DTMF Generator/Decoder
双音多频发生器/解码器

<本译文来自长发乱舞的翻译博客>
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The photo depicts a DTMF generator/decoder pair you can build in an afternoon or two. Dual-tone-multi-frequency (DTMF, also known as touch-tone) are the audible sounds you hear when you press keys on your phone.
该图描述了一个你在一两个下午就能设计好的双音多频发生器/解码器。双音多频（DTMF，即大家所知的按键音touch-tone）即是在你按电话上的按键时可听到的声音。

The tone generator (top) uses the 5589 chip and a DIP switch. You can actually hear the tones through the speaker. The bottom circuit uses the 8870 to decode a tone and display its associated number on the 7-segment LED.
该按键音发生器（顶部）采用5589芯片及一个DIP开关，你可通过扬声器听到真实的声音。底部电路采用8870对音频进行解码，并在7字段LED上显示相关号码。

Touch-tone is familiar to many (telephone), it is a mature technology, and readily available with off-the-shelf, single-chip, low-cost components. For these reasons DTMF is often used in remote control applications that typically use telephones (e.g. accessing your messages from an answering machine, retrieving your account balance info from your bank's database).
按键音在很多（电话）中极为常见，是一种成熟技术，通过现成元器件（off-the-shelf）、单芯片、低成本元件就能很容易地实现。正因如此，DTMF常用于远程控制产品中，典型应用为电话机（如通过应答机器获取你的信息，通过银行数据查询你的账户余额信息）。

This tutorial will not discuss telephone interfacing. Rather it will give you a basic working foundation which you can build upon. The generator/decoder above are tethered together by a single wire. But you can expand upon this foundation for wireless remote control using a microphone. For longer distances maybe you can add a pair of walkie-talkies, generating audible tones into one, and decoding with the other.
本指南不讨论电话机接口，而是讲解基本工作原理，以便你能在此基础上展开设计。上述发生器/解码器通过一根导线连在一起，你可在此基础上利用麦克风来延长无线远距离控制的距离。对于更远的距离，你可加上一对对讲机，利用其中一个做音频发生，而另一个上做音频解码。

Another possibility is to use infrared (IR). Since tones are just electrical pulses, you can replace the speaker with an IR emitter and add an IR detector to the decoder.
还有一种选择是使用红外线（IR）。即然音频是电子脉冲，你就可以用红外线发射器代替对讲机，并在解码器上加一个红外线探测器。

Yet another experiment is to interface either the generator or the emitter or both to a PC or embedded microprocessor (e.g. 8051, PIC or Stamp). In this scenario, the PC or a peripheral, through touch-tones, can respond and control.
第三种试验是将发生器、或红外线发射器、或两者皆与PC或嵌入式微处理器（如8051、PIC 或Stamp）连接起来。在这种情形下，PC与外设可对按键音作出响应，或通过按键音控制PC与外设。

If you are familiar with how telephones work, the basic circuit might also help you to build devices the respond to your call. For example, you can build upon the decoder and add relays to control household devices that respond when you call your home.
如果你对电话机的工作原理较熟悉，电话基础电路可能有助于你设计出能响应你的呼叫的设备。例如，你可用解码器加上继电器来控制家电，当你往家里打电话时，这些家电可进行响应。

Well hopefully I got you motivated. The bottom line is that DTMF was designed for optimal performance with each tone being very distinct. This makes decoding the tone very easy even in surrounding noise. It is this performance that makes DTMF ideal for clear transmission and reception in remote control (wireless or through phone lines) applications.
很希望这些能推动你的设计，最起码使你设计的DTMF按键音各不相同，性能更优。这令音频解码轻而易举，甚至是在噪音环境下。这种性能使DTMF成为远程控制（无线或通过电话线）应用中清晰传输、清晰接收的理想选择。
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Parts List and Potential Vendor Source
部分潜在供应商资源

Below are parts I used for constructing my DTMF generator/decoding pair. Additionally, I list the source from which I bought it from, along with the vendor part number and cost (in 1998). Note: I have no association with these vendors. I tend to buy parts from these US-based electronic mail-order companies. They usually have items in stock. When Jameco (reasonable prices) doesn't have a part, I then look at Digikey and JDR and Radio Shack. Additionally, I used a combination of soldering and Wire wrapping on a prototyping board (Radio Shack). Part placement is not critical.
下面这些是我用于构造DTMF发生器/解码器的元器件。此外，我按照供应商元器件编号和费用（1998年）的顺序，罗列出这些元件的供应商。声明：我和这些供应商没有任何关系。我倾向于向提供电子邮件订购服务的公司购买元器件，他们库存充足，一般拥有现货。当JamecoI缺少某种元件（以合理的价格）时，我会去看Digikey和JDR及Radio Shack。此外，我在原型板上还用了焊锡和漆包线(向Radio Shack购买的)。元器件的放置无需挑剔。

