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摘要摘要摘要摘要 

 
LED 之應用已從傳統指示用途跨入照明領域，具有成

為主流照明之潛力。由於 LED 與傳統光源在電性及光學特

性等方面差異極大，測試條件、方法與設備亦不盡相同，爰

在標準制定與檢測技術方面，充足之資訊（料）與實測經驗

極待建立。爰本局 97 年度「建置節約能源、再生能源與前

瞻能源產業產品標準、檢測技術及驗證平台先期研究及導入

計畫」子計畫 5之派員出國計畫中，一、LED 室內外照明系

統之項目 2 即安排赴日本接受 LED 檢測技術專業訓練暨相

關資料蒐集之任務。 

此行在資料蒐集方面，於 98 年 4 月 17 日參加「日本

LED/OLED 次世代照明技術國際展覽會」蒐集 LED 相關製

程設備、量測設備、產品之資料，與日本及國內等地之參展

廠商晤談 LED技術之進展，體察全球 LED產業發展情況。 

在 LED 檢測技術訓練方面，於 4 月 20日至 23日假日本品

質保證協會（JQA）接受為期 4天之 LED測試理論與實測指

導，吸取在檢測方面之經驗。 

在產業交流方面，於 98年 4月 24日拜訪日本電球工業

會（JELMA），了解日本在 LED 照明相關標準制定進度與

計畫、產業標準整合經驗、驗證制度等議題交換意見，對於

日本在 LED產品之法規與制度面獲得基本之認識。 
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一一一一、、、、    目的目的目的目的 

LED 之應用已從傳統指示用途跨入照明領域，具有成

為主流照明之潛力。由於 LED 與傳統光源在電性及光學特

性等方面差異極大，測試條件、方法與設備亦不盡相同，爰

在標準制定與檢測技術方面，充足之資訊、資料與實測經驗

極待建立。 

由於 LED 屬指向性及高輝度之光源，與雷射（laser）

在光學特性上潛藏許多光輻射危害性，爰進行人體之光生物

性危害評估至為必要。IEC 60825-1「雷射產品安全-第 1

部：設備之分類及要求」及 IEC 62471「光源與光源系統之

光生物性安全」，即為人體光生物性危害評估之重要依據，

而歐盟及美加地區均對輸往當地之相關產品加以要求。有鑒

於此，在 LED 照明未來可能大量使用之前提下，保障民眾

使用安全為首要課題，建立對技術之認知與實測經驗益顯重

要。 

基於上述理由，本局 97 年度「建置節約能源、再生能

源與前瞻能源產業產品標準、檢測技術及驗證平台先期研究

及導入計畫」子計畫 5之派員出國計畫中，一、LED 室內外

照明系統之項目 2 即安排赴日本接受 LED 檢測技術專業訓

練暨相關資料蒐集之任務。 

此行之目的在於接受 LED 檢測技術專業訓練暨相關資

料蒐集。在資料蒐集方面，於 98 年 4 月 17 日參加「日本
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LED/OLED 次世代照明技術國際展覽會」及 4 月 24 日拜訪

日本電球工業會（JELMA），了解 LED 在照明商品化方面

之進展與日本在 LED 照明相關標準制定之進程，在 LED 檢

測技術訓練方面，於 4月 20日至 23日假日本品質保證協會

（JQA）接受為期 4天之 LED測試理論與實測訓練，吸取在

檢測方面之實務與經驗。 
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二二二二、、、、    出國行程出國行程出國行程出國行程 

日期 地點 行程說明 

4/16
（四） 

台北-東京 去程（台北→東京） 

4/17
（五） 

東京 參加「日本 LED/OLED 次世代照明

技術國際展覽會」 

4/18
（六） 

東京 假日 

4/19
（日） 

東京 假日 

4/20
（一） 

東京 於日本品質保證協會（JQA）進行

LED量測技術專業訓練 

LED相關標準及驗證制度研討 

4/21
（二） 

東京 於 JQA進行 LED量測技術專業訓練 

上午：光輻射理論簡介 

下午：光輻射量測技術簡介 

4/22
（三） 

東京 於 JQA進行 LED量測技術專業訓練 

上午：脈衝輻射理論簡介 

下午：脈衝輻射量測技術簡介 

4/23
（四） 

東京 於 JQA進行 LED量測技術專業訓練 

上午：LED輻射理論與量測技術簡介 

下午：綜合實測訓練 

4/24
（五） 

東京 拜訪 JELMA（日本電球工業會） 

4/25
（六） 

東京-台北 回程（東京→台北） 
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三三三三、、、、    過程過程過程過程 

（一） 參加「日本 LED/OLED 次世代照明技術國際展覽

會」 

「日本 LED/OLED 次世代照明技術國際展覽

會」為日本一年一度之光電產業技術交流盛會，除日

本本地之廠商外，更吸引全球光電產業之廠商前往展

覽、觀摩與交流。 

本次展覽會為首次舉辦，今年來自全球各地參

與之人數超過 6 萬人次。參展之光電產品涵蓋所有

LED/OLED 照明設計研發及製造時所需設備、元件及

材料，透過此展覽會有助於產業商機之拓展並能吸

取、蒐集最先端照明技術資訊及資料。 

本屆展覽會之舉辦時間為 4月 15日至 17日，地

點在日本東京有明國際展覽中心（Tokyo Big Sight, 

Japan）。參展之產品包括： 

♦照明設備照明設備照明設備照明設備 

• LED  

• 有機 EL  

• FEL 

• 無機 EL  

• 其他照明設備 

 
♦製造設備製造設備製造設備製造設備 

【照明設備適用製造設備】 

• 真空蒸鍍裝置  • 晶片切割設備 
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• 濺鍍設備  

• 化學氣相沉積

裝置  

• 磊晶成長系統  

• 氧化製程設備  

• 摻雜製程設備  

• 退火熱處理設

備  

• 光阻塗佈設備  

• 曝光系統元件  

• 蝕刻設備 

• 刻劃機 

• 晶粒接黏機  

• 覆晶接著機 

• 打線機  

• 熔接機 

• 成型機  

• 密封製程相關設備  

• 其他相關製程設備 

 

【製造工程相關設備】 

• 洗淨設備  

• 搬運機器人 /輸
送系統  

• 潔淨製程相關

產品 

• 靜電防制產品  

• 水處理相關設備  

• 瓦斯/藥品供給設備 

 
♦檢檢檢檢查查查查、、、、測試及評估用設備測試及評估用設備測試及評估用設備測試及評估用設備 

• 外觀檢查設備  

• 表面檢查設備  

• LED量測設備  

• 輝度量測設備  

• 熱阻量測設備  

• 光色量測設備  

• 照度量測設備  

• 電流/電壓量測設備  

• 壽命測試設備  

• 評估設備  

• 分析設備  

• 評估/分析服務  

• 設計/研發/技術  

• 其他相關機具  
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• 光度量測設備 • 系統測試元件 

 
♦元件及材料元件及材料元件及材料元件及材料 

【照明設備適用原件及材料】 

• 晶體基板  

• 電極材料  

• 玻璃基板  

• 光阻材料  

• LED基板  

• LED晶片  

• 電子陶瓷材料  

• 有機 EL材料  

• 光罩 

• 密封材料  

• 吸濕材料 

• 反射材料 

• 引線架  

• 接合線  

• 成型材料  

• 接合材料 

• 點膠材料  

• 樹脂  

• 銲錫焊接材料  

• 散熱材料  

• 隔熱材料  

• 其他封裝元件/材料 

• 螢光粉  

 

【光學元件】 

• 鏡片  

• 偏光膜 

• 光反射鏡 

• 光學膜 

 

【驅動用相關元件】 

• 驅動 IC  

• LSI控制器 

• 電源供應器 

• 電路板 
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♦設計設計設計設計、、、、分析工具及軟體分析工具及軟體分析工具及軟體分析工具及軟體 

• 機構分析工具  

• 熱流分析工具  

• 結構分析工具  

• CAE  

• CAD/CAM 

• PLM/CPC  

• PDM  

• 其他設計工具  

• 其他分析工具  

• 其他應用軟體 

 

參與之人員背景包括： 

• LED製造商  

• 有機 EL製造商  

• FEL製造商  

• 無機 EL製造商  

• 照明燈具製造商  

• 其他照明設備製造

商 

• 背光源製造商 

• 汽車製造商  

• 汽車電子產品製造商  

• 光電產品製造商  

• 研究機構/大學  

• 照明設計師 

 

參與的廠商除日本、歐美及南韓等國際級大廠

外，亦有來自我國、中國大陸及香港的廠商，多偏向

於產品應用端，顯見兩岸三地的廠商在 LED 應用在

國際間漸漸嶄露頭角，並能佔有一席之地。我國具有

LED 技術領先及產量世界第一的優勢，而中國大陸則

有市場廣大之利基，都將成為全球 LED 產業中不可

忽視之力量。 

本次展覽分為照明及平面顯示技術兩大主題

館。在照明技術方面，主題館名稱為 LIGHTING 
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JAPAN，主要展出項目為 LED/OLED 照明技術產

品。在平面顯示技術方面，主題館名稱為 FINETECH 

JAPAN，主要展出光電產品之顯示應用技術。由於兩

場館比鄰而居，在結束 LIGHTING JAPAN 之參觀

後，順道參觀 FINETECH JAPAN。 

1. LIGHTING JAPAN參觀紀要 

據主辦單位統計，本次展覽約有 218個參展廠商

及 16,395參觀人次參與。 

眾所周知，固態照明（SSL）技術，例如：

LED/OLED，具有生態友善（eco-friendly）之特性，

因應生態技術之需求不斷成長，全世界相關業者無不

引頸期盼此次之展覽活動。本次展覽共有 1634個來

自日本以外之海外廠商參展，相當於參觀人數的十分

之一。而 FPD經貿展（FINETECH JAPAN）共有 696

個廠商參展，並吸引 46,134人次之參觀人潮，兩項展

覽共計達到 62,529之總參觀人次。 

在第一屆 LED/OLED 照明技術展方面，主題為

次世代照明技術，分為 4 大區域，分別為：照明裝置

/設備技術區、製程設備區、量測/評鑑/檢驗區，以及

元件/材料區。 

由於本次展覽為首次舉辦，吸引全球各地從事

LED/OLED 照明產業人士前往朝聖。所有最新技術齊
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聚 於 ： LUMIOTEC 公 司 之 有 機 EL 裝 置 、

ELSTREAM 公司之無機 EL 裝置、 SUMITOMO 

CHEMICAL 公 司 之 LED 封 裝 、 ISHIZUKA 

ELECTRONICS公司之低電流二極體、NATIONAL 

SEMICONDUCTOR 公 司 之 LED 驅 動 器 IC 、

FUJITECH INTERNATIONAL 公司之 OLED 濺鍍設

備，以及 NIPPON ELECTRIC GLASS公司之 OLED

基質材料等。 

在眾多生態友善技術中，許多廠商獨鍾於 LED

及 OLED。來自台灣及德國的廠商集中在「台灣展

區」及「德國展區」參展，顯見本次展覽會除了日本

本地的廠商外，亦受到許多外國公司的重視。在參觀

者中，有十分之一來自國外，包括台灣、南韓、中國

大陸、香港、德國及美國。 

2. FINETECH JAPAN參觀紀要 

FINETECH JAPAN為世界最大的 FPD經貿展，

許多產業專業人士及新聞媒體在此項展覽中見證 FPD

尖端技術發展現況，並體驗產業的最新趨勢之走向 

在 FINETECH JAPAN 主 題 館 中 ， 聯 合

FINETECH JAPAN－第 19屆 FPD研發及製程技術展

覽暨研討會、第 4 屆 FPD 元件及材料展、TOUCH 

PANEL JAPAN－第 5 屆國際觸控面板技術展及
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Display 2009－第 5 屆國際 FPD展等 4 項特覽共同舉

辦。 

在 FINETECH JAPAN－第 19屆 FPD研發及製

程技術展覽暨研討會方面，此次展覽為世界最大之

FPD研發及製程技術展，分為 5大區域，分別為：製

程設備區、潔淨製程及 ESD保護區、檢驗/維修/量測

區、薄膜生成/製程區，以及評鑑/試驗/分析區。 

在製程設備方面，在製程設備區中，獲得 ADY

（Advanced Display of the Year）獎之 LINKSTAR 

JAPAN及 MITSUBOSHI DIAMOND INDUSTRIAL等

2 家公司，展出最新的面板切割機。 TOKYO 

ELECTRON公司展示各種陣列製程設備，MUSASHI 

ENGINEERING公司則展出獲得 ADY 獎之自動封裝

供應設備。此區的所有廠商皆吸引眾多參觀人潮。 

在檢驗設備方面，在檢驗/維修/量測區及評鑑/試

驗/分析區中，可看到許多研發中的新產品。NIKON 

INSTECH、COGNEX及 KEYENCE等 3 家公司特別

搭配圖片，展示最新的圖像處理設備。獲得 ADY 獎

之 OTSUKA ELECTRONICS及 OLYMPUS公司，更

是眾所矚目的公司之一，參觀人潮源源不絕。 

在薄膜生成及製程設備方面，由於光學膜在

FPD 產業中為品質改善之關鍵要素的其中一項，爰在
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薄膜生成/製程設備區，吸引眾多參觀者流連。特別

是可彎曲式顯示器之薄膜基質，為此區中最受關注之

產 品 。 領 導 性 之 大 廠 ， 例 如 ： TOSHIBA 

MACHINE、SAKAMOTO ZOKI、INOUE KINZOKU 

KOGYO 及 SUMITOMO HEAVY INDUSTRIES 

MODERN等公司，皆為參展廠商。 

在海外參展廠商方面，由於本次活動為國際性

之展覽會，吸引許多海外公司參展。某些廠商選擇獨

立展示，其他廠商偏好在地區展場展示，例如德國及

南韓皆設置專屬之展場。在德國展區中，由知名廠商

如 NOVALED 及 AIXTRON 所推出之 OLED 材料，

引起參觀者的高度興趣。在南韓展區中，亦隨時可見

絡繹不絕之參觀人潮。 

在第 4 屆 FPD元件及材料展方面，此次展覽為

全世界唯一展出 FPD 元件及材料切割設備之展覽，

主要分為元件/材料及光學膜等 2 大展區。在元件/材

料區中，領導性之廠商，例如：NISSAN CHEMICAL 

INDUSTRIES、SHIN-ETSU CHEMICAL 及 ASAHI 

GLASS 等 3 家公司皆展出最新產品。研發及設計部

門之工程師則對於切割技術展現濃厚興趣。 

在光學膜區中，由於光學膜為面板品質改善之

關鍵要素一向為人所熟知，所以在此區中之參觀人潮
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一年比一年踴躍。在今年，領導性之廠商，例如：

ZEON及 OSAKA GAS CHEMICALS等公司皆設置展

示點，而 LINTEC 公司則展出 LCD 及觸控面板之光

學膜。 

在 TOUCH PANEL JAPAN－第 5屆國際觸控面

板技術展方面，此次展覽為全世界唯一之觸控面板技

術展覽，主要分為觸控面板模組及台灣展場等 2 大展

區 。 在 觸 控 面 板 模 組 區 中 ， TOUCH PANEL 

LABORATORIES公司展出大尺寸（46吋）及高透明

投射電容式觸控面板，MINATO ELECTRONIC 公司

則展示不同產品，例如：IR 觸控面板、電容式觸控面

板、電阻式觸控面板及 IR+聲學脈衝波觸控面板。許

多產業專家到場參觀並實際操作體驗。 

在台灣展區中，由於許多台灣廠商專注於觸控

面板技術舉世皆知，所以在此次展覽中，有許多台灣

廠商在台灣展區中參展。 

在 Display 2009－第 5屆國際 FPD展方面，本次

展覽展出各種型式之 FPD，包括：LCD、PDP、

OLED、FED、LCOS、電子紙、觸控面板等。在本次

展覽中，次世代顯示產品最受注目，例如：3D 顯示

及電子紙等。WORLD WIDE DISPLAY、MITANI 及

NEWSIGHT等公司展出最新之 3D顯示產品。世界領
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導廠商，例如：台達（DELTA）及 BRIDGESTONE

則 展 出 電 子 紙 產 品 。 TOSHIBA MITSUSHITA 

DISPLAY TECHNOLOGY 展出中小尺寸之 LCD 及

3D 顯示器，而 SONY 則展示最新款 LCD、3D 顯示

器原型及超薄 OLED顯示器。許多新聞媒體在最新款

FPD 展示區前佇足攝影，使得參觀動線產生壅塞現

象，更可看出受重視的程度。 

完成參觀活動後，除取得的有形資料外，無形

對 LED 及光電產品之應用與尖端技術，有更為深刻

的了解。 

 

