim 1. 

Regarding claims 16-19. 

The preamble of claim 16 recites a multi-channel transceiver, however no 

structure has been recited to obtain a multi-channel arrangement and no structure has 

been recited to receive signals as implied by reciting a transceiver. Thereby, since the 

claim provides no structure for a multi-channel transceiver the claim will be examined as 

the module having a first laser diode and a first photodiode. 

Claims 17-19 depend from claim 16. 

Claim Rejections - 35 USC § 102 

In the event the determination of the status of the application as subject to AIA 35 

U.S.C. 102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any 

correction of the statutory basis for the rejection will not be considered a new ground of 

rejection if the prior art relied upon, and the rationale supporting the rejection, would be 

the same under either status. 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(a)(2) the claimed invention was described in a patent issued under section 151, or in an 
application for patent published or deemed published under section 122(b), in which the 
patent or application, as the case may be, names another inventor and was effectively filed 
before the effective filing date of the claimed invention. 

Claim(s) 1 and 11 is/are rejected under 35 U.S.C. 102(a)(2) as being anticipated 

by Mura et al US 2018/0138657. 
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Regarding claims 1 and 11 (see 112(b) rejection above for claim 11 ). 

Page 4 

Mura et al illustrates in figures 1-3 a transmitter optical subassembly (TOSA) 

module, the TOSA module comprising: 

a laser diode (LO) mounting surface (fig. 2, 131 paragraph [00221]); at least a 

first LO (fig. 2, 130 paragraph [0020] and [0003]) disposed on the LO mounting surface 

(131 ), the first LO (130) having a back-side emission surface for emitting a portion of 

optical power along a first optical path (paragraph [0022] output to the posterior of the 

semiconductor laser); a base portion providing a vertical MPO mounting surface (fig. 2, 

161 paragraph [0021]); and a first MPO (fig. 2,160 paragraph [0021]) disposed on the 

vertical MPO mounting surface (161 ), the first MPO (160) having a light receiving region 

optically aligned with the first LO (130) via the first optical path based at least in part on 

the vertical MPO mounting surface (161) extending substantially transverse relative to 

the LO mounting surface (131) such that the first optical path intersects with the light 

receiving region of the first MPO (160). 

Claim Rejections - 35 USC § 103 

In the event the determination of the status of the application as subject to AIA 35 

U.S.C. 102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any 

correction of the statutory basis for the rejection will not be considered a new ground of 

rejection if the prior art relied upon, and the rationale supporting the rejection, would be 

the same under either status. 

The following is a quotation of 35 U.S.C. 103 which forms the basis for all 

obviousness rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed 
invention is not identically disclosed as set forth in section 102, if the differences between the 
claimed invention and the prior art are such that the claimed invention as a whole would have 

Page 45 of 107



Application/Control Number: 16/268,765 
Art Unit: 2828 

been obvious before the effective filing date of the claimed invention to a person having 
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be 
negated by the manner in which the invention was made. 

Page 5 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103 are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

Claim 16 is/are rejected under 35 U.S.C. 103 as being unpatentable over Mura et 

al US 2018/0138657 in view of Kumar et al US 2004/0163836. 

Regarding claim 16. 

Mura et al illustrates in figures 1-3 a multi-channel optical transceiver module 

(see 112(b) rejection regarding the preamble) comprising: 

a transmitter optical subassembly (TOSA) module (figs. 1-3), the TOSA module 

comprising: 

a laser diode (LO) mounting surface (fig. 2, 131 paragraph [00221]); at least a 

first LO (fig. 2, 130 paragraph [0020] and [0003]) disposed on the LO mounting surface 

(131 ), the first LO (130) having a back-side emission surface for emitting a portion of 

optical power along a first optical path (paragraph [0022] output to the posterior of the 

semiconductor laser); a base portion providing a vertical MPD mounting surface (fig. 2, 

161 paragraph [0021]); and a first MPD (fig. 2,160 paragraph [0021]) disposed on the 

vertical MPD mounting surface (161 ), the first MPD (160) having a light receiving region 
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optically aligned with the first LO (130) via the first optical path based at least in part on 

the vertical MPO mounting surface (161) extending substantially transverse relative to 

the LO mounting surface (131) such that the first optical path intersects with the light 

receiving region of the first MPO (160). 

Mura et al does not disclose a printed circuit board assembly (PCBA); 

a transmitter optical subassembly (TOSA) arrangement coupled to the PCBA. 

Kumar et al illustrates in figure 4E a transmitter module (fig. 4E, 700) coupled a 

printed circuit board assembly (PCBA) (fig. 4E PCB). 

Therefore, it would have been obvious to a person of ordinary skill in the art 

before the effective filing date of the invention to combine the well-known teachings of 

Kumar et al with the device of Mura et al because it will allow to connect different 

electronic components into a working circuit. 

Allowable Subject Matter 

Claims 12-15 and 20 are allowed. 

The following is an examiner's statement of reasons for allowance: 

Regarding claims 12-15 and 20. 

None of the searched prior arts alone or in combination discloses the claimed 

invention having the recited method steps of independent claim 12 including the step of 

inserting the feedthrough device into a cavity of the TOSA housing to bring the plurality 

of conductive traces into close proximity with the LOs in the TOSA, wherein inserting the 

feedthrough device into the cavity causes each of the at least one MPOs mounted to the 

vertical MPO mounting surface to optically couple with a back-side emission surface of 

each corresponding LO. 
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Claims 13-15 and 20 depend from claim 12. 

Page 7 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Claims 2-10, 17-19 are objected to as being dependent upon a rejected base 

claim, but would be allowable if rewritten in independent form including all of the 

limitations of the base claim and any intervening claims. 

The following is a statement of reasons for the indication of allowable subject 

matter: 

Regarding claim 2. 

None of the searched prior arts alone or in combination discloses the claimed 

housing having a plurality of sidewalls that define a cavity, the LO mounting surface 

being disposed in the cavity; and a feedthrough device defined at least in part by the 

base, the feedthrough device configured to at least partially be disposed in the cavity of 

the housing, and wherein a first end of the feedthrough device provides an electrical 

coupling region to electrically couple to an optical module substrate to receive a radio 

frequency (RF) driving signal to drive the first LO, and a second end of the feedthrough 

device defines the vertical MPO mounting surface, the vertical MPO mounting surface 

being disposed in the cavity. 

Claims 3 and 4 depend from claim 2. 

Regarding claim 5. 
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Page 8 

None of the searched prior arts alone or in combination discloses the claimed 

plurality of transmit (TX) radio frequency (RF) traces, the TX RF traces being disposed 

on a surface of the base that extends away from the vertical mounting surface along a 

direction that is substantially parallel with the LO mounting surface. 

Claim 6 depends from claim 5. 

Regarding claim 7. 

None of the searched prior arts alone or in combination discloses the claimed 

second LO disposed on the LO mounting surface and a second MPO disposed on the 

vertical MPO mounting surface, the second LO being configured to emit an associated 

channel wavelength different from that of the first LO, and wherein the second LO and 

second MPO are optically aligned via a second optical path such that the second optical 

path extends from a back-side emission surface of the second LO and intersects with a 

light receiving region of the second MPO. 

Claims 8-10 depend from claim 7. 

Regarding claim 17. 

