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1 What’s New from Texas Instruments?
Texas Instruments DLP Products has launched the first ever near-infrared micro electromechanical
system (MEMS) digital micromirror device (DMD), the DLP4500NIR. At the same time, the DLP
NIRscan™ platform was introduced, enabling developers to design a new generation of high performance
affordable spectroscopy solutions.

2 What is Spectroscopy?
Spectroscopy is a powerful non-contact technique for quickly recognizing and characterizing physical
materials through the variations in absorption or emission of different wavelengths of light. Spectroscopy
can be performed using visible, infrared (IR), or ultraviolet (UV) wavelengths.

Spectroscopy operates on the principle of spreading light out into a spatially distributed band of
wavelengths – a rainbow of “colors” (even if the colors are not visible to the human eye). This allows the
variation in light intensity versus wavelength to be measured and recorded. This recorded data can be
analyzed to reveal many things about the materials through which the light passes, or from which it
reflects or is emitted. The near-infrared (NIR) and short wave infrared (SWIR) regions are particularly rich
in molecular vibrational mode information, making this wavelength range a target for molecular
spectroscopy applications.

Figure 1. Spectroscopy Reveals the Properties of Materials Using Light

NIRscan is a trademark of Texas Instruments.
DLP is a registered trademark of Texas Instruments.
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德州仪器面向光谱分析的 DLP ® 技术

1    德州仪器有什么新动态？

德州仪器 DLP 产品部门推出首款近红外微机电系统 (MEMS) 数字微镜器件 (DMD)，DLP4500NIR。与此同时，DLP 

NIRscan™ 平台也已面市，从而使得开发人员能够设计出新一代的高性能经济实用型光谱分析解决方案。

2    什么是光谱分析？

光谱分析是一种功能强大的非接触式技术，通过分析不同波长的光在整个光谱中的吸收或反射变化，可以快速识别物质的成

分和相关特性。光谱分析可以支持可见光、红外光 (IR) 或紫外光 (UV) 波长。

光谱分析的工作原理是将光线展开为一个按波段分布的光带，形成一个类似“彩色”的彩虹（即使有可能某些颜色并不能被

人眼所看见）。这样光线强度与对应波长能被测量和记录。通过对这些记录数据进行分析可以揭示与光线透射、反射或辐射

相关的许多物质特性。近红外 (NIR) 和短波红外 (SWIR) 区具有特别丰富的分子振动模式信息，从而该波长范围特别适合分

子光谱分析应用。
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图 1：分光镜检查采用光来揭示材料的性质

NIRscan 是德州仪器的商标。

DLP 是德州仪器的注册商标。
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Figure 1 emphasizes the importance of spectroscopy as a tool for detecting and analyzing the properties
of materials by measuring their differential interaction with various wavelengths of light. The figure also
schematically illustrates the principle of spreading a spectrum across DLP DMD mirror array, which is
used as a programmable wavelength selection filter to enable spectroscopy applications.

2.1 Where are Spectrometers Used?

Figure 2. Spectroscopy Uses

Figure 2 indicates the many industrial, medical, and scientific areas of application for spectroscopy. It is an
incomplete list, because new applications are being enabled by the availability of lower cost, high
performance, affordable spectrometers – especially those which use DLP technology.
• Pharmaceuticals
• Food and agriculture
• Petrochemicals
• Manufacturing (chemicals and plastics)
• Medical
• Security
• More…

Spectroscopy is used to:
• Identify an unknown material by comparison to a catalog of spectral characteristics
• Determine the presence of a substance of interest
• Inspect a quantity of material to determine concentration limits of certain substances
• Analyze the chemical composition of a sample using principal component analysis (PCA) and

chemometrics
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图1 强调了光谱分析作为一种检测和分析材料属性（通过测量其对于各种不同光的波长的差别相互作用来完