（二） 接受 LED測試理論與實測訓練 

財團法人日本品質保證協會（ Japan Quality 

Assurance Organization, JQA）具有多年之雷射 LED、

藍光 LED 及白光 LED 之量測經驗，累積豐厚之資源

與資料。由於日本在 LED 產值穩居世界第一，對於

產品品質之技術全球尚無任何一個國家能望其項背。

而日本亦為 ISO與 IEC等國際標準化組織之會員國，

亦為 IECEE 之 NCB，有機會能參與國際標準之制定

及國際檢測技術交流，能與日本專業技術人員面對面

溝通，除吸取檢測實務之相關經驗外，更能對國際標

準制定動向有所了解，實屬難得之經驗。 



 17 

98年 4月 20日至 23日在 JQA接受為期 4天之

LED 測試理論與實測指導，由代表 JQA 參與 IECEE 

ETF（expert task force） 11之技術專家立原克法擔任

講師。訓練課程包括 LED 量測技術及驗證制度研

討、光輻射理論與量測技術、脈衝輻射理論與量測技

術、LED 輻射理論與量測技術、IEC 60825-1及 IEC 

62471之技術精要、歐盟與美加相關法規淺析，及

LED相關實測技術與經驗指導。 

內容概述如下： 

1. 財團法人日本品質保證協會（JQA）簡介 

財團法人日本品質保證協會之前身為 JMI，成立

於 1957年 10月，係經日本政府通商產業省認可，具

有獨立性、公正性之民間檢測及驗證機構。JMI 於

1993 年解散，另成立財團法人日本品質保證協會。

JQA 之總部設在東京，除在東京設有關東事業所及南

關東事業所外，另在名古屋設有中部事業所，在大阪

設有關西事業所及北關西事業所，共有 5 個分支機

搆。 

JQA 為國家授權之產品驗證機構，除可進行

PSE標章之強制性產品驗證及 S標章之自願性產品驗

證外，另獲政府授權進行依日本工業標準化法核發有

關材料結構檢測之 JIS 標章，以及依日本醫藥事務法
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所進行之醫療設備檢測業務。 

JQA 代表日本之國家驗證機構（NCB）加入

IECEE，並可核發家用電器、資訊技術、電子娛樂設

備、照明器具、安全變壓器及電磁相容性（EMC）之

CB 測試報告及證書。JQA 認可 IECEE-CB體系之會

員國所核發，包含有日本區域性差異之電線電纜、電

容器、低壓電器、電動工具及電器開關類之 CB 測試

報告及證書。 

2. 訓練過程概要 

（1）4月 20日進行 LED相關標準及驗證制度研討 

有關 LED相關標準部分，整理如下： 

由於 LED 屬指向性及高輝度之光源，與雷射

（laser）在光學特性上潛藏許多光輻射危害性，爰在標

準方面，涵蓋之技術領域包括 LED 量測、雷射安全及

人體之光生物性危害評估等。茲將國際間相關標準整

理如下。 

在 LED方面，包括下列主要標準： 

（a）CIE 127 Measurement of LEDs （2nd ed）  

（b）CIE 177 Colour rendering of white LED light sources 

（c）IEC 60838-2-2 Miscellaneous lampholders - Part 2-2: 

Particular requirements - Connectors for LED-

modules 
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（ d） IEC 61347-2-13 Lamp controlgear - Part 2-13: 

Particular requirements for d.c. or a.c. supplied 

electronic controlgear for LED modules 

（e）IEC 62031 LED modules for general lighting - Safety 

specifications 

（f）IEC 62384 DC or AC supplied electronic control gear 

for LED modules - Performance requirements 

（g） IESNA RP-16 Nomenclature and Definitions for 

Illuminating Engineering Addendum 

（h）IESNA TM-16-05 IESNA Technical Memorandum 

on Light Emitting Diode （ LED）  Sources and 

Systems 

（ i） IESNA LM-79 IESNA Approved Method for the 

Electrical and Photometric Measurements of Solid-

State Lighting Products 

（ j ） IESNA LM-80 IESNA Approved Method for 

Measuring Lumen Depreciation of LED Light 

Sources 

（k）ANSI C78.377A Specifications for the Chromaticity 

of Solid State Lighting Products 

（ l）ANSI C82.77-2002 Harmonic Emission Limits – 

Related Power Quality Requirements for Lighting 

（m）JIS C 8152 照明用白光 LED之測光方法 

（n）TS C 8153 LED模組之電源控制裝置之性能要求  
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（o）JEL 811 一般照明用之 LED模組之安全性要求  

此 外 ， UL 正 積 極 制 定 UL 8750 Outline of 

Investigation for Light-Emitting Diode （LED） - Light 

Sources for Use in Lighting Products中，未來銷往美加地

區之 LED 照明產品需先通過此項標準之測試始得上

市。 

在雷射安全部分，IEC 共制定 IEC 60825系列國際

標準共 11 種，其中與 LED 相關者為 IEC 60825-1 

Safety of laser products - Part 1: Equipment classification 

and requirements。 

在光生物性安全方面，以 CIE 制定之 CIE S 

009/E:2002 Photobiological Safety of Lamps and Lamps 

Systems為主，而 IEC在 2006年轉訂為 IEC 62471。 

過去 IEC 60825-1（1993年版）之適用範圍涵蓋雷

射與 LED 產品，惟在 2007年版已將 LED 排除在外。

據了解，由於 IEC 62471已涵蓋 LED，爰 LED 與雷射

產品之關係正式分道揚鑣，未來雷射產品與 LED 將分

別依不同標準進行測試與評估。在日本方面，已參考

CIE S 009/E:2002制定為 TS 0038之產業標準，正在進

行 JIS之轉訂作業中。 

對 LED 之光生物性危害評估在國際間日益受到重

視，IEC 62471似無法追隨日新月異之照明技術，爰正
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緊鑼密鼓進行 IEC 62471-2 Photobiological Safety of 

Lamps and Lamps Systems – Part 2: Guidance on 

manufacturing requirements relating to non-laser optical 

radiation safety中，主導者為 TC 76，在日本方面，則

由 OITDA （ Optoelectronic Industry and Technology 

Development Association）－財團法人光產業技術振興

協會代表參與該技術委員會。而 IEC制定 IEC 62471時

主導者為 TC 34，制定 IEC 62471-2之主導者為元參與

制定 IEC 60825-1之 TC 76，角色轉換隱含著 IEC 

62471-2中可能涉及雷射安全方面之技術，值得密切觀

察。 

有關法規及驗證制度方面，整理如下： 

在雷射產品安全管制方面，美國 FDA 之聯邦法規

21 CFR ch.1之 1040.10及 1040.11對於雷射產品之要求

有極為嚴謹之規範。廠商需檢附第三方實驗室所核發

之試驗報告證明符合要求，並附帶自我宣告聲明書一

併送交 FDA 備查，FDA 保留隨時稽查之權力。對醫療

用雷射產品方面， FDA 要求須符合 ISO 15004 

Opthalmic Instruments - Fundamental Requirements and 

Test Methods之要求，而日本已將該國際標準轉訂為

JIS T7332。負責為美國 FDA 進行境內醫療設備銷售管

理之醫療設備儀器及輻射健康中心（Center for Devices 
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and Radiological Health ,CDRH），亦發布雷射產品符合

IEC 60825-1及 IEC 60601-2-22之指導方針（Laser 

Products – Conformance with IEC 60825-1, Am. 2 and 

IEC 60601-2-22（Medical electrical equipment - Part 2-22: 

Particular requirements for basic safety and essential 

performance of surgical, cosmetic, therapeutic and 

diagnostic laser equipment）; Final Guidance for Industry 

and FDA），供 FDA及工業界參採。 

在日本之驗證制度方面，分為強制性產品驗證及

自願性產品驗證。在強制性產品驗證方面，日本「電

氣用品及材料安全法（Electrical Appliance and Material 

Safety Law or DENAN - DENKI YOHIN ANZEN HO）

（簡稱 DENAN 法，即“電安法”）」自 2001年 4 月

1 日起強制實施，取代原先之電氣用品取締法。目前管

制之電氣產品共有 453 種，均須標示 PSE標識始可在

在日本銷售及使用。而 PSE標識又分為菱形及圓形 2

種型式。 

電安法所管制的產品分為兩類：指定產品

（ Specified products, SPs） 和 非 指 定 產 品 （ Non-

specified products, NSPs）。所有指定產品均須經日本經

濟產業省（Minister of Economy, Trade and Industry, 

METI）授權之符合性評鑑機構（CAB）進行型式試驗
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及工廠檢查，並取得產品驗證證書，並於產品端標示

菱形 PSE標識（Diamond PSE）；非指定產品亦須符合

電安法之要求，可以由申請商自行測試或由第三方實

驗室測試並出具報告，不須取得產品驗證證書，在產

品端需標示圓形 PSE標識（Circle PSE），做法類似於

歐洲之 CE標識。生產廠場及各種產品類別每年均須接

受一次工廠檢查，證書之有效期限依產品類別分為 3

至 7年，如需延展，須再次進行產品測試。 

在自願性產品驗證方面，即標示 S 標識之產品，

檢測依據為附帶日本區域性差異之 IEC標準。S標識最

初由日本兩個半官方機構－日本品保協會及日本電子

電器安全與環境技術實驗室所發起，目前由日本電機

與電子器具及零件安全認證指導委員會  （Steering 

Council of Safety Certification for Electrical and Electronic 

Appliances and Parts of Japan, SCEA） 主導，參與之成

員包含政府機構、製造商、進口商、零售商、產品驗

證機構及消費者代表等 50個單位及團體。欲取得 S標

識之產品，除滿足安全性之要求外，亦須符合 EMC 之

規定，生產廠場並須接受首次及年度之工廠檢查。 

日本之 3種產品驗證標識如下表所示。 
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標識之圖樣 

   

標識之名稱 
指定產品

（SP）之

PSE標識 

非指定產品 
（NSP）之 
PSE標識 

S標識 

適用產品 115種 338種 － 

性質 強制性 自願性 

要求 安全及 EMC 

工廠檢查 需要 

電壓 100/200V（單相），200V （三相） 

頻率 50Hz 

 

對於光源的管制部分，安定器須取得菱形 PSE標

識，40 W 以下之螢光燈管、白熾燈及安定器內藏式螢

光燈泡（即俗稱之省電燈泡）須取得圓形 PSE標識，

目前暫不對 LED燈泡及 LED燈管加以管制。 

 

（2）4月 21日進行光輻射理論及量測技術研習 

對於光輻射理論之重點，茲整理如下： 

（a）光束：具有方向、發散、直徑或掃描規格之雷射

輻射。從非鏡面反射之散射輻射則不視為光束。 

（b）可達發射極限（AEL）：依產品所發射之光輻射
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特性加以分類，在特定類別內可容許之最大發射

位準。 

（c）最大允許曝露量（MPE）：正常情況下人體受雷

射照射不致產生不良後果之輻射位準。MPE 位

準指眼睛或皮膚受雷射照射後立即或經長時間後

未發生傷害之最大位準，與輻射波長、脈衝持續

時間或曝露時間、處於危險狀態之生物組織，以

及曝波長範圍露在 400 nm至 1400 nm之可見光

及近紅外線輻射中之視網膜影像之大小相關。本

次研習重點在於對眼睛之傷害部分。 

（d）表觀光源：在視網膜上可能形成最小影像之實際

或虛擬物體。觀念如下圖所示。 

實發光體                                虛發光體 

 
 

（e）對向角（angular subtense）：符號為 α，從空間之

某一點所觀察到之表觀光源，通常為表觀光源對

應於觀察者眼睛或量測點所形成之視角。對向角

係指全角，而非半角。為分析最大允許曝露量位

基座 

LED晶粒 

透鏡 

LED晶粒 

LED晶粒之虛像 

眼睛 
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準，對向角須在從表觀光源不小於 100 mm之觀

察距離決定。單位為徑度。 

（f）可接受角：符號為 γ，為 1 個光偵測器對光學輻

射產生回應之平面角度，通常以弧度表示。可由

孔徑或在探測器前之光學元件控制此角度。 

（g）光束直徑（光束寬度）：在空間某點處之光束直

徑 du，係指其功率（或能量）為總雷射功率（或

能量）的 u %之最小圓直徑。通常採用 d63。對於

高斯光束，d63 對應於輻照度（輻射曝露量）降

至其中心峰值 l/e之點。 

（h）光束發散角：由光束直徑之錐形遠場平面角定

義。若 2點間間距為 r 之光束直徑為 d63及 d'63，

則光束之發散角為： 








=ϕ
2r

d'-d
arctan 2  6363

 

（ i）準直光束：發散角或收斂角極小之平行輻射光

束。 

（j）擴展光源觀察：在 100 mm或更遠處之表觀光源

對眼睛所成之張角大於最小對向角（αmin）的觀

察條件。當考慮視網膜熱傷害時，考慮 2 項擴展

光源條件：以中間光源及大光源區別對向角 α介

於 αmin 與 αmax（中間光源）之光源與大於 αmax
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（大光源）之光源。例如觀察對象為某些漫反射

及某些雷射二極體陣列。 

（k）輻射亮度（radiance）：在單位發射立體角內，單

位輻射面積上之輻射能量，以下式表示。 

Ω⋅θ⋅
Φ=

dcosdA

d
L

（J·m-2·sr-1） 

dФ為光束通過某一點在給定方向之立體角 dΩ中

傳輸之輻射通量；dA 為包含該定點之光束截面

積；θ為切面法線和光束方向之夾角。 

（l）光譜分佈 （spectral distribution）：在波長 λ 處

（包含 λ 之波長），間隔 dλ 內之輻射量或光度

量 dx（λ）與該波長間隔之商，以下式表示。 

λ
λ=λ d

)(dX
X （[X] nm‧ -1） 

（m）光譜幅射照度（spectral irradiance）：入射至表

面上某單位面積，在一定波長間隔內發出之輻

射功率 dФ（λ），與該表面上之單位面積 dA 及

波長間隔 dλ之商，以下式表示。 

λ⋅
λΦ

=λ ddA

)(d
E （W‧m-2 nm‧ -1） 

（m）光譜輻亮度（spectral radiance）：通過某一點，

並沿某個方向之立體角傳輸之輻射功率 dФ(λ)與

波長間隔 dλ 及該點垂直方向之光束截面積 
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（ cosθ．dA）以及立體角 dΩ 之商，以下式表

示。 

λ⋅Ω⋅θ⋅
λΦ

=λ ddcosdA

)(d
L （W m‧ -2 nm‧ -1 sr‧ -1） 

（n）漫反射：輻射光束通過一表面或介質產生多向散

射，使輻射光束之空間分布改變。 

（o）輻照度：入射至表面上某單位面積中之一點處之

輻射通量 dΦ，與該面積 dA 之商，符號為 E。以

下式表示。 

dA

d
  E

Φ=
（W·m-2） 

（p）最大對向角（αmax）：表觀光源對向角之值，當

對向角高於該值時，其 MPE和 AEL 與光源之大

小無關。 

（q）最小對向角（αmin）：表觀光源對向角之值，對

向角大於該值之光源時視為擴展光源。光源之對

向角小於 αmin時，其 MPE和 AEL 與光源大小無

關。 

（r）標稱眼睛危害距離（NOHD）：光束輻照度或輻

射曝露密度與對應角膜之最大允許曝露量相等之

距離。若 NOHD 包括通過光學輔助器觀察雷射

光束之可能性時，則定義為擴展 NOHD。 

NOHD=f0/b0×(4ψ/(π×MPE))1/2，其中，f0 為光學儀
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器之焦距，b0 為光束之原始直徑，ψ 為光束之輸

出功率，MPE為最大允許曝露量。 

NOHD之示意圖 

 

（s）光化學危害限制：為保護人員不受光化學效應之

傷害，對 MPE或 AEL 所設定之限制。 

（t）流明（lumen）：光通量之單位，由一個發光強度

為 1 cd 之均勻點光源，在單位立體角內發射之光

通量。 

（u）勒克斯（lx）：照度之單位，由 Ix 之光通量均勻

分布在 1 m2表面上所產生之照度。 

（v）立體角（solid angle, ω）：在半徑為 d之球面上，

一面積為 A 之圓形曲面（ spherical surface 

area），其周邊對球心的連線所包含的角度為立

體角 ω=A/d2。單位立體角（sr）定義為當 A=d2

時之立體角。 

（w）全光通量（total luminous flux, φv）：光源朝所有

方向所發出之光通量總和，單位為流明（lm）。 

（x）光強度（luminous intensity, IV）：在指定方向之

單位立體角所發射的光通量，單位為燭光

f0 

b0 
NOHD 
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（candela, cd）。 

對於光輻射量測技術之重點，茲整理如下： 

有關輻照度之量測，以直徑為 D 之光感測器、限

制視場之孔徑、分光光譜儀、積分球及數據分析儀進

行輻照度量測，以 A 為半角，光源至光感測器之距

離，應遠大於光感測器之直徑。數據分析儀應能取得

單位接收面積上之入射輻射功率。 

就光生物性危害評估之角度，最小輸入孔徑為 7 

mm，最大輸入孔徑為 50 mm，可在小型積分球上，開

1個 25 mm之圓孔作為單光儀的輸入。對於空間均勻之

光輻射源，宜採用 25 mm的孔徑。對於空間輻射不均

勻之光源，光感測器之孔徑應為 7 mm。 

輻照度量測之示意圖 

 

依 IEC 61347所述，眼睛在靜止狀態時，視網膜

之成像最小值為 αmin，而將 αmin 之值定義為 0.0017弧

度，即以 0.0017弧度的對向角，作為量測之視場。當

H 

A 

光感測器 

 限制視場範圍之孔徑 

D 
H＞＞D 
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時間大於 0.25 秒時，由於眼睛快速運動而形成更大之