None of the searched prior arts alone or in combination discloses the claimed 

TOSA housing having a plurality of sidewalls that define a cavity, the LO mounting 

surface being disposed in the cavity; and a feedthrough device defined at least in part 

by the base, the feedthrough device configured to at least partially be disposed in the 

cavity of the TOSA housing, and wherein a first end of the feedthrough device provides 

an electrical coupling region to electrically couple to an optical module substrate to 

receive a radio frequency (RF) driving signal to drive the first LO, and a second end of 
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the feedthrough device defines the vertical MPD mounting surface, the vertical MPD 

mounting surface being disposed in the cavity of the TOSA housing. 

Claims 18 and 19 depend from claim 17. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ARMANDO RODRIGUEZ whose telephone number is 

(571 )272-1952. The examiner can normally be reached on M-F 9:00AM-5:00PM. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, JESSICA MANNO can be reached on 571-272-2339. The fax phone 

number for the organization where this application or proceeding is assigned is 571 -

273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
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USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/ARMANDO RODRIGUEZ/ 
Primary Examiner, Art Unit 2828 
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Docket No. AOI155(PAT266-002US) 

TRANSMITTER OPTICAL SUBASSEMBLY ARRANGEMENT WITH 
VERTICALLY-MOUNTED MONITOR PHOTODIODES 

TECHNICAL FIELD 

[0001] The present disclosure relates to optical communications, and more particularly, to a 

transmitter optical subassembly (TOSA) arrangement having vertically-mounted monitor 

photodiodes to reduce housing dimensions and improve radio frequency (RF) drive signal 

quality. 

BACKGROUND INFORMATION 

[0002] Optical transceivers are used to transmit and receive optical signals for vanous 

applications including, without limitation, internet data center, cable TV broadband, and fiber to 

the home (FTTH) applications. Optical transceivers provide higher speeds and bandwidth over 

longer distances, for example, as compared to transmission over copper cables. The desire to 

provide higher transmit/receive speeds in increasingly space-constrained optical transceiver 

modules has presented challenges, for example, with respect to thermal management, insertion 

loss, RF driving signal quality and manufacturing yield. 

[0003] Optical transceiver modules generally include one or more transmitter optical 

subassemblies (TOSAs) for transmitting optical signals. TOSAs can include one or more lasers 

to emit one or more channel wavelengths and associated circuitry for driving the lasers. Some 

optical applications, such as long-distance communication, can require TOSAs to include 

hermetically-sealed housings with arrayed waveguide gratings, temperature control devices, laser 

packages and associated circuitry disposed therein to reduce loss and ensure optical performance. 

However, the inclusion of hermetically-sealed components increases manufacturing complexity, 

cost, and raises numerous non-trivial challenges within space-constrained housings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] These and other features and advantages will be better understood by reading the 

following detailed description, taken together with the drawings wherein: 
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[0005] FIG. 1 is a block diagram of a multi-channel optical transceiver module, consistent with 

embodiments of the present disclosure. 

[0006] FIG. 2 is a perspective view of an optical transceiver module consistent with 

embodiments of the present disclosure. 

[0007] FIG. 3 is a side view of the optical transceiver module of FIG. 2 in accordance with an 

embodiment of the present disclosure. 

[0008] FIGs. 4-5 collectively show an example TOSA arrangement suitable for use in the optical 

transceiver module of FI Gs. 2-3, in accordance with an embodiment of the present disclosure. 

[0009] FIG. 6 is a top view of the example TOSA arrangement of FIGs. 4-5, consistent with 

embodiments of the present disclosure. 

[0010] FIG. 7 shows an enlarged portion of a cavity of the example TOSA arrangement of FIGs. 

4-6, in accordance with an embodiment of the present disclosure. 

[0011] FIG. 8A is a side view of the example TOSA arrangement of FIGs. 4-7, in accordance 

with an embodiment of the present disclosure. 

[0012] FIG. 8B is a cross-sectional view of the example TOSA arrangement of FIG. 5 taken 

along line 8B-8B, in accordance with an embodiment of the present disclosure. 

[0013] FIG. 9 is another example TOSA arrangement suitable for use in the optical transceiver 

module of FIGs. 2-3, in accordance with an embodiment of the present disclosure. 

[0014] FIG. 10 shows an existing approach to registering optical power of a laser arrangement. 

DETAILED DESCRIPTION 

[0015] As discussed above, some TOSAs can reach optical transmission distances of up to 10km 

or more. Such TOSAs may be suitable for use in C form-factor pluggable (CFP), CFP2, CFP4 

and quad small form-factor pluggable (QSFP) applications. In general, such TOSAs include a 

hermetic-sealed package (or housing) with an LC receptacle (or other suitable port) for optical 

coupling. The hermetic-sealed package can house laser packages, e.g., electro-absorption 

modulator integrated lasers (EMLs ), power monitors photodiodes (PDs ), thermoelectric coolers 

(TECs), an optical multiplexer such as an arrayed waveguide grating (AWG) for multiplexing 

multiple channel wavelengths, and electrical interconnects such as flexible printed circuit boards, 

and optical interconnects such as fiber stubs. Hermetic-sealed packages can include cavities 

specifically designed to house such components in a manner that optimizes the space constraints 
2 
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and promotes thermal communication. However, manufacturing hermetic-sealed packages with 

the dimensions necessary to fit the components of the light engine increases manufacturing cost 

and complexity. 

[0016] One component m such TOSAs that can result in increased cost and complexity is 

monitor photodiodes (MPDs). MPDs can be used to monitor optical power of a corresponding 

laser diode. However, existing approaches tend to position MPDs behind, in front of, or 

otherwise adjacent an associated laser diode. In some cases, MPDs are mounted to the same 

substrate as the associated LD. For example, FIG. 10 shows one example of laser arrangement 

1000 whereby a sidewall of a TOSA housing 1004 supports a substrate 1002 (or submount), and 

the substrate 1002 and/or the surface of the TOSA housing 1004 supports LD 1008 and the MPD 

1006. One position utilized for registering optical power from an LD by an MPD 1006 is 

directly behind the LD 1008 to receive a small portion of optical power 1011 emitted by the LD 

1008 backwards away from a transmit (TX) waveguide, e.g., an optical fiber. Another position 

includes mounting the MPD 1006 below or otherwise in front of the LD 1008 to directly receive 

the optical power 1010 emitted by the LD 1008. 

[0017] In either case, the TOSA housing 1004 must be dimensioned to accommodate the 

position of the MPD 1006, with the result being an overall increase in housing length along 

dimension D. This results in two significant challenges for TOSA designs. First, the position of 

the MPD, e.g., behind the LD 1008, can require that interconnect circuitry such as wire bonds 

1014 that extend from the laser diode driver (LDD) 1012 to the LD 1008 must be lengthened to 

route over/around the MPD 1006. Extending and routing the wire bonds 1014 in this fashion can 

result in time-of-flight (TOF) delays and impedance matching issues as well as worse RF 

performance. Second, increasing the overall length can increase the overall volume of the TOSA 

housing cavity and the complexity in the manufacture of the TOSA. In scenarios where 

hermetically-sealed housings are utilized, this can result in a significantly higher cost and time 

per unit to manufacture, which can ultimately reduce yield. 

