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为为为为多个多个多个多个1W LED组成的组成的组成的组成的MR16代替灯减少零件数量代替灯减少零件数量代替灯减少零件数量代替灯减少零件数量、、、、实现紧密的实现紧密的实现紧密的实现紧密的 

参考设计参考设计参考设计参考设计 

Silvestro Russo，，，，2007 年年年年 10 月月月月 引言引言引言引言 

MR16 灯属于多面向反射器灯的一种，通常以卤素灯丝囊作为光源。它们适用于很多零售和消费性应用，藉着独特的尺寸、可配置性、聚光能力和美观性，发挥实用性和创意。不过，低效率、热量产生和卤素囊处理问题往往成为了这种技术的缺点。MR16 灯一般采用 12V DC 或 12V AC 通用电磁式变压器下操作。 

 
LED 是一个替代卤素灯的理想选择，因为它具有更高效能及无热辐射。 

 这款参考设计可以装设于 MR16 型 LED 射灯的标准连接器空间。它经过了优化，在零件数量以至热性能方面，都更臻完善。这款设计一般可在镜面部分配合 3 个 1W LED 使用，更可以作出调整，满足照明系统设计人员的要求。 

 
 

  图 1：采用 ZXLD1350 的 MR16 应用  

 规格书规格书规格书规格书 建议用户在使用此设计手册的同时，也参考 ZXLD1350 的规格书。请浏览： 

http://www.zetex.com/3.0/pdf/ZXLD1350.pdf 

 描述描述描述描述 

 图 2 是利用 ZXLD1350 和 ZXSBMR16T8 实现的 MR16 灯解决方案的系统接线图，表 1 则提供了物料清单。 
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 图图图图 2 – ZXLD1350 MR16 灯解决方案的系统接线图灯解决方案的系统接线图灯解决方案的系统接线图灯解决方案的系统接线图 

 
ZXLD1350 是为 350mA 或以下的 LED 电流驱动应用而设计。这款单片式 NMOSFET 大小适中，提供具有成本效益的芯片尺寸，额定电流为 400mA，在迟滞操作模式下 (电流波形从标称电流设定点约升降 

+/-15%)提供足够的裕度。ZXLD1350 的主要特点包括： 

 

• 高至 380mA 的输出电流 

• 宽阔的输入电压范围：7V 至 30V 

• 内部 30V 400mA NDMOS 开关 

• 高效率 (高于 90%) 

• 高至 1MHz 的开关频率  

 
 
ZXSBMR16T8 是一款能够节省空间又具有热效率，并且特别为满足 MR16 应用的关键要求设计的器件。它包含一个全桥和一个空转二极管，以低泄漏的 1A、40V 肖特基二极管来实现标称 12V AC 输入操作。相比于采用一体式设计的标准硅式二极管，这种肖特基桥与嵌入式续流二极管的组合有助于提升系统的效率。参考设计中具备旁路焊接点，可以省略桥式整流器，最终的电灯设计亦适用于纯 DC 操作。  

 由于 ZXLD1350 采用了迟滞式转换电路拓朴，因此转换效率取决于几项因素 –  输入电压、目标电流和 

LED 数量。当中还设有以 Excel 为基础的计算器，用于系统的初始评测和决定零件选择。 

 详情可浏览 http://www.zetex.com/3.0/otherdocs/zxld1350calc.xls 

 系统效率和 LED 电流测量皆包含在设计中， ADJ 管脚保持浮动，以测量器件中的电流额定值。ADJ 管脚的阻抗输入较高 (200K)，容易受到其他来源的泄漏电流所影响。任何从这个管脚载下的电流，都会减低输出电流。为了避免出现任何电磁耦合情况，管脚的周遭设有保护线轨。 
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 数量数量数量数量 零件参考零件参考零件参考零件参考 价值价值价值价值 描述描述描述描述 来源来源来源来源 

