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ABSTRACT
This document describes the basic structure and operation of the digital micromirror device (DMD) array.

1 Overview
This document covers the basic structure and operation of DMD devices. The DMD is a unique
combination of opto-mechanical and electro-mechanical elements. The journey begins with understanding
how one pixel works and building on that to encompass the entire array of pixels that comprise a DMD.

2 Mirror (Pixel)
The DMD pixel (mirror) is both an opto-mechanical element and an electro-mechanical element.

2.1 Bi-Stable Operation (±12 Degrees)
The DMD pixel is an electro-mechanical element in that there are two stable micromirror states (+12° and
–12° for most current DMDs) that are determined by geometry and electrostatics of the pixel during
operation.

The DMD pixel is an opto-mechanical element in that these two positions determine the direction that light
is deflected. In particular, the DMD is a spatial light modulator. By convention, the positive (+) state is tilted
toward the illumination and is referred to as the "on" state. Similarly, the negative (–) state is tilted away
from the illumination and is referred to as the "off" state. Figure 1 shows two pixels, one in the on and one
in the off state. These are the only operational states of the micromirror.

Figure 1. Pixels in On and Off State
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DMD 101
数字微镜器件 (DMD) 技术介绍

1         概述

本文的内容涵盖了 DMD 器件的基本结构和工作原理。DMD 是光机械和电子机械元素的一种独特组合。本文开头部分为

读者介绍了单个像素的工作原理，并以此为基础全面了解构成 DMD 的整个像素阵列。

2         微镜（像素）

DMD 像素（反射微镜）既是一个光机械元件器件，也是一个电子机械元件

2.1         双稳态操作（±12°）

DMD 微镜是一种微机械电子器件，因为其有两种稳定的微镜状态（对于大多数现用的 DMD 而言为 ＋12° 和 －12°），

此类状态由运行期间微镜的几何结构和静电特性所决定。

DMD 微镜是一种光机械器件，因为这两个位置决定了光反射偏转的方向。特别地，DMD 是一种空间光调制器。按照

惯例，正 (＋) 状态向照明方向倾斜，被称为“打开”状态。类似地，负 (－) 状态则向远离照明的方向倾斜，被称为“关

闭”状态。图 1 示出了两个像素，一个像素位于打开状态，而另一个像素则处于关闭状态。这些是微镜仅有的两种稳定

运行状态。

摘要

本文说明了数字微镜器件 (DMD) 阵列的基本结构和工作原理。

投影透镜

光吸收体 

灯

图 1：处于打开和关闭状态的像素
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2.2 Mechanical
Mechanically the pixel is comprised of a micromirror attached by means of a via to a hidden torsional
hinge. The underside of the micromirrors make contact with the spring tips shown in Figure 2. The
diagram shows a micromirror in the unpowered state. The two electrodes shown are used in holding the
micromirror in the two operational positions (+12° and -12°).

Figure 2. Pixel with Labeled Parts
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从机械的角度而言，像素是微镜面经由一个过孔连接至暗藏在下方的扭转铰链组成的。如图 2 中所示，微镜

面的下端可与弹片接触。该图示出了一个处于未通电状态的微镜。图中所示的两个电极用于将微镜保持在两

个运行位置上（＋12° 和 －12°）。

2.2   机械方面

图 2：像素（标明了包含的部件）
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2.3 Electrical

2.3.1 Dual CMOS Memory
Below each micromirror is a memory cell formed from Dual CMOS memory elements as depicted in
Figure 3. The state of the two memory elements are not independent, but are always complimentary. If
one element is logical 1 the other element is logical 0 and vice versa. The state of the pixel memory cell
plays a part in the mechanical position of the micromirror, however, loading the memory cell does not
automatically change the mechanical state of the micromirror.

Figure 3. Dual CMOS Pixel Memory

2.3.2 Memory State versus Micromirror State
Although the state of the dual CMOS cell plays a part in determining the state of the micromirror, it is not
the sole factor. Once the micromirror has landed changing the state of the memory cells will not cause the
micromirror to flip to the other state. Therefore, memory state and micromirror state are not directly linked
together.