[0018] Thus, the present disclosure is generally directed to a multi-channel TOSA with 

vertically-mounted MPDs to reduce TOSA housing dimensions and improve RF driving signal 

quality. In more detail, a TOSA housing consistent with the present disclosure includes at least 

one vertical MPD mounting surface that extends substantially transverse relative to a LD 

mounting surface, with the result being that a MPD coupled to the vertical MPD mounting 
3 
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surface gets positioned above an associated LD coupled to the LD mounting surface. The 

vertically-mounted MPD thus makes regions adjacent an LD that would otherwise be utilized to 

mount an MPD available for patterning of conductive RF traces to provide an RF driving signal 

to the LD. The conductive RF traces may therefore extend below the vertically-mounted MPD 

to a location that is proximate the LD to allow for relatively short wire bonds therebetween. 

[0019] In a specific example embodiment, the vertical MPD mounting surface may be provided 

at least in part by a feedthrough device of the TOSA housing. The feedthrough device can be 

configured to be at least partially disposed in a hermetically-sealed cavity of the TOSA housing 

to provide electrical connectivity to optical components therein. The feedthrough device may 

also provide a conductive trace mounting surface that extends substantially transverse relative to 

the vertical MPD mounting surface for purposes of patterning the above-discussed conductive 

RF traces. Accordingly, an MPD may be securely mounted to the feedthrough device prior to 

insertion of the feedthrough device into a TOSA housing. Likewise, the conductive RF traces 

and other associated circuitry (e.g., filtering capacitors, conductive direct current (DC) traces, 

and so on) may be patterned/disposed when the feedthrough device is outside of the TOSA 

housing. Thus, insertion of the feedthrough device within the TOSA housing can result in the 

vertically-mounted MPD being passively optically aligned with an associated LD, and the 

conductive RF traces being brought within a predefined distance of the LD for electrical 

coupling purposes via, for instance, wire bonds. 

[0020] The present disclosure therefore provides numerous advantageous over other TOSA 

approaches. For example, manufacturing of a TOSA may be conducted in a modular fashion 

whereby a feedthrough device and TOSA housing may be manufactured and configured separate 

from each other. For instance, components such as conductive traces and MPDs may be 

mounted/coupled to the feedthrough device in a parallel manufacturing process to allow for the 

TOSA housing and associated components to be completed apart from the feedthrough device, 

with the net result decreasing production time, reducing errors, and ultimately increasing yield. 

In addition, a TOSA housing with vertically-mounted MPDs consistent with the present 

disclosure advantageously reduces overall housing dimensions while allowing for LDs to be 

disposed in close proximity of conductive traces for electrical coupling purposes. RF signal 

quality may therefore be enhanced via relatively short wire bonds, for example, while 

simultaneously reducing cost, time-per-unit, and complexity to manufacture each TOSA. 
4 
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[0021] As used herein, the terms hermetic-sealed and hermetically-sealed may be used 

interchangeably and refer to a housing that releases a maximum of about 5* 10-8cc/sec of filler 

gas. The filler gas may comprise an inert gas such as nitrogen, helium, argon, krypton, xenon, or 

various mixtures thereof, including a nitrogen-helium mix, a neon-helium mix, a krypton-helium 

mix, or a xenon-helium mix. 

[0022] As used herein, "channel wavelengths" refer to the wavelengths associated with optical 

channels and may include a specified wavelength band around a center wavelength. In one 

example, the channel wavelengths may be defined by an International Telecommunication (ITU) 

standard such as the ITU-T dense wavelength division multiplexing (DWDM) grid. This 

disclosure is equally applicable to coarse wavelength division multiplexing (CWDM). In one 

specific example embodiment, the channel wavelengths are implemented in accordance with 

local area network (LAN) wavelength division multiplexing (WDM), which may also be referred 

to as LWDM. 

[0023] The term "coupled" as used herein refers to any connection, coupling, link or the like and 

"optically coupled" refers to coupling such that light from one element is imparted to another 

element. Such "coupled" devices are not necessarily directly connected to one another and may 

be separated by intermediate components or devices that may manipulate or modify such signals. 

On the other hand, the term "direct optical coupling" refers to an optical coupling via an optical 

path between two elements that does not include such intermediate components or devices, e.g., 

a mirror, waveguide, and so on, or bends/turns along the optical path between two elements. 

[0024] The term substantially, as generally referred to herein, refers to a degree of precision 

within acceptable tolerance that accounts for and reflects minor real-world variation due to 

material composition, material defects, and/or limitations/peculiarities in manufacturing 

processes. Such variation may therefore be said to achieve largely, but not necessarily wholly, 

the stated characteristic. To provide one non-limiting numerical example to quantify 

"substantially," minor variation may cause a deviation of up to and including ± 5% from a 

particular stated quality/characteristic unless otherwise provided by the present disclosure. 

[0025] Referring to the Figures, FIG. 1, an optical transceiver 100, consistent with embodiments 

of the present disclosure, is shown and described. In this embodiment, the optical transceiver 

100 includes a multi-channel TOSA arrangement and a multi-channel ROSA arrangement 106 

coupled to a substrate 102, which may also be referred to as an optical module substrate. The 
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substrate 102 may compnse, for example, a printed circuit board (PCB) or PCB assembly 

(PCBA). The substrate 102 may be configured to be "pluggable" for insertion into an optional 

transceiver cage 109. 

[0026] In the embodiment shown, the optical transceiver 100 transmits and receives four ( 4) 

channels using four different channel wavelengths (Al, A2, A3, M) via the multi-channel TOSA 

arrangement 104 and the multi-channel ROSA arrangement 106, respectively, and may be 

capable of transmission rates of at least about 25 Gbps per channel. In one example, the channel 

wavelengths Al, A2, A3, M may be 1270 nm, 1290 nm, 1310 nm, and 1330 nm, respectively. 

Other channel wavelengths are within the scope of this disclosure including those associated 

with local area network (LAN) wavelength division multiplexing (WDM). The optical 

transceiver 100 may also be capable of transmission distances of 2 km to at least about 10 km. 

The optical transceiver 100 may be used, for example, in internet data center applications or fiber 

to the home (FTTH) applications. Although the following examples and embodiments show and 

describe a 4-channel optical transceiver, this disclosure is not limited in this regard. For 

example, the present disclosure is equally applicable to 2, 6, or 8-channel configurations. 

[0027] In more detail, the multi-channel TOSA arrangement 104 includes a TOSA housing 114 

with a plurality of sidewalls that define an optical component cavity 220, which may be referred 

to as simply a cavity (See FIG. 4). The cavity 220 includes a plurality of laser arrangements 110 

disposed therein, which will be discussed in more detail below, with each laser arrangement of 

the plurality of laser arrangements 110 being configured to transmit optical signals having 

different associated channel wavelengths. Each laser arrangement may include passive and/or 

active optical components such as a laser diode (LD), monitor photodiode (MPD), laser diode 

driver (LDD), and so on. Additional components comprising each laser arrangement include 

filters, focusing lenses, filtering capacitors, and so on. 

[0028] To drive the plurality of laser arrangements 110, the optical transceiver 100 includes a 

transmit connecting circuit 112 to provide electrical connections to the plurality of laser 

arrangements 110 within the housing 114. The transmit connecting circuit 112 may be 

configured to receive driving signals (e.g., TX_D1 to TX_D4) from, for example, circuitry 

within the optical transceiver cage 109. As shown, the housing 114 may be hermetically sealed 

to prevent ingress of foreign material, e.g., dust and debris. Therefore, a plurality of transit (TX) 

traces 117 (or electrically conductive paths) are patterned on at least one surface of the substrate 
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102 and are electrically coupled with a feedthrough device 116 of the TOSA housing 114 to 

bring the transmit connecting circuit 112 into electrical communication with the plurality of laser 

arrangements 110, and thus, electrically interconnect the transmit connecting circuit 112 with the 

multi-channel TOSA arrangement 104. The feedthrough device 116 may comprise, for instance, 

ceramic, metal, or any other suitable material. 