1 R1 0.33Ω 电阻器，1%，0805 不同来源 

1 C1,C2 150µF/20V D类 SMD钽电容器 Kemet 

1 C3 0.1µF/25V SMD 0805 X7R NIC元件 

1 C4 1µF/25V SMD 1210 X7R NIC元件 

1 L1 100µH MSS6132-104 Coilcraft 

1 U1 ZXLD1350 LED 驱动器 IC ZETEX 

1 U2 ZXSBMR16PT8 肖特基桥式整流器矛及续流二极管 ZETEX 
 表表表表1 – 物料清单物料清单物料清单物料清单 

 从图 2 中的电路原理图可见，只需要使用 0Ω 电阻器，便可运用跳线连接，实现纯 DC 操作。 由于系统并没有反极性保护由于系统并没有反极性保护由于系统并没有反极性保护由于系统并没有反极性保护，，，，所以用户要特别小心所以用户要特别小心所以用户要特别小心所以用户要特别小心。。。。 

 图 3 为电路设计，说明了节省空间和紧凑设计的优点。底层及顶层皆清楚显示，高效器件布置清晰可见。 
 
 

 
 顶部的铜及丝印层 

 

底部的铜及丝印层 

 图图图图 3：：：：电路设计电路设计电路设计电路设计 
 
 主层设计建议如下： 

• 所有薄器件设于同一边 

• 以星形联结作为接地线轨 

• 以接地环保护 ADJ 管脚 

• 请检查： 

• 把 R1 连接至 ZXLD1350 愈短愈好 (感应线轨) 

• 滤波电容器 C3 应连接至最接近 Vin 管脚的地方 

• 续流电流路径愈短愈好，以保障系统的精密度和效率 
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电路板一览电路板一览电路板一览电路板一览 

 
         顶层            底层 

                                     
 
 
     MR16 连接针连接针连接针连接针   

 
     +阳极 

     LED 连接点连接点连接点连接点 

     - 阴极 

 
 
 
 

 
 
 

 图图图图 4：：：：电路板一览电路板一览电路板一览电路板一览 

 
 
 电感器电感器电感器电感器的选择的选择的选择的选择和开关电路和开关电路和开关电路和开关电路佈线佈线佈线佈线设计设计设计设计 

 电路中选用了 100 µH 的屏蔽式电感器，把标称频率设定于约 250kHz 的水平，同时把辐射电磁干扰减至最少。任何开关稳压器的设计，对减低辐射电磁干扰都相当重要。这款参考设计可以把关键的线轨长度减至最低，而关键性区域四周的接地面积则扩至最大。 

 电路电路电路电路的的的的性能表现性能表现性能表现性能表现 

 电路的性能表现根据两项主要的参数进行评测，包括系统效率和电流精度。 

 参考电路的电流设定于 300mA 的标称值，但只须根据以下公式改变感应电阻器 Rsense，电流便可调整至
350mA 或下的水平。 

 
Iref = 0.1 / R1 [A] 
 当使用    R1 = 0.33Ω             �          Iref = 300mA 

 表 2 列出了 12V 至 15V DC 供应电压系统的相关资料，有关测试采用了肖特基二极管桥。最重要的参数包括系统效率及额定 LED 电流 (300mA) 和实际 LED 电流之间的误差。在 DC 环境下，频率介于 150kHz 和 300kHz 之间，视输入电压而定。不论输入电压多少，效率皆高于 87%，误差少于 2%。 

 输入电压输入电压输入电压输入电压 [V] 输入电流输入电流输入电流输入电流 [A] 输出电压输出电压输出电压输出电压 [V] 输出电流输出电流输出电流输出电流 [A] 效率效率效率效率 电流准确度电流准确度电流准确度电流准确度 