2.3.3 Mirror Clocking Pulse – Transferring Memory State to Mirror State
In order for the state of the CMOS memory to be transferred to the mechanical position of the micromirror,
the pixel must receive a "Mirror Clocking Pulse" (formerly referred to as a “Reset”). This Mirror Clocking
Pulse momentarily releases the micromirror and then re-lands it based on the state of the CMOS memory
below. Therefore it is important that during a Mirror Clocking Pulse operation that the memory cell is not
being written to. The various DMD data sheets specify the time before and after a Mirror Clocking Pulse
occurs that data cannot be loaded to the pixel CMOS memory.

This allows the memory of groups of pixels to be pre-loaded and then their mechanical position to be
changed simultaneously with a Mirror Clocking Pulse.

2.3.4 Power Up and Power Down
When a DMD is “powered up” or “powered down” there are prescribed operations that are necessary to
ensure proper operation of the micromirrors. These operations land the micromirrors during power up and
release them during power down. Specific details are described in the various DLP Controller and DMD
data sheets.
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图 3：双 CMOS 像素存储器

2.3     电气方面
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2.3.1  双 CMOS 存储器

在每个微镜的下方是一个由双 CMOS 存储元件形成的存储单元，如图 3 所示。两个存储元件的状态不是独立

的，而是始终互补。如果一个存储元件为逻辑 1，则另一个存储元件为逻辑 0，反之亦然。像素存储单元的状

态对于微镜的机械位置是有影响的，然而，改变存储单元内容并不会自动地改变微镜的机械状态。

2.3.2  存储器状态与微镜状态

尽管双 CMOS 存储单元的状态对决定微镜的状态有所影响，但它并不是唯一的影响因素。一旦微镜处于某种

稳定状态当中，那么改变存储单元的状态将不会马上导致微镜翻转至另一种状态。于是，存储器状态与微镜

状态并非直接地相互关联。

2.3.3  微镜定时脉冲 － 将存储器状态转换为微镜状态

为了把 CMOS 存储器的状态转换为微镜的机械位置，微镜必须接收一个“微镜定时脉冲”（以前称为“复

位”）。该微镜定时脉冲短暂地释放微镜，并随后根据下方 CMOS 存储器的状态重新使其落位。因此在微

镜定时脉冲操作期间重要的一点是：不要向存储单元写入信息。DMD 的规格书规定了在出现微镜定时脉冲 
(Mirror Clocking Pulse) 之前和之后不能将数据装入微镜 CMOS 存储器的时间。

这允许对微镜组的存储器进行预加载，然后利用一个微镜定时脉冲同时改变其机械位置。

2.3.4  上电和断电

当 DMD“上电”或“断电”时，需要执行规定的操作以确保微镜的正确运作。这些操作在上电期间使微镜落

位，而在断电期间将其释放。各种 DLP 控制器和 DMD 规格书说明了具体的细节。
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3 DMD Array Operations
A DMD is an array of individual pixels, the array dimensions being determined by the resolution of the
particular DMD. For example consider a DMD with XGA resolution; 1024 columns by 768 rows.

The CMOS memory array consists of 768 rows of 1024 pixels long. 1 = on, 0 = off
Each row is randomly or sequentially addressable (automatic counter).

