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技术开发（委托）合同

项目名称：激光测长于涉仪研制

以下无正文

签 署 页

甲方： 长春国

法定代表人／委托代理

年 月

（盖章）

（签名）

日
委托方（甲方）： 长春国科精密光学技术有限公司

受托方（乙方）： 复旦大学

签订时间： 2021年3月(/日

签订地点： 吉林省长春市

有效期限： 2021年3月， f日至2023年3月20日

乙方：

委托代理人：

中华人民共和国科学技术部印制

｀

）

附件2 应用证明
附件2-1: 长春国科精密光学技术有限公司



技术开发合同

4位
项H名称： SOl基光波导显位女技术研究 7

 

勹
心

V
2

 

委托人： 中国科学院侬电子研究所
（甲方）

研究开发人：北京交通大学
（乙方）

签订地点：北京省(rli)朝阳区（县）

签订日期 2021年09月27门

有效期限2021年09丿� 27日至2021年12月24 n

中国计量测试学会科学技术进步奖应用证明

应用成果名称 m度微位移测量关键技术

应用单位名称 中国科学院微电子研究所

应用单位联系人 李博 1联系电话\13811102028

成果应用起始时间 2019-2022 

本单位于2019年立项的科技委重点项目

“某材料器件与集成电路技术研究＇，面向下一

代航天抗辐照电路需求，主要研究CSOI先进材

料与－器件，为下一代装备中抗辐照芯片的研发提

供技术支撑．
本项目采用了北京交通大学研制的高精度

应用情况
微位移测量技术，搭建了CSOI先进材料与器件
测试平台，为项目中CSOI先进器件的亚纳米级
别表征与分析提供了重要支持。该技术解决了
CSOI复合材料界面特性的亚单层精度测量难
题，在分子尺度揭示了CSOI材料结构与特性的
关联；该平台具有亚纳米级的分辨力，可提供材
料与器件的关键实验检测手段，为下—步研制高
可靠器件与电路提供了重要技术支撑．

我单位保证上述提供的应用情况真实无误。
如有不符，本单位愿意承担相关责任并接受相应
的处理。

声明
-·

单位财务专用章 法人单位公章 \ 
年 月 日 切2....年右月 3 日

注：如表中所埴内容不涉及经济效益悄况， 只衙加盖应用小位法人公兖．

附件2 应用证明
附件2-2:中国科学研究院微电子技术研究所



订单号：Bf-2109-003

购销合同

需方：上海玉闲光电科技有限公司 供方：上海拍频光电科技有限公司

供需双方经过友好
协

商，签订合同如下，以资共同遵守。
一、所需产品名称

、
型号、指标、数昼及价格：

序号 名称／型号 型号／主要指标 数量 单价(RMB) 小计(RMB)

l 导光元件 全反射镜和分光镜 8 3626 29008 
2 导光元件可调底座 实现对导光元件3自由度调节 8 1960 15680 
3 光纤耦合器 FC/PC 15 2156 32340 
4 光纤 5米 l 5 1470 22050 
5 参考反射镜可调底座 定制，两个角度可调 2 1960 3920 

总计： ¥102998.00 
注：本价格含B％税。 合计金额（大写RMB)：壹拾万贰什玫伯玫拾拥元整

二、付款方式和交货期：
供方需在签订合同后30天内准备好合同规定的全部产品，并拍摄产品实物照片给需方，需方确认

照片后支付全款。收到全款后，供方在2人内通过快递方式发货给需方，并提供快递单号。
三、质屋及功能要求：供方应按本合同条款 一 所规定的指标进行生产，质保期一年。
四、运输方式：顺丰快件送达，供方负责运费。
五、违约责任：

1．如供方无法交付合同规定的产品，应提前通知需方，需方有权取消合同，并要求供方在5 日内
退还所有预付款，本合同即告终止。

2．其他违约责任按合同法有关条款协商解决。
六、协议纠纷的解决：

本合同依照《中华人民共和国合同法》签订。本合同在履行过程中发生争议，由当事人双方协商
解决。协商不成，可依法诉讼解决。

七
、

本
协

议
Z石『言嚣＄言;:;之日起本合同生效。本合同传真件、扫描件同样具有法律效力。

甘｀｀三譬贯新：环城路2222号

电话：021-60766075
传真：
开户银行：上海银行曹杨支行
帐号：31658603001646458
授权代理人：张玉

供 方：上海拍频光电科技有限公司
税号：9131
地 址：中国(E裨X自由贸易闷冷区临港新片区环
湖西二路888
电话：021
传真：
开户银行：交禅媳纣上海市北庄业肣伎行
帐号：31
授权代理人·

日期：2021年9月5日

附件2

中国计量测试学会科学技术进步奖应用证明
应用成果名称 分离式无热源亚纳米位移测量技术

＿＿
／＿＿＿

科技

1
限公司

应用单位联系人 张玉 联系电话18616773316
成果应用起始时 2018.01.01 -2021.12.01 

间

应用清况

声明

上海玉闲光电科技有限公司成立于2011
年，专注于为光通信和光纤传感领域的客户提供
专业的设备器件。

基于北京交通大学与上海抇频光电科技有
限公司联合开发的研究成果 ”分离式无热源亚纳
米位移测量技术中 ” 的高精度可调底座，本司开
发了光通信器件纳米精度光芯片调节系统。