TABLE 1: DTMF Generator
表 1: DTMF 发生器

	PART
元器件型号
	DESCRIPTION
说明
	VENDOR
供应商 
	PART PRICE
单价(1998)
	QUANTITY数量

	TCM5589N
	TONE GENERATOR16-PIN DIP
（按键音发生器16接脚DIP）
	JAMECO #32803
	3.95
	1

	3.579545 MHZ 
	CRYSTAL（晶振）
	JAMECO #14533
	1.05 
	1

	8 OHM 
	SPEAKER（扬声器）
	JAMECO #88410
	> 1.95 
	1

	16-PIN 
	WIREWRAP SOCKET（插线座）
	JAMECO #37479
	1.35
	2

	8-POSITION
	DIP SWITCH（DIP开关）
	JAMECO #38842
	0.79
	3

	TIP31
	NPN TRANSISTOR（NPN晶体管）
	JAMECO #33048
	0.49
	1


TABLE 2: DTMF Decoder
表2: DTMF 解码器 
	PART
元器件型号
	DESCRIPTION
说明
	VENDOR
供应商 
	PART PRICE
价格(1998)
	QUANTITY数量

	8870 
	DTMF DECODER（DTMF解码器）
	18-PIN DIP
	see below
见下文
	1

	3.579545 MHZ
	CRYSTAL（晶振）
	 JAMECO #14533
	1.05


	1

	7-SEG DISPLAY
	COMMON CATHODE（共阴极）
	JAMECO #24782
	0.99 
	1

	74LS48 7-SEG
	DRIVER（驱动器）
	16-PIN DIP JAMECO #47811
	0.89 
	1

	16-PIN
	WIREWRAP SOCKET（插线座）
	JAMECO #37479
	1.35 
	1

	18-PIN
	WIREWRAP SOCKET（插线座）
	JAMECO #38148
	1.35 
	1

	0.1 µF 
	CAPACITOR（电容）
	JAMECO #151116
	0.15
	2

	100 
	KOHM
	RESISTOR 2
	
	

	300 
	KOHM
	RESISTOR 1
	
	


Teltone offers the 8870 chip. This part can be ordered from Component Distributors, Inc. They sell Teltone's M-8870-01 (18-pin DIP package) unit for about $1.50 in single quantities and can ship internationally. They have local offices around the US. Check out their webpage for locations. (Added the following 08/13/99) One visitor alerted me to B.G. Micro. This mail-order house sells the 8870 for $2.25 and the 5089 for $1.25. They are based in Dallas, Texas: Telephone: 1-800-276-2206.
Teltone提供8870芯片，该芯片可向Component Distributors, Inc.购买。他们可以大概1.5美元单个出售M-8870-01单元（18接脚DIP封装），且能付运全球。他们在美国各地有办事处，你可在他们的网页上查找各地办事处。一位网友提醒我找B.G. Micro.，这家提供邮购服务的公司以2.25美元出售8870，以1.25美元出售1.25，公司总部位于达拉斯。电话：1-800-276-2206。

It has also come to my attention that there are similar DTMF decoding chips. Namely Harris Semiconductor's CD22202. JDR Microdevices offers this chip. It is not pin-compatible with the 8870 but functions in the same way. The JDR part number is CD22202E and costs $3.99. Please note that I have not used the CD22202E. I imagine that if you wire it up taking into account that the pin-numbers differ with those of the 8870, your decoder should still work.
我还想起类似的DTMF解码芯片，即Harris半导体的CD22202。JDR Microdevices可提供该芯片。它和8870引脚不兼容而功能相同。JDR对该器件的编号是CD22202E，价格为3.99美元。声明：我没有用过CD22202E， 如果你用它时能考虑到它的接脚数和8870的不同，你的解码器应当也能正常工作。