[0029] In operation, the multi-channel TOSA arrangement 104 may then receive driving signals 

(e.g., TX_Dl to TX_D4), and in response thereto, generates and launches multiplexed channel 

wavelengths on to an output waveguide 120 such as a transmit optical fiber. The generated 

multiplexed channel wavelengths may be combined based on a multiplexing device 124 such as 

an arrayed waveguide grating (A WG) that is configured to receive emitted channel wavelengths 

126 from the plurality of laser assemblies 110 and output a signal carrying the multiplexed 

channel wavelengths on to the output waveguide 120 by way of optical fiber receptacle 122. 

[0030] Continuing on, the multi-channel ROSA arrangement 106 includes a demultiplexing 

device 124, e.g., an arrayed waveguide grating (A WG), a photodiode (PD) array 128, and an 

amplification circuitry 130, e.g., a transimpedance amplifier (TIA). An input port of the 

demultiplexing device 124 may be optically coupled with a receive waveguide 134, e.g., an 

optical fiber, by way of an optical fiber receptacle 136. An output port of the demultiplexing 

device 124 may be configured to output separated channel wavelengths on to the PD array 128. 

The PD array 128 may then output proportional electrical signals to the TIA 130, which then 

may be amplified and otherwise conditioned. The PD array 128 and the transimpedance 

amplifier 136 detect and convert optical signals received from the receive waveguide 134, e.g., 

an optical fiber, into electrical data signals (RX_D 1 to RX_D4) that are output via the receive 

connecting circuit 108. In operation, the PD array 128 may then output electrical signals carrying 

a representation of the received channel wavelengths to a receive connecting circuit 132 by way 

of conductive traces 119 (which may be referred to as conductive paths). 

[0031] Referring now to FIGs. 2-3, an example optical transceiver module 200 is shown 

consistent with an embodiment of the present disclosure. The optical transceiver module 200 

may be implemented as the optical transceiver 100 of FIG. 1, the discussion of which is equally 

applicable to FIGs. 2-3 and will not be repeated for purposes of brevity. As shown, the optical 

transceiver module 200 includes a substrate 202 that extends from a first end 252 to a second end 

254 along a longitudinal axis 250. The first end 252 may electrically couple to a transceiver cage 
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to receive driving signals, e.g., TX_D 1 to TX_D4, and therefore, may be referred to as an 

electrical coupling end. On the other hand, the second end 254 includes a multi-channel TOSA 

arrangement 204 and a multi-channel ROSA arrangement 206 for sending and receiving channel 

wavelengths, respectively, and therefore may be referred to as an optical coupling end. 

[0032] In more detail, the substrate includes at least a first mounting surface 256 for mounting of 

optical components, patterning of conductive traces (e.g., conductive traces 117, 119). Disposed 

adjacent the first end 252, the substrate 202 includes a plurality of pads/terminals for electrically 

communicating with, for instance, associated circuitry in a transceiver cage. The substrate 202 

includes a multi-channel TOSA arrangement 204 and multi-channel ROSA arrangement 206 

disposed adjacent the second end. The multi-channel ROSA arrangement includes amplification 

circuitry 230, a PD array 228, and a demultiplexing device 224 disposed thereon. An input port 

235 of the demultiplexing device 224 may be coupled to an optical coupling receptacle 236 by 

way of a receive intermediate fiber 268. Accordingly, the demultiplexing device 224 can receive 

a multiplexed signal 264 from a receive waveguide, e.g., the receive waveguide 134 of FIG. 1. 

An output port of the demultiplexing device 224 may be optically aligned with the PD array 228 

and output separated channel wavelengths thereon. Electrical signals representative of the 

separated channel wavelengths may then be amplified/filtered by the amplification circuitry 

before being passed to the receive connecting circuit 132. 

[0033] As shown, the TOSA housing 214 is defined by a plurality of sidewalls. A first end 258 

of the TOSA housing edge mounts to, and electrically couples with, the second end 258 of the 

substrate 202. A second end 259 of the TOSA housing 214 couples to an optical coupling 

receptacle 222 by way of a transmit intermediate fiber 269. The first end 258 of the TOSA 

housing 214 may also be referred to as an electrical coupling end, and the second end 259 may 

also be referred to as an optical coupling end. In an embodiment, the TOSA housing 214 may be 

securely attached to the substrate 202 via one or more electrical interconnect devices as 

discussed and described in greater detail in co-pending U.S. Patent Application. No. 16/116,087 

filed on August 29, 2018 and entitled "Transmitter Optical Subassembly with Hermetically­

Sealed Light Engine and External Arrayed Waveguide Grating", the teaching of which are 

hereby incorporated in their entirety. 

[0034] In an embodiment, the TOSA housing 214 of the multi-channel TOSA arrangement 204 

may be hermetically sealed, although in other embodiments the housing may not necessarily be 
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hermetically sealed. Accordingly, the multi-channel TOSA arrangement 204 may also be 

referred to as a hermetically-sealed light engine that may be particularly well suited for long­

distance transmission, e.g., up to and beyond 10km. The TOSA housing 214 can include a 

feedthrough device 262 at least partially disposed in a cavity of the TOSA housing 214 to allow 

for electrical interconnection between the substrate 202 and the multi-channel TOSA 

arrangement 204. The housing 214 may include a longitudinal axis that extends substantially 

parallel relative to the longitudinal axis 250 of the substrate 202. The housing 214 may 

comprise, for example, metal, plastic, ceramic, or any other suitable material. The housing 214 

may be formed from multiple pieces, or a single piece, of material. 

[0035] The housing 214 may further define a laser cavity 220 (FIG. 4) which may be filled with 

an inert gas to form an inert atmosphere. In one embodiment, the inert atmosphere sealed within 

the hermetically-sealed container comprises nitrogen, and preferably, 1 atmosphere (ATM) of 

nitrogen. The inert atmosphere may also be formed from nitrogen, helium, argon, krypton, 

xenon, or various mixtures thereof, including a nitrogen-helium mix, a neon-helium mix, a 

krypton-helium mix, or a xenon-helium mix. The inert gas or gas mix included within the 

hermetically-sealed cavity 220 may be selected for a particular refractive index or other optical 

property. Gases may also be selected based on their ability to promote thermal insulation. For 

instance, Helium is known to promote heat transfer may be utilized alone or in addition to others 

of the aforementioned gases. In any event, the terms hermetic-sealed and hermetically-sealed 

may be used interchangeably and refers to a housing that releases a maximum of about 5* 10-

8cc/sec of filler gas. 

[0036] Turning to FIGs. 4-7, an example embodiment of the TOSA housing 214 of the multi­

channel TOSA arrangement 204 is shown in isolation. As shown, the housing 214 extends from 

a first end 452 to a second end 454 along a longitudinal axis 450. A plurality of sidewalls 214-1 

to 214-6 define the TOSA housing 214 and a cavity 220 therebetween. Note, the embodiment 

shown in FIG. 4 omits the sidewall 214-6 (FIG. 2) that forms a cover portion merely for 

purposes of clarity. 

