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AMC1210在旋转变压器电机控制系统中的应用

Mike Hartshorne

摘要

旋转变压器电动机控制系统一般使用闭环分解器-数字转换器(RDCs)或开放环路的

模数转换器(ADCs)得到旋转变压器输出端的位置和速度数据。 德州仪器开发了一

个旋转变压器解码的新方法，该方法使用了双重积分三角调变器ADS1205和一个

专为电机控制应用设计的数字滤波器AMC1210。 这项技术通过提供一个载波信号

和由ADS1205产生一恒定比特流的数字式解调从而利用了AMC1210的灵活性。这

项解决方案在角度计算时为微型控制器提供16位已解调数据，而且与典型的16位
系统相比，其速度更高，价格更加便宜。

概述

旋转变压器要求一个输入信号为两个输出信号担当参考或者载体，这个信号通常是一个频率从4kHz到

20kHz的正弦波。这个输入载体信号经常有磁性地缠绕在发动机转子上，提供一个不带电刷的可靠连接。然

后载体信号与两个垂直放置在定子上的锡卷铁相连，产生两个已调幅信号。这些信号中的一个代表了发动

机正弦角度，其它的则代表余弦。这些输出信号则能被用来分析从而确定发动机的速度和位置。
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概述

过去的解码过程包括了一个反馈电路，在这电路中清晰度和带宽都必须以达到稳定性为前提。ADS1205与

AMC1210一起对输出1和输出2都检波，把计算留给了应用程序中的控制器/DSP，排除掉了其它方法中的折

衷清晰度和带宽的必要性。见图1。

变压器的两个输出可以直接反馈到ADS1205。ADS1205是一个10MHz，DS增量解调器可以分辨率精确到

16bits。 积分三角调变器 ( )输出一个比率在0s到1s的与输入速度成比例的比特流，用数字滤波过滤这些

比特流，可以产生一个数字来代表输入速度。ADS1205的输出可以直接反馈到AMC1210的两个输入从而完

成数字滤波。见图2。

图1：基本旋转变压器结构图(包括相关信号)
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Overview

Previous approaches to this decoding process involved a feedback circuit, in which resolution and
bandwidth must be compromised to achieve stability. The combination of the ADS1205 and the AMC1210
demodulates both Output 1 and Output 2, and leaves the calculations to the microcontroller/DSP in the
application, removing the resolution/bandwidth tradeoff necessary in other methods. See Figure 1.

Figure 1. Basic Resolver Diagram (with Associated Signals)

The two outputs of the resolver can be fed directly to the ADS1205. The ADS1205 is a 10MHz, 2nd-order
delta-sigma modulator capable of accurate resolutions up to 16 bits. Delta-sigma (∆Σ) modulators output a
bitstream that has a ratio of 0s to 1s that is proportional to the input voltage. By digitally filtering these
bitstreams, a digital word can be generated that represents the input voltage. The ADS1205 outputs can
be fed directly to two of the AMC1210 inputs in order to perform the digital filtering. See Figure 2.

Figure 2. AMC1210 Block Diagram

After the bitstream is digitally filtered by the AMC1210, the signal is then demodulated using the
demodulator and integrator units. The demodulator synchronously rectifies the digital signal with the
carrier frequency. Next, the integrator–when programmed correctly–digitally integrates half-cycles of the
carrier frequency, effectively filtering the modulator signal from the motor signal. The corresponding
outputs can then be read by the microprocessor.
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The two outputs of the resolver can be fed directly to the ADS1205. The ADS1205 is a 10MHz, 2nd-order
delta-sigma modulator capable of accurate resolutions up to 16 bits. Delta-sigma (∆Σ) modulators output a
bitstream that has a ratio of 0s to 1s that is proportional to the input voltage. By digitally filtering these
bitstreams, a digital word can be generated that represents the input voltage. The ADS1205 outputs can
be fed directly to two of the AMC1210 inputs in order to perform the digital filtering. See Figure 2.

Figure 2. AMC1210 Block Diagram

After the bitstream is digitally filtered by the AMC1210, the signal is then demodulated using the
demodulator and integrator units. The demodulator synchronously rectifies the digital signal with the
carrier frequency. Next, the integrator–when programmed correctly–digitally integrates half-cycles of the
carrier frequency, effectively filtering the modulator signal from the motor signal. The corresponding
outputs can then be read by the microprocessor.
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图2：AMC1210结构图

在比特流被AMC1210数字滤波之后，信号然后被解调器和解调器解调。解调器根据载波频率同步矫正数字

信号。其次，积分器–当编程正确时–按数位积分载波频率的半个周期，从发动机信号中有效地过滤掉解调

器信号，然后相应的输出则可以被微处理器读取。
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Overview

Figure 3 shows the sequence of signals and the corresponding circuit block.