視場角度，另定義為 αeff，而 )25.0/t(mineff ⋅α=α 。 

有關輻亮度之量測，以直徑為 D 之光感測器、限

制視場之孔徑（角度範圍為 αeff）、分光光譜儀、積分

球及數據分析儀進行輻照度量測，光源至光感測器之

距離，應遠大於光感測器之直徑。數據分析儀應能取

得單位接收面積上之入射輻射功率。對於較小之角

度，成像系統中光感測器之直徑與焦距之關係為 d 

=αeffH。入射孔徑 D 對於脈波光源相當於 7 mm之瞳孔

直徑，對於 CW 光源，若入射輻照度足夠均勻，則孔

徑可超過 7 mm。 

輻亮度量測之示意圖 

 

 

（3）4月 22日進行脈衝輻射理論與量測技術研習 

對於脈衝輻射理論之重點，茲整理如下： 

光源 

αeff 
αeff 

孔徑 

D 

H 

同時作為瞳孔之 

入射口及出射口 

d 
光感測器

之直徑 
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（a）第 l 類雷射產品：在對應之波長及發射持續時間

內，人員可接近之雷射輻射不容許超過第 1 類

AEL 之任何雷射產品。 

（b）第 1 M 類雷射產品：在對應之波長及發射持續時

間內，人員可接近之雷射輻射不得超過第 1 類

AEL、波長範圍為 302.5 nm至 4000 nm之任何雷

射產品。若量測孔徑更小或距離表觀光源更遠

時，將比第 1 類雷射產品更須進行危害評估。因

此當使用光學儀器觀察時，第 1 M 類產品具有潛

在危害性。 

（c）第 2 類雷射產品：在對應波長及持續發射時間

內，人員可接近之雷射輻射不得超過第 2 類 AEL

之任何雷射產品。 

（d）第 2 M 類雷射產品：在對應波長及持續發射時間

內，人員可接近之雷射輻射不得超過第 2 類

AEL、波長範圍從 400 nm至 700 nm之任何雷射

產品。若量測孔徑更小或距離表觀光源更遠時，

將比第 2 類雷射產品更須進行危害評估。因此當

使用光學儀器觀察時，第 2 M 類產品具有潛在危

害。 

（e）第 3 R類及第 3 B 類雷射產品：允許人員接近超

過第 1類及第 2類 AEL 之雷射輻射，惟在任何發
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射持續時間及波長方面，人員可接近之雷射輻射

分別不得超過第 3 R類和第 3 B類 AEL 之任何雷

射產品。 

（f）第 4 類雷射產品：人員可接近之雷射輻射容許超

過第 3 B類 AEL 之任何雷射產品。 

（g）伴隨輻射：雷射操作時所必然產生，或因雷射操

作而使雷射產品發射在雷射輻射以外、波長範圍

為 180 nm至 l mm之電磁輻射。 

（h）連續波（continuous wave, CW）：雷射之輸出波

形為連續而非脈衝形式。連續輸出時間在 0.25秒

以上之雷射輻射視為連續波雷射。 

（i）發射持續時間：使用、維護或檢修雷射產品時，

可能出現人員接觸雷射輻射之單脈衝、脈衝串或

系列脈衝之持續時間，或連續波雷射之使用時

間。1 個脈衝串其持續時間為首脈衝之第一個半

峰值點至尾脈衝之最後半峰值點。 

（j）曝露時間：單脈衝、系列脈衝、脈衝串或連續發

射之雷射輻射，入射至人體上之持續時間。1 個

脈衝串其持續時間為首脈衝之第一個半峰值點至

尾脈衝之最後半峰值點。 

（k）脈衝持續時間：在脈衝前、後緣之半峰值功率點

間測得之時間差。 
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（l）脈衝雷射：以單脈衝或脈衝串形式釋放能量之雷

射。1個脈衝之持續時間應小於 0.25秒。 

（m）輻射亮度：符號為 L，依下式所定義的量： 

Ω⋅θ⋅
Φ=

dcosdA

d
L （W·m-2·sr-1） 

其中，dΦ 為由光束通過某一點在給定方向上之

立體角 dΩ中傳輸的輻射通量；dA為給定點之光

束截面積；θ為切面法線與光束方向之夾角。 

（n）輻射能量：符號為 Q，係輻射通量在給定之持續

時間 ∆t內，對時間之積分值，如下式所示。 

∫ Φ= ∆t dtQ （J） 

（o）輻射曝露密度：符號為 H，係照射至表面某單位

面積上之輻射能量，與該單位面積之商。 

∫== Edt
dA

dQ
H

（J·m-2） 

（p）輻射功率/輻射通量：符號為 Φ, P，係以輻射之形

式發射、傳輸或接收之功率。 

dt

dQ=Φ
（W） 

（q）反射比：符號為 ρ，係在一定條件下反射之輻射

功率與入射之輻射功率的比率。 

（r）熱危害限制：為保護人員不受熱效應之危害，對

MPE 或 AEL 所設定之限制，與光化學偒害相
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反。 

（s）曝露限制（exposure limit）：人體特定部位（例

如：眼睛或皮膚）所能承受而不致產生不利之生

物作用之輻照程度。 

（t）視覺的危害距離（ocular hazard distance）：單位

為 m，係與光源間之一段距離，若小於此距離，

則在一定之輻照時間內，所受之輻射亮度或輻射

照度將超過合理之限制值。 

（u）光學輻射（optical radiation）：波長範圍在 X 射

線過渡區（波長約為 1 nm）與無線電波（波長約

為 105 nrn）之間之電磁輻射。在雷射安全量測領

域之範疇，將光學輻射的波段限制為波長大於

200 nm，而 380 nm至 1400 nm間之光學輻射將可

達到視網膜。 

（v）曝露距離（exposure distance）：人體接受照射之

最近點與光源間之距離。對於向空間各方向輻射

之光源，以光源中心為起點量測此段距離。對於

具有透鏡之反射型光源，此段距離從透鏡之外側

邊緣起量測，對於無透鏡之反射型光源，自反射

器之端面起量測。 

（W）光束腰：實際上，雷射光束經透鏡後不會形成

無限小的點，經透鏡聚焦後之光束寬度，以 d0
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表示。d0=2.44λf/D，其中 D 為雷射直徑，λ為雷

射波長，f 為雷射頻率。下圖中 F 為焦距，而 S

為光束直徑小於 d0之範圍，亦稱為焦點深度。 

光束腰之示意圖 

 

對於脈衝輻射量測技術之重點，茲整理如下： 

雷射屬同調性（coherent）之電磁波，由於波峰疊

加作用之趨使，具有高能量之特性。 

同調性                                      非同調性 

 
 

由於光具有波之特性，具有繞射之性質，依單狹

縫之試驗結果得知，呈現高斯（Gaussian）分布之型

態。在屏幕顯現出明暗相間之條紋。 

 

 

 

D 

透鏡 

F 

焦點 

S 

d0 雷射光束 

0d2

光束軸 
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單狹縫試驗示意圖 

 

光波之繞射結果 

             

分布之型態如下圖所示。其中 FWHM 為高斯函數

半高全寬（Full Width Half Maximum）。從理論面來

看，其定義如下圖所示。 

 

光束 

狹縫 

屏幕 

高斯分布型態
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從實務面來看，FWHM 為雷射光束中最高亮度一

半處至最高亮度處距離之 2 倍，因此欲求得 FWHM 須

先找出整個雷射光束中最亮的位置。藉由掃描整個影

像，找出灰階值最亮之點，隨後向右掃描影像，直到

找出二分之一亮度處並記錄此處的位置，再以相同的

方法向左掃描，並記錄此處之位置，兩位置之間距即

為 FWHM。下圖中 C 點為整個光束中亮度最高之位

置，而線段 AB 為 FWHM。 

 

下方左圖為量測結果之平面影像，未針對其強度

以分色表示，右圖係將左圖之量測數據經電腦分析

後，以三維座標顯示強度分布，由圖中可看出中央部

位較兩側高之鐘型曲線趨勢，即高斯曲線之型態。 
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雷射之規格與其造成的危險性有密切關係，IEC 

60825-1（已調和為 CNS 15016-1雷射產品安全－第１

部：設備分類、要求和用戶指南）依雷射之危險程度

加以分級。雖然透過講師之講授已對標準之觀念有所

認識，惟進行光生物安全量測與評估前應從實務面加

以考量。依 IEC 62471所述，就裸視而言，進入眼睛並

由視網膜吸收之輻射通量（380 nm至 1400 nm）與瞳

孔之面積相關。在低亮度（小於 0.01 cd m‧ -2）時，瞳

孔直徑約為 7 mm，當亮度達到 10000 cd m‧ -2時，瞳孔

直徑將縮小至約 2 mm。將最大亮度（對應 0.011弧度

的圓形視場之平均值）小於 10 cd m‧ -2之剌激定義為微

弱視覺剌激。當亮度大於 10 cd m‧ -2，且輻射持續時間

大於 0.25時，以 3 mm之瞳孔直徑（面積為 7 mm2 ）

來評估光生物性危害。當亮度低時，即不產生視覺剌

激之情況，以 7 mm之瞳孔直徑（面積約為 38.5 rnm2）

作為光生物性危害之評估基礎。7 rnm之瞳孔直徑亦得

用於對脈衝光源導致的/或輻射持續時間小於 0.25秒所

導致之光生物危害評估。爰依此原則，將定義再加以

釐清，以貼近實際量測之情況。 

第 1 類雷射係在合理的操作（包含使用其它觀測

用之光學儀器）之下，不致對人體造成安全傷害之雷

射。而第 1 M（M 為 Magnification一詞之縮寫）類雷
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射係波長範圍在 302.5 nm至 4000 nm間，在合理操作

之下，不致造成安全傷害之雷射。若使用望遠鏡或放

大鏡觀測時，可能會對人眼造成傷害，其傷害程度須

小於第 3 B類雷射（小於 0.5 W）。第 2類雷射係波長

範圍在 400 nm至 700 nm，在合理操作之下（包含使用

其它觀測用之光學儀器），可藉由自然厭光反應

（aversion response，約 0.25 秒）而不致對人眼造成傷

害之雷射。波長在 400 nm至 700 nm 範圍外之第 2類級

雷射，其 AEL 須小於第 1類雷射之 AEL。第 2 M 類雷

射係波長範圍在 400 nm至 700 nm間，在合理操作之

下，可藉由自然厭光反應而使人眼不致造成傷害之雷

射。若使用望遠鏡或放大鏡觀測時，可能對人眼造成

傷害，其傷害程度須小於第 3 B 類雷射（0.5 W）。波

長在 400 nm至 700 nm 範圍外之雷射，其 AEL 須小於 

第 1 M 類雷射之 AEL，始屬第 2 M 類雷射。茲整理成

下表。 

雷射類別 

使用狀況 

第 1類 第 2類 

 

安全 照射時間小

於 0.25秒為

安全 
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雷射類別 

使用狀況 

第 1類 第 2類 

 

安全 照射時間小

於 0.25秒為

安全 

 

雷射類別 

使用狀況 

第 1 M類 第 2 M類 

 

安全 照射時間小

於 0.25 秒

為安全 

 

可 能 造 成

傷害 
可能造成傷

害 

 

第 3R類雷射係波長範圍在 302.5 nm至 106 nm，

直視雷射光束可能產生傷害之雷射。波長在 400 nm至

700 nm之範圍時，第 3R類雷射之 AEL 須小於第 2 類

雷射之 AEL 的五倍，而波長在 400 nm至 700 nm範圍
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之外時，第 3 R 類雷射之 AEL 須小於第 1 類雷射之

AEL 的五倍。第 3 B 類雷射係直視雷射光束時將造成

傷害、惟直視其散射光源仍屬安全之雷射。第 4 類雷

射係其散射光束仍具危險性、且可能對皮膚造成傷害

並導致火災之雷射。 

對於光生物性危害之評估，可接受角 γ 之範圍在

時間介於超過 10 秒與 100秒以下時 γ為 11 mrad。若

光源之對向角α大於規定之限制可接受角 γ 時，可

接受角不應大於規定值 γ。 

對輻射之量測與光化學限制相較，可接受角 γ

必須考慮完全包括光源（意即可接受角 γ 應至少儘

可能大於光源的對向角 α）。然而，若 α>αmax，處

於 302.5 nm至 4000 nm之波長範圍內時，可接受角

限制為 αmax（100 mrad）。在 400 nm至 1400 nm

之波長範圍內，須評估由多點組成之表觀光源，可

接受角在 αmin≦γ≦αmax之範圍內變化。 

可接受角由場域終止器直徑與透鏡場域終止器距

離（成像距離）之比值決定，或由場域終止器直徑與

光感測器距離之比值決定，應將透鏡之傳輸及反射之

損失考慮在內。終止器量測距離 r 依 IEC 60825-1表 10

之規定。 
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表觀光源透過透鏡成像 

 

 

光源不透過透鏡成像 

 

 

主要量測狀況如下： 

量測狀況一，使用望遠鏡觀測準直光束：以 50 

mm 之孔徑模擬人眼透過 7×50 之望遠鏡（最常用的望

遠鏡）對雷射光源進行觀測時的結果，以距離雷射光

源 2000 mm（即 2 m）遠處設置 50 mm之孔徑，於孔

徑後方量測。 

 

可接受角 

表觀光源 6 

表觀光源

之對向角 

α γ 

d 

圓形孔徑 

透鏡 

圓形場域

終止器 

光感測器

活動面積 

量測距離 r 成像距離 

圓形孔徑 圓形場域

終止器 

可接受角 

γ d 

量測距離 r 

光源 
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                                   2000 mm 

  

量測狀況二，使用放大鏡觀測發散光源：模擬人

眼透過放大鏡，對雷射光源進行觀測時之結果，以距

離雷射光源 14 mm遠處設置 7 mm 之孔徑，於孔徑後

方量測。 

                                                  14 mm 

  

量測狀況三，視觀測：模擬人眼以裸視觀測雷射

光源時之結果，以距離雷射光源 100 mm 遠處設置 7 

mm 之孔徑，於孔徑後方量測。 

                                   100 mm 

  

雷射之類別依下列量測條件判定： 

（a）第 1 類雷射之量測：若依上述狀況一及狀況二進

行量測，所測得的 AEL 不超過 IEC所規定之「第

1類雷射之 AEL」，則屬第 1類雷射。 

（b）第 1 M 類雷射之量測：若同時滿足下列 2 項條

件，則屬第 1 M類雷射： 
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－依上述狀況一及狀況二進行量測，所測得之 AEL 

之值超過 IEC 所規定「第 1類雷射之 AEL」，惟

小於「第 3B類雷射之 AEL」； 

－依上述狀況三進行量測，所測得之 AEL 不超過 

IEC 所規定之「第 1類雷射之 AEL」。 

（c）第 2 類雷射之量測：若依上述狀況一及狀況二進

行量測，所測得之 AEL 超過 IEC所規定之「第 1 

類雷射之  AEL」，惟不超過「第 2 類雷射之

AEL」，則屬第 2類雷射。 

（d）第 2 M 類雷射之量測：若同時滿足下列 2 項條

件，則屬第 2 M 類雷射： 

－依上述狀況一及狀況二進行量測，所測得之 AEL 

超過 IEC 所規定之「第 2類雷射之 AEL」，惟小

於「第 3B類雷射之 AEL」； 

－依上述狀況三進行量測，所測得之 AEL 不超過 

IEC所規定之「第 2類雷射之 AEL」。 

（e）第 3 R 類雷射之量測：若依上述狀況三進行量

測，所測得之 AEL 不超過 IEC所規定之「第 3 R 

類雷射之 AEL」，則屬第 3 B類雷射。 

（f）第 3 B 類雷射之量測：若依上述狀況三進行量

測，所測得之 AEL 不超過 IEC 所規定之「第 3B 
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類雷射之 AEL」，則屬第 3 B類雷射。 

（g）第 4 類雷射之量測：若依上述狀況三進行量測，

所測得之 AEL 不超過 IEC所規定之「第 4類雷射

之 AEL」，則屬第 4類雷射。 

 

（4）4月 23日進行 LED輻射理論與量測技術研習 

關於 LED輻射理論之重點部分，整理如下： 

（a）發光二極體（LED）：具有受電能激發時發光之

PN接面的半導體元件。 

（b）部分 LED 光通量（partial LED flux）：在某特定

立體角範圍內由 LED 元件所發出之光通量，該立

體角之值由一直徑 50 mm之圓形孔徑及從 LED

元件頂端至孔徑的圓心距離決定之。 

（c）平均 LED 光強度（averaged LED intensity）：待

測 LED 元件依選定之形式定位，從待測 LED 元

件之頂端至光感測器之入射孔徑作為基準面，在

指定距離下形成之立體角內所量得之平均光強度

值。待測 LED 元件之機械軸應通過照度計頭圓形

孔徑之中心。 

（d）半光強度發射角（half intensity angle）：LED 元

件之光強度分布，由峰值強度向兩側強度降至峰

值強度一半之間隔夾角角度。 
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（e）發光光譜分布（spectral power distribution）：