该系统2018年实现产品化， 2019年为本
司创造经济效益210余万元，2020年为本司创
造经济效益达350余万元，2021年为为本司创
造经济效益达 500 余万元，预计未来会成逐年
递增趋势。

我单位保证上述提供的应用情况真实无误。
如有不符，本单位愿意承担相关责任并接受相应
的处理。

单位

2022 年6月2日 2022年6下于2日
注：如表中所填内容不涉及经济效益情况，只需加盖应用单位法人公章。

附件2 应用证明
附件2-3: 上海玉闳光电科技有限公司



合同登记编号 []] []][]] []] |[[]][]] 

技术开发

(2003版）

合 同

项目名称： 复旦－上海精测联合实验室 － 计划大承载宽频谱激振台研制

名称（或姓名） 上海精测半导体技术有限公司 （签章）

法定代表人 彭赛 （签章）

委

托

人

旮
方)

委托代理人 （签章）

联系（经办）人 （签章）

住所
（通讯地址）

上海市青浦区赵巷镇沪青平公1邮政
路3398号1幢2层Q区202室编码

电 话

开户银行

开发(6)

技术合同专用章

帐 号

委托入： 上间精测半导体技术有限公司

（甲方）

研究开发人： 复旦大学

（乙方）

名称（或姓名） 复旦大学 （签章）

法定代表人

研
究
开
发
人
(
乙
方)

委托代理人

联系（经办）人 沙显彤

（签章）

（签章）

（签章）

住所
（通讯地址）

电 话

上海市浦东新区金科路4560号
金创大厦2号楼1012室

17821440816 

邮政1201203
编码

开户银行

签订地点： 上间 省（市）杨浦区（县）

中国农业银行上海市五角场支行营业部

帐 号 033267-08017003441 ｀江尸汇
签订日期： 2020年9月28日

有效期限： 2020 年9月28日至2022年4月3日

单位名称 （签章）

法定代表人 （签章）

委托代理人

丙

方

（签章）

联系（经办）人 （签章）
技术合同专用章

或
单位公章

上海市科学技术委员会

上海市工商行政管理局

住所
（通讯地址）

邮政
编码

电 话

开发(1)
开户银行 年 月 日

帐 号

附件2 应用证明
附件2-4: 上海精测半导体技术有限公司



上海拍频光电科技有限公司

订立合同双方：

采购合同

合同编号，BF210714--00IA

签订日期： 2021年10月08日

签订地点： 上海市浦东新区

甲方（买方） ：上海隐冠半导体技术有限公司 乙方（卖方） ： 上海拍频光屯科技有限公司
地址，中国（上海）自由贸易试验区金泡路1000号47幢 地址 ： 中因（上海）自由贸易试验区粘港新片区环湖西二
1楼 路888号C楼