成）的工具所具备的重要性。另外，该图还示出了经过 DLP DMD 微镜阵列展开光谱波段的原理，该阵列用

作一个可编程波长选择滤波器，以实现光谱分析应用。

图2 示出了光谱分析在工业、医疗和科学领域中的许多应用。以下列举的并非所有应用，随着低成本、高性

能、经济实用型分光计（特别是采用 DLP 技术的分光计）的面市，新的应用将不断涌现。药品

• 食品与农业

• 石油化工

• 制造（化学品和塑料）

• 医疗

• 安全

• 更多…

光谱分析用于：

• 通过和一个特征光谱的对比来识别某种未知物质；

• 确定某种需检测物质的存在；

• 定量检测以确定某些特定物质的浓度范围；

• 采用主成分分析法 (PCA) 和化学计量学来分析某个样本的化学成分。

图 2：分光镜检查的用途

2.1   分光计用在哪些地方？
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www.ti.com What is Spectroscopy?

2.2 Existing Spectroscopy Solutions
There are a number of types of spectroscopy, which include:
• Emission (bright line) spectroscopy – used primarily for elemental analysis
• Direct absorbance or reflectance spectroscopy – used primarily for molecular analysis
• Raman spectroscopy – used for molecular analysis

In addition to the different types of spectroscopy (for example, Raman or direct), various optical and
detection approaches are implemented. Spectrometer designs use both mirrors and lenses for the optical
elements. Likewise, both transmissive and reflective diffraction gratings are used to disperse the light into
its constituent wavelengths. However, choosing a sensor (detector) to record the intensity versus
wavelength data presents a significant challenge.

One approach (shown in Figure 3) uses a single point (non-array) detector. For visible, and perhaps near
UV wavelengths, the detector can be a silicon-based photodiode. For NIR and IR wavelengths, the
detector may be a photonic device (based on an exotic semiconductor, such as InGaAs), or a thermal
device (bolometer, thermocouple, pyroelectric). A single-point detector requires some physical movement
to scan the spectrum produced by the diffraction grating, in order to sample all of the wavelengths. Often
this requirement is met by rotating the diffraction grating, which is a demanding and potentially
troublesome mechanical solution, particularly for portable systems.
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旋转

什么是光谱分析？ 

对于某些波长范围（可见光、长波长 UV 光和 NIR 光区域：大约350 nm 至 900 nm），基于硅的 CCD 成像

阵列或许是实用的（见图 4）。这些成像阵列类似于科研摄像机中使用的成像阵列。采用阵列探测器可免除

在光学系统中需可运动部件的要求，从而实现更简单和更可靠的结构设计。此外，这些传感器还具有与摄

像机图像捕获相似的数据捕获优势。这种阵列方式在可见光波段具有高分辨率的解析度，出色的灵敏度及

合理的成本。

在 IR 范围中（特别是对于 > 1μm 的波长），需要采用更多独特的半导体材料，而阵列探测器要么价格十

分昂贵、分辨率低，要么无法可用。在某些场合中，为了降低成本可允许存在坏点（或像素之间的非均匀

性），但最终制成的分光计的实用性则也许因此受到限制。

 图 3：采用一个旋转光栅和单元探测器的分光计

2.2   现有的光谱分析解决方案

光谱分析有多种类型，其包括：

• 辐射（亮线）式光谱分析 － 主要用于元素分析；

• 直接吸收或反射式光谱分析 － 主要用于分子分析；

• 拉曼 (Raman) 光谱分析 － 用于分子分析。

除了不同的光谱分析类型（例如：拉曼或直接式），还有各种不同的光学和检测方式。分光计通常有用到反射

镜和透镜等光学元件。透射和反射式衍射光栅被用来按波长分离光线。然而，选择一个传感器（探测器）来记

录“光强与波长的关系”数据是一项重大的挑战。

 一种方法（示于图 3）是采用单点（非阵列）探测器。对于可见光（也许还有近紫外光）波长，这种探测器可

以是基于硅的光电二极管。对于 NIR 和 IR 波长，探测器可以是光子器件（基于一种特殊的半导体材料，比如 
InGaAs）或者热敏元件（辐射热测定器、热电偶、热释电晶体）。单点探测器需要某种物理运动以扫描由衍