Theory of Operation工作原理

So what are these tones? 这些按键音的频率？

In DTMF there are 16 distinct tones. Each tone is the sum of two frequencies: one from a low and one from a high frequency group. There are four different frequencies in each group.
DTMF有16种不同的按键音，每个按键音为两个频率之和，一个频率来自于低频组，另一个来自于高频组。每个频组里有4种不同的频率。

Your phone only uses 12 of the possible 16 tones. If you look at your phone, there are only 4 rows (R1, R2, R3 and R4) and 3 columns (C1, C2 and C3). The rows and columns select frequencies from the low and high frequency group respectively. The exact value of the frequencies are listed in Table 3 below:
你的电话仅使用了16个按键音中的12个。看着你的电话，你会发现你的电话仅有4行(R1, R2, R3及R4) 3列(C1, C2及C3)。这些行和列分别从低音频组和高音频组中选择频率。频率的准确值见下面表3。

TABLE 3: DTMF Row/Column Frequencies
表3: DTMF 行/列频率

	LOW-FREQUENCIES低频
	ROW #
行#
	FREQUENCY (HZ)频率 (HZ)

	R1
	ROW 0 
	697

	R2
	ROW 1 
	770

	R3
	ROW 2 
	852

	R4
	ROW 3 
	941

	HIGH-FREQUENCIES高频
	COL #
列 #
	FREQUENCY (HZ)频率(HZ)

	C1
	COL 0 
	1209

	C2
	COL 1 
	1336

	C3
	COL 2 
	1477

	C4
	COL 3 
	1633

	C4 not used in phones C4电话机中未使用


Thus to decipher what tone frequency is associated with a particular key. Look at your phone again. Each key is specified by its row and column locations. For example the "2" key is row 0 (R1) and column 1 (C2). Thus using the above table, "2" has a frequency of 770 + 1336 = 2106 Hz The "9" is row 2 (R3) and column 2 (C3) and has a frequency of 852 + 1477 = 2329 Hz.
这样一来，我们就能破译出按键音与特定按键的对应关系。再次看你的电话，每一个按键可由其所处的行和列表示，如按键2为第2行(R2)第1列(C2)，对照上面的频率表，其频率为770+ 1336 = 2106 Hz。按键9为第3行(R3)第3列(C3)，频率为852 + 1477 = 2329 Hz。

The following graph is a captured screen from an oscilloscope. It is a plot of the tone frequency for the "1" key:
下图为一张从示波器界面上捕捉来的图片。它是按键1的音频图。
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You can see that the DTMF generated signal is very distinct and clear. The horizontal axis is in samples. The frequency of the tone is about 1900 Hz - close to the 1906 Hz predicted by Table 3 (697+1209).
你可看到DTMF发生的信号非常清楚明晰。横轴为样本。该按键音的频率约为1900Hz——接近于按照表3 (697+1209)所推测出的1906 Hz。

Construction结构

This section is organized as follows：本部分由以下组成

Schematics图表

Construction Highlights结构要点

Schematics
示意图

The schematic in the figure below is relatively straightforward. I recommend that you use a combination of soldering and wire wrapping using sockets for all IC component placement.
下面的示意图很直观地显示了相关结构。推荐你使用焊锡及漆包线，并利用插座放置所有IC元件。

Schematic 1: Tone Generator
示意图1：按键音发生器
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You can click below to download the Adobe Acrobat format of the schematic. If you don't know what Acrobat is, visit Adobe to download a copy of its FREE PDF-file viewer.
你可点击下面链接下载Adobe Acrobat格式图表。如你不了解Acrobat，请访问Adobe下载免费PDF文件浏览器。

Download the Acrobat (PDF) file of the schematic. Recommended! 6399 Bytes
下载Acrobat (PDF)格式文件图表。推荐！6399字节

Schematic 2: Tone Decoder
示意图2：按键音解码器
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The schematic for the DTMF decoder in the figure below. Again you can use a combination of wire wrapping and soldering. Part placement is not critical.
下图为DTMF解码器的示意图。你还可使用焊锡及漆包线。元器件的放置无需挑剔。

Download the Acrobat (PDF) file of the schematic. Recommended! 7728 Bytes
下载Acrobat (PDF)文件图表。推荐！7728 Bytes
Construction Highlights
结构要点