电话， 021-<11659561 电话 ： 18621774959

邮编 ，200120 邮编 ， 2的436

开户行，中国建设银行股份有限公司上海高科路支行 开户行 ； 交通银行上海市北工业区支行

账号，310S0161394100000l12 账号310066247013003710668

税号：91310115MA1HAEXQXP 税牡91310000MAIH3RMX4E

法人代表或授权人 ：

盖章t
法人代表或授权人 ：

盖竟

.. .,..... . ,,_....－ .... ,I、寸六、 隅旧、 平区口星I

序暑 产晶名称 型号及增禄 蛐价 数量

I 大气版干涉仪零部件 ， 包括， I 

1.1 光纤准直器 型号, FCIOOIT ¥2,160.00 II 

1 2 多摸光纤 型号：FOIOOA5, 长度5米 ¥540.00 II 

I 3 大气版5轴干涉仪 定制， 光纤入光 ¥361,200.00 I 

1 4 大气版4轴干涉仪 定制， 光纤人光 ¥299,100.00 I 

总价 I 690,000.00元人民币

总价 4
甘

Y23.76000 ＼` 

YS.940.00 

¥361,20000 

¥299,100.00 

人l!I币句＂校价：闹合欢万元整 （含13％增值貌复瞩）

篇：：
：

二三
三

二
勹

2、 运输费用及保险由乙方承担．

簟五集质重保证

上淹拍频光电科技有限公司 合间编号；BF211009-00IA

购销合同
签订日期： 2021年10月09 B 

签订地点： 上海市浦东新区

订立合同双方：

甲方（买方） ， 上潭觼冠半导体技术有限公司 乙方（卖方） ， 上淹拍频光电科技有限公司

地址 ， 中国（上瀑）自由贸易试验区金瀑路1000号47幢 地址 ， 中国（上瀑）自由贸易试验区临港新片区环湖西二

1楼

电话，021-61659561

邮编 ， 200120

路888号C楼

电话 ， 18621774959

郎编，200-136

开户行中11蕙设银行殷份有限公司上濂高科路支行

账号， 310501613941000004U

开户行，交通镶行上濂市北工业区支行

账号， 310066247013003710668

税号， 91310115MAIHAEXQXP 税号91310000�1AIHJRMX4E

法人代表或授权人 ， 法人代表或授权人，

甲乙双方本着平等互利、 协商一致的原则 ， 签订本合同以资双方信守执行．

篡一鲁合屑清麟： 《陶品名称、种美、 撬售、 麟位、数量》

序号 产晶名称 l11号及指标

I 温度传感器探头 PTIOO 

2 四通道温度采集模块 TSM04 

3 光束调节器 BAA02 

4 双轴干涉仪（五入射） PIF0204T 

5 VME轴卡 ELAB0410V/1024 

6 多筷光纤 FOIOOAS/10米

1 光纤准直器 FCIOOIT 

总价 650000.00 元人民币

人良币倾臧交价：陆拾伍万元整 （含13％增值税发覃）

纂二集交货时间与地点
1、 交货时间：收到第一窀预付款后12周
2、 及贷方式快递发货费用由乙方承担，

蛐价（元）

1,500.00 

7,50000 

1,500 00 

60.000.00 

158.350.00 

1.875 00 

1.650 00 

敷量

8 

2 

16 

4 

2 

12 

12 

3、 交货地址及收货人． 上海市清东新区康桥镇康桥东路1369号D栋107号申辰13917439352

篡三秉付款方士

总价

12.000.00 

15.000.00 

24,000.00 

240,000.00 

316,700.00 

22.500 00 

19.800 00 

1、 合同签订后一周内 ， 甲方以银行转账方式向乙方支付40％预付歙， 计人民币 260,00000 （大写：贰拾

陆万元整） ． 余款 so％甲方应在乙力友货削女付完毕， 计人民币325,00000 （鲨拾贰万伍仔元整） ． 甲
方向客户供货井在客户验收合格后支付1仍6, 计人民币65,00000 （桂互但任元整） ．

2、 乙方收到纽跺貊甲方开具等额的增值税发飘．

附件2 应用证明
附件2-5: 上海隐冠半导体技术有限公司



中国计量测试学会科学技术进步奖应用证明

应用成果名称
应用单位名称

应用单位联系人

分离式无热源亚纳米位移测量技术
国防科技工业大扭矩一级计量站

李涛 ＼联系电话1 13761170123

成果应用起始时间| 2018.04-2022.04 

应用
情况

声明 I

国防科技工业大扭矩—级计量站是我国最早从事力学

扭矩技术研究的专业机构。 长期以来 ， 为武器装备的计量

检测 、 测量测试和产品服务。

北京交通大学 ， 复旦大学 ， 中国计量科学研究院 ， 上

海市计量测试技术研究院 ， 上海拍频光电科技有限公司联

合研制的分离式无热源亚纳米位移测量技术 ， 是具有自主

知识产权的高精度位移测量技术。

近几年来 ， 为本站提供了大量的校准和标定服务 ， 为

相关系统量值的准确性提供了溯漁依据和有力的技术保

障。 同时 ， 为一些极端条件下武器装备的计量检测 、 测量

测试提供了有力的技术支撑。

我单位保证上述提供的应用清况直实无误。如有
＿ 

不符，本单位愿意承担相关责

注： 如表中所填内容不涉及经济效益情况， 只需加盖应用单位法人公章。

附件2 应用证明
附件2-6: 国防科技工业大扭矩一级计量站



附件2 应用证明
附件2-7: 上海坚亥半导体设备有限公司



附件2
中国计量测试学会科学技术进步奖应用证明

应用成果名称 分离式无热源亚纳米位移测置技术
应用单位名称 格物致和生物科技（北京）有限公司

应用单位联系人 许俊泉 联系电话I 010-6472-6050 
成果应用起始时间 2020.01-2022.12 

格物致和生物科技（北京）有限公司致力千
构建数字化生物多组学平台，研发并产业化一系
列高灵敏、 自动化分子检测系统和配套试剂，对
疾病早期的预警预防、精准诊断，以及药物开发
等提供全流程的创新技术产品和服务。

应用情况 北京交通大学和上海拍频光电科技有限公司

声明

研制的分离式无热源亚纳米位移测量技术为格
物致和生物科技（北京）有限公司，提供了亚微
米位移测量模块，用千工作台三维精确定位，实
现高速、 高分辨 、 大视场的荧光图像采集，打破

三荨
：

气

用情况真实无

202 
注： 如表中所填内容不涉及经济效益悄况， 只需加盖应用单位法人公汽。

附件2 应用证明
附件2-8: 格物致和生物科技（北京）有限公司



附件2

中国计量测试学会科学技术进步奖应用证明
应用成果名称 分离式无热源亚纳米位移测量技术
应用单位名称 错海生物科学仪器（上海）有限公司

应用单位联系人 联系电话
成果应用起始时间 2019.01-2022.10 

错海生物科学仪器（上海）有限公司，致力
于打造完整的生命科学研发、 制造、 服务生态体
系。公司提供组织透明化、 免疫荧光标记、 高分
辨大组织3D成像、 图像分析与存储，一站式科
研服务；纳米药物制备系统及纳米药物制备 、 检
测服务—从处方筛选到制剂表征全线过程。

北京交通大学，复旦大学，中国计量科学研
应用清况 究院，上海市计量测试技术研究院，上海抇频光

电科技有限公司联合研制的分离式无热源亚纳
米位移测量技术为错海生物科学仪器有限公司，
提供了高精度微位移定位技术，用于显微工作台
精确定位，满足了荧光分析准确定位的需求。