[0037] The feedthrough device 262 at least partially defines the first end 452 of the TOSA 

housing 214 and includes a plurality of electrical interconnects 464, e.g., bus bars, external to the 

cavity 220 for mounting to and electrically coupling with the substrate 102. The plurality of 

electrical interconnects 464 can provide power and radio frequency (RF) driving signals to the 
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plurality of laser arrangements 210. The feedthrough device 262 further includes at least one 

mounting surface such as a vertical monitor photodiode (MPD) mounting surface, which will be 

discussed in greater detail below. 

[0038] Following the feedthrough device 262 within the cavity 220, a plurality of laser 

arrangements 210 are disposed on and are supported by a mounting surface provided at least in 

part by the sidewall 214-4. A multiplexing device 224 is also disposed on and supported by the 

mounting surface provided at least by the sidewall 214-4. The multiplexing device 224 includes 

a plurality of input ports 456, with each input port being optically aligned with an associated 

laser arrangement of the plurality of laser arrangements 210. The multiplexing device 224 

further includes an output port 458 which is shown more clearly in FIG. 6. The output port 458 

of the multiplexing device 224 is optically aligned with an aperture 462 defined by the sidewall 

214-3 of the TOSA housing 214. The aperture 462 may then transition to a fiber coupling 

receptacle 462, with the fiber coupling receptacle 462 being configured to receive the 

intermediate optical fiber 269 (FIG. 2). 

[0039] Thus, in operation, the multiplexing device 224 receives channel wavelengths 466 

emitted by the plurality of laser assemblies along direction D 1 at the plurality of inputs and then 

outputs a multiplexed signal 468 having each of the emitted channel wavelengths 466 for 

transmission via an external transmit optical fiber, for example. 

[0040] FIG. 7 shows an enlarged perspective view of the cavity 220 of the housing 214 in 

accordance with an embodiment. As shown, the feedthrough device 262 includes a step/shoulder 

configuration defined by a first mounting surfacing 702 that extends in parallel with the 

longitudinal axis 450 of the TOSA housing 214, a second mounting surface 704 that extends 

parallel with the first mounting surface, and a third mounting surface 706 that adjoins the first 

and second mounting surfaces 702, 704 and extends substantially transverse to each of the same. 

Thus, the first, second and third mounting surfaces 702, 704 and 706 provide a multi-tiered or 

multi-step mounting structure for coupling to optical components. Each of the mounting 

surfaces of the feedthrough device 262 will now be discussed in tum. 

[0041] The first mounting surface 702 includes a first plurality of conductive traces/paths 708 

patterned thereon. The first plurality of conductive traces 708 may be configured to provide 

power from the substrate 202 and to pass data signals from a plurality of MPDs 712 that are 

mounted to and supported by the third mounting surface. To this end, the first mounting surface 
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702 may also be referred to as a MPD trace mounting surface/section. The second mounting 

surface 704 includes a second plurality of conductive traces/paths 711 disposed thereon. The 

second plurality of conductive traces/paths 711 may be configured to provide power and data 

signals from the substrate 202 to each of the plurality of lasers arrangements 210. To this end, 

the second mounting surface 704 may be referred to as a LD trace mounting surface/section. 

[0042] Continuing on, the third mounting surface 706 extends substantially transverse relative to 

the first and second mounting surfaces 702, 704 and adjoins the same, as discussed above. The 

third mounting surface 706 may be configured to mount and support a plurality of MPDs shown 

collectively as 712 and individually as 712-1 to 712-4. Each MPD of the plurality of MPDs 712 

may be supported by a MPD submount 714, with the MPD submount 714 providing electrical 

traces for electrically interconnecting MPDs to associated conductive traces of the MPD trace 

mounting section 708. The MPD submount 714 may be a single piece, e.g., a single PCB or 

other suitable substrate, or may be multiple pieces. One advantage of a single piece MPD 

submount 714 is that attachment and alignment of MPDs to the feedthrough device 262 can be 

simplified as each MPD may be placed on to the MPD submount 714 at predefined positions 

prior to insertion of the feedthrough device 262 into the cavity 202 of the housing 214. 

Accordingly, coupling the MPD submount 714 to the feedthrough device 262 optically aligns 

each of the MPDs disposed thereon without necessarily performing additional alignment steps. 

[0043] As further shown, each MPD of the plurality of MPDs 712 includes a light receiving 

region, e.g., light receiving surface 716-4 of MPD 712-4 shown in FIG. 8B, on an upper/top 

surface of each chip that is optically aligned with a corresponding laser arrangement of the 

plurality of laser arrangements 210. This vertical mounting of each MPD allows for a smaller 

overall footprint for the feedthrough device 262, and by extension, shortens the overall length of 

the TOSA housing 214. This vertical mounting configuration achieves housing size reduction by 

freeing the space behind/adjacent each laser arrangement to permit the LD traces of the second 

mounting surface 704 to extend below the plurality of MPDs 712 and be disposed in close 

proximity of the plurality of laser assemblies 201. This removal of the MPDs from being 

behind/adjacent a corresponding laser arrangement also advantageously allows for relatively 

short electrical interconnection via wire bonding between the LD traces of the second mounting 

surface 704 and each laser arrangement, which reduces issues such as time of flight (TOF) and 

impedance mismatching that can ultimately degrade RF signal quality. 
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[0044] Continuing on, each of the plurality of laser arrangements 210 includes a laser diode 

supported by a laser submount 213 and optional thermoelectric cooling (TEC) arrangement. For 

instance, the laser arrangement 210-4 associated with channel 4 (CH4) includes a laser diode 

211-4 mounted to and supported by the laser diode submount 213. As shown in the cross­

sectional view of FIG. 8B, the laser diode submount 213 is mounted to and is supported by TEC 

devices 720. In tum, TEC devices 720 are mounted to and supported by a surface provided by 

sidewall 214-4 of the TOSA housing 214. The laser diode submount may also support 

thermistors such as thermistor 724-4 (FIG. 7). Following the plurality of laser assemblies 210, 

each laser arrangement can include a focusing lens e.g., focusing lens 726-4, mounted to and 

supported by the laser diode submount 713. The laser submount 213 may comprise a single 

piece, such as shown, or may be formed from multiple pieces. 

[0045] Following the plurality of laser arrangements 210, the multiplexing device 224 is 

mounted to and is supported by a multiplexing submount 720. The input ports 456 of the 

multiplexing device 224 are optically aligned with the plurality of laser arrangements 210. To 

this end, a plurality of optical paths 850 extend longitudinally through the cavity 220, with each 

optical path extending from a corresponding laser diode. A portion of optical power, e.g., 2% or 

less, gets emitted from a surface opposite the emission face of each LD (also known as a back­

side emission surface) and is registered by each MPD, e.g., converted to a proportional electrical 

current, to form a feedback loop to ensure optical power. Thus, each of the plurality of optical 

paths 850 also intersects with the vertically mounted MPDs 712, and more particularly, a light 

rece1vmg reg10n of each corresponding vertically mounted MPDs 712, e.g., light receiving 

region 716-4. 

[0046] During operation, channel wavelengths emitted by each of the plurality of laser 

assemblies 210 is launched on to a corresponding path of the plurality of optical paths 850, with 

each of the plurality of optical paths 850 extending substantially parallel relative to each other. 