LED元件之發光功率對於發光波長的分布。 

（ f）峰值波長（peak wavelength）：發光光譜分布

中，發光光譜功率最大值處之波長，單位為

nm。 

（g）光譜半高波寬（spectral half-width bandwidth）：

LED 元件之發光光譜分布，由峰值向兩側功率降

至一半之間隔波長寬度，單位為 nm。 

關於 LED量測之重點部分，整理如下： 

LED 之發光原理係電子（帶負電）受電能激發

後，由價帶躍遷至傳導帶，於價帶中留下空位形成電

洞（帶正電），在傳導帶之電子隨機返回價帶與電洞

結合（稱為復合），在復合之過程中，將能量以光之

形式釋放而發光。由於發光二極體為通常為光源中之 1

個發光單元，爰具有點光源之特性，與一般傳統光源

與漫射發光之原理不同，量測方法有所差異。 

 

復合 

傳導帶 

價帶 

發光 
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LED 量測通常以光學頻譜分析儀解析其光譜特

性，相關參數說明如下： 

總功率：以光學頻譜分析儀量測 LED 時，LED 之

頻寬遠大於光學頻譜分析儀之解析頻寬（Resolution 

Bandwidth, RBW）。解析頻寬係指 2 個不同頻率之信

號能清楚分辨之最低頻寬差異。光學頻譜分析儀之循

跡點（trace point）所顯示之結果為頻譜密度（W/nm）

及非絕對功率。由於在整個波長範圍內，狹縫寬度與

波長之比值亦導致有效解析頻寬之改變，因此方程式

以內校正數據考量上述情況。總功率以右式決定：

∑=
=

n

1i
io )

RBW

spacingpointtrace
(PP ，其中 n 為循跡點數，Pi為

單循跡點之功率值。 

3 dB頻寬：找出 LED 頻譜之峰值點，從該點朝兩

側降至 3 dB 之點，即頻譜密度恰等於峰值功率頻譜密

度的一半，在此兩點間之寬度即為 3 dB頻寬。 

峰值密度（1 nm）：在峰值波長處，功率頻譜密

度以 LED 之 1 nm頻寬正規化（normalized）後之值。

峰值波長在最高循跡點處，對應於 LED 頻譜之峰值。

以下式計算： 

)(

peak

peak
RBW

P
DensityPeak

λ
=

 

σ（sigma）：係在高斯分布下，LED 頻譜寬度之
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均方根值。以下式計算： 

2
i

n

1i o

i ))(
RBW

pacingsintpotrace
(

P

P λ−λ∑=σ
=  

其中 λ 在此視為平均波長（FWHM），λi 為單循跡點之

波長，Pi為單循跡點之功率，Po為總功率。 

平均波長：代表所有循跡點群體之中心波長，以

總功率及各循跡點之功率來決定平均波長。以下式計

算： 

i

n

1i o

i )
RBW

spacingintpotrace
(

P

P λ∑=λ
=  

中心波長：為決定 3 dB頻寬之 2點，其對應波長

之平均值。通常平均波長與中心波長相近。 

半高全寬（FWHM）：表示 LED 半功率點之頻譜

寬度。半功率點為功率頻譜密度恰為峰值一半之點。

半 高 全 寬 值 通 常 與 3 dB 頻 寬 極 為 接 近 。

FWHM=2.355σ。 

 

（5）4月 23日進行綜合實測訓練 

關於量測設備及儀器之重點部分，整理如下： 

（a）擋板：防護罩或防護圍封的一部分。當移去或拆

除時，可提供雷射輻射之通路。 

（b）孔徑/孔徑光閘（aperture/ aperture stop）：係定義
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平均光輻射測量區域之開口，對於光譜輻照度測

量而言，開口通常位於輻射度計/光譜輻射度計

入射狹縫前方積分球之入口。 

（c）限制孔徑：對輻照度和輻射曝露密度進行平均之

圓形區域。 

（d）光束衰減器：使雷射輻射降至低於規定位準之裝

置。 

（e）擴束器：可擴大雷射光束直徑之光學組件。 

（f）規定光路：在雷射產品內部之雷射光束預定路

徑。 

（g）光路組件：位於規定光路之光學組件（例如：光

束控制鏡或聚焦透鏡）。 

（h）光束終止器：終止雷射光束路徑之裝置。 

（i）頻譜分析儀：對於量測信號之時域，示波器為重

要之量測儀器，可直接顯示信號波幅、頻率、週

期、波形與相位之響應變化，惟僅侷限於低頻之

信號。高頻信號之量測可透過頻譜分析儀將含有

許多頻率之信號以頻域方式呈現，以識別在各個

頻率之功率，顯示信號在頻域中之特性。 

（j）解析頻寬：2 個不同頻率之信號頻寬如低於頻譜

分析儀之 RBW，則兩信號將重疊且難以分辨，

較低之 RBW 固然有助於不同頻率信號之分辨與
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量測，惟低 RBW 將濾除較高頻率之信號成份，

導致信號顯示時產生失真，失真值與所設定之

RBW密切相關，較高之 RBW 雖有助於寬頻帶信

號之偵測，惟將增加雜訊底層值(Noise Floor)，降

低量測靈敏度，對於偵測低強度的信號易產生阻

礙，爰適當之 RBW 寬度為正確使用頻譜分析儀

之重要概念。 

（k）主要量測設備應符合下列基本要求： 

－量測用電源：直流電源之漣波（ripple）百分率

在 1%以下，變化率應在±0.2%以內。 

－電性量測用儀器：容許差需在±0.5%以內。 

－分光光譜儀（spectroradiometer）：對所量測之

波長範圍具有必要之帶域特性，並具有充分的

解析能力者。頻寬及波長之掃描間隔應小於 2.5 

nm。波長精確度須在±0.3 nm（以汞氬燈或雷射

比對）以下。 

－積分球（integrating sphere）：內部應具備相同

之白色擴散反射特性。球體內壁反射率須大於

90%，量測部分 LED 光通量時，內壁反射率須

大於 95%，總開口埠面積須小於球體內壁面積

的 4%。 

所使用之量測設備/儀器如下： 



 52 

氦氖雷射產生器 藍光/白光 LED元件 

 

 

 

 

 

 

 

電源供應器 溫度控制器 

  

 

 

 

光學頻譜分析儀 光感測器 
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分光光譜儀 固定座 

  

 
手持式觀測器 積分球 

  

首先進行表觀光源透過透鏡成像之量測，設備之

配置如下圖所示。隨後將透鏡組移去，進行光源不透

過透鏡成像之量測。 

使用透鏡進行雷射之量測 

 

光學滑軌 

透鏡組 
光偵測器與光譜

分析儀總成 

氦氖雷射產生器 

光學頻譜分析儀 溫度控制器 

電源供應器 
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依雷射類別進行量測，以孔徑模擬人體之瞳孔，

進行雷射安全之評估。另以透鏡模擬使用放大鏡或望

遠鏡觀測之情況，進行危害評估。量測之配置如下圖

所示。 

使用孔徑進行雷射之量測 

 

 

使用孔徑與透鏡雷射之量測 

 

 

復以手持式觀測器間接觀測雷射光束，感受光束

之輝度，以個人電腦分析量測數據，顯示光束之平面

孔徑 
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與三維影像，計算 FWHM等參數。 

 

使用孔徑及手持式觀測器進行雷射之量測 

 

 

使用孔徑、透鏡與手持式觀測器進行雷射之量測 

 

 

隨後進行 LED 之量測。分別以白光與藍光 LED

元件進行量測。以積分球量測光通亮及光強度等光學

特性，隨後以孔徑模擬瞳孔，評估藍光對人體之危害

性。 

 

手持式觀測器 

個人電腦 
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使用積分球進行 LED之量測 

 

 

使用孔徑進行 LED之量測 

 
 

（三） 拜訪日本電球工業會 

98年 4月 24日由 JQA山崎龍一副參事陪同，拜

訪日本電球工業會（JELMA），與技術擔當部長赤

澤幸造、專務理事武內徹二及日本照明器具工業會專

務理事赤塚美津雄進行座談，會中就日本 LED 照明

相關標準制定進度與計畫、產業標準整合經驗、驗證

積分球 LED元件 
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制度等議題交換意見。 

首先由武內徹二先生簡介日本電球工業會之沿

革，及推動 LED 照明標準化之情形。為加速推動

LED 照明之標準化，由日本電球工業會發起，聯合日

本照明學會（JIES）、日本照明委員會（JCIE）及日

本照明器具工業會（JIL）共同於 2004年 6 月 9 日成

立日本 LED 照明推進協議會（JLEDS），著手制定

照明用白光 LED 之測光方法，於 2004年 11月 12日

完成制定，復於 2006年修訂，於 2007年成為 JIS C 

8152。在 JLEDS成立之前，有許多組織及團體從不

同之技術層次推動 LED 之應用，例如：日本電球工

業會主推照明用白光 LED 模組之安全性標準，日本

電機控制設備工業會（NECA）主推工業用 LED 標

準，日本電子及資訊技術研究所（JEITA）主推指示

及顯示用 LED 之標準，日本照明器具工業會則主推

白光 LED照明器具性能標準。 

 

JELMA：日本電球工業會 

JIES：日本照明學會  

JCIE：日本照明委員會  

JIL：日本照明器具工業會 
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在 JLEDS成立後，統籌所有資源，積極制定與

推動 LED 產品標準及量測規範，企圖繼專利策略之

後，再次以 LED標準搶佔 LED固態照明市場先機。 

除此之外，產業界也組成研發聯盟，打破單兵

作戰之模式，集結技術與專利之資源，形成足以與我

國、歐、美、南韓及中國大陸等國家抗衡之強大勢

力，包括小系製作所、三菱電機、松下電器、日立

LIGHTING、豐田合成、USHIO、OSRAM MELCO、

松下電工、NEC LIGHTING、STANLY、日亞、東芝

Lighttech、LUMILEDS LIGHTING JAPAN、ROHM

等。 

武內徹二先生亦說明 JIS 近期（至 2012 年）

LED 相關 JIS 制定與修訂之時程規劃，包括預定於

2011年制定完成 JIS C8156 一般照明用 LED 光源之

安全性要求（擬與 IEC 62560調和，正由 IEC 制定

中）、預定於 2012年制定完成 JIS C8157 一般照明用

LED 光源之性能要求（調和自 IEC 62612）、預定於

2012年制定完成 JIS C8158 一般照明用 LED 光源之

產品規格（由日本自行制定，與 IEC 62560及 IEC 

62612對應）、將於今年制定完成 JIS C8154 一般照

明用 LED模組之安全性要求（調和自 IEC 62031）及

將於今年制定完成 JIS C8153 LED模組電源控制裝置
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之性能要求（調和自 IEC 62384）等。 

在驗證制度方面，除了在 JQA 研習期間所了解

強制性之 PSE標識及自願性之 S標識外，日本對於節

能產品尚有省能源標章（Energy Saving Label）之自

願性產品驗證制度，類似我國之節能標章。日本於

1979年第二次能源危機發生時制定省能源法（Energy 

Conservation Law），主要針對工廠、建築物及高耗

能之器具設備，揭櫫相關節約能源措施，展開耗能器

具與設備能源效率管理之行動，採取最低能源效率基

準（Minimum Energy Performance Standard, MEPS）

之管理模式，以淘汰一定比率之低能效產品，或基於

技術及經濟可行制定最低能效基準，並規定自施行年

度起，不符合規定能效基準之產品將不得進口或銷

售，目前大部份國家皆採行此種能效管理方式。 

1998 年日本再度修訂省能源法，將節能標竿

（Top Runner）之理念納入法律條文中，即就目前商

品中能效最優異者為基準，並考量未來技術之發展，

訂定能源效率目標值，並要求該產品之製造商或進口

商，須在規定之目標年度內達成所要求之能效基準，

此係目前日本採行之能源效率管理新方式。 

日本省能源標示制度為節能標竿推動之配套措

施，目的在於使消費者了欲購買之產品是否已達到能
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源效率目標值，以引導消費者選購省能產品，而政府

亦可用以監督業者是否符合法規要求。日本省能源標

示制度雖為自願性，惟絕大部分之業者皆配合標示。

省能源標章分為橘色與綠色，橘色代表未達能源效率

基準，綠色代表已達（或超過）能源效率基準，標示

方式如下所示。 

未達能源效率基準之標示方式 

 

已達能源效率基準之標示方式 

 

在光源方面，目前僅有螢光燈管一項，在 LED

普及之後，將可能納入省能源標章之範圍。 

在雙方充分交換意見後，與山崎龍一、赤澤幸

造、武內徹二及赤塚美津雄等人合影後離去。結束為

期 10天之出國行程。 

能效能效能效能效基基基基準達成率準達成率準達成率準達成率    

107% 

會計年度會計年度會計年度會計年度：：：：○○○○○○○○    

年總消耗電力年總消耗電力年總消耗電力年總消耗電力    

□□□□□□□□□□□□    kWh/年年年年 

能效能效能效能效基基基基準達成率準達成率準達成率準達成率    

91% 

會計年度會計年度會計年度會計年度：：：：○○○○○○○○    

年總消耗電力年總消耗電力年總消耗電力年總消耗電力    

□□□□□□□□□□□□    kWh/年年年年 
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四四四四、、、、    心得心得心得心得與建議與建議與建議與建議 

透過本次之行程，體認全球在 LED 製程、檢測與商品

化等方面發展之趨勢，並對於 IEC 60825-1及 IEC 62471在

量測理論與技術方面有較深刻之了解。另在 LED 實測方

面，對於相關設備之配置、儀器之調校、架設、量測之程序

及資料之判讀等，均建立一定之認知與能力，而在日本

LED標準化推動與驗證制度方面亦有基本之認識。 

由於本局對 LED 領域方面之技術、資訊、資料與設備

等方面之投入起步較晚，爰標準制定、驗證制度及檢測技

術，能師法於具有足夠經驗之日本 JQA，實為難得之寶貴經

驗。日後無論在標準與檢測之業務上，必能將所獲得之經驗

充分落實，有助於業務之推動。 

在標準制定方面，本局在 IEC 62031（一般照明用 LED

模組之安全性要求）之制定上與日本同步，均可望在今年度

完成，而在 IEC 62384（LED 模組電源控制裝置之性能要

求）之制定上則領先日本，CNS已於去年（97）公布，而日

本預定在今年度始完成。另 IEC 62612（一般照明用 LED光

源之性能要求）本局正開始制定，日本則預定於 2012年完

成、IEC 62560（一般照明用 LED 光源之安全性要求）本局

擬著手研擬草案，而日本預定在 2011年完成，我國可望能

領先日本。 

由於光源所產生之光生物性危害已日漸受到重視，有
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關雷射安全方面，本局已參照 IEC 60825-1制定 CNS 15016-

1「雷射產品安全－第１部：設備分類、要求和用戶指南」

及 IEC 60825-2制定「雷射產品安全－第２部：光纖通訊系

統之安全性」，而光生物性評估方法則尚未制定國家標準，

未來可參照 IEC 62471「Photobiological safety of lamps and 

lamp systems」及 IEC 62471-2「Photobiological Safety of 

Lamps and Lamps Systems – Part 2: Guidance on 

manufacturing requirements relating to non-laser optical radiation 

safety」（IEC 正制定中）制定 CNS，以作為相關照明類產

品檢測之依據。 

在光源之產品驗證方面，LED 光源雖已問世一段時

間，但由於價格高昂且技術尚在發展中，普及率不高，日本

對於該項產品亦未實施強制性產品驗證。未來在標準齊備、

產品成熟普遍後，產品驗證之需求預料將浮現，採自願性或

強制性之模式，檢測能力與能量之建立均刻不容緩，在此行

之研修過程中已了解 LED 量測必要之設備，可作為檢測設

備建置之參考。 

在本次參訪行程中，與 JQA及 JELMA建立良好的溝通

管道，今後不論在標準及技術資料之共享，及檢測問題研討

與交流等方面，均有聯絡窗口可供聯繫，對於業務之推動可

望更為順暢。
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附錄附錄附錄附錄一一一一：：：：活動照片活動照片活動照片活動照片 

日本東京有明國際展覽中心（Tokyo Big Sight, Japan） 

 
 

LIGHTING JAPAN展覽報到處 
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LIGHTING JAPAN展覽等候進場之人潮 

 

 
LIGHTING JAPAN展覽會場內之盛況 

 

 
LIGHTING JAPAN展覽會場內之盛況 
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LIGHTING JAPAN展覽會場內之實況 

 
 

LIGHTING JAPAN展覽會場內之實況 

 
 

FINETECH JAPAN展覽會場內之盛況 
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FINETECH JAPAN展覽會場內之盛況 

 

 

FINETECH JAPAN展覽會場中之台灣展場 
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在 JQA研習之情形，由立原克法工程師授課 

 
 

與 JQA技術人員合影 
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由 JQA後藤智課長頒授邱技士垂興結訓證書 

 
 

由 JQA後藤智課長頒授葉技正永宏結訓證書 
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與日本電球工業會之人員合影 

 
 

於 JQA總部之留影 
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日本東京市交通號誌燈應用 LED之情形 

 
 

日本東京市戶外顯示看板應用 LED之情形 
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compatibility requirements for a laser 
energy source that will assure compli-
ance of the laser product with this sec-
tion and § 1040.11. 

(vi) In the case of laser products clas-
sified with a 7 millimeter diameter ap-
erture stop as provided in paragraph 
(e)(3)(i) of this section, if the use of a 50 
millimeter diameter aperture stop 
would result in a higher clsssification 
of the product, the following warning 
shall be included in the user informa-
tion: ‘‘CAUTION—The use of optical in-
struments with this product will in-
crease eye hazard.’’