Tone Generator
按键音发生器

The DTMF generator circuit is straight forward to construct. Only 3 of the 5089's 4 column pins (3,4,5) and all 4 row pins (11 to 14) were used. Thus it uses only 12 of the 16 touch tones (just like your phone). In this schematic you'll note the "/" in front of column and row pin labels (e.g. /C1). This means that these pins are active low. In other words, a pin is enabled when it is grounded. When the circuit is powered on, these pins normally high (+5V). C1-C3 and R1-R4 are wired to an 8-position DIP switch. In a single-package this DIP contains 8 single-pole-single-throw (SPST) switches. It is much cheaper to use than 8 real SPST switches. You slide a DIP position to open or close its switch. When closed that particular switch connects its associated column or row pin to ground and makes it active.
DTMF发生器电路可直接构建。5089 4个列接脚中的3个（3.4.5）及4个排接脚(11至14)是有用的。因此，它只用到了16个按键音中的12个（就像你的电话一样）。在该示意图中，你还会留意到行和列接脚标签前有"/" (例如：/C1)，意即这些接脚为active low，换言之，这些接脚在接地时被激活。电路通电时，这些接脚一般有相当高的电压(+5V)。C1-C3 及 R1-R4与一个8位DIP开关相连。该DIP在一个单独的封装中，包含8个单刀单掷开关(SPST)，这比使用8个真正的单刀单掷开关成本低很多。滑动DIP的位置，即可能打开或关闭开关。处于关闭状态时，特定的开关与其相关行或列接脚接地，激活该接脚。

You could use a 12-key keypad available from many surplus or electronics mail-order companies. But you must be aware of what you buy. Not all keypads can be used with the 5089. I think the proper keypad will have 9 pins: 8 (for 4 rows plus 4 columns) plus 1 for a common which you'd connect to ground. Often surplus keypads do not come with techsheets, and you will have to manually figure out which pin is associated with which row or column. I found to my surprise that my particular surplus 12-key keypad (from Electronic Goldmine) did not have this common pin and so I resorted to using a DIP.
你可通过从多余的电子器件中淘出或从提供电子邮件订购服务的公司购买可用的12键键盘，但你必须知道你要买的是什么。不是所有的键盘可以在5089上使用。我想合适的键盘应当有9个接脚：8个（4排+4列）接脚加1个可以接地的通用接脚。通常，淘出的键盘与上面的技术数据表不一定匹配，你将需要用手指试出哪个接脚与哪一排或那一列的按键相连接。令我惊讶的是，我专门预留的一个12键键盘(买自Electronic Goldmine)并没有通用接脚，因此我只好使用DIP。
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In this photo DIP positions 1 and 4 (C1 and R1 respectively) are in their ON positions. C1 and R1 is "1" on your phone's keypad. The speaker will emit the touch-tone associated with the "1" key (see Table 4)
在该图中，DIP位置1和4（分别对应C1及R1）处于“开”的状态，C1 与 R1即对应你电话键盘中的“1”。扬声器会发出与1键相应的按键音（参看表4）。

The speaker is driven through the TIP31 transistor. Note: the labels 1, 2 and 3 that refer to the base, collector and emitter pins respectively in the schematic are not standard. Be sure to check your spec sheet for your TIP31.
该扬声器通过TIP31晶体管驱动。注意：在该示意图中，标签1、2及3分别指向base、收集器和发射器的接脚并非标准接脚，请一定核对一下你的TIP31规格表。

TABLE 4: DIP SWITCH POSITIONS
表4: DIP开关位置

	(1)
	DIP
	1+4
	(2)
	DIP
	2+4
	(3)
	DIP
	3+4

	(4)
	DIP
	1+5
	(5)
	DIP
	2+5
	(6)
	DIP
	3+5

	(7)
	DIP
	1+6
	(8)
	DIP
	2+6
	(9)
	DIP
	3+6

	(*)
	DIP
	1+7
	(0)
	DIP
	2+7
	(#)
	DIP
	3+7


Table 4 shows the DIP positions that will activate the tone associated with the key. The numbers in bold and parenthesis are your desired key tone (like your phone). Thus if you wanted to dial a "0", you would slide only positions 2 and 7 on the DIP switch.
表4显示可激活与按键相联系的按键音的DIP位置。带括号的粗体数字即你希望得到的按键音（类似你的电话）。因此，如果你想拨0，你只需滑动DIP开关上的位置2及位置7即可。