Figure 3. AMC1210 Signal Processing Sequence
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图3 显示信号机顺序和相应的电路板

图3：AMC1210信号处理序列
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计算机系统参数

计算机系统参数

AMC1210可以配置成多种方式。每一个滤波器模式包含它自己的sinc滤波器、定时器、窗口比较器、解调

器和积分器单元，每一个都单独有可编程参数。这部分用软件在MATLAB中计算和验证系统参数是否正确

和产生正确结果。

所有参数取决于系统时间选择和时钟。使用者必须首先建立所需的发动机操纵系统频率。这个频率控制系

统更新发动机操纵电路的比率，并且一般在8kHz左右。一个通用应用软件与载波频率和发动机操纵系统频

率同步。例如在下面的操作说明书中，它假定发动机操纵系统频率与载波频率一样，都会被设定在8kHz。

2
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2 Calculating System Parameters

3 Using Delta-Sigma Modulation for Carrier Signal Generation
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Calculating System Parameters

The AMC1210 can be configured in a variety of ways. Each filter module contains its own sinc filter, timer,
window comparator, demodulator and integrator unit, each with individually programmable parameters.
This section uses software written in MATLAB® to calculate and verify that the system parameters are
correct and generate valid results.

All parameters depend on the system timing and clocks. The user must first establish the desired motor
control loop frequency. This frequency is the rate at which the control system updates the motor driving
circuitry, and is typically around 8kHz. A common application synchronizes the carrier frequency with the
motor control loop frequency. For the examples in this application note, it is assumed that the motor
control loop frequency is the same as the carrier frequency; both will be set to 8kHz.

Note: For a more detailed description of delta-sigma modulator operation, see TI application
note SBAA094, Combining the ADS1202 with an FPGA Digital Filter for Current
Measurement in Motor Control Applications.

The signal generator unit in the AMC1210 can create the carrier frequency for a resolver. The signal
generator is primarily composed of a digital shift register with a maximum length of 1024. A pattern can be
loaded into the shift register that represents one cycle of the carrier signal. This pattern is output on the
pins PWM1 and PWM2 as a differential digital signal. A pattern must be generated that, when filtered by
the resolver input coils, provides a smooth analog carrier frequency because the outputs of pins PWM1
and PWM2 are digital. It is recommended that this pattern be generated using a delta-sigma modulation
algorithm. The length of the pattern is set by the bits PC0–9 in the Control Register. Details for loading the
pattern are addressed in Section 6.

The first graph of Figure 4 shows a single cycle of the desired analog waveform. The frequency is
determined by the clock speed, signal length, and clock divider ratio. (These parameters are discussed in
Section 4.) The second graph in Figure 4 shows the digital carrier pattern output at the PWM1 pin before
any filtering occurs. This graph shows a high density of 1s when the analog signal is high, an even density
of 1s and 0s when the signal is around midscale, and a high density of 0s when the signal is low. This
pattern was generated using a 2nd-order, delta-sigma modulator algorithm that simulates the ADS1205.
Delta-sigma modulation quantizes the original signal into a binary pattern that effectively pushes the
quantization noise into higher frequency ranges. The original analog signal can then be recovered by
filtering the high-frequency noise. In this application, the resolver coil and output impedance of the driver
pins serve as a low-pass filter, removing the quantization noise from the modulated signal.

Figure 4. Analog Input Signal and Corresponding Delta-Sigma Modulator Output
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需要更多积分三角调变器操作的详细资料， 见TI应用程序。

注释：SBAA094，为当前测量在发动机控制应用软件中综合ADS1202和一个FPGA数字滤波器。

注释：

使用积分三角调变器为调制产生载波信号3

在AMC1210中的信号发生器单元可以为变压器产生载波频率。这个信号发生器主要由一个最大长度为1024的
数字寄存器组成。一个代表一个周期的载波信号模式可以被载入移位寄存器中，这个模式将在接口PWM1和