(2) Purchasing and servicing informa-
tion. Manufacturers of laser products 
shall provide or cause to be provided: 

(i) In all catalogs, specification 
sheets, and descriptive brochures per-
taining to each laser product, a legible 
reproduction (color optional) of the 
class designation and warning required 
by paragraph (g) of this section to be 
affixed to that product, including the 
information required for positions 1, 2, 
and 3 of the applicable logotype (figure 
1 of paragraph (g)(1)(ii) or figure 2 of 
paragraph (g)(2)(ii) of this section). 

(ii) To servicing dealers and distribu-
tors and to others upon request at a 
cost not to exceed the cost of prepara-
tion and distribution, adequate in-
structions for service adjustments and 
service procedures for each laser prod-
uct model, including clear warnings 
and precautions to be taken to avoid 
possible exposure to laser and collat-
eral radiation in excess of the acces-
sible emission limits in tables I, II–A, 
II, III–A, III–B, and VI of paragraph (d) 
of this section, and a schedule of main-
tenance necessary to keep the product 
in compliance with this section and 
§ 1040.11; and in all such service instruc-
tions, a listing of those controls and 
procedures that could be utilized by 
persons other than the manufacturers 
or the manufacturer’s agents to in-
crease accessible emission levels of ra-
diation and a clear description of the 
location of displaceable portions of the 
protective housing that could allow 
human access to laser or collateral ra-
diation in excess of the accessible 
emission limits in tables I, II–A, II, III–
A, III–B, and VI of paragraph (d) of this 
section. The instructions shall include 
protective procedures for service per-

sonnel to avoid exposure to levels of 
laser and collateral radiation known to 
be hazardous for each procedure or se-
quence of procedures to be accom-
plished, and legible reproductions 
(color optional) of required labels and 
hazard warnings. 

(i) Modification of a certified product. 
The modification of a laser product, 
previously certified under § 1010.2, by 
any person engaged in the business of 
manufacturing, assembling, or modi-
fying laser products shall be construed 
as manufacturing under the act if the 
modification affects any aspect of the 
product’s performance or intended 
function(s) for which this section and 
§ 1040.11 have an applicable require-
ment. The manufacturer who performs 
such modification shall recertify and 
reidentify the product in accordance 
with the provisions of §§ 1010.2. and 
1010.3. 

(The information collection requirements 
contained in paragraph (a)(3)(ii) were ap-
proved by the Office of Management and 
Budget under control number 0910–0176) 

[50 FR 33688, Aug. 20, 1985; 50 FR 42156, Oct. 
18, 1985; 65 FR 17138, Mar. 31, 2000]

§ 1040.11 Specific purpose laser prod-
ucts. 

(a) Medical laser products. Each med-
ical laser product shall comply with all 
of the applicable requirements of 
§ 1040.10 for laser products of its class. 
In addition, the manufacturer shall: 

(1) Incorporate in each Class III or IV 
medical laser product a means for the 
measurement of the level of that laser 
radiation intended for irradiation of 
the human body. Such means may have 
an error in measurement of no more 
than 20 percent when calibrated in ac-
cordance with paragraph (a)(2) of this 
section. Indication of the measurement 
shall be in International System Units. 
The requirements of this paragraph do 
not apply to any laser radiation that is 
all of the following: 

(i) Of a level less than the accessible 
limits of Class IIIa; and 

(ii) Used for relative positioning of 
the human body; and 

(iii) Not used for irradiation of the 
human eye for ophthalmic purposes. 

(2) Supply with each Class III or IV 
medical laser product instructions 
specifying a procedure and schedule for 
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calibration of the measurement system 
required by paragraph (a)(1) of this sec-
tion. 

(3) Affix to each medical laser prod-
uct, in close proximity to each aper-
ture through which is emitted acces-
sible laser radiation in excess of the ac-
cessible emission limits of Class I, a 
label bearing the wording: ‘‘Laser aper-
ture.’’

(b) Surveying, leveling, and alignment 
laser products. Each surveying, leveling. 
or alignment laser product shall com-
ply with all of the applicable require-
ments of § 1040.10 for a Class I, IIa, II or 
IIIa laser product and shall not permit 
human access to laser radiation in ex-
cess of the accessible emission limits of 
Class IIIa. 

(c) Demonstration laser products. Each 
demonstration laser product shall com-
ply with all of the applicable require-
ments of § 1040.10 for a Class I, IIa, II, or 
IIIa laser product and shall not permit 
human access to laser radiation in ex-
cess of the accessible emission limits of 
Class I and, if applicable, Class IIa, 
Class II, or Class IIIa. 

[50 FR 33702, Aug. 20, 1985]

§ 1040.20 Sunlamp products and ultra-
violet lamps intended for use in 
sunlamp products. 

(a) Applicability. (1) The provisions of 
this section, as amended, are applica-
ble as specified herein to the following 
products manufactured on or after Sep-
tember 8, 1986. 

(i) Any sunlamp product. 
(ii) Any ultraviolet lamp intended for 

use in any sunlamp product. 
(2) Sunlamp products and ultraviolet 

lamps manufactured on or after May 7, 
1980, but before September 8, 1986, are 
subject to the provisions of this section 
as published in the FEDERAL REGISTER 
of November 9, 1979 (44 FR 65357). 

(b) Definitions. As used in this section 
the following definitions apply: 

(1) Exposure position means any posi-
tion, distance, orientation, or location 
relative to the radiating surfaces of the 
sunlamp product at which the user is 
intended to be exposed to ultraviolet 
radiation from the product, as rec-
ommended by the manufacturer. 

(2) Intended means the same as ‘‘in-
tended uses’’ in § 801.4. 

(3) Irradiance means the radiant 
power incident on a surface at a speci-
fied location and orientation relative 
to the radiating surface divided by the 
area of the surface, as the area be-
comes vanishingly small, expressed in 
units of watts per square centimeter 
(W/cm2). 

(4) Maximum exposure time means the 
greatest continuous exposure time in-
terval recommended by the manufac-
turer of the product. 

(5) Maximum timer interval means the 
greatest time interval setting on the 
timer of a product. 

(6) Protective eyewear means any de-
vice designed to be worn by users of a 
product to reduce exposure of the eyes 
to radiation emitted by the product. 

(7) Spectral irradiance means the irra-
diance resulting from radiation within 
a wavelength range divided by the 
wavelength range as the range becomes 
vanishingly small, expressed in units of 
watts per square centimeter per 
nanometer (W/(cm2/nm)). 

(8) Spectral transmittance means the 
spectral irradiance transmitted 
through protective eyewear divided by 
the spectral irradiance incident on the 
protective eyewear. 

(9) Sunlamp product means any elec-
tronic product designed to incorporate 
one or more ultraviolet lamps and in-
tended for irradiation of any part of 
the living human body, by ultraviolet 
radiation with wavelengths in air be-
tween 200 and 400 nanometers, to in-
duce skin tanning. 

(10) Timer means any device incor-
porated into a product that terminates 
radiation emission after a preset time 
interval. 

(11) Ultraviolet lamp means any lamp 
that produces ultraviolet radiation in 
the wavelength interval of 200 to 400 
nanometers in air and that is intended 
for use in any sunlamp product. 

(c) Performance requirements—(1) Irra-
diance ratio limits. For each sunlamp 
product and ultraviolet lamp, the ratio 
of the irradiance within the wave-
length range of greater than 200 
nanometers through 260 nanometers to 
the irradiance within the wavelength 
range of greater than 260 nanometers 
through 320 nanometers may not ex-
ceed 0.003 at any distance and direction 
from the product or lamp. 
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Drug Administration, may grant an ex-
emption from one or more of the state-
ments (radiation safety warnings) spec-
ified in paragraph (c)(6)(i) of this sec-
tion. Such exemption shall be based
upon a determination by the Director
that the microwave oven model for
which the exemption is sought should
continue to comply with paragraphs (c)
(1), (2), and (3) of this section under the
adverse condition of use addressed by
such precautionary statement(s). An
original and two copies of applications
shall be submitted to the Dockets Man-
agement Branch (HFA–305), Food and
Drug Administration, rm. 1–23, 12420
Parklawn Dr., Rockville, MD 20857.
Copies of the written portion of the ap-
plication, including supporting data
and information, and the Director’s ac-
tion on the application will be main-
tained by the Branch for public review.
The application shall include:

(a) The specific microwave oven
model(s) for which the exemption is
sought.

(b) The specific radiation safety
warning(s) from which exemption is
sought.

(c) Data and information which clear-
ly establish that one or more of the ra-
diation safety warnings in paragraph
(c)(6)(i) of this section is not necessary
for the specified microwave oven
model(s).

(d) Such other information and a
sample of the applicable product if re-
quired by regulation or by the Direc-
tor, Center for Devices and Radiologi-
cal Health, to evaluate and act on the
application.

[38 FR 28640, Oct. 15, 1973, as amended at 40
FR 14752, Apr. 4, 1975; 40 FR 52007, Nov. 7,
1975; 46 FR 8461, Jan. 27, 1981; 48 FR 57482,
Dec. 30, 1983; 50 FR 13566, Apr. 5, 1985; 53 FR
11254, Apr. 6, 1988; 59 FR 14365, Mar. 28, 1994]

PART 1040—PERFORMANCE
STANDARDS FOR LIGHT-EMITTING
PRODUCTS

Sec.
1040.10 Laser products.
1040.11 Specific purpose laser products.
1040.20 Sunlamp products and ultraviolet

lamps intended for use in sunlamp prod-
ucts.

1040.30 High–intensity mercury vapor dis-
charge lamps.

AUTHORITY: Secs. 501, 502, 510, 515–520, 701,
801 of the Federal Food, Drug, and Cosmetic
Act (21 U.S.C. 351, 352, 360, 360e–360j, 371, 381);
secs. 354–360F of the Public Health Service
Act (42 U.S.C. 263b–263n).

§ 1040.10 Laser products.

(a) Applicability. The provisions of
this section and § 1040.11, as amended,
are applicable as specified to all laser
products manufactured or assembled
after August 1, 1976, except when:

(1) Such a laser product is either sold
to a manufacturer of an electronic
product for use as a component (or re-
placement) in such electronic product,
or

(2) Sold by or for a manufacturer of
an electronic product for use as a com-
ponent (or replacement) in such elec-
tronic product, provided that such
laser product:

(i) Is accompanied by a general warn-
ing notice that adequate instructions
for the safe installation of the laser
product are provided in servicing infor-
mation available from the complete
laser product manufacturer under para-
graph (h)(2)(ii) of this section, and
should be followed,

(ii) Is labeled with a statement that
it is designated for use solely as a com-
ponent of such electronic product and
therefore does not comply with the ap-
propriate requirements of this section
and § 1040.11 for complete laser prod-
ucts, and

(iii) Is not a removable laser system
as described in paragraph (c)(2) of this
section; and

(3) The manufacturer of such a laser
product, if manufactured after August
20, 1986:

(i) Registers, and provides a listing
by type of such laser products manu-
factured that includes the product
name, model number and laser medium
or emitted wavelength(s). The registra-
tion and listing shall include the name
and address of the manufacturer and
shall be submitted to the Director, Of-
fice of Compliance (HFZ–300), Center
for Devices and Radiological Health,
5600 Fishers Lane, Rockville, MD 20857.

(ii) Maintains and allows access to
any sales, shipping, or distribution
records that identify the purchaser of
such a laser product by name and ad-
dress, the product by type, the number
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1 Class I levels of laser radiation are not
considered to be hazardous.

2 Class IIa levels of laser radiation are not
considered to be hazardous if viewed for any
period of time less than or equal to 1 × 103

seconds but are considered to be a chronic
viewing hazard for any period of time greater
than 1 × 103 seconds.

3 Class II levels of laser radiation are con-
sidered to be a chronic viewing hazard.

4 Class IIIa levels of laser radiation are con-
sidered to be, depending upon the irradiance,
either an acute intrabeam viewing hazard or
chronic viewing hazard, and an acute view-
ing hazard if viewed directly with optical in-
struments.

5 Class IIIb levels of laser radiation are con-
sidered to be an acute hazard to the skin and
eyes from direct radiation.

6 Class IV levels of laser radiation are con-
sidered to be an acute hazard to the skin and
eyes from direct and scattered radiation.

of units sold, and the date of sale (ship-
ment). These records shall be main-
tained and made available as specified
in § 1002.31.

(b) Definitions. As used in this section
and § 1040.11, the following definitions
apply:

(1) Accessible emission level means the
magnitude of accessible laser or collat-
eral radiation of a specific wavelength
and emission duration at a particular
point as measured according to para-
graph (e) of this section. Accessible
laser or collateral radiation is radi-
ation to which human access is pos-
sible, as defined in paragraphs (b) (12),
(15), and (22) of this section.

(2) Accessible emission limit means the
maximum accessible emission level
permitted within a particular class as
set forth in paragraphs (c), (d), and (e)
of this section.

(3) Aperture means any opening in the
protective housing or other enclosure
of a laser product through which laser
or collateral radiation is emitted,
thereby allowing human access to such
radiation.

(4) Aperture stop means an opening
serving to limit the size and to define
the shape of the area over which radi-
ation is measured.

(5) Class I laser product means any
laser product that does not permit ac-
cess during the operation to levels of
laser radiation in excess of the acces-
sible emission limits contained in
Table I of paragraph (d) of this sec-
tion.1

(6) Class IIa laser product means any
laser product that permits human ac-
cess during operation to levels of visi-
ble laser radiation in excess of the ac-
cessible emission limits contained in
Table I, but does not permit human ac-
cess during operation to levels of laser
radiation in excess of the accessible
emission limits contained in Table II–A
of paragraph (d) of this section.2

(7) Class II laser product means any
laser product that permits human ac-

cess during operation to levels of visi-
ble laser radiation in excess of the ac-
cessible emission limits contained in
Table II–A, but does not permit human
access during operation to levels of
laser radiation in excess of the acces-
sible emission limits contained in
Table II of paragraph (d) of this sec-
tion.3

(8) Class IIIa laser product means any
laser product that permits human ac-
cess during operation to levels of visi-
ble laser radiation in excess of the ac-
cessible emission limits contained in
Table II, but does not permit human
access during operation to levels of
laser radiation in excess of the acces-
sible emission limits contained in
Table III–A of paragraph (d) of this sec-
tion.4

(9) Class IIIb laser product means any
laser product that permits human ac-
cess during operation to levels of laser
radiation in excess of the accessible
emission limits of Table III–A, but does
not permit human access during oper-
ation to levels of laser radiation in ex-
cess of the accessible emission limits
contained in Table III–B of paragraph
(d) of this section.5

(10) Class III laser product means any
Class IIIa or Class IIIb laser product.

(11) Class IV laser product means any
laser that permits human access during
operation to levels of laser radiation in
excess of the accessible emission limits
contained in Table III–B of paragraph
(d) of this section.6

(12) Collateral radiation means any
electronic product radiation, except
laser radiation, emitted by a laser
product as a result of the operation of
the laser(s) or any component of the
laser product that is physically nec-
essary for the operation of the laser(s).
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(13) Demonstration laser product means
any laser product manufactured, de-
signed, intended, or promoted for pur-
poses of demonstration, entertainment,
advertising display, or artistic com-
position. The term ‘‘demonstration
laser product’’ does not apply to laser
products which are not manufactured,
designed, intended, or promoted for
such purposes, even though they may
be used for those purposes or are in-
tended to demonstrate other applica-
tions.

(14) Emission duration means the tem-
poral duration of a pulse, a series of
pulses, or continuous operation, ex-
pressed in seconds, during which
human access to laser or collateral ra-
diation could be permitted as a result
of operation, maintenance, or service
of a laser product.

(15) Human access means the capacity
to intercept laser or collateral radi-
ation by any part of the human body.
For laser products that contain Class
IIIb or IV levels of laser radiation,
‘‘human access’’ also means access to
laser radiation that can be reflected di-
rectly by any single introduced flat
surface from the interior of the product
through any opening in the protective
housing of the product.

(16) Integrated radiance means radiant
energy per unit area of a radiating sur-
face per unit solid angle of emission,
expressed in joules per square centi-
meter per steradian (Jcm¥2 sr¥1).

(17) Invisible radiation means laser or
collateral radiation having wave-
lengths of equal to or greater than 180
nm but less than or equal to 400 nm or
greater than 710 nm but less than or
equal to 1.0 X 106 nm (1 millimeter).

(18) Irradiance means the time-aver-
aged radiant power incident on an ele-
ment of a surface divided by the area of
that element, expressed in watts per
square centimeter (W cm¥2).

(19) Laser means any device that can
be made to produce or amplify electro-
magnetic radiation at wavelenghts
greater than 250 nm but less than or
equal to 13,000 nm or, after August 20,
1986, at wavelengths equal to or greater
than 180 nm but less than or equal to
1.0X106 nm primarily by the process of
controlled stimulated emission.

(20) Laser energy source means any de-
vice intended for use in conjunction

with a laser to supply energy for the
operation of the laser. General energy
sources such as electrical supply mains
or batteries shall not be considered to
constitute laser energy sources.

(21) Laser product means any manu-
factured product or assemblage of com-
ponents which constitutes, incor-
porates, or is intended to incorporate a
laser or laser system. A laser or laser
system that is intended for use as a
component of an electronic product
shall itself be considered a laser prod-
uct.