12.000 0.275 9.80 0.296 87.9% 1.3% 

13.000 0.252 9.78 0.294 87.7% 2.0% 

14.000 0.232 9.76 0.294 87.6% 2.0% 

15.000 0.220 9.75 0.294 87.4% 2.0% 表表表表 2 - DC 输入电压输入电压输入电压输入电压  
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表 3 列出了以一个采用 SMD 钽电容器及AC 电磁变压器供电系统的相关资料。系统以节省空间为设计目标，同时避免使用体积更大、可靠性更低的电解电容器。对于体积、可靠性、成本及平均LED电流都有取舍，一般标定 12V AC 的变压器输出电压会变化＋／－10%，三个 LED 的压降约 10V，在图8 可以看到，如电容值少於200 µF ，AC 输入的波形扭歪了。当整流后电压没有被有效地平滑，谷低电压有可能低於 LED 电压，在这情况下，开关电路停止运作， LED 平均电流下降，最后 LED 输出流明也下降。 

 

 

C1 [µF] 输入电压输入电压输入电压输入电压 [V] 输入电流输入电流输入电流输入电流 [A] 输出电压输出电压输出电压输出电压 [V] 输出电流输出电流输出电流输出电流 [A] 效率效率效率效率 电流准确度电流准确度电流准确度电流准确度 

100 12.70 0.303 9.28 0.225 54% 25% 

150 12.60 0.394 9.50 0.271 52% 10% 

200 12.53 0.432 9.55 0.293 52% 2% 

300 12.50 0.386 9.70 0.295 60% 2% 表表表表 3 - AC 输入电输入电输入电输入电压压压压   图5至图8显示由输入电容Cin=C1+C2+C3所影响的输入电压纹波及LX电压。输入电容愈大，输出电流愈準确，亦令平均输出流明愈高。当输入电容达300uF时，整体表现，包括效率及电流準确度都最好。相反，当输入电容降低，输出电流準确度降低多达25％，但效率总高於50％。  

 图图图图 5  Cin=300µF     图图图图 6  Cin=200µF 
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 图图图图 7  Cin=150µF     图图图图 8  Cin=100µF 

 

 图 5 至 8：输入纹波及 LX 电压 (Ch3 为 LX 管脚电压，Ch4 为输入电压) 

 有关 Gerber Plot 及进一步协助， 可联络 Zetex 的本地销售代表。以下为各本地销售处的电邮地址。 

europe.sales@zetex.com 

usa.sales@zetex.com 

asia.sales@zetex.com 

 

 结论结论结论结论 

 
ZXLD1350 及 ZXSBMR16T8 配合其他被动元件，展现了一个细小、可靠、高效率及小元件数目的方案。这个超小设计可放进连接器的外壳，将这些对温度敏感的元件与发热的 LED 尽量分隔开。在最终的解决方案中，LED电流及电容器的大小都要有所取舍，以达致最理想的效率、准确度、尺寸及元件数量。 这是一系列不同 MR16 解决方案和选项参考设计中的第一份设计手册。 
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Definitions 
Product change 

Zetex Semiconductors reserves the right to alter, without notice, specifications, design, price or conditions of supply of any product or 

service. Customers are solely responsible for obtaining the latest relevant information before placing orders. 
Applications disclaimer 

The circuits in this design/application note are offered as design ideas. It is the responsibility of the user to ensure that the circuit is fit for 

the user’s application and meets with the user’s requirements. No representation or warranty is given and no liability whatsoever is 

assumed by Zetex with respect to the accuracy or use of such information, or infringement of patents or other intellectual property rights 

arising from such use or otherwise. Zetex does not assume any legal responsibility or will not be held legally liable (whether in contract, 

tort (including negligence), breach of statutory duty, restriction or otherwise) for any damages, loss of profit, business, contract, 

opportunity or consequential loss in the use of these circuit applications, under any circumstances. 
Life support 

Zetex products are specifically not authorized for use as critical components in life support devices or systems without the express written 

 

approval of the Chief Executive Officer of Zetex Semiconductors plc. As used herein: 

A. Life support devices or systems are devices or systems which: 

1. are intended to implant into the body 

or 

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the 

labelling can be reasonably expected to result in significant injury to the user. 