Figure 4. DMD Array

DMD memory is loaded by row. An entire row must be loaded even if only one pixel in the row needs to
be changed
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3     DMD 阵列操作

DMD 是由一个个微镜组成的阵列，该阵列的尺寸由特定 DMD 的分辨率决定。以一个具有 XGA 分辨率的 
DMD 为例；1024 列 x 768 行。

DMD 存储器按行加载。即使某行中只有一个像素需要变更，也必须加载整行。

CMOS 存储器阵列包括 768 行（长度各为 1024 个像素）。1 = 打开，0 = 关闭。

可对每行进行随机寻址或顺序寻址（自动计数器）。

图 4：DMD 阵列
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3.1 Row Load
Loading a row is accomplished via a parallel bus of 16, or 32 bits. Current 2xLVDS XGA Type A devices
use a 32 bit wide bus. This data is loaded on both rising and falling edges of the data clock (known as
dual data rate [DDR]). For the XGA device 32 clock edges (16 clock cycles) over the 32 bit wide bus are
needed to load the 1024 bits of a complete a Row. Figure 5 shows a Row Load. Note: The 2xLVDS 1080p
Type A device uses two 32 bit wide buses.

Row data is loaded 32 bits per clock over 32 edges (1024 bits per row) for the 2xLVDS XGA Type A DMD.

Figure 5. Row Load

3.2 Row Addressing
Rows can be addressed sequentially by way of an automatic counter or randomly by row address.

3.2.1 Sequential Mode (Automatic Counter)
Sequential addressing means that when row (n) is loaded, the DMD internally increments the row address
pointer to (n + 1).

NOTE: The pointer does not automatically reset to zero when the last row is loaded. An explicit command
to set the row pointer to zero must be issued.

This mode is useful when it is expected that most of the data in the image will change each time the
device is loaded. Further it does not require the user to keep track of the row address pointer.

3.2.2 Random Mode
Random addressing means that as row data is supplied a row address (n) must also be supplied. The
DMD will then load the row data to row (n) specified by the row address.

This mode is useful when it is expected that the data in the image will only change in a subset of rows.
However it does requires the user to keep track of row address pointer and supply the row address during
each row load.
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3.1   行加载

行加载是通过一个 16 位或 32 位并行总线来完成的。目前的 2xLVDS XGA A 类器件采用一个 32 位宽的总线。

该数据在数据时钟的上升沿和下降沿上加载（被称为双重数据速率 [DDR]）。对于 XGA 分辨率的器件，在 32 
位宽总线上需要 32 个时钟脉冲边沿（16 个时钟周期）以加载一个完整行的 1024 个位。图 5 示出了行加载。

注：2xLVDS 1080p A 类器件采用两根 32 位宽的总线。

3.2      行寻址

可对行进行顺序寻址（利用自动计数器）或随机寻址（按照行地址）。注：2xLVDS 1080p A 类器件采用两根 
32 位宽的总线。

3.2.1   顺序模式（自动计数器）

顺序寻址意味着：加载完行 (n)后时，DMD 内部将行地址指针指向 (n + 1)。

注：当加载最后一行时，行地址指针并不自动复位至零。必须发布一条明确的命令以把行指针设定至零。

该模式适合于每次加载图像时大部分内容都需要改变的情况。此外，其并不要求用户保持对行地址指针的跟踪。

3.2.2   随机模式

随机寻址意味着，当提供行数据时还必须提供一个行地址 (n)。DMD 随后将把行数据加载至行地址所指定的

行 (n)。

当预期图像中的数据将只在一个行子集中改变时，该模式是适用的。不过，其确实要求用户保持对行地址指

针的跟踪并在每行加载期间提供行地址。

图 5：行加载

www.ti.com.cn

32个时钟脉冲边沿

32位

对于2xLVDS XGA A 类DMD，在32个时钟脉冲边沿上，每个时钟周期加载32位行数据（每行1024位）。
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4 Block Operations
For the purpose of Mirror Clocking Pulses and quickly clearing data, the DMD is divided into blocks.
2xLVDS XGA Type A devices are divided into 16 blocks of 48 rows each. Figure 6 illustrates the blocks.
Note: 2xLVDS 1080p Type A devices are divided into 15 blocks of 72 rows each.

The XGA array is divided into 16 blocks of 48 rows.

Figure 6. DMD Blocks

4.1 Mirror Clocking Pulses
Previously it was noted that loading the CMOS memory does not cause the micromirrors to change their
mechanical state and that in order for the loaded memory to change the mechanical position of the mirrors
a “Mirror Clocking Pulse” must be applied.