该技术 2019 年为本司创造经济效益达—百
余万元， 2020 年为本司创造经济效益近三百万
元，2021 年为本司创造经济效益达三百余万元

我单位保证上述提供的应用清况真实无
误如有不符，本单位愿意步主畏�3：并接
受相应的处理。

声明 尸单位财信气I �詈篆法人母男归
五亘覂丑

2022年05月30日 202衣亡在了月30日
注： 如表中所填内容不涉及经济效益情况， 只需加盖应用单位法人公章。

附件2 应用证明
附件2-9: 锘海生物科学仪器（上海）有限公司



附件2

中国计星测试学会科学技术进步奖应用证明
应用成果名称 分离式无热源亚纳米位移测呈技术
应用单位名称 中国计豆大学

应用单位联系人 罗哉 联系电话 13575736355

成果应用起始时间 2018.01 -2022.12 

北京交通大学，复旦大学，中国计量科学
研究院，上海市计量测试技术研究院，上海拍
频光电科技有限公司联合研制的分离式无热
源亚纳米位移测量技术，利用导入式光纤无热
源读数头概念，实现了亚纳米级精度的微位移

应用情况 1测量系统。

声明

利用此技术，我们开展了微位移测试方面
的研究工作和初步的计量研究工作，培养了数
名研究生及工程人员。为我校高精度测试相关
项目提供了重要的技术支撑。

我单位保证上述提供的应用情况真实无
误。如有不符，本单位愿意承担相关责任并接
受相应的处理。

注：如表中所填内容不涉及经济效益情况， 只需加盖应用市位汝天公章。

附件2 应用证明
附件2-10: 中国计量大学



附件2

中国计量测试学会科学技术进步奖应用证明
应用成果名称 分离式无热源亚纳米位移测量技术
应用单位名称 中国石油大学（华东）

应用单位联系人 于连栋 联系电话13856061480
成果应用起始时间 2019.01-2022.12 

北京交通大学，复旦大学，中国计量科学研
究院，上海市计量测试技术研究院，上海拍频
光电科技有限公司联合研制的分离式无热源亚
纳米位移测量技术，实现了自主可控的SOI光
波导光栅分离式无热源亚纳米位移测量新系

应用情况 1统。

声明

该技术为我们承担的仪器项目提供了高精
度微位移模块。利用该系统，我们开展了三坐
标测试、 微纳传感方面的研究工作，培养了数
名研究生。

我单位保证上述提供的应用情况真实无
误。如有不符，本单位
受相应的处理。

注： 如表中所填内容不涉及经济效益悄况， 只需加盖应用单位法人公章。

附件2 应用证明
附件2-11: 中国石油大学（华东）
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An optical waveguide microcantilever sensor with a dual-output waveguide
readout
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A R T I C L E I N F O

Keywords:
Optical waveguide microcantilever
Sensor
Integrated optics

A B S T R A C T

An optical waveguide microcantilever sensor with a dual-output waveguide readout is developed to obtain
a linear response for the deflection of cantilever. A finite element method is employed to characterize the
optical waveguide microcantilever sensor. A systematic and detailed discussion has been presented to describe
an optical waveguide cantilever sensor with a dual-output waveguide. One can see that most of the results
are interesting, even very different from general opinions. The design is a tradeoff of the sensitivity, linearity
and operation range. These will be helpful for an optimized design of the microcantilever sensor.

output waveguide readout
1. Introduction

Microcantilever-based sensors can be operated in different modes
which yield different information and which when combined can be
used to obtain a unique set of data. The sensors are versatile and
can measure phenomena such as change in surface stress [1], tem-
perature [2] and mass [3]. In order to detect minute deflection sig-
nals of cantilever, several read-out methods have been investigated.
Capacitive, piezoresistive and optical leverage principle are the com-
monly used read-out system for Atomic Force Microscope (AFM) [4–7].
These methods are robust and well established but rather bulky, less
sensitivity and incompatible processes.

Nowadays, to pursue high sensitivity, fast response, higher integra-
tion and lower cost advantages, optical waveguide sensing technology
which owns high index contrast and CMOS-compatibility has attracted
widespread attention [8–10]. To date, several schemes for combining
the microcantilever transduction system with the integrated optical
waveguide technology have been used in many fields [11]. The initial
configuration of the whole SiO2 cantilever acting as waveguides was
resented in 2006 by Zinoviev et al. [12]. In the following years, other
aterials, such as polymer [13], InP [14] and Si [15], were employed

y other groups to improve the bend-feeling properties of the end-to-
nd coupling cantilever waveguide. Another configuration was that the
aveguide system was integrated in perpendicular direction upon the

antilever [16,17]. There were two gaps sited on the transmit path

∗ Corresponding authors.
E-mail addresses: gffan@bjtu.edu.cn (G. Fan), zzp8101@163.com (Z. Zhang).

of light. The number of optical waveguides in this concept could be
further extended for measuring the multi points of the beam, making
it possible to more accurately measure the movement of the cantilever.
In a different idea, a non-end coupling scheme was proposed for higher
sensitivity. A straight waveguide or a grated waveguide was perpen-
dicular fabricated on the substrate with a short separation distance
to cantilever. A surface plasmon waveguide was the cantilever itself
or mounted under the surface of it [18,19]. The vertical coupling
mode was affected by the displacement of the cantilever, further for
changing the output light intensity signal [20–22]. The aforementioned
cantilever optical waveguide mechanisms laid the foundation for the
development of this field.

However, the Gaussian-like response were shown in the output
signal results changing with the cantilever bending for the traditional
optical waveguide microcantilever sensor. The Gaussian-like response
will lead to lack of sensitivity in the middle position occurred in the en-
tire deflection range [23]. Also, the Gaussian-like response means non-
linearity. High linearity is desired for the sensor, which can facilitate
the conversion between output signal and cantilever deflection, also
greatly simplify the data processing system and improve the response
speed of the sensing system [24,25].