(22) Laser radiation means all electro-
magnetic radiation emitted by a laser
product within the spectral range spec-
ified in paragraph (b)(19) of this section
that is produced as a result of con-
trolled stimulated emission or that is
detectable with radiation so produced
through the appropriate aperture stop
and within the appropriate solid angle
of acceptance, as specified in paragraph
(e) of this section.

(23) Laser system means a laser in
combination with an appropriate laser
energy source with or without addi-
tional incorporated components. See
paragraph (c)(2) of this section for an
explanation of the term ‘‘removable
laser system.’’

(24) Maintenance means performance
of those adjustments or procedures
specified in user information provided
by the manufacturer with the laser
product which are to be performed by
the user for the purpose of assuring the
intended performance of the product. It
does not include operation or service as
defined in paragraph (b) (27) and (38) of
this section.

(25) Maximum output means the maxi-
mum radiant power and, where applica-
ble, the maximum radiant energy per
pulse of accessible laser radiation
emitted by a laser product during oper-
ation, as determined under paragraph
(e) of this section.

(26) Medical laser product means any
laser product which is a medical device
as defined in 21 U.S.C. 321(h) and is
manufactured, designed, intended or
promoted for in vivo laser irradiation
of any part of the human body for the
purpose of: (i) Diagnosis, surgery, or
therapy; or (ii) relative positioning of
the human body.
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(27) Operation means the performance
of the laser product over the full range
of its functions. It does not include
maintenance or service as defined in
paragraphs (b) (24) and (38) of this sec-
tion.

(28) Protective housing means those
portions of a laser product which are
designed to prevent human access to
laser or collateral radiation in excess
of the prescribed accessible emission
limits under conditions specified in
this section and in § 1040.11.

(29) Pulse duration means the time in-
crement measured between the half-
peak-power points at the leading and
trailing edges of a pulse.

(30) Radiance means time-averaged
radiant power per unit area of a radiat-
ing surface per unit solid angle of emis-
sion, expressed in watts per square cen-
timeter per steradian (W cm¥2 sr¥1).

(31) Radiant energy means energy
emitted, transferred or received in the
form of radiation, expressed in joules
(J).

(32) Radiant exposure means the radi-
ant energy incident on an element of a
surface divided by the area of the ele-
ment, expressed in joules per square
centimeter (Jcm¥2)

(33) Radiant power means time-aver-
aged power emitted, transferred or re-
ceived in the form of radiation, ex-
pressed in watts (W).

(34) Remote interlock connector means
an electrical connector which permits
the connection of external remote
interlocks.

(35) Safety interlock means a device
associated with the protective housing
of a laser product to prevent human ac-
cess to excessive radiation in accord-
ance with paragraph (f)(2) of this sec-
tion.

(36) Sampling interval means the time
interval during which the level of ac-
cessible laser or collateral radiation is
sampled by a measurement process.
The magnitude of the sampling inter-
val in units of seconds is represented
by the symbol (t).

(37) Scanned laser radiation means
laser radiation having a time-varying
direction, origin or pattern of propaga-
tion with respect to a stationary frame
of reference.

(38) Service means the performance of
those procedures or adjustments de-

scribed in the manufacturer’s service
instructions which may affect any as-
pect of the product’s performance for
which this section and § 1040.11 have ap-
plicable requirements. It does not in-
clude maintenance or operation as de-
fined in paragraphs (b) (24) and (27) of
this section.

(39) Surveying, leveling, or alignment
laser product means a laser product
manufactured, designed, intended or
promoted for one or more of the follow-
ing uses:

(i) Determining and delineating the
form, extent, or position of a point,
body, or area by taking angular meas-
urement.

(ii) Positioning or adjusting parts in
proper relation to one another.

(iii) Defining a plane, level, ele-
vation, or straight line.

(40) Visible radiation means laser or
collateral radiation having wave-
lengths of greater than 400 nm but less
than or equal to 710 nm.

(41) Warning logotype means a logo-
type as illustrated in either Figure 1 or
Figure 2 of paragraph (g) of this sec-
tion.

(42) Wavelength means the propaga-
tion wavelength in air of electro-
magnetic radiation.

(c) Classification of laser products— (1)
All laser products. Each laser product
shall be classified in Class I, IIa, II,
IIIa, IIIb, or IV in accordance with defi-
nitions set forth in paragraphs (b) (5)
through (11) of this section. The prod-
uct classification shall be based on the
highest accessible emission level(s) of
laser radiation to which human access
is possible during operation in accord-
ance with paragraphs (d), (e), and (f)(1)
of this section.

(2) Removable laser systems. Any laser
system that is incorporated into a
laser product subject to the require-
ments of this section and that is capa-
ble, without modification, of producing
laser radiation when removed from
such laser product, shall itself be con-
sidered a laser product and shall be
separately subject to the applicable re-
quirements in this subchapter for laser
products of its class. It shall be classi-
fied on the basis of accessible emission
of laser radiation when so removed.

(d) Accessible emission limits. Acces-
sible emission limits for laser radiation
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in each class are specified in Tables I,
II–A, II, III–A, and III–B of this para-
graph. The factors, k1 and k2 vary with
wavelength and emission duration.
These factors are given in Table IV of
this paragraph, with selected numeri-
cal values in Table V of this paragraph.
Accessible emission limits for collat-
eral radiation are specified in Table VI
of this paragraph.

NOTES APPLICABLE TO TABLES I, II–A,
II, III–A AND III–B:

(1) The factors k1 and k2 are wave-
length-dependent correction factors de-
termined from Table IV.

(2) The variable t in the expressions
of emission limits is the magnitude of
the sampling interval in units of sec-
onds.
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(1) Beam of a single wavelength. Laser
or collateral radiation of a single wave-
length exceeds the accessible emission
limits of a class if its accessible emis-
sion level is greater than the accessible
emission limit of that class within any
of the ranges of emission duration
specified in Tables I, II–A, II, III–A, and
III–B of this paragraph.

(2) Beam of multiple wavelengths in
same range. Laser or collateral radi-
ation having two or more wavelengths
within any one of the wavelength
ranges specified in Tables I, II–A, II,
III–A, and III–B of this paragraph ex-
ceeds the accessible emission limits of
a class if the sum of the ratios of the
accessible emission level to the cor-

responding accessible emission limit at
each such wavelength is greater than
unity for that combination of emission
duration and wavelength distribution
which results in the maximum sum.

(3) Beam with multiple wavelengths in
different ranges. Laser or collateral ra-
diation having wavelengths within two
or more of the wavelength ranges spec-
ified in Tables I, II–A, II, III–A, and III–
B of this paragraph exceeds the acces-
sible emission limits of a class if it ex-
ceeds the applicable limits within any
one of those wavelength ranges. This
determination is made for each wave-
length range in accordance with para-
graph (d) (1) or (2) of this section.
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(4) Class I dual limits. Laser or collat-
eral radiation in the wavelength range
of greater than 400 nm but less than or
equal to 1.400 nm exceeds the accessible
emission limits of Class I if it exceeds
both:

(i) The Class I accessible emission
limits for radiant energy within any
range of emission duration specified in
Table I of this paragraph, and

(ii) The Class I accessible emission
limits for integrated radiance within
any range of emission duration speci-
fied in Table I of this paragraph.

(e) Tests for determination of compli-
ance—(1) Tests for certification. Tests on
which certification under § 1010.2 is
based shall account for all errors and
statistical uncertainties in the meas-
urement process. Because compliance
with the standard is required for the
useful life of a product such tests shall
also account for increases in emission
and degradation in radiation safety
with age.

(2) Test conditions. Except as provided
in § 1010.13, tests for compliance with
each of the applicable requirements of
this section and § 1040.11 shall be made
during operation, maintenance, or
service as appropriate:

(i) Under those conditions and proce-
dures which maximize the accessible
emission levels, including start-up, sta-
bilized emission, and shut-down of the
laser product; and

(ii) With all controls and adjustments
listed in the operation, maintenance,
and service instructions adjusted in
combination to result in the maximum
accessible emission level of radiation;
and

(iii) At points in space to which
human access is possible in the product
configuration which is necessary to de-
termine compliance with each require-
ment, e.g., if operation may require re-
moval of portions of the protective
housing and defeat of safety interlocks,
measurements shall be made at points
accessible in that product configura-
tion; and

(iv) With the measuring instrument
detector so positioned and so oriented
with respect to the laser product as to
result in the maximum detection of ra-
diation by the instrument; and

(v) For a laser product other than a
laser system, with the laser coupled to

that type of laser energy source which
is specified as compatible by the laser
product manufacturer and which pro-
duces the maximum emission level of
accessible radiation from that product.

(3) Measurement parameters. Acces-
sible emission levels of laser and col-
lateral radiation shall be based upon
the following measurements as appro-
priate, or their equivalent:

(i) For laser products intended to be
used in a locale where the emitted
laser radiation is unlikely to be viewed
with optical instruments, the radiant
power (W) or radiant energy (J) detect-
able through a circular aperture stop
having a diameter of 7 millimeters and
within a circular solid angle of accept-
ance of 1 X 10¥3 steradian with col-
limating optics of 5 diopters or less.
For scanned laser radiation, the direc-
tion of the solid angle of acceptance
shall change as needed to maximize de-
tectable radiation, with an angular
speed of up to 5 radians/second. A 50
millimeter diameter aperture stop with
the same collimating optics and ac-
ceptance angle stated above shall be
used for all other laser products (ex-
cept that a 7 millimeter diameter aper-
ture stop shall be used in the measure-
ment of scanned laser radiation emit-
ted by laser products manufactured on
or before August 20, 1986.

(ii) The irradiance (W cm¥2) or radi-
ant exposure (J cm¥2 equivalent to the
radiant power (W) or radiant energy (J)
detectable through a circular aperture
stop having a diameter of 7 millimeters
and, for irradiance, within a circular
solid angle of acceptance of 1 x 10¥3

steradian with collimating optics of 5
diopters or less, divided by the area of
the aperture stop (cm¥2).

(iii) The radiance (W cm¥2 sr¥1) or
integrated radiance (J cm¥2 sr¥1)
equivalent to the radiant power (W) or
radiant energy (J) detectable through a
circular aperture stop having a diame-
ter of 7 millimeters and within a cir-
cular solid angle of acceptance of 1 X
10¥5 steradian with collimating optics
of 5 diopters or less, divided by that
solid angle (sr) and by the area of the
aperture stop (cm¥2).

(f) Performance requirements—(1) Pro-
tective housing. Each laser product shall
have a protective housing that pre-
vents human access during operation
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to laser and collateral radiation that
exceed the limits of Class I and Table
VI, respectively, wherever and when-
ever such human access is not nec-
essary for the product to perform its
intended function. Wherever and when-
ever human access to laser radiation
levels that exceed the limits of Class I
is necessary, these levels shall not ex-
ceed the limits of the lowest class nec-
essary to perform the intended func-
tion(s) of the product.

(2) Safety interlocks. (i) Each laser
product, regardless of its class, shall be
provided with at least one safety inter-
lock for each portion of the protective
housing which is designed to be re-
moved or displaced during operation or
maintenance, if removal or displace-
ment of the protective housing could
permit, in the absence of such inter-
lock(s), human access to laser or col-
lateral radiation in excess of the acces-
sible emission limit applicable under
paragraph (f)(1) of this section.

(ii) Each required safety interlock,
unless defeated, shall prevent such
human access to laser and collateral
radiation upon removal or displace-
ment of such portion of the protective
housing

(iii) Either multiple safety interlocks
or a means to preclude removal or dis-
placement of the interlocked portion of
the protective housing shall be pro-
vided, if failure of a single interlock
would allow;

(a) Human access to a level of laser
radiation in excess of the accessible
emission limits of Class IIIa; or

(b) Laser radiation in excess of the
accessible emission limits of Class II to
be emitted directly through the open-
ing created by removal or displacement
of the interlocked portion of the pro-
tective housing.

(iv) Laser products that incorporate
safety interlocks designed to allow
safety interlock defeat shall incor-
porate a means of visual or aural indi-
cation of interlock defeat. During
interlock defeat, such indication shall
be visible or audible whenever the laser
product is energized, with and without
the associated portion of the protective
housing removed or displaced.

(v) Replacement of a removed or dis-
placed portion of the protective hous-

ing shall not be possible while required
safety interlocks are defeated.

(3) Remote interlock connector. Each
laser system classified as a Class IIIb
or IV laser product shall incorporate a
readily available remote interlock con-
nector having an electrical potential
difference of no greater than 130 root-
mean-square volts between terminals.
When the terminals of the connector
are not electrically joined, human ac-
cess to all laser and collateral radi-
ation from the laser product in excess
of the accessible emission limits of
Class I and Table VI shall be prevented.

(4) Key control. Each laser system
classified as a Class IIIb or IV laser
product shall incorporate a key-actu-
ated master control. The key shall be
removable and the laser shall not be
operable when the key is removed.

(5) Laser radiation emission indicator.
(i) Each laser system classified as a
Class II or IIIa laser product shall in-
corporate an emission indicator that
provides a visible or audible signal dur-
ing emission of accessible laser radi-
ation in excess of the accessible emis-
sion limits of Class I.

(ii) Each laser system classified as a
Class IIIb or IV laser product shall in-
corporate an emission indicator which
provides a visible or audible signal dur-
ing emission of accessible laser radi-
ation in excess of the accessible emis-
sion limits of Class I, and sufficiently
prior to emission of such radiation to
allow appropriate action to avoid expo-
sure to the laser radiation.

(iii) For laser systems manufactured
on or before August 20, 1986, if the laser
and laser energy source are housed sep-
arately and can be operated at a sepa-
ration distance of greater than 2 me-
ters, both laser and laser energy source
shall incorporate an emission indicator
as required in accordance with para-
graph (f)(5) (i) or (ii) of this section.
For laser systems manufactured after
August 20, 1986, each separately housed
laser and operation control of a laser
system that regulates the laser or col-
lateral radiation emitted by a product
during operation shall incorporate an
emission indicator as required in ac-
cordance with paragraph (f)(5) (i) or (ii)
of this section, if the laser or operation
control can be operated at a separation
distance greater than 2 meters from
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any other separately housed portion of
the laser product incorporating an
emission indicator.

(iv) Any visible signal required by
paragraph (f)(5) (i) or (ii) of this section
shall be clearly visible through protec-
tive eyewear designed specifically for
the wavelength(s) of the emitted laser
radiation.

(v) Emission indicators required by
paragraph (f)(5) (i) or (ii) of this section
shall be located so that viewing does
not require human exposure to laser or
collateral radiation in excess of the ac-
cessible emission limits of Class I and
Table VI.

(6) Beam attenuator. (i) Each laser
system classified as a Class II, III, or
IV laser product shall be provided with
one or more permanently attached
means, other than laser energy source
switch(es), electrical supply main con-
nectors, or the key-actuated master
control, capable of preventing access
by any part of the human body to all
laser and collateral radiation in excess
of the accessible emission limits of
Class I and Table VI.

(ii) If the configuration, design, or
function of the laser product would
make unnecessary compliance with the
requirement in paragraph (f)(6)(i) of
this section, the Director, Office of
Compliance (HFZ–300), Center for De-
vices and Radiological Health, may,
upon written application by the manu-
facturer, approve alternate means to
accomplish the radiation protection
provided by the beam attenuator.

(7) Location of controls. Each Class
IIa, II, III, or IV laser product shall
have operational and adjustment con-
trols located so that human exposure
to laser or collateral radiation in ex-
cess of the accessible emission limits of
Class I and Table VI is unnecessary for
operation or adjustment of such con-
trols.

(8) Viewing optics. All viewing optics,
viewports, and display screens incor-
porated into a laser product, regardless
of its class, shall limit the levels of
laser and collateral radiation acces-
sible to the human eye by means of
such viewing optics, viewports, or dis-
play screens during operation or main-
tenance to less than the accessible
emission limits of Class I and Table VI.
For any shutter or variable attenuator

incorporated into such viewing optics,
viewports, or display screens, a means
shall be provided:

(i) To prevent access by the human
eye to laser and collateral radiation in
excess of the accessible emission limits
of Class I and Table VI whenever the
shutter is opened or the attenuator
varied.

(ii) To preclude, upon failure of such
means as required in paragraph (f)(8)(i)
of this section, opening the shutter or
varying the attenuator when access by
the human eye is possible to laser or
collateral radiation in excess of the ac-
cessible emission limits of Class I and
Table VI.

(9) Scanning safeguard. Laser products
that emit accessible scanned laser radi-
ation shall not, as a result of any fail-
ure causing a change in either scan ve-
locity or amplitude, permit human ac-
cess to laser radiation in excess of:

(i) The accessible emission limits of
the class of the product, or

(ii) The accessible emission limits of
the class of the scanned laser radiation
if the product is Class IIIb or IV and
the accessible emission limits of Class
IIIa would be exceeded solely as result
of such failure.

(10) Manual reset mechanism. Each
laser system manufactured after Au-
gust 20, 1986, and classified as a Class
IV laser product shall be provided with
a manual reset to enable resumption of
laser radiation emission after interrup-
tion of emission caused by the use of a
remote interlock or after an interrup-
tion of emission in excess of 5 seconds
duration due to the unexpected loss of
main electrical power.