A Mirror Clocking Pulse is issued to a Block. The pixels in that block whose data has changed moves to
the opposite mechanical position and those whose data did not change will remain in the same
mechanical position. These operations are referred to as “cross-over” transitions and “same-side”
transitions respectively.

NOTE: Although memory cannot be loaded in a block that is undergoing a Mirror Clocking Pulse,
memory can be loaded in a block that is not undergoing a Mirror Clocking Pulse. However,
there is a minimum time that must transpire after a Mirror Clocking Pulse is sent to a block
before new data can be loaded to that block. This wait time is referred to as the “Mirror Settle
Time”.
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4          块操作

为方便微镜定时脉冲和快速清除数据，DMD 被分成了若干“块”(block)。2xLVDS XGA A 类器件被分成 16 
个块（各有 48 行）。图 6 示出了这些块。注：2xLVDS 1080p A 类器件被分成 15 个块（各有 72 行）。

4.1       微镜定时脉冲

前文中曾指出：给 CMOS 存储器加载并不会导致微镜改变其机械状态，而为了让微镜的机械状态符合加载

后的存储器内容，则必须施加一个“微镜定时脉冲”。

一个微镜定时脉冲被发送至一个块。这个块中存储器内容已被改变的微镜偏转至相反的机械位置，而

那些存储器内容并未改变的微镜将保持在相同的机械位置。此类操作被分别称为“交叉”转移(“cross-
over”transitions) 和“同侧”转移 (“same-side”transitions)。

注：虽然在一个正承受微镜定时脉冲的块中不能对存储器进行加载，但是在未承受微镜定时脉冲的块中则可

以对存储器加载。然而，在一个微镜定时脉冲被发送至一个块之后到可以把新的数据加载至这个块之前

必须经历一段最小时间。该等待时间被称为“微镜稳定时间”。

1024 个像素

76
8 
行

XGA 阵列被分成 16 个块（各有 48 行）。

图 6：DMD 块
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The DMD has 16 Mirror Clocking Pulse input lines; one for each block as illustrated in Figure 7.

Figure 7. DMD Mirror Clocking Pulse Lines

There are four Mirror Clocking Pulse modes that determine which blocks Receive a Mirror Clocking Pulse
when issued:
• Single block mode
• Dual block mode
• Quad block mode
• Global mode

4.1.1 Single Block Mode
In single block mode, a single blocks can loaded and sent a Mirror Clocking Pulse. After a blocks memory
is loaded it is sent a Mirror Clocking Pulse to transfer the information to the mechanical state of the mirrors
(that is, display the data). These blocks can be sent a Mirror Clocking Pulse in any order.

Figure 8. Single Block Mirror Clocking Pulse

7DLPA008A–July 2008–Revised October 2013 DMD 101: Introduction to Digital Micromirror Device (DMD) Technology
Submit Documentation Feedback

Copyright © 2008–2013, Texas Instruments Incorporated

块操作 

有 4 种微镜定时脉冲模式，这些模式决定了当一个微镜定时脉冲发出后哪些块将接收到：

• 单块模式 (Single block mode)
• 双块模式 (Dual block mode)
• 四块模式 (Quad block mode)
• 全局模式 (Global mode)

4.1.1    单块模式

在单块模式中，可对单个块进行加载和发送一个微镜定时脉冲。在对一个块的存储器加载完之后，向其发送

一个微镜定时脉冲，以把该信息转换至微镜的机械状态（即：显示数据）。能够以任意次序向这些块发送一

个微镜定时脉冲。

www.ti.com.cn

DMD 具有 16 根微镜定时脉冲输入线；如图 7 所示，每个块使用一根输入线。
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图 7：DMD 反射镜定时脉冲输入线

数据加载 微镜定时脉冲

第一步 第三步第二步

图 8：单块反射镜定时脉冲
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4.1.2 Dual Block Mode
In Dual Block Mode Mirror Clocking Pulse blocks are paired together as follows (0-1), (2-3), (4-5) . . . (14-
15). After data is loaded a pair can be sent a Mirror Clocking Pulse to transfer the information to the
mechanical state of the mirrors. These pairs can be sent a Mirror Clocking Pulse in any order.