As discussed above, a portion of the optical power gets emitted from a surf ace opposite of the 

emission surface of each laser diode, which may be referred to as a back-side emission surface, 

thus launching a portion of optical power towards the MPDs 712. Each light receiving region of 

the MPDs, e.g., light receiving region 716-4, then registers this portion of optical power for 

purposes of providing a feedback loop, e.g., by converting optical power to a proportional 

electrical current. The emitted channel wavelengths then get received via input ports 456 of the 
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multiplexing device 224. The multiplexing device 224 then combines the received channel 

wavelengths into a multiplexed optical signal 263 (see FIG. 2). At an output 458 of the 

multiplexing device 224 the multiplexed signal 263 is output via the aperture on to the 

intermediate optical fiber 269 (See FIG. 2), and then ultimately to an external transmit optical 

fiber (not shown). 

[0047] FIG. 9 shows another example embodiment of a TOSA housing 204' in accordance with 

aspects of the present disclosure. As shown, the TOSA housing 204' includes a plurality of 

sidewalls to provide a cavity therebetween, which is substantially similar to that of the TOSA 

housing 204. However, the TOSA housing 204' does not include a multiplexing device within 

the cavity and instead couples to a first end of a plurality of waveguides (not shown), e.g., optical 

fibers, via apertures 480-1 to 480-4. A second end of the plurality of waveguides may be 

optically coupled to an external multiplexing device, such as an A WG. This allows the TOSA 

204' to have a relatively small overall footprint, which can significantly reduce overall costs and 

complexity that characterizes hermetically-sealed housing. Put simply, the lesser the volume and 

number of passive/optical components within the cavity of the TOSA housing 204', the less the 

complexity, time and cost necessary to manufacture the TOSA housing 204'. The feedthrough 

device 262' may be configured substantially similar to that of the feedthrough device 262, the 

description of which is equally applicable to the embodiment of FIG. 9 but will not be repeated 

for brevity. For instance, the vertical MPD mounting surface 490 allows for MPDs to be 

mounted thereon to advantageously reduce the overall length of the TOSA housing 204' relative 

to other approaches that place MPDs behind or otherwise adjacent corresponding LDs. 

[0048] In accordance with an aspect of the present disclosure a transmitter optical subassembly 

(TOSA) module is disclosed. The TOSA module comprising a laser diode (LD) mounting 

surface, at least a first LD disposed on the LD mounting surf ace, the first LD having a back-side 

emission surf ace for emitting a portion of optical power along a first optical path, a base portion 

providing a vertical MPD mounting surf ace, and a first MPD disposed on the vertical MPD 

mounting surface, the first MPD having a light receiving region optically aligned with the first 

LD via the first optical path based at least in part on the vertical MPD mounting surface 

extending substantially transverse relative to the LD mounting surface such that the first optical 

path intersects with the light receiving region of the first MPD. 
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[0049] In accordance with another aspect of the present disclosure a method for optically 

coupling monitor photodiodes (MPDs) to corresponding laser diodes (LDs) in a multi-channel 

optical transceiver (TOSA) housing is disclosed. The method comprising mounting at least one 

MPD to a vertical MPD mounting surface provided by a feedthrough device, patterning a 

plurality of conductive traces on to one or more surfaces of the feedthrough device, and inserting 

the feedthrough device into a cavity of the TOSA housing to bring the plurality of conductive 

traces into close proximity with the LDs in the TOSA, wherein inserting the feedthrough device 

into the cavity causes each of the at least one MPDs mounted to the vertical MPD mounting 

surface to optically couple with a back-side emission surface of each corresponding LD. 

[0050] In accordance with yet another aspect of the present disclosure a multi-channel optical 

transceiver module is disclosed. The multi-channel optical transceiver including a printed circuit 

board assembly (PCBA), a transmitter optical subassembly (TOSA) arrangement coupled to the 

PCBA, the TOSA arrangement comprising a laser diode (LD) mounting surface, at least a first 

LD disposed on the LD mounting surface, the first LD having a back-side emission surface for 

emitting a portion of optical power along a first optical path, a base portion providing a vertical 

MPD mounting surface, a first MPD disposed on the vertical MPD mounting surface, the first 

MPD having a light receiving region optically aligned with the first LD via the first optical path 

based at least in part on the vertical MPD mounting surface extending substantially transverse 

relative to the LD mounting surface such that the first optical path intersects with the light 

receiving region of the first MPD. 

[0051] While the principles of the disclosure have been described herein, it is to be understood 

by those skilled in the art that this description is made only by way of example and not as a 

limitation as to the scope of the disclosure. Other embodiments are contemplated within the 

scope of the present disclosure in addition to the exemplary embodiments shown and described 

herein. Modifications and substitutions by one of ordinary skill in the art are considered to be 

within the scope of the present disclosure, which is not to be limited except by the following 

claims. 
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CLAIMS 

What is claimed is: 

1. A transmitter optical subassembly (TOSA) module, the TOSA module 

compnsmg: 

a laser diode (LD) mounting surface; 

at least a first LD disposed on the LD mounting surface, the first LD having a back-side 

emission surf ace for emitting a portion of optical power along a first optical path; 

a base portion providing a vertical MPD mounting surf ace; and 

a first MPD disposed on the vertical MPD mounting surface, the first MPD having a light 

receiving region optically aligned with the first LD via the first optical path based 

at least in part on the vertical MPD mounting surface extending substantially 

transverse relative to the LD mounting surface such that the first optical path 

intersects with the light receiving region of the first MPD. 

2. The TOSA module of claim 1, further comprising: 

a housing having a plurality of sidewalls that define a cavity, the LD mounting surface 

being disposed in the cavity; and 

a feedthrough device defined at least m part by the base, the feedthrough device 

configured to at least partially be disposed in the cavity of the housing, and 

wherein a first end of the feedthrough device provides an electrical coupling 

region to electrically couple to an optical module substrate to receive a radio 

frequency (RF) driving signal to drive the first LD, and a second end of the 

feedthrough device defines the vertical MPD mounting surf ace, the vertical MPD 

mounting surface being disposed in the cavity. 

3. The TOSA module of claim 2, wherein the cavity of the housing is hermetically 

sealed to prevent ingress of contaminants. 

4. The TOSA module of claim 2, wherein at least one sidewall of the plurality of 

sidewalls of the housing provides a thermoelectric cooler (TEC) mounting section, and wherein 

the TOSA provides: 
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a thermoelectric cooler (TEC) arrangement mounted to the TEC mounting section; and 

a LD submount disposed on the TEC arrangement, the LD submount being in thermal 

communication with the TEC arrangement, and wherein the LD submount 

provides the LD mounting surface. 

5. The TOSA module of claim 1, further comprising a plurality of transmit (TX) 

radio frequency (RF) traces, the TX RF traces being disposed on a surface of the base that 

extends away from the vertical mounting surface along a direction that is substantially parallel 

with the LD mounting surf ace. 

6. The TOSA module of claim 5, wherein the plurality of TX RF traces are disposed 

below the MPD when mounted to the vertical MPD mounting surface to allow the plurality of 

TX RF traces to extend towards the LD mounting surface, and wherein a portion of the plurality 

of TX RF traces are disposed adjacent the LD mounting surface. 

7. The TOSA module of claim 1, further comprising a second LD disposed on the 

LD mounting surf ace and a second MPD disposed on the vertical MPD mounting surf ace, the 

second LD being configured to emit an associated channel wavelength different from that of the 

first LD, and wherein the second LD and second MPD are optically aligned via a second optical 

path such that the second optical path extends from a back-side emission surface of the second 

LD and intersects with a light receiving region of the second MPD. 

8. The TOSA module of claim 7, further comprising a multiplexing arrangement, the 

multiplexing arrangement having at least first and second input ports optically aligned with the 

first and second optical paths, respectively, to receive and combine channel wavelengths emitted 

by the first and second LDs into a multiplexed optical signal for output via an output port. 