PWM2上以一个差动数字信号输出。由于引脚 PWM1 和 PWM2 的输出是数字信号，当通过变压器输入线圈

进行滤波之后将产生一个平滑的模拟载波频率，该波形是必须给出的。推荐用一个积分三角调变器算法则产

生这一波形。这一波形的长度在控制寄存器里被设定在PCO-9比特。负荷曲线图的详细情况见第六节。

图4中的第一条线表现了需要的模拟波形的一个单周期。它的频率由时钟信号速度、信号长度和时钟分配器

比率决定。（这些参数在第四节中有介绍）。图4中的第二条线表现了数字载波模式在PWM1口未经过任

何过滤前的情况。这一曲线图显示了当模拟信号出于高位时1s的一个高密度，当信号接近中间范围时一个

1s和0s的更高密度，当信号处于低位时0s的一个高密度。这个是用一个二阶积分三角调变器运算法则模仿

ADS1205而产生的。积分三角调变器调制使原始信号量子化到二进制模式，这可以有效地将量化噪声转到

高频范围。然后，原始的模拟信号可以被过滤的高频噪声覆盖。在这一程序中，变压器线圈和驱动插针的

输出阻抗作为一个低通滤波器工作，从已调整信号中消除量化噪声。

图4：模拟输入信号和对应积分调变器输出
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Using Delta-Sigma Modulation for Carrier Signal Generation

Figure 5 shows the power spectral density (PSD) of a simulated ADS1205 (2nd-order, delta-sigma
modulator) sine wave output. The analog input sine wave is 8kHz, and the modulator sampling rate is
8MHz.

Figure 5. Power Spectral Density of a Delta-Sigma Modulator Signal

In Figure 5, the bulk of the noise gets pushed into frequencies above 10kHz. Increasing the data rate
pushes the noise into a higher frequency range, thereby making a low-pass filter more effective. For this
reason, it makes sense to run the digital carrier data frequency as fast as possible.

Figure 6 shows several cycles of the modulator signal presented in Section 4 when passed through a first-
and second-order Butterworth (RC) filter with a cutoff (–3dB) frequency at 10kHz. The amount of filtering
that occurs depends on the resolver coil impedance. Additional passive circuitry can be added to increase
the filtering effect; however, increases will come at the expense of signal amplitude.

Figure 6. Filtered Modulator Signal
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Using Delta-Sigma Modulation for Carrier Signal Generation

Figure 5 shows the power spectral density (PSD) of a simulated ADS1205 (2nd-order, delta-sigma
modulator) sine wave output. The analog input sine wave is 8kHz, and the modulator sampling rate is
8MHz.

Figure 5. Power Spectral Density of a Delta-Sigma Modulator Signal

In Figure 5, the bulk of the noise gets pushed into frequencies above 10kHz. Increasing the data rate
pushes the noise into a higher frequency range, thereby making a low-pass filter more effective. For this
reason, it makes sense to run the digital carrier data frequency as fast as possible.

Figure 6 shows several cycles of the modulator signal presented in Section 4 when passed through a first-
and second-order Butterworth (RC) filter with a cutoff (–3dB) frequency at 10kHz. The amount of filtering
that occurs depends on the resolver coil impedance. Additional passive circuitry can be added to increase
the filtering effect; however, increases will come at the expense of signal amplitude.

Figure 6. Filtered Modulator Signal
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图5显示一个模拟ADS1205（二阶积分三角调变器解调器）的功率普密度正弦波输出。模拟正弦输入波是

8MHz，解调器取样比例是8kHz。

图5. 积分调变器信号的功率谱密度

在图5中，大部分噪声被推动到频率超过10kHz。增加数据比率推动这些噪声到一个更高频范围，因此做一个

低通滤波器更加有效。由于这个原因，它使运行数字载波数据频率运行得越来越快。

图6 显示第四节中解调器通过带有截频（-3dB），频率在10 kHz的二阶Butterworth(RC)滤波器时的一些周期信

号。滤除量的取决于旋转变压器线圈的阻抗，添加额外的电路可以加强过滤的作用，但会损耗信号的振幅。

图6. 滤波后的调制器信号



http://www.ti.com.cn

� AMC1210在旋转变压器电机控制系统中的应用 ZHCA061–2006年六月

提交文档反馈

获得载波信号参量 www.ti.com

4 Deriving Carrier Signal Parameters

fCARRIER �
fCLK

�NCDIV � NPAT� (1)

Deriving Carrier Signal Parameters

The carrier frequency can be calculated from Equation 1:

where:
• fCARRIER is the carrier frequency for the resolver stator
• fCLK is the master clock frequency
• NCDIV is the clock divider parameter, programmed by bits SD3–SDO0 in the Clock Divider Register
• NPAT is the length of the pattern, programmed by bits PC9–PC0 in the Control Register

Equation 1 shows that the carrier frequency depends on both the clock frequency and the programmed
values of NCDIV and NPAT. This dependence means that only certain carrier frequencies can be achieved
for any given master clock frequency. The NCDIV variable can divide down the master clock frequency by
any integer value from 1 to 16, and the NPAT variable can hold any value from 1 to 1024. However, as
mentioned in Section 3, it is desirable to run the digital carrier pattern as fast as possible. To achieve this
fast operation, a single cycle of the carrier frequency should use as much of the pattern length as feasible,
thereby making NPAT as close to the maximum 1024 as can be tolerated. Consideration must be taken
when designing the system to be sure that the clock frequency is an integer multiple of the carrier
frequency needed.