Herein we propose a type of integrated optical readout method
aiming at improving the monotonic and linear dependence in the entire
cantilever deflection range. By capturing the output optical signal from
the end of the cantilever waveguide using a dual-output waveguide,
https://doi.org/10.1016/j.optcom.2022.128174
Received 9 February 2022; Received in revised form 2 March 2022; Accepted 6 Ma
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Abstract
An integrated opto-mechanical cantilever sensorwith a ribwaveguide is reported
in this paper. The device consists of a ribwaveguide cantileverwith buriedwaveg-
uides on silicon. The rib cantilever is introduced to match better with the buried
waveguide, further for increasing the interface coupling efficiency.With this con-
figuration, single-mode operating can be achieved in transverse direction with-
out decreasing the width of optical waveguide cantilever. The system sensitivity
is 1.1 μm–1 which is increased by about 21%, compared with the conventional
structure.

KEYWORDS
coupling efficiency, opto-mechanical cantilever sensor, rib waveguide, sensitivity

1 INTRODUCTION

The microcantilever has received increasing attention
in the field of biological and chemical sensing due to
a tiny sensor area, a label-less detection method, low-
cost fabrication and mass production and compatibility
with CMOS (complementary metal-oxide semiconductor)
technology.1–7 The microcantilever sensor is carried out by
reading out the displacement of a cantilever under a stress

generated on its surface. There are many types of readout
methods.8–10 In which, optical method is characterised by
high sensitivity.11,12 However, low integration level of opti-
cal readout method cannot meet the development require-
ment of biosensor technology.
An optical waveguide microcantilever (OWC) sensor is

developed through combination of microcantilever and
optical waveguide technology, which shows a high inte-
gration as a biosensor device.13,14 There are many reports

240 © 2022 Royal Microscopical Society. J. Microsc. 2022;286:240–244.wileyonlinelibrary.com/journal/jmi

附件7 论文论著证明
附件7-2: 论文-Integrated opto-
mechanical cantilever sensor with a 
rib waveguide

https://orcid.org/0000-0002-7032-7848
https://orcid.org/0000-0003-1833-4909
https://orcid.org/0000-0003-4339-4866
mailto:gffan@bjtu.edu.cn
mailto:zzp8101@163.com
https://wileyonlinelibrary.com/journal/jmi


Received: 23 September 2021

DOI: 10.1111/jmi.13080

ORIG INAL ARTICLE

An integrated optical waveguide micro-cantilever system
for chip-based AFM

Xinxin Tang1 Guofang Fan1 Hongru Zhang1 Xingang Dai1 Yanjun Hu1

Zhiping Zhang3 Yuan Li2

1 Key Laboratory of All Optical Network
and Advanced Telecommunication
Network, Ministry of Education, Institute
of Lightwave Technology, Beijing Jiaotong
University, Beijing, China
2 National Center of Measurement and
Testing for East China, Shanghai Institute
of Measurement and Testing Technology,
National Center of Testing Technology,
Shanghai, China
3 Academy for Engineering & Technology,
Fudan University, Shanghai, China

Correspondence
GuofangFan,KeyLaboratory ofAllOpti-
calNetwork andAdvancedTelecommu-
nicationNetwork,Ministry ofEducation,
Institute of LightwaveTechnology, Beijing
JiaotongUniversity, Beijing 100044,China.
Email: gffan@bjtu.edu.cn;
liyuan@simt.com.cn

Abstract
An optical waveguide cantilever system with a tip is introduced as the displace-
ment detection system of chip-based atomic force microscopy (AFM) system. A
chip-based AFM on optical waveguide is demonstrated with sensitivity of up to
4.0 × 10–2 nm–1, which is mainly constructed by a 210 nm thick optical waveg-
uide cantilever with a nano-tip. The nano-tip is a height of 1.2 μm and diame-
ter of 140 nm. This integrated on-chip system provides a displacement range of
approximately ±0.4 μm, which makes it possible for the device to be used for
AFM imaging and pays the way for further performance improvement.

KEYWORDS
atomic force microscopy (AFM), chip-based, integrated optical waveguide cantilever system,
nano-tip

1 INTRODUCTION

Atomic force microscopy (AFM) has been widely used in
many fields1–6 since its invention in 1986.7 However, the
limited scanning rate due to micro-scale and bulky struc-
ture hinders further development of traditional AFM. The
large size of traditional AFM is mainly due to the use
of optical beam deflection (OBD) detection mechanism8

with high sensitivity. Many researchers work hard to
miniaturise the AFM by integrating actuators and sys-
tems to realise on-chip AFM.9–15 Essentially, the detec-
tion mechanism is the critical technique to the integra-
tion level. The integrated AFM system using optical lever
technique9 was reported with cantilevers arrays, which is
difficult to adjust, so the method cannot be considered as
a highly integrated approach. The piezoelectric methods11
are highly integrated devices requiring less alignment
and adjustment. Low sensitivity is the drawback of the

piezoelectric method. The static deflections as small as
5 nm were registered by highly integrated MOSFETs,12
which is large compared with the detection limit of
a standard AFM technique. Interferometric methods13
demonstrated the best sensitivity, but so far were not
commercialised.
In this manuscript, to solve the low integration of can-

tilever arrays using optical lever technique, an optical
waveguide cantilever system with a tip is introduced as
the displacement detection system of chip-based AFM sys-
tem. A tip is designed with the optical waveguide can-
tilever as the probe of AFM. A theoretical analysis model is
developed. An analysis for an optical waveguide cantilever
system with a tip is carried out. The results show that
an optical waveguide cantilever system with a tip can be
used in the application of AFM by evaluating the relation-
ship between the cantilever displacement and the device
sensitivity.
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A B S T R A C T

This paper reports quasi-linear response of the signal with cantilever deflection for an integrated optical waveguide biosensor by a double output 
readout method. The readout method uses a double output waveguide structure to divide the received light into two power signals, further for 
achieving the differential signal as the operating signal. With this method, the operation signal has a good monotonicity with cantilever deflection in 
range of ± 0.4 µm.   