Tone Decoder
按键音解码器

The decoder circuit is also easy to construct. You will have to physically wire (using alligator clips for instance) the TONE OUT pinout from the generator to the TONE IN pinout of the decoder.
解码器电路也非常易于搭建。你只需要发生器上的TONE OUT输出脚与解码器的TONE IN 输出脚之间手动绕（使用鳄鱼夹会较快）上导线即可。
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Once physically wired together, the 7-segment display will light up the number associated with the touch-tone you activate with the DIP switch.
将它们连接在一起后，7字段显示屏会显示与DIP开关激活的按键音相对应的数字。

Note: A "0" tone lights up as "[" and not zero. This is because, "0" key's tone is actually a ten in binary (1010). Because the 7-segment displays only a single digit, ten is displayed as a "[". Similarly, the "*" (binary 1011) and "#" (binary 1100) light up as "]" and "U" respectively.
注：显示屏上显示的“0”代表“[”而非零。这是因为，0按键音事实上是二进制的10。由于7字段的显示屏仅能显示一位，10被显示为“[”。类似地，显示的“*”(二进制的1011)及“#”（二进制的1100）分别对应“]” 及 “U”。

Final Words
结束语

Well hopefully you got your DTMF generator and emitter working in an afternoon or two. You might have some fun trying to put the tone generator's speaker next to the mouthpiece of your phone, and try dialing a phone number! This might actually work since the emitted tone is loud enough. I haven't tried it yet. Setting the DIP switches to dial a phone number will a bit of a pain though.
非常希望你在一两个下午让你的DTMF发生器与发射器正常工作。尝试将按键音发生器的扬声器靠近电话话筒，并尝试拨号时，你能够感受到更多乐趣！当发射音足够大时，事实上你已能在电话中听到！我还没有试过。设置DIP开关来拨电话号码是有点痛苦。

There are some obvious "build-upons" you might wish to attempt, which I haven't tried. The first would be to replace the DIP switch with a 12-key keypad. I think Jameco has one (Jameco # 153488 $6.95 each) that might work. The second would be to add a microphone to the TONE IN line of the tone decoder. This would eliminate the need to physically wire the two circuits. You might have to put the speaker rather close to the microphone though.
我有一些简单易行的"build-upons"可能令你有兴趣尝试，我还没有试过。第一是用12键键盘代替DIP开关。Jameco有一种(Jameco器件编号为153488，单价$6.95)能用。第二是在按键音解码器的TONE IN线上增加一个麦克风。这样就无需再在发生器和解码器间连线了，但你需要将扬声器更靠近麦克风一些。

You could also make the two circuits portable by using batteries (say a 9V) and a +5V regulator (e.g. 7805). Perhaps you can also amplify the speaker. This would be a neat/cheap pocket dialer.
你也可用电池（如9V）和一个+5V调节器（如7805）做两个简单的电路。如果你还能放大扬声器的信号，就可以做成一个灵巧的低成本袖珍拨号器。

Like I mentioned earlier, tones are just electrical pulses. Thus instead of driving a speaker, you can drive an infrared (IR) emitter. You would place a IR detector in the TONE IN line of the decoder. The tutorial on Long Range IR might help you with this endeavor.
我前面提到，按键音也是电子脉冲。因此你可以选择不驱动扬声器，而是驱动IR红外线发射器。你可在解码器的TONE IN线上放一个IR探头，有关远程红外控制方面的指南可能对你有所帮助。

Interfacing a PC with the tone generator is relatively simple. Here, the DIP switch lines would be replaced by digital output lines from the computer. Decoding is also easy. You would just replace the 74LS48 and 7-segment display with the digital input lines of your computer. The parallel port or a dedicated PC interface card tutorials might help you with such an experiment.
将按键音发生器与PC连接就更简单了。这里，DIP开关线可用计算机引出的数字输出线代替。解码也相当容易。你可以用计算机的数字输入线代替74LS48和7字段显示器。关于并口或专用PC接口卡的指南可能有助于你进行该试验。

As for me, I hope to build a RF circuit and use my tone generator/decoder to remotely control devices. Wish me luck. I want to write up a tutorial on simple/cheap/long-range RF circuits. I am thinking of using Mitel's chips. If you have any ideal, please email me.
对我来讲，我希望构建一个射频电路，用我的按键音发生器/解码器来远距离控制设备。希望我好运。我想详细描写一个简易/低成本/大范围射频电路的指南，我也想过用Mitel的芯片。如果你有任何想法，请发email给我。

Let me know (email) if you succeed in any of these attempts! Happy building.
如果试验成功了，请一定告诉我！祝设计愉快！