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to 

cause the failure of the life support device or to affect its safety or effectiveness. 
Reproduction 

The product specifications contained in this publication are issued to provide outline information only which (unless agreed by the 

company in writing) may not be used, applied or reproduced for any purpose or form part of any order or contract or be regarded as a 

representation relating to the products or services concerned. 
Terms and Conditions 

All products are sold subjects to Zetex’ terms and conditions of sale, and this disclaimer (save in the event of a conflict between the two 

when the terms of the contract shall prevail) according to region, supplied at the time of order acknowledgement. 

For the latest information on technology, delivery terms and conditions and prices, please contact your nearest Zetex sales office . 
Quality of product 

Zetex is an ISO 9001 and TS16949 certified semiconductor manufacturer. 

To ensure quality of service and products we strongly advise the purchase of parts directly from Zetex Semiconductors or one of our 

regionally authorized distributors. For a complete listing of authorized distributors please visit: www.zetex.com/salesnetwork 

Zetex Semiconductors does not warrant or accept any liability whatsoever in respect of any parts purchased through unauthorized sales 

channels. 
ESD (Electrostatic discharge) 

Semiconductor devices are susceptible to damage by ESD. Suitable precautions should be taken when handling and transporting devices. 

The possible damage to devices depends on the circumstances of the handling and transporting, and the nature of the device. The extent 

of damage can vary from immediate functional or parametric malfunction to degradation of function or performance in use over time. 

Devices suspected of being affected should be replaced. 
Green compliance 

Zetex Semiconductors is committed to environmental excellence in all aspects of its operations which includes meeting or exceeding 

regulatory requirements with respect to the use of hazardous substances. Numerous successful programs have been implemented to 

reduce the use of hazardous substances and/or emissions. 

All Zetex components are compliant with the RoHS directive, and through this it is supporting its customers in their compliance with 

WEEE and ELV directives. 
Product status key: 

“Preview” Future device intended for production at some point. Samples may be available 

“Active” Product status recommended for new designs 

“Last time buy (LTB)” Device will be discontinued and last time buy period and delivery is in effect 

“Not recommended for new designs” Device is still in production to support existing designs and production 

“Obsolete” Production has been discontinued 
Datasheet status key: 

“Draft version” This term denotes a very early datasheet version and contains highly provisional information, which 

may change in any manner without notice. 

“Provisional version” This term denotes a pre-release datasheet. It provides a clear indication of anticipated performance. 

However, changes to the test conditions and specifications may occur, at any time and without notice. 

“Issue” This term denotes an issued datasheet containing finalized specifications. However, changes to 

specifications may occur, at any time and without notice. 
 

Europe  

Zetex GmbH 
Streitfeldstraße 19 
D-81673 München 
Germany 
 
Telefon: (49) 89 45 49 49 0 
Fax: (49) 89 45 49 49 49 
europe.sales@zetex.com 

Americas 

Zetex Inc 
700 Veterans Memorial Highway 
Hauppauge, NY 11788 
USA 
 
Telephone: (1) 631 360 2222 
Fax: (1) 631 360 8222 
usa.sales@zetex.com 

Asia Pacific 

Zetex (Asia Ltd) 
3701-04 Metroplaza Tower 1 
Hing Fong Road, Kwai Fong 
Hong Kong 
 
Telephone: (852) 26100 611 
Fax: (852) 24250 494 
asia.sales@zetex.com 

Corporate Headquarters 

Zetex Semiconductors plc 
Zetex Technology Park, Chadderton 
Oldham, OL9 9LL 
United Kingdom 
 
Telephone (44) 161 622 4444 
Fax: (44) 161 622 4446 
hq@zetex.com 

These offices are supported by agents and distributors in major countries world-wide. 

This publication is issued to provide outline information only which (unless agreed by the company in writing) may not be used, applied or reproduced 

for any purpose or form part of any order or contact or be regarded as a representation relating to the products or services concerned. The company 

reserves the right to alter without notice the specification, design, price or conditions of supply of any product or service. 