1. Introduction

Optical waveguide sensors have a wide variety of applications due to the high sensitivity and high integration density, which is
based on the interaction of the evanescent field with the surrounding media changing with the external factors [1–4]. Many sensing 
mechanisms on the optical waveguide have been proposed, including interferometric sensor [5–7], surface plasmon sensor [8,9], 
photonic crystal [10,11], microcavity-based sensor [12,13] and grating-based sensor [14,15]. 

Especially, the optical waveguide micro-cantilever sensors have received increasing attention in the field of biological, chemical, 
and environmental due to their high sensitivity, low-cost and label-free operation [16–19]. The optical waveguide cantilever sensor 
was first proposed by Lechuga’s group, which was based on the dependence of coupling efficiency between two butt-coupled 
waveguides on their misalignment with respect to each other [20]. Following this initial work, many approaches have been devel
oped to further improve the performance of microcantilever-based sensors. Nordström et al. fabricated a polymeric rather than Si 
cantilever-based biosensor with integrated optical read-out [21,22]. Polymer cantilever opens up for an increase in sensitivity since the 
softer material bends more for the same applied surface stress. On the contrary, a softer material also means that the cantilever will 
have difficulties to support itself. Fariña’s group introduce an extra cladding layer to reduce the optical losses. They designed a 
clamping region between the input waveguides and microcantilever to avoid generation of stress and increase the coupling of light [23, 
24]. These groups work hard to improve the performance of the sensor. However, a challenge for an optical waveguide cantilever 
sensor is that the approach suffers from lack of sensitivity in the middle of the measurement range where the cantilever waveguide is 
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ABSTRACT An analysis model for an optical waveguide microcantilever sensor is developed combining
the optical and mechanical models. An improved optical waveguide microcantilever sensor with a buffer is
provided and taken as an example to explore using the analysis model. A systematic and detailed discussion
about the couplers for the input waveguide to optical waveguide cantilever and the optical waveguide
cantilever to the output waveguide of the improved waveguide cantilever sensor is presented. The sensitivity
of an improved optical waveguide cantilever sensor is evaluated by analyzing the input/output waveguide,
buffer, microcantilever, and gap. An improved optical waveguide microcantilever sensor by adding a buffer
shows a sensitivity of 5.7× 10−4nm−1, which is improved by 51.3%, compared with a conventional optical
waveguide microcantilever sensor. The design of an optical waveguide cantilever sensor is a trade-off of
different design parameters. These will be helpful for the study of an optical waveguide cantilever sensor.

INDEX TERMS Optical waveguide cantilever, buffer, analysis model.

I. INTRODUCTION
Nano-mechanical sensors [1] have become paramount tools
as transducers for highly sensitive biomolecule detection,
such as viruses [2], proteins [3], cancer cells [4], and
small molecules [5]–[7]. It performs real-time detection
and readout by changing the mechanical behavior of the
transducer. As a kind of nanomechanical sensors, inte-
grated optical waveguide microcantilever-based sensors have
received increasing attention [8]–[11] due to the advantages
of high sensitivity, small size and easy integration for mul-
tiple detection [12]–[15]. In an optical waveguide cantilever
sensor, the optical waveguide cantilever (OWC) works for
the mechanical response generation and light propagation
as an optical waveguide, the sensor detects the mechanical
response by observing the output optical power of the optical
waveguide cantilever with different bending displacements

The associate editor coordinating the review of this manuscript and
approving it for publication was Sukhdev Roy.

in return [13]. As a relatively new nanomechanical cantilever
sensor, the researchers focus on the material of the optical
waveguide microcantilever sensors to improve the perfor-
mance [16]–[21]. However, few detailed analysis has been
performed for the nanomechanical microcantilever sensors
on optical waveguides.

In this paper, a detailed analysis of nanomechanical
microcantilever sensors on optical waveguides was devel-
oped using mechanical and optical models. A finite-element
method (FEM) was employed to analyze the nanome-
chanical microcantilever sensors. We took an improved
optical waveguide cantilever system [22] as an exam-
ple to explore the analysis. Following this introduction,
in Section II, the principle of the optical waveguide can-
tilever sensor was presented, the model for the optical
waveguide cantilever was developed. Section III provided
a discussion about the results and their comparison with
the conventional structure. The conclusion was described in
Section IV.
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Abstract: This paper reports on an improved optical waveguide microcantilever sensor with high
sensitivity. To improve the sensitivity, a buffer was introduced into the connection of the input
waveguide and optical waveguide cantilever by extending the input waveguide to reduce the
coupling loss of the junction. The buffer-associated optical losses were examined for different
cantilever thicknesses. The optimum length of the buffer was found to be 0.97 µm for a cantilever
thickness of 300 nm. With this configuration, the optical loss was reduced to about 40%, and the
maximum sensitivity was more than twice that of the conventional structure.