9. The TOSA module of claim 8, wherein the multiplexing arrangement includes an 

arrayed waveguide grating A WG to multiplex the received channel wavelengths, and wherein 

A WG provides the output port and passes the multiplexed optical signal on to a transmit 

waveguide coupled to the output port. 
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10. The TOSA module of claim 8, wherein the first and second input ports of the 

multiplexing arrangement are angled relative to the light emitting region of the first and second 

LDs such that incident channel wavelengths received along the first and second optical paths 

intersect at an angle of about 8 degrees to prevent back reflection. 

11. The TOSA module of claim I implemented in a multi-channel transceiver capable 

of sending and receiving at least four different channel wavelengths. 

12. A method for optically coupling monitor photodiodes (MPDs) to corresponding 

laser diodes (LDs) in a multi-channel optical transceiver (TOSA) housing, the method 

compnsmg: 

mounting at least one MPD to a vertical MPD mounting surf ace provided by a 

feedthrough device; 

patterning a plurality of conductive traces on to one or more surfaces of the feedthrough 

device; and 

inserting the feedthrough device into a cavity of the TOSA housing to bring the plurality 

of conductive traces into close proximity with the LDs in the TOSA, wherein 

inserting the feedthrough device into the cavity causes each of the at least one 

MPDs mounted to the vertical MPD mounting surface to optically couple with a 

back-side emission surface of each corresponding LD. 

13. The method of claim 12, further comprising introducing an inert gas into the 

cavity to form a hermetic seal. 

14. The method of claim 12, further comprising introducing wire bonds between the 

LDs and the plurality of conductive traces after insertion of the feedthrough device into the 

cavity of the TOSA housing. 
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15. The method of claim 12, wherein patterning the plurality of conductive traces 

includes disposing each conductive trace of the plurality of conductive traces on to a surface that 

extends below the vertical MPD mounting surface. 

16. A multi-channel optical transceiver module comprising: 

a printed circuit board assembly (PCBA); 

a transmitter optical subassembly (TOSA) arrangement coupled to the PCBA, the TOSA 

arrangement comprising: 

a laser diode (LD) mounting surface; 

at least a first LD disposed on the LD mounting surface, the first LD having a 

back-side emission surface for emitting a portion of optical power along a 

first optical path; 

a base portion providing a vertical MPD mounting surf ace; 

a first MPD disposed on the vertical MPD mounting surface, the first MPD 

having a light receiving region optically aligned with the first LD via the 

first optical path based at least in part on the vertical MPD mounting 

surface extending substantially transverse relative to the LD mounting 

surface such that the first optical path intersects with the light receiving 

region of the first MPD. 

17. The multi-channel optical transceiver of claim 16, wherein the TOSA 

arrangement further comprises: 

a TOSA housing having a plurality of sidewalls that define a cavity, the LD mounting 

surface being disposed in the cavity; and 

a feedthrough device defined at least in part by the base, the feedthrough device 

configured to at least partially be disposed in the cavity of the TOSA housing, and 

wherein a first end of the feedthrough device provides an electrical coupling 

region to electrically couple to an optical module substrate to receive a radio 

frequency (RF) driving signal to drive the first LD, and a second end of the 

feedthrough device defines the vertical MPD mounting surf ace, the vertical MPD 

mounting surface being disposed in the cavity of the TOSA housing. 
18 
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18. The multi-channel optical transceiver of claim 17, wherein the cavity of the 

TOSA housing is hermetically sealed to prevent ingress of contaminants. 

19. The multi-channel optical transceiver of claim 17, wherein at least one sidewall of 

the plurality of sidewalls of the TOSA housing provides a thermoelectric cooler (TEC) mounting 

section, and wherein the TOSA provides: 

a thermoelectric cooler (TEC) arrangement mounted to the TEC mounting section; and 

a LD submount disposed on the TEC arrangement, the LD submount being in thermal 

communication with the TEC arrangement, and wherein the LD submount 

provides the LD mounting surface. 

20. The multi-channel optical transceiver of claim 15, further comprising a plurality 

of transmit (TX) radio frequency (RF) traces, the TX RF traces being disposed on a surf ace of 

the base portion that extends away from the vertical mounting surface along a direction that is 

substantially parallel with the LD mounting surface, and wherein the TX RF traces are disposed 

below the MPD when mounted to the vertical MPD mounting surface to allow the TX RF traces 

to extend towards the LD mounting surf ace. 
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TRANSMITTER OPTICAL SUBASSEMBLY ARRANGEMENT WITH 
VERTICALLY-MOUNTED MONITOR PHOTODIODES 

ABSTRACT 

The present disclosure is generally directed to a multi-channel TOSA with vertically­

mounted MPDs to reduce TOSA housing dimensions and improve RF driving signal quality. In 

more detail, a TOSA housing consistent with the present disclosure includes at least one vertical 

MPD mounting surface that extends substantially transverse relative to a LD mounting surface, 

with the result being that a MPD coupled to the vertical MPD mounting surf ace gets positioned 

above an associated LD coupled to the LD mounting surface. The vertically-mounted MPD thus 

makes regions adjacent an LD that would otherwise be utilized to mount an MPD available for 

patterning of conductive RF traces to provide an RF driving signal to the LD. The conductive 

RF traces may therefore extend below the vertically-mounted MPD to a location that is 

proximate the LD to allow for relatively short wire bonds therebetween. 
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sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information 
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy 
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 
552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the International Bureau of the World Intellectual Property Organization, pursuant to the PatentCooperationTreaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181) 
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of 
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1. 14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes 
aware of a violation or potential violation of law or regulation. 
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/\tt(}t:i,:y Do,·:J.;~.~ N°fJ .. FA.T':.'66-J..!02l~S 
P3.ge l of 2 

Declaration for lJnited States Patent .AJ>plication 

TITLE OF APP:t.lCATION: TRANSfvHTTER OPTK'AL SUBASSEMBLY ARRANGEMENT WITH 
VERTICl\LLY--fv10lJ NTED l\JONrTOR PHOTODJODES 

As a bcfow narned inventor. I hereby declare that: 

This declaration is directed to: 
[X J the attached application, or 
[} 1JnHed State$ Application No. or PCT Application No ...................... _________ filed on ......... _____ , 20 

The abovc--idemified application \V<is made or authori,.:ed to be made by me, 

I hdieve that I arn the original inventor or an original joint inventor of a claimed invention in the appEcation. 

l have reviewed and understand the contents of the application, including the dairns, and l am aware of the duty 
to disdose to the Office all information kno\vn w the per~on w be rru1terial to pawniability as defined in 37 
CF.R, § 1,56 (attached hereto}. 

l hereby acknowledge th,tt any \Villfol false statement made in this decbrntion is pmiishabk tmder 18 V,S,C. 
HJ01 by fine or imvrisonrnent of not more than five (5) years, or both. 