射光栅产生的光谱，从而对所有的波长进行采样。这种要求常常是通过旋转衍射光栅来实现的，这是一种严苛

而且有可能十分麻烦的机械解决方案，对于便携式系统而言尤其如此。

www.ti.com.cn
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Figure 4. Spectrometer Using an Array Detector

In almost all NIR and IR spectroscopy solutions, especially beyond 1.7 μm, the detector must be
aggressively cooled below ambient in order to reduce the effects of dark current, and to improve dynamic
range. This is usually accomplished with a single- or multi-stage thermoelectric cooler (TEC).

Although excellent results can be obtained with array detectors in certain wavelength regions, the NIR and
IR regions require expensive and low resolution exotic semiconductor detector arrays. This raises the
price, and can limit the performance, of spectrometer solutions for NIR and IR based on array detectors.

3 DLP Technology for Spectroscopy Solutions
Considering the history of spectrometer design, the TI DLP DMD is well suited to provide an elegant
solution to many of the problems noted.

The DMD (Figure 5) consists of an array of hundreds of thousands to millions of tiny micromirrors.

Figure 5. DLP DMD With Close-up of Mirror Array
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面向光谱分析解决方案的 DLP 技术 

在几乎所有的 NIR 和 IR 光谱分析解决方案中（特别是波长超过 1.7μm 的），必须积极主动地将探测器冷却

到环境温度以下，旨在抑制暗电流的影响并改善动态范围。这通常是采用单级或多级热电冷却器 (TEC) 来实现

的。

虽然在某些波长区域中可利用阵列探测器获得绝佳的结果，但是 NIR 和IR 区域则需要使用昂贵和低分辨率的独

特半导体探测器阵列。对那些针对 NIR 和 IR 并基于阵列探测器的光谱分析解决方案而言，这不仅将增加成本，

而且还会限制性能。

3     面向光谱分析解决方案的 DLP 技术

相对于传统的光谱分析设计，TI 的DLP DMD 是非常适合解决上述提到问题的完美解决方案。

DMD（图 5）由数十万到数百万个极微小的微镜阵列构成。

图 4：采用一个阵列探测器的分光计

图 5：DLP DMD（配有微镜阵列的近摄图）

数字微镜器件 (DMD) 

 微镜阵列

www.ti.com.cn
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The unique architecture of the DLP DMD facilitates a spectrometer architecture that uses a larger, single
detector to displace an expensive array detector, while still allowing for a robust (no moving parts) optical
platform.

Figure 6 shows how the DMD is inserted into the optical path to select the specific wavelength regions for
measurement by a single detector. The selection of individual wavelengths is accomplished by selectively
turning columns of mirrors on or off, in order to reflect only the desired wavelengths to the detector. In the
IR/NIR wavelength region, this allows the use of a high-performance, cost-effective single element
detector, while providing wavelength selection agility, speed, and mechanical stability.

Figure 7 illustrates the optical layout of a DMD-based spectrometer. This powerful and programmable
design architecture offers equipment makers the ability to analyze more near infrared substances with
higher performance at lower price points, while using a small form factor suited for field analysis and inline
manufacturing processes.
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 面向分光镜检查解决方案的 DLP 技术

DLP DMD 的独特架构易于形成一种分光计结构，并能够采用较大的单个探测器来取代昂贵的阵列探测器，同

时仍可提供一个可靠的（无活动部件）光学平台。

图6 示出了怎样将 DMD 应用于光路以选择特定的波长范围，然后由单个探测器进行测量。对单一波长的选择是

通过有选择性地打开或关闭反射镜列来完成，旨在仅将需要的波长反射至探测器。在 IR / NIR 波长范围内，这

允许使用高性能低成本的单元探测器，同时实现了波长选择的灵活性、快速和可靠性。

图7 示出了基于 DMD 的光谱分析光路设计布局。这种强大且可编程的设计架构使得设备制造商能够以更高的性

能和更低的价位分析更多近红外物质，同时实现小型化以适合于现场分析产线作业。

图 6：采用一个 DLP DMD 和单元探测器的分光计

www.ti.com.cn
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Figure 7. Illustration of Optical Path and Components of DLP NIRscan EVM

4 Why Choose DLP Technology for Spectroscopy?

4.1 Performance
The DLP DMD solution offers many advantages over existing spectrometer solutions, including:

• DMDs have more columns than are available in arrays, thereby offering higher wavelength resolution
over array detectors.