For the example discussed in this application report, these variables will be set to the following values:
• fCARRIER = 8kHz
• fCLK = 32MHz
• NCDIV = 4
• NPAT= 1000

These values satisfy the conditions for Equation 1. Note that the values NPAT = 500 and NCDIV = 8 would
have still satisfied Equation 1; however, the digital carrier pattern bit rate would have decreased by 2,
resulting in a decreased filtering effect from the resolver.

Using the AMC1210 in Resolver Motor Control Systems6 SBAA144–May 2006
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获得载波信号参量

可通过方程式1求载波频率：

4

此处：

fCARRIER是变压器定子的载波频率。

FCLK是主时钟频率。

NCDIV是时钟分配器参数，由比特SD3–SDO0在时钟分配寄存器中编程。

NPAT是图象的长度，由比特PC9–PC0在控制寄存器中编程。

方程式1显示载波频率取决于时钟频率和NCDIV 与 NPAT的编程值。这一以来表现了唯一确定载波频率可由任意

给定的主时钟频率决定。NCDIV这一变量可通过1到16中的任意整数值来分离主时钟信号，并且NPAT这一变量

可支配1到1024中的任意值。然而，就像在第三节提到的那样，我们想要尽可能快地运行数字载波模式。为

了达到这一快速操作，一个单周期载波频率应该尽可能地用到模式的长度，因此，使NPAT尽可能地在能承受

范围内最大限度地接近1024。在设计系统时必须考虑到时钟频率是所需载波频率的整数倍。

以在这个应用程序报告为例，这些变量将被设定为以下值：

fCARRIER = 8kHz
fCLK = 32MHz
NCDIV = 4
NPAT= 1000

这些值满足方程式1的条件。注意到值NPAT = 500和NCDIV = 8将仍然满足方程式1的条件。然而，这个数字载

波模式比特率将减少2，由变压器产生一个降低滤波效应的结果。

•

•

•

•

•

•

•

•
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Deriving Filter Module Parameters

As mentioned previously, the resolver outputs an AM signal where the position of the motor is given by the
envelope of the sine and cosine outputs. To interface with the ADS1205, a DC bias must be added to
center the AM signals in the middle of the ADS1205 input signal range. This additional bias is easily
accomplished by unity-gain buffering the reference output of the ADS1205, and decoupling the reference
voltage signals with 5kΩ resistors. See Figure 7 for the schematic.

Figure 7. Typical Schematic for Resolver Application

It is recommended that the ADS1205 be driven from the same clock source as the master clock for the
AMC1210, if the master clock frequency is less than 32MHz. The modulator rate of the ADS1205 will be
half of the clock input rate in external clock mode (pin CLKSEL = 0). The ADS1205 performance is only
rated up to 16MHz; therefore, if the AMC1210 master clock rate is greater than 32MHz, a different clock
scheme needs to be implemented. In this case, the AMC1210 can drive the ADS1205 clock with the CLKx
pin (x = 1–4) . To accomplish this operation, the input mode needs to be set to 3 (Bits [MOD1,MOD0] =
[1,1] in the Control Parameter Register). In this mode, the AMC1210 filter module is driven by the external
clock. The external clock can then be divided down by any integer number from 1–8, set by bits
MD2–MD0 in the Clock Divider Register. This divided clock then drives both the filter module and the
ADS1205. The bit CD in the Control Parameter Register also needs to be set to '1', allowing the CLKx pin
to become an output.

The example application discussed in this document assumes a 32MHz clock fed directly to both the
AMC1210 and ADS1205, giving a modulator rate of 16MHz. It is recommended that the modulator run at
the highest rate feasible, to allow a higher oversampling ratio and therefore increased resolution.
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正如前面提到的那样，变压器在由正弦和余弦输出所给出的电机位置输出一个调幅信号。为了与ADS1205
划分界限，必须在ADS1205的输入信号范围的中间的调幅信号的中心划上一条斜线。这条附加的斜线可以

轻松地由单位增益放大ADS1205的参考输出来完成，并且通过5kW的电阻器退耦参考电压信号。参见示意

图图7。

5

图7. 旋转变压器应用典型概要

如果主时钟频率小于32MHz时，推荐在使用ADS1205时采用与AMC1210相同的时钟源驱动。在外部模型

(CLKSEL = 0)时解调器ADS1205的速率将是时钟输入速率的一半。ADS1205执行速率仅仅增加到16MHz，
所以，如果AMC1210主时钟速率比32MHz大，一个不同的时钟安排将被执行。既然这样，AMC1210可以