(g) Labeling requirements. In addition
to the requirements of §§ 1010.2 and
1010.3, each laser product shall be sub-
ject to the applicable labeling require-
ments of this paragraph.

(1) Class IIa and II designations and
warnings. (i) Each Class IIa laser prod-
uct shall have affixed a label bearing
the following wording: ‘‘Class IIa Laser
Product—Avoid Long-Term Viewing of
Direct Laser Radiation.’’
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(ii) Each Class II laser product shall
have affixed a label bearing the warn-
ing logotype A (Figure 1 in this para-
graph) and including the following
wording:

[Position I on the logotype]

‘‘LASER RADIATION—DO NOT
STARE INTO BEAM’’; and

[Position 3 on the logotype]

‘‘CLASS II LASER PRODUCT’’.

(2) Class IIIa and IIIb designations and
warnings. (i) Each Class IIIa laser prod-
uct with an irradiance less than or
equal to 2.5×10¥3 W cm2¥ shall have af-
fixed a label bearing the warning logo-
type A (Figure 1 of paragraph (g)(1)(ii)
of this section) and including the fol-
lowing wording:

[Position 1 on the logotype]

‘‘LASER RADIATION—DO NOT
STARE INTO BEAM OR VIEW DI-
RECTLY WITH OPTICAL INSTRU-
MENTS’’; and,

[Position 3 on the logotype]

‘‘CLASS IIIa LASER PRODUCT’’.

(ii) Each Class IIIa laser product with
an irradiance greater than 2.5×10¥3 W
cm¥2 shall have affixed a label bearing
the warning logotype B (Figure 2 in
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this paragraph) and including the fol-
lowing wording:

[Position 1 on the logotype]

‘‘LASER RADIATION—AVOID
DIRECT EYE EXPOSURE’’; and,

[Position 3 on the logotype]

‘‘CLASS IIIa LASER PRODUCT’’.

(iii) Each Class IIIb laser product
shall have affixed a label bearing the
warning logotype B (Figure 2 of para-
graph (g)(2)(ii) of this section) and in-
cluding the following wording:

[Position 1 on the logotype]

‘‘LASER RADIATION—AVOID
DIRECT EXPOSURE TO BEAM’’; and,

[Position 3 on the logotype]

‘‘CLASS IIIb LASER PRODUCT’’.

(3) Class IV designation and warning.
Each Class IV laser product shall have
affixed a label bearing the warning log-
otype B (Figure 2 of paragraph (g)(2)(ii)

of this section), and including the fol-
lowing wording:

[Position 1 on the logotype]

‘‘LASER RADIATION—AVOID EYE OR
SKIN EXPOSURE TO DIRECT OR
SCATTERED RADIATION’’; and,

[Position 3 on the logotype]

‘‘CLASS IV LASER PRODUCT’’.

(4) Radiation output information on
warning logotype. Each Class II, III, and
IV laser product shall state in appro-
priate units, at position 2 on the re-
quired warning logotype, the maximum
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output of laser radiation, the pulse du-
ration when appropriate, and the laser
medium or emitted wavelength(s).

(5) Aperture label. Each laser product,
except medical laser products and
Class IIa laser products, shall have af-
fixed, in close proximity to each aper-
ture through which is emitted acces-
sible laser or collateral radiation in ex-
cess of the accessible emission limits of
Class I and Table VI of paragraph (d) of
this section, a label(s) bearing the fol-
lowing wording as applicable.

(i) ‘‘AVOID EXPOSURE—Laser radi-
ation is emitted from this aperture,’’ if
the radiation emitted through such ap-
erture is laser radiation.

(ii) ‘‘AVOID EXPOSURE—Hazardous
electromagnetic radiation is emitted
from this aperture,’’ if the radiation
emitted through such aperture is col-
lateral radiation described in Table VI,
item 1.

(iii) ‘‘AVOID EXPOSURE—Hazardous
x-rays are emitted from this aperture,’’
if the radiation emitted through such
aperture is collateral radiation de-
scribed in Table VI, item 2.

(6) Labels for noninterlocked protective
housings. For each laser product, labels
shall be provided for each portion of
the protective housing which has no
safety interlock and which is designed
to be displaced or removed during oper-
ation, maintenance, or service, and
thereby could permit human access to
laser or collateral radiation in excess
of the limits of Class I and Table VI.
Such labels shall be visible on the pro-
tective housing prior to displacement
or removal of such portion of the pro-
tective housing and visible on the prod-
uct in close proximity to the opening
created by removal or displacement of
such portion of the protective housing,
and shall include the wording:

(i) ‘‘CAUTION—Laser radiation when
open. DO NOT STARE INTO BEAM.’’
for Class II accessible laser radiation.

(ii) ‘‘CAUTION—Laser radiation
when open. DO NOT STARE INTO
BEAM OR VIEW DIRECTLY WITH OP-
TICAL INSTRUMENTS.’’ for Class IIIa
accessible laser radiation with an irra-
diance less than or equal to 2.5×10¥3 W
cm¥2.

(iii) ‘‘DANGER—Laser radiation
when open. AVOID DIRECT EYE EX-
POSURE.’’ for Class IIIa accessible

laser radiation with an irradiance
greater than 2.5×10¥3 W cm¥2.

(iv) ‘‘DANGER—Laser radiation
when open. AVOID DIRECT EXPO-
SURE TO BEAM.’’ for Class IIIb acces-
sible laser radiation.

(v) ‘‘DANGER—Laser radiation when
open. AVOID EYE OR SKIN EXPO-
SURE TO DIRECT OR SCATTERED
RADIATION.’’ for Class IV accessible
laser radiation.

(vi) ‘‘CAUTION—Hazardous electro-
magnetic radiation when open.’’ for
collateral radiation in excess of the ac-
cessible emission limits in Table VI,
item 1 of paragraph (d) of this section.

(vii) ‘‘CAUTION—Hazardous x-rays
when open.’’ for collateral radiation in
excess of the accessible emission limits
in Table VI, item 2 of paragraph (d) of
this section.

(7) Labels for defeatably interlocked
protective housings. For each laser prod-
uct, labels shall be provided for each
defeatably interlocked (as described in
paragraph (f)(2)(iv) of this section) por-
tion of the protective housing which is
designed to be displaced or removed
during operation, maintenance, or
service, and which upon interlock de-
feat could permit human access to
laser or collateral radiation in excess
of the limits of Class I or Table VI.
Such labels shall be visible on the prod-
uct prior to and during interlock defeat
and in close proximity to the opening
created by the removal or displace-
ment of such portion of the protective
housing, and shall include the wording:

(i) ‘‘CAUTION—Laser radiation when
open and interlock defeated. DO NOT
STARE INTO BEAM.’’ for Class II ac-
cessible laser radiation.

(ii) ‘‘CAUTION—Laser radiation
when open and interlock defeated. DO
NOT STARE INTO BEAM OR VIEW DI-
RECTLY WITH OPTICAL INSTRU-
MENTS.’’ for Class IIIa accessible laser
radiation with an irradiance less than
or equal to 2.5×10¥3 W cm¥2.

(iii) ‘‘DANGER—Laser radiation
when open and interlock defeated.
AVOID DIRECT EYE EXPOSURE.’’ for
Class IIIa accessible laser radiation
when an irradiance greater than
2.5×10¥3 W cm¥2.

(iv) ‘‘DANGER—Laser radiation
when open and interlock defeated.
AVOID DIRECT EXPOSURE TO
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BEAM.’’ for Class IIIb accessible laser
radiation.

(v) ‘‘DANGER—Laser radiation when
open and interlock defeated. AVOID
EYE OR SKIN EXPOSURE TO DIRECT
OR SCATTERED RADIATION.’’ for
Clas IV accessible laser radiation.

(vi) ‘‘CAUTION—Hazardous electro-
magnetic radiation when open and
interlock defeated.’’ for collateral radi-
ation in excess of the accessible emis-
sion limits in Table VI. item 1 of para-
graph (d) of this section.

(vii) ‘‘CAUTION—Hazardous x-rays
when open and interlock defeated.’’ for
collateral radiation in excess of the
accesible emission limits in Table VI.
item 2 of paragraph (d) of this section.

(8) Warning for visible and/or invisible
radiation. On the labels specified in this
paragraph, if the laser or collateral ra-
diation referred to is:

(i) Invisible radiation, the word ‘‘in-
visible’’ shall appropriately precede the
word ‘‘radiation’’; or

(ii) Visible and invisible radiation,
the words ‘‘visible and invisible’’ or
‘‘visible and/or invisible’’ shall appro-
priately precede the word ‘‘radiation.’’

(iii) Visible laser radiation only, the
phrase ‘‘laser light’’ may replace the
phrase ‘‘laser radiation.’’

(9) Positioning of labels. All labels af-
fixed to a laser product shall be posi-
tioned so as to make unnecessary, dur-
ing reading, human exposure to laser
radiation in excess of the accessible
emission limits of Class I radiation or
the limits of collateral radiation estab-
lished to Table VI of paragraph (d) of
this section.

(10) Label specifications. Labels re-
quired by this section and § 1040.11 shall
be permanently affixed to, or inscribed
on, the laser product, legible, and
clearly visible during operation, main-
tenance, or service, as appropriate. If
the size, configuration, design, or func-
tion of the laser product would pre-
clude compliance with the require-
ments for any required label or would
render the required wording of such
label inappropriate or ineffective, the
Director, Office of Compliance (HFZ–
300), Center for Devices and Radiologi-
cal Health, on the Director’s own ini-
tiative or upon written application by
the manufacturer, may approve alter-
nate means of providing such label(s)

or alternate wording for such label(s)
as applicable.

(h) Informational requirements—(1)
User information. Manufacturers of
laser products shall provide as an inte-
gral part of any user instruction or op-
eration manual which is regularly sup-
plied with the product, or, if not so
supplied, shall cause to be provided
with each laser product:

(i) Adequate instructions for assem-
bly, operation, and maintenance, in-
cluding clear warnings concerning pre-
cautions to avoid possible exposure to
laser and collateral radiation in excess
of the accessible emission limits in Ta-
bles I, II-A, II, III–A, III-B, and VI of
paragraph (d) of this section, and a
schedule of maintenance necessary to
keep the product in compliance with
this section and § 1040.11.

(ii) A statement of the magnitude, in
appropriate units, of the pulse dura-
tions(s), maximum radiant power and,
where applicable, the maximum radi-
ant energy per pulse of the accessible
laser radiation detectable in each di-
rection in excess of the accessible
emission limits in Table I of paragraph
(d) of this section determined under
paragraph (e) of this section.

(iii) Legible reproductions (color op-
tional) of all labels and hazard
warnings required by paragraph (g) of
this section and § 1040.11 to be affixed
to the laser product or provided with
the laser product, including the infor-
mation required for positions 1, 2, and
3 of the applicable logotype (Figure 1 of
paragraph (g)(1)(ii) or Figure 2 or para-
graph (g)(2)(ii) of this section). The cor-
responding position of each label af-
fixed to the product shall be indicated
or, if provided with the product, a
statement that such labels could not be
affixed to the product but were sup-
plied with the product and a statement
of the form and manner in which they
were supplied shall be provided.

(iv) A listing of all controls, adjust-
ments, and procedures for operation
and maintenance, including the warn-
ing ‘‘Caution—use of controls or ad-
justments or performance of proce-
dures other than those specified herein
may result in hazardous radiation ex-
posure.’’

(v) In the case of laser products other
than laser systems, a statment of the

VerDate 29<MAY>97 08:03 Jun 05, 1997 Jkt 174066 PO 00000 Frm 00569 Fmt 8010 Sfmt 8010 21V8.TXT pfrm13



574

21 CFR Ch. I (4–1–97 Edition)§ 1040.11

compatibility requirements for a laser
energy source that will assure compli-
ance of the laser product with this sec-
tion and § 1040.11.

(vi) In the case of laser products clas-
sified with a 7 millimeter diameter ap-
erture stop as provided in paragraph
(e)(3)(i) of this section, if the use of a 50
millimeter diameter aperture stop
would result in a higher clsssification
of the product, the following warning
shall be included in the user informa-
tion: ‘‘CAUTION—The use of optical in-
struments with this product will in-
crease eye hazard.’’

(2) Purchasing and servicing informa-
tion. Manufacturers of laser products
shall provide or cause to be provided:

(i) In all catalogs, specification
sheets, and descriptive brochures per-
taining to each laser product, a legible
reproduction (color optional) of the
class designation and warning required
by paragraph (g) of this section to be
affixed to that product, including the
information required for positions 1, 2,
and 3 of the applicable logotype (Fig-
ure 1 of paragraph (g)(1)(ii) or Figure 2
of paragraph (g)(2)(ii) of this section).

(ii) To servicing dealers and distribu-
tors and to others upon request at a
cost not to exceed the cost of prepara-
tion and distribution, adequate in-
structions for service adjustments and
service procedures for each laser prod-
uct model, including clear warnings
and precautions to be taken to avoid
possible exposure to laser and collat-
eral radiation in excess of the acces-
sible emission limits in Tables I, II–A,
II, III–A, III–B, and VI of paragraph (d)
of this section, and a schedule of main-
tenance necessary to keep the product
in compliance with this section and
§ 1040.11; and in all such service instruc-
tions, a listing of those controls and
procedures that could be utilized by
persons other than the manufacturers
or the manufacturer’s agents to in-
crease accessible emission levels of ra-
diation and a clear description of the
location of displaceable portions of the
protective housing that could allow
human access to laser or collateral ra-
diation in excess of the accessible
emission limits in Tables I, II–A, II,
III–A, III–B, and VI of paragraph (d) of
this section. The instructions shall in-
clude protective procedures for service

personnel to avoid exposure to levels of
laser and collateral radiation known to
be hazardous for each procedure or se-
quence of procedures to be accom-
plished, and legible reproductions
(color optional) of required labels and
hazard warnings.

(i) Modification of a certified product.
The modification of a laser product,
previously certified under § 1010.2, by
any person engaged in the business of
manufacturing, assembling, or modify-
ing laser products shall be construed as
manufacturing under the act if the
modification affects any aspect of the
product’s performance or intended
function(s) for which this section and
§ 1040.11 have an applicable require-
ment. The manufacturer who performs
such modification shall recertify and
reidentify the product in accordance
with the provisions of §§ 1010.2. and
1010.3.

[The information collection requirements
contained in paragraph (a)(3)(ii) were ap-
proved by the Office of Management and
Budget under control number 0910–0176]

[50 FR 33688, Aug. 20, 1985; 50 FR 42156, Oct.
18, 1985]

§ 1040.11 Specific purpose laser prod-
ucts.

(a) Medical laser products. Each medi-
cal laser product shall comply with all
of the applicable requirements of
§ 1040.10 for laser products of its class.
In addition, the manufacturer shall:

(1) Incorporate in each Class III or IV
medical laser product a means for the
measurement of the level of that laser
radiation intended for irradiation of
the human body. Such means may have
an error in measurement of no more
than 20 percent when calibrated in ac-
cordance with paragraph (a)(2) of this
section. Indication of the measurement
shall be in International System Units.
The requirements of this paragraph do
not apply to any laser radiation that is
all of the following:

(i) Of a level less than the accessible
limits of Class IIIa; and

(ii) Used for relative positioning of
the human body; and

(iii) Not used for irradiation of the
human eye for ophthalmic purposes.

(2) Supply with each Class III or IV
medical laser product instructions
specifying a procedure and schedule for
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Preface 
 
 
 
 

Public Comment 
 
For 90 days following the date of publication in the Federal Register of the notice announcing 
the availability of this guidance, comments and suggestions regarding this document should 
be submitted to the Docket No. assigned to that notice, Dockets Management Branch, 
Division of Management Systems and Policy, Office of Human Resources and Management 
Services, Food and Drug Administration, 5630 Fishers Lane, Room 1061, (HFA-305), 
Rockville, MD  20852.  Such comments will be considered when determining whether to 
amend the current guidance. 
 

After 90 days following the date of publication in the Federal Register of the notice 
announcing the availability of this guidance, comments and suggestions may be 
submitted at any time for Agency consideration to Dockets Management Branch.  
Comments may not be acted upon by the Agency until the document is next revised or 
updated.  For questions regarding the use or interpretation of this guidance contact 
Jerome E. Dennis at (301) 594-4654, ext. 135, or by electronic mail at jxd@cdrh.fda.gov. 
   
 

Additional Copies 
 
Additional copies are available from the Internet at:  
http://www.fda.gov/cdrh/comp/guidance/1346.pdf, or CDRH Facts-On-Demand.  In 
order to receive this document via your fax machine, call the CDRH Facts-On-Demand 
system at 800-899-0381 or 301-827-0111 from a touch-tone telephone.  Press 1 to enter 
the system.  At the second voice prompt, press 1 to order a document.  Enter the 
document number 1346 followed by the pound sign (#).  Follow the remaining voice 
prompts to complete your request.
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Guidance on Laser Products – 
Conformance with IEC 60825-1, Am. 2 
and IEC 60601-2-22   
(Laser Notice No. 50) 
 
 
 
 
This document is intended to provide guidance.  It represents the Agency’s current 
thinking on this topic.  It does not create or confer any rights for or on any person 
and does not operate to bind the Food and Drug Administration (FDA) or the 
public.  An alternative approach may be used if such approach satisfies the 
requirements of the applicable statute and regulations.  
 