Figure 9. Dual Block Mirror Clocking Pulse

4.1.3 Quad Block Mode
In Quad Block Mode Mirror Clocking Pulse, blocks are grouped together in fours as follows (0-3), (4-7), (8-
11) and (12-15). After a quad group is loaded, it can be sent a Mirror Clocking Pulse to transfer the
information to the mechanical state of the mirrors. Each quad group can be sent a Mirror Clocking Pulse in
any order.

Figure 10. Quad Block Mirror Clocking Pulse

4.1.4 Global Mode
In Global Mode, all Mirror Clocking Pulse blocks are grouped together. Therefore, the entire DMD must be
loaded with the desired data before issuing a Global Mirror Clocking Pulse to transfer the information to
the mechanical state of the mirrors.

Figure 11. Global Mirror Clocking Pulse
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4.1.2    双块模式

在双块模式中，微镜定时脉冲块按以下方式配对：（0-1）、（2-3）、 （4-5）. . .（14-15）。在加载了数据

之后，可向一对脉冲块发送一个微镜定时脉冲，以把该信息转换至微镜的机械状态。能够以任意次序向这些

脉冲块对发送一个微镜定时脉冲。

4.1.3    四块模式

在四块模式中，反射镜定时脉冲块按以下方式分组（四个块归成一组）：（0-3）、（4-7）、（8-11）和

（12-15）。在对一个四块组加载之后，可向其发送一个微镜定时脉冲，以把该信息转换至微镜的机械状

态。能够以任意次序向每个四块组发送一个微镜定时脉冲。

4.1.4   全局模式

在全局模式中，所有的微镜定时脉冲块分组在一起。因此，在发送一个全局微镜定时脉冲之前必须将需要的

数据装入整个 DMD，以把该信息转换至微镜的机械状态。
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图 9：双块反射镜定时脉冲

图 10：四块反射镜定时脉冲

图 11：全局反射镜定时脉冲
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4.2 Block Clear
Although memory can be “cleared” by loading all zeros into a block a special block function known as a
“Block Clear” can be issued. Loading 48 rows would require 48 x 16 (768) clock cycles, but a Block Clear
command causes the DMD to load all zero’s into the specified block. For a 2xLVDS XGA Type A DMD a
Block Clear command takes the same amount of time as one Row Load operations. Thus, in the time it
takes to load a row of data (16 clock cycles) an entire block can be loaded with zeros. Therefore, it is
possible to clear the entire XGA DMD memory in less time than it would take to load a single block (48
times faster than loading zeros using Row Loads). This function is useful when short display times are
desired with continuous illumination sources.

NOTE: The 2xLVDS 1080p Type A devices require a Block Clear command followed by two No
Operation [NoOp] Row Cycles to clear a block (24 times faster than using Row Loads).

Block Clear commands (including any subsequent NoOps) and Row Load operations cannot
be executed simultaneously, even if the row is not in the block to be cleared.

4.3 Phased Operation

4.3.1 Motivation
For some applications, it is desirable to display a given image (binary frame) for a short period of time.

If a Global Mirror Clocking Pulse is used, the array cannot begin loading data, even using a Block Clear
command, until the Mirror Settle Time is satisfied.

A shorter effective display time can be achieved by loading a subset of blocks during the Mirror Settle
Time of another subset of blocks. This can be done in a cascading fashion down the surface of the DMD
until the entire image has been briefly displayed. The result is that the Mirror Settle Time is allowed to
occur or while other blocks are loading. This in effect removes the Mirror Settle time from time it takes to
display one binary frame.

This operation is analogous to the way a focal plane shutter works in a modern SLR camera to achieve
high shutter speeds.