Keywords: optical waveguide cantilever sensor; buffer; sensitivity

1. Introduction

In recent years, the development of micro processing and manufacturing technology has accelerated
the research progress of nanomechanical sensors [1–5]. Nanomechanical sensors have been widely
studied in biological, chemical, and environmental protection sensor applications because of their
high sensitivity and capacity for integration [6–8]. The sensitivity of nanomechanical sensors is
mainly affected by the readout method, relying on optical sensors used in atomic force microscopy or
interference methods [9]. An alternative method has been developed that uses an optical waveguide
cantilever (OWC) to detect the deflection or resonance change of cantilevers [10–13]. In this method,
the light coupled into the optical waveguide cantilever and emitted from the free-end of the cantilever
travels across a small gap and is captured by an output waveguide (OW). The major benefit of this
method is the higher integration of cantilever arrays that can provide highly sensitive readouts.
There are many reports about optical waveguide cantilevers based on different material platforms,
for example, SiO2 [10], polymer [14], InP [15], and Si [16] as the cantilever waveguide.

In this study, we examined material platforms using Si3N4 as the optical waveguide and SiO2 as
the cantilever to explore an optical waveguide cantilever system. An improved optical waveguide
cantilever system was developed to improve optical sensitivity. Unlike the conventional structure,
the proposed structure extends the input waveguide (IW) on the optical waveguide cantilever to
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Numerical study on an optical
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Abstract. An optical waveguide cantilever sensor is introduced, which is determined by
monitoring the coupling efficiency between a waveguide cantilever and a waveguide receptor
through the cantilever bending. A straightforward model is developed for an optical waveguide
cantilever sensor, in which the coupling efficiency between the cantilever and receptor is calcu-
lated using the overlap integral. An effective index is introduced to analyze the thickness of
input/output waveguides and cantilever for a maximum coupling with a fiber keeping the sin-
gle-mode operation. The relationship of the optical waveguide sensor (cantilever, gap, and output
waveguide) and the sensitivity is presented. As a consequence, we take an optical waveguide
cantilever sensor structure of Si3N4∕SiO2∕Si as an example, and an optimized design is reported.
Moreover, the analysis model is compared with a finite-difference beam propagation method.
The result means that our model has a similar accuracy but is more simple, intuitive, and time-
saving. © 2017 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JNP.11
.026007]

Keywords: cantilever sensor; optical waveguide; coupling efficiency.
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1 Introduction

Recently, cantilever-based sensors have received increasing attention for applications requiring
detection of ultraweak forces, which possess high sensitivity, and highly parallel, real-time, and
label-free detection.1–3 Most of the cantilever-based sensors are based on the principle of the
atomic force microscopy (AFM),4,5 in which a laser beam deflected off the cantilever surface
is readout by a position-sensitive photodetector. The detection of cantilever displacement can be
determined by optical levers,6 piezoresistive,7 piezoelectric,8 capacitance readout,9 and inte-
grated MOSFET transistors.10 Among the most known readout methods, the optical lever is
characterized by high sensitivity used in AFM; however, a low integration level complicates
performance of the experiments in series.11 Some methods have been developed to resolve
the problem. For example, the piezoelectric and piezoresistive detection methods allow a higher
and simpler integration when working with arrays of microcantilevers, but they have lower
sensitivity.12 The cavity optomechanics have a higher sensitivity and integration but are relatively
complex.13

A cantilever sensor with an optical waveguide readout method is introduced.14–17 The sensor
shows a high sensitivity and integration, in which the transducer is integrated with the receptor
on one chip, and no preliminary alignment or adjustment is needed. In recent years, by other
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Abstract: An integrated 8 x 8 wavelength router based on the micro-ring resonators using 2 x 
2 multi-interference (MMI) crossing is demonstrated on silicon-on-insulator (SOI) 
technology, which is manufactured with microelectronics equipment. Experimental results 
show a free spectral range (FSR) about ~37 nm, an on/off contrast larger than 20 dB, an 
imbalance among the channels less than 2 dB, a crosstalk of channels smaller than −10 dB, a 
spacing between close channels about 3.6 ± 0.7 nm and an output efficiency of every channel 
smaller than 20 dB. 
© 2017 Optical Society of America 

OCIS codes: (130.3120) Integrated optics devices; (060.4250) Networks. 
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Optical Waveguides on Three Material Platforms
of Silicon-on-Insulator, Amorphous

Silicon and Silicon Nitride
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Yanchuan Guo, and Qi Wang

Abstract—Optical waveguides on three material platforms of
silicon-on-insulator (SOI), amorphous silicon (a-Si:H) and silicon
nitride are analyzed for realization of an optical compact link com-
patible with CMOS technology. The three material properties are
presented. The optical components on the three potential material
platforms are put together for a comparison, in which, straight,
bent waveguides, and multimode-interference beam splitters for
an optical link are designed, fabricated, and measured. The com-
parison results of simulation and measurement show that a-Si:H
has a similar performances with SOI material but lower cost and
good feasibility of photonic integration on silicon.

Index Terms—Optical waveguide, three material platforms.

I. INTRODUCTION

W ITH increasing demand for high frequency operation
and size reduction of the integrated circuits, the micro-
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France (e-mail: fanguofang@mail.ipc.ac.cn).