,------······· .... --.... ----------···· .. ····· .................... -------............................... .. ! Kai-Sheng LIN 
Lf~~~t~~~~llt~} ~oh~ cff first it:',·t~n~(:r ___________ ,.u __ u_____________________________________________ ----~------···················-··· ............ ------
\ .• ,• . ' ~ .. ,,· .•' 
; .. .. ' . .~~ .. ,.-· / ... s /.·· .:~>- ~/.--~ /.. ,/·"-} ,' ,-~· 
j, ~Olf: or f;r~t m~:~=~-~=-~~-~~:~~::~~:l~~: .. . w,.........,:·-••:::'--: -;-.•,~~~{·_: ... ·.~:.,;~~ ;•~~--·'~· _,,_, •• _ ... _, _--_· _··· __ ..,_._ ..... V. ··w---p_:H~---------------~--------'---fl~----------------- --- . .... ' 

, .... ,•· 

. __________ ................... , ..... ____________ ............... ----------······--.................. ____________ ....... , 

i HsiuttChe \NANG 
~l!£ -.~( 'l~Wif!(~!];1l.n:q:~m.nr,)_L_2n-,~--____ . ._ .............................. _____ ...... ._ ... ______ _ 

l Addi;/<;i;;:! ,m,,,,110,·' ·; si2n<1nn, 

-~~----------••••••••••••••••••••nn•---------•••••••••••••••••••••---•••••.-,,------••n•nH~-••• 

l Kevin LHJ ./ I 
ffail n,tme cfc<dditi,~mdjnvmw;. ifmw .. ,.,·.>"; 

l__t,.dditi(.•'""! ln,~etlw· $ ~:~:::lhltc .... ,,./~'.:.:~~'~:~~;~'.:'.~;'.'.:~::;.Y""';;"' -, 
............................ -------- " . ------. . \j .. ······ 

_____ t_};1_H: ___ .J.,,,···;. '/ ... (:~~(.!:'.~· l_' --4-l _____ ._._ ................... J 
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Att:.1r:-1~::--, LkX':_~et _N~·L· p,,\'T266-HD:?t~s 
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{a) /\. patent by f::; ~:ery n:H:un:: i_~ affect~d '.Nith a pubUr intert~L 'Th(~ pttb{ic interet;t i:; best ~tried, a.nd the nl0\t effecti~..-t patent 
e;,,:;imjn,itinn ,xcm:, ,,,hen, t:t the t;me an apph.:::ation i~ being exam;ned, ;he Office i~ a'N,ire nf and ;cyalt,me., tht: ,ei,ching~ nf aU inforn:,ition 
tn~:.ter!nJ to p~uen:a.b~iity. E<tch l·nd~-vidnai :.:t&'.\Ot~ia:t"d \.vh:h the nnng and pro~t=cttti(H1 of a patent appH~:adnn hHs- a duty of ~unde::r ~usd g,.Jc·<l 

faiH, in <:kaling with ,he Office, whi<::h include~ a (bty t<) tbclo~(: w 1fo:: Office all infornmtion knc,,vH w t!mt irnhvid:i:i! w lx: rn,ik:.ri;il w 
p(~tern~1bi1h_y a:-; dffined in lhi:-~ :,;~x:tion_ Tl~~~ duty to d3~c{~)st !nfr~nn:rt]on e:d$.t~ \~.•ith resptct to t.r3.ch pending ~~tuirn unti} the chdn1 h: C3Jh .. ~ek--:d 
nr v,.-ithdra\\:n frGrr: r,·insiclt·ration~ i.)r the applit-rltl.on bttDn1e:~ ub.~nd,)ned. lnf(.1nnD.tk>n n1~itedal to the pat~ntah:dity of a cia;rn th~ii is 
(:HBC:(dt--:d or ~~:ithdni~,vn fr(Hn conskier.;!lion nee.d not b~ ~ubrHj_ned if tht~ infortnation i:-:, not n1~:tt~ria! to tbe p;,.)ttnt.~biEty of any c~lain1 
re:natning under considen~Uz5n ·in the appHs:-1ltjon, There ~s no duty to ~;ubn-~it inJbrn1;1t3on \vhE~h i~ not rn~ster-i:al to the p2tentabi}i:y ~)f any 
e::-:_i;;,~ng .::him. The (hay ,o d:bclo&(' ;i!l inforn,at101: kncrn·.n to b,~ rrniti:rial to p,1tenrnbih1y i;; ,k,;~med to b?. <:_::i.tisfid H ,ltl information ktwwn 
tn be. rnllteria] ~o patent.a.brlity of ~n1y,. chrin-~ b:sued in a patent ~~ .. ~~~. cittd by rhe- ()ffice {H" sub~nitted lo ;h(~ ()fficc in :he rnannt":r prc~scr~btd by 
§§ } .97(.b.). (d) and ! .98. Hnw~vu, nn p,;twt ,viH be gxan,ed <:>n al: ;ipptkation in cormeciHrn ,vii.h whidi fn:ud on the Ofii(:t, v.:as prnctkcd 
or atter:·ipted or the d;.ity of dii.clm;un: ,vas vil:>btcd fri.wugb bad faith or illttntio;mi rni$conduu. The Ot'fiC"(: en(:onuge,; ;1µptk.ant:;; to 
c:ff(JuJl\,. ::::::,:.~i~n1ne: 

(2) !ht Giosest infonnatiz-,n o\·{:r "-Vhk:h in(h\·idu.:il~ a;;~.o<:i~~te<l \'-'.'itb the fiHng or prosecutk~n of a patent appHcation heik~\·'t ;}ny 

pending ciaitn patentably <lrfines~ to inakc ~ture that any -rnrrteri::ii inforffia1.ion cnnta~ned therein~~ d::.$closed ·tc th<! ()fflce-, 

{b) lJndf-r thi'S. s.ection~ inforn::.a~ion 3s n1;..:ttt~r~a{ lo patcni~~bititJ>·' v-.=hcr-: it 1~ no! c~nnuhrth:·e to 1nfonrm:iGn alre~3dy of record o:r being 
made of re,x,rd in i:hc: 1tpplirn,ion, and 

. .i\ prim;.i. fr:i::le ca~r of irnpah.~ntaibili,y i, c:st;i},ldmd wben the 1nforrn,li:t•:)[; compel~ il (:cm;lt:c;k,n that a cbim is U:lJX:ler.,;ihle .\m(kr the 
pn:ponder~Bx·e of ev;dentl\ burde-n-of-proof ::-al1ndf·:n.L g]ving c~~ch tenn in rhi; cLaln1 it~ bt{x~i:lt~t r::a\i):nab!e constnJct~o:1 cn:n~ist:::-nt \~ .. i~h :hf 
~pecific~tion~ and btfon:~ any con~idernt!on i~:. giv(~n to f"'..,•ide~:-ce ~lhith Jn~~y be ~l:bn:i.l:ted in an aHernpt !O t>.sf.ahh~~b a co~.1-:r~u-y ,cnnc}u:-:~on of 
pHh:~{H~lt:-iJhy. 

(3) Evt'.ry oth('.;· per~;x, who i\ sub&Unti,,.,~ly involv,~d in l.ht prep;i.rntion (H" pr<)~N;ntion of th{: applk<ltion ,md , .. vh(, is ,V~\?ci;,ted 
\v·ith the inver:t()f: V•iith the a~~ignee {)r v!:"i1h ~nyont to v.:l·.:nrn th,~xt~ is an obligation to u~:~!gn th~ appti~atkHl. 

(d} Individu~ds other than the attnrn:::y~ agent (-:r frrventnr tfl-~Y cornp~:Y ~;vith thi~. ~~r-ti;,::.n by discins~ng inh)"frnatinn TC:· the ~~Horney, 
a.gent :::Jr ~nventor. 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 16268765 Document Date: 02/06/2019 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via eDAN using the Supplemental Content 

tab, or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: August 26, 2013 
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