 
Purpose 
This guidance describes the conditions under which laser product manufacturers may 
introduce into United States commerce laser products that comply with the IEC standards 
60825-1, as amended, and 60601-2-22.  This guidance also describes additional 
requirements of the CDRH standard and alternate certification statements to be used with 
such products. 
 
Issue  
The Food and Drug Administration’s (FDA) Center for Devices and Radiological Health 
(CDRH) intends to amend its standards for laser products at 21 CFR §1040.10 and 
§1040.11 to harmonize many of its requirements with those of the IEC 60825-1 and 
60601-2-22 standards.  Although CDRH began its amendment process in anticipation of 
the amendment of IEC 60825-1, it is not yet ready to publish an amendment.  CDRH has 
acknowledged the advantages of one set of criteria and requirements worldwide.  
Amendment 2 to IEC 60825-1 was published in January 2001.  As a result, manufacturers 
distributing products in both the U.S. and countries that require conformance with, or that 
recognize IEC 60825-1, will have to evaluate the conformance of their products with this 
standard.  This requires them to often change the hazard classification of their products.  
These manufacturers are requesting relief from CDRH so that they will have to comply 
with only one laser product radiation safety standard. 
 
Background 
Laser products for introduction into commerce in or imported into the United States 
must: 
• Comply with 21 CFR §1040.10 and §1040.11 as applicable, 
• Be certified and identified in accordance with 21 CFR §1010.2 and §1010.3, and 
• Be reported in accordance with 21 CFR §1002.10. 
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CDRH has issued notices to laser product manufacturers and importers stating non-
objection to: 
• Lack of emission indicators or beam attenuators on Class II and Class IIIa systems, 

and 
• Hazard warning labels as specified in IEC 60825-1. 
 
These notices reduced the regulatory burden on both the industry and the agency. 
 
CDRH will not object to conformance with many sections of IEC 60825-1, as amended, 
and IEC 60601-2-22 as alternatives to comparable sections of 21 CFR §1040.10 and 
§1040.11.  CDRH plans to amend federal regulations for laser products to reflect those 
sections of the IEC standards.  CDRH is also listing sections of its standard that contain 
requirements to which manufacturers mus t conform.  This action is appropriate because 
of the numerous requests for relief, the amendment of IEC 60825-1, and the Center's 
intent to harmonize its requirements with many of those of the IEC standards. 
 
The Least Burdensome Approach 
We believe we should consider the least burdensome approach in all areas of regulated 
products.  This guidance reflects our careful review of the relevant scientific and legal 
requirements and what we believe is the least burdensome way for you to comply with 
those requirements.  However, if you believe that an alternative approach would be less 
burdensome, please contact us so we can consider your point of view.  You may send 
your written comments to the contact person listed in the preface to this guidance or to 
the CDRH Ombudsman.  Comprehensive information on CDRH's Ombudsman, 
including ways to contact him, can be found on the Internet at 
http://www.fda.gov/cdrh/resolvingdisputes/ombudsman.html. 
 
Guidance 
Effective immediately, and until the effective date(s) of any amendments of the Federal 
regulations affecting laser products, CDRH will not object to conformance with the 
comparable sections of IEC 60825-1, as amended by Amendment 2 of January 2001 in 
lieu of conformance with the following sections of 21 CFR §1040: 

1040.10(b)  Definitions 
1040.10(c)(1)  Classification 
1040.10(d)  Accessible emission limits 
1040.10(e)  Tests for determination of compliance 
1040.10(f)(1)  Protective housing 
1040.10(f)(2)  Safety interlocks 
1040.10(f)(3)  Remote Interlock connector 
1040.10(f)(4)  Key control 
1040.10(f)(5)  Laser radiation emission indicator 
1040.10(f)(6)  Beam attenuator 
1040.10(f)(7)  Location of controls 
1040.10(f)(8)  Viewing optics 
1040.10(f)(9)  Scanning safeguard 
1040.10(g)  Labeling requirements 
1040.10(h)(1)  User information 

http://www.fda.gov/cdrh/resolvingdisputes/ombudsman.html


http://www.fda.gov/cdrh/radhlth/
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An optical spectrum analyzer performs power versus wavelength measurements,
a very useful tool for characterizing broadband sources such as light emitting
diodes (LEDs) and semiconductor lasers. This application note will give a
descriptive overview of how each light source emits light and how the important
parameters can be measured using an optical spectrum analyzer (OSA).

This section will give a brief overview of lasers and LED sources.

Background

Laser is an acronym for Light Amplification by the Stimulated Emission of
Radiation. Let us look at what each term means and how they all work together
to produce light. 

Lasers are monochromatic sources, which in theory means they produce light at
one single wavelength, but in practice there is a narrow wavelength range in
which light is emitted.

Coherence is an important property of lasers. Lightwaves are coherent if they
are all in phase with each other. The peaks and valleys of coherent lightwaves
are aligned (Figure 1a); the peaks and valleys of incoherent lightwaves are not
(Figure 1b). In order to have coherent light, all the lightwaves must have the
same wavelength. 

Figure 1a. Coherent waves

Figure 1b. Incoherent waves

There are many different types of lasers, but for the purposes of this application
note we will look at lasers used in the fiber-optic communication technology,
mainly semiconductor lasers. They are used because they are very small in size,
yet can produce a few milliwatts of light power. Another important feature is
that by varying their current, emitted light power can be controlled.

Source overview
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Theory of operation

Semiconductor conductivity is determined by the number of charge carriers
available to conduct electric current, conductivity ranges between that of a good
conductor (such as metal) and that of an insulator (such as glass). The electrons
of a conductor are free to move by way of electric current, while the electrons of
an insulator cannot. By adding impurities to semiconductor material we are able
to influence its electrical properties and create what is referred to as p-type and
n-type regions. A p-type region is doped with impurities that have fewer
electrons than atoms. Therefore, “holes”, where there is room for electrons, are
created. An n-type region is where impurities are added such that there is an
excess of electrons. The excess holes in the p-type and electrons in the n-type
regions play an important role in the process of light emission.

Figure 2 demonstrates the two energy bands that exist in semiconductor material.
The conduction band is at a higher energy level where electrons can freely move
about. The valence band is where the electrons form bonds with adjacent atoms.
The distance between the two is called the band gap. Electrons must release
energy that exceeds the band gap when they drop from the conduction band
down to valence band. This energy is released as a photon of light. 

Figure 2. Conduction band and valence band

The wavelength of light released is proportional to the band gap energy by the
following formula:

E band gap = h x νband gap

where:
h = Plank’s constant = 6.62 x 10-34 = J-s
ν = frequency of the photon released
E = energy of the band gap

If we substitute wavelength for frequency, plug in the value for Plank’s constant
and express the energy in electron-volts, we have:

1.24 µm
E band gap = ————         

λ

This formula helps illustrate the dependency of the wavelength of photons and
the band gap energy of the material.

Ba
nd
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Conduction

Valence
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Now let us take a look at how this junction of p-type and n-type material can
produce light. When we forward bias the junction by applying a negative voltage
to the n-type material and a positive voltage to the p-type material the following
happens: Electrons from the n-type section recombine with holes in the p-type
material, dropping into the valence band and releasing their energy at the
junction. In materials such as GaAs this energy is primarily released as light
(Figure 3). 

Figure 3. An electron releases it’s energy as light and recombines with a “hole”.

This light emission from the recombination of electrons and holes is the basic
mechanism behind LEDs and lasers. In the case of an LED, a forward biased
junction emits light by way of electron/hole pair recombination. The junction of a
basic LED emits light in every direction as shown in Figure 4.

Figure 4. An LED emits light in every direction.

LEDs do not generate light in a manner as focused as lasers. They produce light
by way of spontaneous emission and not stimulated emission. 

Lasers are closely related to LEDs. They each:
• generate light by recombining electrons and holes
• have light output that is proportional to the drive current
• have an output wavelength that depends on the material’s band gap

In spontaneous emission light is generated in all directions. If we use two
reflective materials (e.g. mirrors) we are able to confine the photons in a region,
thus stimulating other electrons to release their energy as light, in turn
producing more photons. Therefore we generate light by way of stimulated
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emission. Due to the process of stimulated emission, laser diodes emit basically
monochromatic light. The type of semiconductor material used determines the peak
wavelength. For example, Gallium-Aluminum-Arsenide (GaAlAs) emits light at a
peak wavelength of 850 nm. As the light reflects between the mirrors, the photons
of a given wavelength are amplified by adding up constructively. The following
formula demonstrates the possible wavelengths produced in a laser cavity:

λ = 2*L*n/m

Where
n = the refractive index in the cavity
m = an integer
L = the cavity length (mirror spacing)
λ = peak wavelength

If the laser cavity is much longer than the wavelength, which is usually the case,
more than one wavelength will be emitted (see Figure 5). Looking at the spectrum
(amplitude versus wavelength) of lasers, each individual spectral laser line is
referred to as one mode. This type of laser is known as a Multiple Longitudinal
Mode laser (MLM). An example of a MLM type laser is the Fabry-Perot (FP)
laser. When there are multiple longitudinal modes, the source has a greater
spectral width. Recall from our discussion about coherence of sources, the greater
the spectral width of the source is, the less coherent the source becomes. 

Reflective
Surface

+

_

Figure 5a. Wavelengths in multiple longitude modes

Power

Wavelength

Figure 5b. Forward bias junction of a Fabry-Perot laser

N-type

P-type

–

+

Laser
Output



6

Some applications require a laser to emit light only at a single narrow wavelength
range (e.g. Dense Wavelength Division Multiplexing (DWDM) application). One
approach to limit laser oscillation to a single longitudinal mode, is the distributed
feedback laser (DFB). DFB lasers contain a diffraction grating that scatters light
back into the active region. Feedback from the grating causes interference
effects that allow oscillation only at the wavelengths at which the interference is
constructive, reinforcing the generated light (Figure 6).

Figure 6a. Single longitudinal mode

Figure 6b. A forward bias junction of a DFB laser

Summary of typical specification of the sources discussed is illustrated in Table 1.

Table 1.

LED Fabry-Perot DFB

Wavelength 780, 850, 1300 nm 850 or 1310 nm 1550 nm
Total power Few µW Few mW 3 to 50 mW
Spectral width 30 to 100 nm 3 to 20 nm 0.08 to 0.8 pm

N-type

P-type

–

+

Laser
Output

Power

Wavelength
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There are many parameters of LEDs that are commonly measured. These
parameters can be automatically measured as shown in Figure 7. 

Figure 7. Agilent 86140B optical spectrum analyzer source application LED measurement

Total power

When the OSA measures an LED source, the spectral width of this source is much
wider than the OSA resolution bandwidth (RBW) used. The OSA trace points
represent spectral density (mW/nm) and not absolute power. Over wide
wavelength ranges, the ratio of OSA slit width/wavelength also causes the
effective RBW to change. Therefore the integration formula takes both
dependencies into account by using internal calibration data.

n
trace point spacingTotal power, Po =    Σ pi (———————)

i=1 RBW

where:
n is the number of trace points

pi is the power of a single trace point

3 dB width

The 3 dB width is determined by finding the peak of the LED spectrum, and
dropping down 3 dB on each side. The spectral width of the LED is determined
by the separation of these two points because each has a power spectral density
equal to one half the peak power spectral density.

Peak density (1 nm)

The power spectral density normalized to a 1 nm bandwidth of the LED at the
peak wavelength is referred to as the peak density. Peak wavelength is the highest
trace point and is where the peak of the LED spectrum occurs.

Ppeak
Peak Density =  ——————

RBW (λpeak)

LED Measurements
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Sigma

Sigma is the RMS value of spectral width of the LED based on a Gaussian distribution.
The value of sigma (σ) is calculated by the following formula:

n      
pi trace point spacing              

_ 
Sigma = σ = √Σ — (——————— ) (λi - λ)2

i=1 Po
RBW 

where:

λ is mean wavelength (FWHM) as defined below.

λi is the wavelength of a single trace point.

p
i
is the power of a single trace point.

Po is total power as defined.

Mean wavelength

This wavelength represents the center of mass for all the trace points. The total
power and wavelength of each trace point is used to calculate the mean wavelength.

n      
pi trace point spacingλ = Σ — ( ——————— ) λi

i=1 Po
RBW

Center wavelength

Center wavelength is the average of two wavelengths determined in the 3 dB width
measurements. Typically the values of mean wavelength and center wavelength
are similar.

Full Width Half Max (FWHM)

FWHM describes the spectral width of the half power points of the LED. Half
power points are where power spectral density is one half of the peak amplitude.
FWHM value and the 3 dB width values are typically very close to one another.
This parameter is calculated using sigma value.

FWHM = 2.355 * σ

See Appendix 1.
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Many of the commonly measured parameters of Fabry-Perot lasers will be
discussed in this section. The optical spectrum analyzer has an automatic
measurement routine for Fabry-Perot lasers. The results from the Fabry-Perot
laser measurement routine are shown in Figure 8. The following parameters are
often of interest and are measured by the automatic routine.

Measurement attributes are calculated using the entire set of trace points in
order to provide more repeatable results. This is particularly useful for devices
that exhibit significant levels of fluctuation in the distribution of optical energy
among the spectral modes.

Fabry-Perot Measurements

Figure 8. Agilent 86140B optical spectrum analyzer source application Fabry-Perot
measurement

Total power

Total power is the summation of the power at each trace point, normalized by the
ratio of the trace point spacing and the resolution bandwidth.

n    
pi trace point spacingTotal power = Σ ( ——————— )

i=1 RBW



Mean wavelength

Mean wavelength represents the center of mass of the trace points, normalized
by a ratio of the trace point spacing and the resolution bandwidth. The power
and wavelength of each trace point are used to calculate the mean (FWHM)
wavelength.

n      
pi trace point spacingλ = Σ — ( ——————— ) λi

i=1 Po
RBW

Sigma

Sigma is the RMS value of spectral width of the LED based on a Gaussian distribution.
The power and wavelength of each spectral component is used to calculate mean
wavelength. 

n      
pi trace point spacing              

_ 
Sigma = σ = √Σ — (——————— ) (λi - λ)2

i=1 Po
RBW 

where:

λ is mean wavelength (FWHM).

λi is the wavelength of a single trace point.

p
i
is the power of a single trace point.

Po is total power as defined.

FWHM

Full Width Half Max describes the spectral width of the half power points of the
laser, assuming a continuous, Gaussian power distribution. The half power points
are where power spectral density is one half of the peak amplitude. This
parameter is be calculated using the sigma value.

FWHM = 2.355 * σ

Mode spacing (in nm)

Mode spacing is the average wavelength spacing between the individual spectral
components of the Fabry-Perot laser.

Mode spacing (in GHz) is the average frequency between the individual spectral
components of the FP laser.

Peak amplitude and peak wavelength

The peak amplitude is the power level of the peak spectral component or mode
of the Fabry-Perot laser. The wavelength at which the peak amplitude occurs is
the peak wavelength.

10
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The results from the DFB laser automatic measurement routine performed by an
Agilent optical spectrum analyzer are shown in Figure 9. The following
parameters are often of interest and are measured automatically.

Figure 9. Agilent 86140B optical spectrum analyzer source application DFB laser
measurement

Peak amplitude and peak wavelength

The power level of the main spectral component or the main mode of the laser is
the peak amplitude. The wavelength at which the main mode of the laser occurs
is the peak wavelength.

Side mode suppression ratio (SMSR)

SMSR is the amplitude difference between the main mode and the largest side
mode.

Mode offset

Mode offset is a measure of the wavelength separation between the main mode
and the largest side mode, within current trace span. Negative values indicate
the next highest mode lies to the left of the main mode and positive values
indicate the next highest mode lies to the right of the main mode.

Stop band

The wavelength spacing between the upper and lower side modes adjacent to
the main mode is referred to as the stop band.

Distributed feedback laser
measurements
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Center offset

This is a measurement that indicates how well the main mode is centered in the
stop band. This value equals the wavelength of the main mode minus the mean
of the upper and lower stop band component wavelengths.

Bandwidth

This is the main spectral component of the DFB laser. Due to the narrow
linewidth of most DFB lasers, the result of this measurement for an unmod-
ulated laser is limited by the resolution bandwidth of the optical spectrum
analyzer.

Chirp and linewidth are important measurements for lasers, but they are beyond
the scope of this application note. For more information, please refer to “Agilent
Lightwave Signal Analyzers, Measure Relative Intensity Noise” product note,
publication number 5091-2196E and “Agilent Lightwave Signal Analyzer
Application Note”, publication number 5954-9137E for Chirp and line width
measurement techniques.   

There are many important parameters to consider when designing and testing
light sources. As we discussed, an optical spectrum analyzer is the best, preferred
and most popular tool for analyzing the spectrum of light sources. These
parameters can be measured automatically using the source application of 
an Agilent 8614xB optical spectrum analyzer.

Conclusion
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FWHM measurement assumes a Gaussian shaped trace as follow:

Trace (measured)

Gaussian

“Understanding LASERS”, by Jeff Hecht, second edition, published by IEEE
PRESS, ISBN 0-7803-1005-5.
“Understanding Fiber Optics”, by Jeff Hecht, third edition, published by Prentice
Hall, ISBN 0-13-956145-5.

Appendix I.

References
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3 dB BW
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FWHM
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