R. Orobtchouk is with the Institut des Nanotechnologies de Lyon,
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electronic technologies will face difficulties in the future [1].
One solution to these difficulties will be optical interconnects
[2], which become more and more attractive for on-board and
intra-chip connections. Silicon photonics play a significant role
in optical interconnects [3], [4] due to all the photonic compo-
nents fabrication using standard silicon processing. In the silicon
photonics, the three material platforms of SOI, SiNx and a-Si:H
receive attention because they have the availability of thin di-
electric films with large refractive index difference (between the
refractive index of the core and cladding material), compatibil-
ity with conventional silicon technology, and can withstand the
process conditions (purity, temperature, stability, compatibility
and functionality). Many published works have reported the
three material platforms as optical waveguide of optical inter-
connects [5]–[7], and presented much better performances than
the results of this manuscript. For example, ref. [5] presented
the propagation losses of 0.026 dB/cm for a SOI waveguide.
Ref. [6] reported the propagation losses of 3.2 ± 0.2 dB/cm
for TE mode of a-Si:H waveguides at 1550 nm and ref. [7] has
propagation losses at 1544 nm of about 4.5 dB/cm for Si3N4
waveguides. However, to our knowledge, few manuscript com-
pares the optical component of optical interconnects on the three
platforms together.

In this manuscript, we focus on comparison of the optical
components using SOI, a-Si:H and SiNx waveguides. First, dif-
ferent material proprieties are reported. Second, design, fab-
rication and measurement of optical components on the three
materials are presented. Finally, the optical components of op-
tical interconnect on the three material platforms are compared
and discussed.

II. THE THREE MATERIAL PLATFORMS

SOI is of prime importance for integrated optoelectronic
circuits as it offers potentiality for monolithic integration of
optical and electronic functions on a single substrate. First, Si
can be used to fabricate low-loss optical waveguides because
silicon is transparent at wavelengths larger than 1.1 μm [8].
Second, extremely high refractive index contrast between the
silicon core (n = 3.5) and silica cladding (n = 1.45) allows the
waveguide core to be shrunk down to a submicron cross-section,
while still maintaining single mode propagation at the wave-
lengths of 1.3–1.55 μm. At the same time, such extreme light
confinement allows the minimal bent radius to be reduced to
the micron range. Although SOI waveguide shows superiority

1077-260X © 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications standards/publications/rights/index.html for more information.
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a b s t r a c t

A 3D micro tactile probe based on piezo-resistive effect is developed for dimensional metrology and
a detailed analysis on the hysteresis, resolution, crosstalk and uncertainty of the probe is presented. A
Nano Measurement Machine (NMM) equipped with the 3D micro tactile probe is proposed as a new high
precision zero-point indicator for micro- and nano-scale traceable dimensional measurement, which is
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calibrated according to the standard characteristic curve. In 1 mm step-height standard measurement
experiment using the 3D piezo-resistive micro tactile probe, the experimental results show a standard
deviation of 37 nm in the vertical tactile direction and one of 104 nm in transverse tactile direction while
the standard deviation is 40 nm in the vertical direction in the 2 mm step-height standard measuring
experiment.

© 2015 Elsevier Inc. All rights reserved.
. Introduction

Recently, the dimensional metrology for micro- and even
anoscale objects becomes increasingly important in semiconduc-
or and optical industries, mechanical engineering, biology and

edicine [1]. Micro/nano structures to be measured become more
omplex, for example, with smaller widths and higher aspect ratios
n increasingly larger surface regions and potentially highly curved
urfaces. Various techniques have been developed for the mea-
urement of the micro and nanoscale structures, such as scanning
lectron microscopes (SEM), scanning probe microscopes (SPM),
nd scatterometry. However, these techniques have some limits on
ccuracy, measured objects or measurement range due to the work-
ng principle and the measurement performances are prone to be
mpaired by the environmental conditions such as air temperature,
ressure, air vibration and humidity [2].
Micro/nano coordinate measurement machine technology is a
otential solution for the limitations above. It can realize mea-
urements range up to hundreds of millimeters with nanometre

∗ Corresponding author. Tel.: +86 13001931753.
E-mail address: fanguofang@mail.ipc.ac.cn (G. Fan).

ttp://dx.doi.org/10.1016/j.precisioneng.2015.03.007
141-6359/© 2015 Elsevier Inc. All rights reserved.
precision, which focus on the development of acquisition probe
and positioning systems [3,4]. Some of the micro/nano coordinate
measurement machines developed by PTB (The Physikalisch-
Technische Bundesanstalt) use the piezo-resistors as the probes
which are attached by the silicon thin film [5–8]. Due to the internal
stress of the silicon thin film, it is difficult to evaluate the mechan-
ical and thermal properties of the probes. And, the large area of
silicon thin film (the thickness less than 50 �m) makes the probe
prone to crack in the fabrication process. Moreover, the membrane
structure is a statically indeterminate structure. Hence, a stylus
with high rigidity and hardness is needed to undertake most of
the load applied on it, which makes the fabrication of the stylus no
easy task.

In order to avoid these shortages, a 3D micro tactile probe
by attaching the piezo-resistors to the strain beam is designed
and fabricated. A detailed analysis is provided about the hys-
teresis, resolution and crosstalk of the probe. A NMM (SIOS
NMM-1) is equipped with the 3D micro tactile probe for a new
high precision zero-point indicator [8]. Because NMM is a typical

metrology instrument using three homodyne laser interferome-
ters to measure the displacement along three axes in a volume of
25 mm × 25 mm × 5 mm, the measurement results can be traced
to the “meter” definition directly [9,10]. Some measurement
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