NOTE: In 2xLVDS XGA Type A parts (at 400 MHz clock), the load time of one block is shorter than
the required Mirror Settle time. Therefore, in practice, two consecutive blocks are loaded
before returning to clear the initial blocks. The is the example that is used in the following
illustration.

4.3.2 How It Is Done
A phased operation uses both block operations (Mirror Clocking Pulse and Block Clear) to achieve short
effective display times.

Several steps of a Phased Mirror Clocking Pulse operation for a 2xLVDS XGA Type A part (at 400 MHz)
are illustrated in Figure 12.
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4.2　    块清零 (Block Clear)

虽然可通过给一个块加载全“0”(all zeros) 来完成存储器的“清零”，但可以发布一个被称为“块清零”的

特殊块函数。对 48 行实施加载将需要 48 x 16 (768) 个时钟周期，但是一个块清零命令导致 DMD 在指定的块

中全部加载“0”。对于 2xLVDS XGA A 类 DMD，执行一个块清零命令所需的时间与一项行加载操作相同。

于是，在加载一行数据所花费的时间里（16 个时钟周期）可以给一个完整的块加载“0”。因此，清除整个 
XGA DMD 存储器可能比给单个块加载所需的时间要少（比使用行加载来装入“0”要快 48 倍）。该函数适

用于那些在连续照明光源下希望能短时间显示的场合。

4.3　　分阶段操作 (phased operation)

4.3.1    动机

在有些应用中，需要短暂地显示一幅给定的图像（二进制帧）。

如果使用一个全局微镜定时脉冲，那么阵列不能开始加载数据，甚至执行块清零命令，需等到满足微镜稳定

时间为止。

在某些块的微镜稳定时间内加载其他块的数据，能够实现较短的有效显示时间。这可以在 DMD 的的块之间

以一种级联的方式进行，直到简短地显示了整幅图像为止。结果是允许微镜稳定时间发生在其他块数据加载

时。这实际上将微镜稳定时间从显示一个二进制帧所需的时间中去掉了。

此项操作类似于新式 SLR 相机中焦点平面快门的工作原理（其旨在实现很高的快门速度）。

4.3.2    它是怎样完成的

分阶段操作采用两种块操作（“微镜定时脉冲”和“块清零”）来实现简短的有效显示时间。

图 12 中示出了针对一个 2xLVDS XGA A 类器件（时钟频率为 400 MHz）的分阶段反射镜定时脉冲操作的几

个步骤。

注：2xLVDS 1080p A 类器件需要在块清零命令后运行两个空操作的 (No Operation [NoOp]) 行周期，以完成一

个块的清零（比采用行加载要快 24 倍）。

     块清零命令（包括任何后续的 NoOp）和行加载操作不能同时执行，即使该行并不在即将清零的块当中。

注：在 2xLVDS XGA A 类器件（时钟频率为 400 MHz）中，一个块的加载时间短于所需的微镜稳定时间。

因此在实际情况中，在完成初始块的清零工作之前能加载两个连续块。这是在下面的说明中所运用的实

例。
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Figure 12. Phased Mirror Clocking Pulse Steps

In this sequence a “window” of two displayed blocks sweeps down the surface of the DMD. The image is
effectively displayed for the time that it takes to load two blocks. When the bottom of the DMD is reached,
the next frame of data can begin a sweep immediately since the blocks at the top of the DMD have
already satisfied the Mirror Settle Time. Note: The entire image is not displayed simultaneously; therefore,
sufficient exposure time is needed to integrate the image.
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 在该序列中，一个含有两个显示块的“窗口”在 DMD表面从上至下浮现。图像的有效显示时间就是加载两个

块所需的时间。当到达 DMD 的底端时，下一帧的数据能够立即开始加载，因为位于 DMD 顶端的块已经满足

了反射镜稳定时间。注：整幅图像并不是同时显示的；因此，需要充足的曝光时间以完成图像的整合。

图 12：分阶段微镜定时脉冲操作步骤
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