• A DMD based spectrometer solution offers greater detector area and light capture efficiency than array
detectors.
– The DMD offers a larger spatial area (perpendicular to the spread out spectrum), and therefore can

capture more light from a sample, as compared to a narrow array detector.
– A DMD allows for the use of a much larger single pixel detector (1 to 3 mm), as compared with 30

to 50 μm pixel size for typical array detectors.
• DLP solutions make possible a better signal-to-noise ratio (SNR) over a given measurement time. This

offers designers the ability to make more accurate measurements in less time, which allows for the
measurement of new or harder to detect substances. Some array detectors often require 0.5 to 1 s (or
even up to 10 s) integration times, even though they are advertised as having 10 ms acquisition time.
With DLP, complete scans in < 0.5 s can provide the expected SNR.

• DMD based spectrometers offer ability to calibrate out the effects of stray light, allowing optimization at
a lower cost than other non-DMD based systems.

• The single element detector approach offered by DLP technology eliminates scan errors due to pixel
defects or non-uniformities which often accompany lower cost array-based solutions. Calibration of the
DLP spectrometer is accomplished by software at time of assembly, and remains stable over
temperature, aging, and mechanical vibration.
– The mechanical simplicity and robustness of a DMD spectrometer simplifies manufacturing and

alignment processes, with software-based calibration ensuring consistent unit-to-unit performance
in volume production.

4.2 Programmability
• The programmable DLP DMD gives spectrometer designers more flexibility to program simple or

complex scan patterns. This may expand the ability to measure more diverse substances with a single
end equipment.
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4     为什么选择 DLP 技术用于光谱分析？

4.1   性能

与现有的光谱分析解决方案相比，DLP DMD 解决方案拥有诸多的优势，包括：

• 与阵列探测器中的列数相比，DMD 具有的列数更多，因而可提供更高的波长分辨率。

• 相比于阵列探测器，基于 DMD 的分光计解决方案可提供更大的探测面积和更高的光捕获效率。

－ DMD 提供了较大的空间面积（垂直于展开的光谱），因而与窄阵列探测器相比可捕获更多来自样本的光线。

－ DMD 可以使用大得多的单像素探测器（1 mm 至 3 mm），而典型阵列探测器的像素尺寸则为 30μm 至 50μm。

• DLP 解决方案可在给定的测量时间里实现更好的信噪比 (SNR) 指标。这为设计人员提供了以较少的时间完成

更精确测量的能力，从而可测量新的或难以探测的物质。有些阵列探测器常常需要 0.5 s 到 1 s（甚至长达 10 
s）的积分时间，尽管其宣称具有 10 ms 的采集时间。而采用 DLP 时，不到 0.5 s 就能完成全部扫描，并可以

提供理想的 SNR。
• 基于 DMD 的光谱分析能校正杂散光的影响，从而以低于其他类型光谱分析系统的成本实现了性能优化。

• DLP 技术所用到的单元探测器法可消除由于像素缺陷或非均匀性（基于阵列的低成本解决方案常常伴随着此

类问题）引起的扫描误差。DLP 光谱分析的校准在装配时可利用软件完成，并且整个系统能在一定温度范围

内、老化过程中和机械振动环境下保持工作性能的稳定。

－ DMD 光谱分析简单、可靠的结构简化了制造和校准工艺，而基于软件的校准方法可在批量生产过程中确保

每一台机器的一致性。

4.2   可编程性

• 可编程的DLP DMD 使得光谱分析仪器在使用时可以更灵活的编程出简单或复杂的扫描图形。这将拓展使用单

个终端设备检测更多不同物质的能力。

图 7：DLP NIRscan EVM 的光路和组件示意图
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• The DLP architecture enables adaptive scanning techniques, which are not possible with array
detectors or rotating grating designs. Furthermore, software can tailor scan methodologies based on
previously measured results. This allows for a more “optimize as you go” analysis and gives more
flexibility than simply increasing the scan time. Example methods may include:
– Auto SNR adjust – constant SNR scan:

• Can be accomplished by dynamically adjusting the scan rate, or dwell time, even within various
sub-regions of the spectrum

– Auto optical flux control:
• Enabled by varying the number of mirrors in a column (height of column), thereby adjusting the

magnitude of the reflected flux
– “On the fly” control of resolution and wavelength ranges:

• The width of scan columns can be changed, thereby varying the resolution as needed; sub-
ranges of the spectrum can be scanned at higher resolution than surrounding, less interesting
regions.

– Chemometric methods with multiple patterns:
• Calculated pattern sets can be applied sequentially to the DMD in order to look for characteristic

spectral signatures of chemical substances.

4.3 Portable Form Factor
• The DMD enables a larger, single detector to displace an expensive array detector. This can

dramatically decrease the cost of a spectrometer even while enhancing capability.
• The mechanical simplicity and robustness of a DMD-based spectrometer simplifies the manufacturing

and alignment processes, with software-based calibration ensuring consistent unit-to-unit performance
in volume production.

5 Next Steps
DLP technology offers a number of advantages in spectroscopy applications. Several shortcomings of
existing spectrometer designs have been overcome through the use of DLP. It is now possible to design
high performance, robust, flexible, and cost effective spectroscopy solutions using DLP technology. TI
accelerates the adoption of DLP technology for spectrometry through IR optimized DMDs, spectroscopy
development kits (NIRscan EVM), supporting software, and technical information.

Visit TI DLP on the web to learn more and keep up with the latest developments which are enabling
advanced spectroscopy solutions.
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未来的计划 

• DLP 架构实现了自适应扫描技术，而采用阵列探测器或旋转光栅设计是不可能做到这一点的。此外，软件还

能够根据先前的测量结果来相应地调整扫描方法。这可实现一种更加“按需优化”的分析，并提供更大的灵

活性而不仅仅是增加扫描时间。实例的方法包括：

         － 自动 SNR 调节 － 恒定 SNR 扫描：

• 可通过动态地调节扫描速率或滞留时间来实现，即使在光谱的不同子区域内部也不例外。

         － 自动光通量控制：

• 通过改变一列之中的反射镜数量（列的高度）来实现，由此调节反射光通量的大小。

         － 分辨率和波长范围的“执行中”控制：

• 可以改变扫描列的宽度，因此实现所需的分辨率；对特定区域，可以以相对其他不重要区域更高的分辨

率扫描。

         － 采用多模式的化学计量学方法：

• 可将计算出的pattern顺序地输入至 DMD，旨在寻找化学物质的特性光谱特征。

4.3   便携

• DMD 使得能够采用一个较大的单探测器来取代昂贵的阵列探测器。这可以在提高性能的同时极大地降低光谱

分析的成本。

• 基于 DMD 的光谱分析结构简单和可靠，简化了制造和校准工艺，而基于软件的校准方式可在批量生产中确保

一致性。

5     下一步的计划

      DLP 技术在光谱分析应用中提供了诸多的优势。采用DLP技术可以克服目前光谱分析设备中存在的许多缺陷。今

天，可以采用 DLP 技术来设计高性能、可靠、灵活和经济的光谱分析解决方案。TI 通过提供 IR 优化型 DMD、光谱

分析开发套件 (NIRscan EVM)、相关软件和技术信息加快了面向光谱测定法之 DLP 技术的普及。

敬请访问 TI DLP on the web，以了解更多详情并及时获悉先进光谱分析解决方案的最新开发成果。

www.ti.com.cn
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