以CLKx(x=1–4)驱动ADS1205时钟信号来完成这一操作，这一输入模式需要被设定到3（在参量控制寄存器

中，[MOD1,MOD0]=[1,1]）。在这一模式下，AMC1210滤波器模块被外部时钟信号驱动。外部时钟信号可

以被1到8中的任意整数除，由时钟分配寄存器中的MD2—MD0设置。这一分配时钟信号也同时驱动滤波器

模块和ADS1205。在参量控制寄存器的CD比特中也需要被设定为“1”，允许CLKx变成输出。

在文件中讨论的应用程序实例假设一个32MHz时钟直接从AMC1210和ADS1205反馈，给解调器一个16 
MHz的频率。为了允许一个更高的取样比例和提高结果，推荐解调器运行在一个可行的高速中。
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Deriving Filter Module Parameters

Once clock frequencies have been chosen, the oversampling ratios must be determined. The
oversampling ratio for the sinc filter (called SOSR) determines both the speed and resolution of the data
coming out of the Sinc Filter unit. Figure 8 shows the AMC1205 modulator data after it becomes
integrated and decimated through a Sinc3 filter, with varying values of SOSR.

Figure 8. Filtered Modulator Signal with Various Values of SOSR

It is important to note that Figure 8 represents five cycles of an 8kHz carrier signal. This data was filtered
from a modulator with a 16MHz data rate. The output data rate of each different configuration is given by
Equation 2:

For a total time window of 625µs, 1000 samples of a filter setup with an SOSR = 10 occur. Likewise, only
50 samples of a filter with an SOSR = 200 are output. Note, however, that the amplitude of the signal
increases, giving an increased SOSR value. The total amplitude represents the resolution of the signal;
therefore, if a signal is represented by integer values between –500 and +500, its resolution is significantly
lower than if that same signal is represented by an amplitude of –5M to +5M.

The data is decimated in a similar manner by the Integrator unit. The Integrator unit, when configured in
Oversampling Mode (bit IMOD = 0 in the Integrator Parameter Register), sums a preset number of
samples and generates the answer after each summation in the Data Register. The number of samples
that the integrator sums is determined by the value IOSR, and can be set from 1 to 128 by bits
IOSR6–IOSR0 in the Integrator Parameter Register. The relationship in Equation 3 must be configured to
set the correct IOSR.

where:
• fMODULATOR is the modulator rate of the ADS1205
• fCARRIER is the carrier frequency
• SOSR is the oversampling ratio of the Sinc filter
• IOSR is the oversampling ratio of the Integrator
• N is the number of carrier cycles that the integrator averages. This number can be any integer multiple of 0.5

(that is, 0.5, 1.0, 1.5 and so on).

8 Using the AMC1210 in Resolver Motor Control Systems SBAA144–May 2006
Submit Documentation Feedback

www.ti.com

5.0�x�10

0

5.0

5

� x�10
5

500

0

500�

5.0

0

5.0�

x�10

x�10

6

6

S
O

S
R

�=
�1

0
0

S
O

S
R

�=
�1

0
S

O
S

R
�=

�2
0
0

0 5 10 15 20 25 30 35 40 45 50

Total�Time�=�625 s�

0 10 20 30 40 50 60 70 80 90 100

0 100 200 300 400 500 600 700 800 900 1000

fSINCDATA �

fMODULATOR

SOSR (2)

fMODULATOR

fCARRIER
�

SOSR � ISOR
N (3)

Deriving Filter Module Parameters

Once clock frequencies have been chosen, the oversampling ratios must be determined. The
oversampling ratio for the sinc filter (called SOSR) determines both the speed and resolution of the data
coming out of the Sinc Filter unit. Figure 8 shows the AMC1205 modulator data after it becomes
integrated and decimated through a Sinc3 filter, with varying values of SOSR.

Figure 8. Filtered Modulator Signal with Various Values of SOSR

It is important to note that Figure 8 represents five cycles of an 8kHz carrier signal. This data was filtered
from a modulator with a 16MHz data rate. The output data rate of each different configuration is given by
Equation 2:
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50 samples of a filter with an SOSR = 200 are output. Note, however, that the amplitude of the signal
increases, giving an increased SOSR value. The total amplitude represents the resolution of the signal;
therefore, if a signal is represented by integer values between –500 and +500, its resolution is significantly
lower than if that same signal is represented by an amplitude of –5M to +5M.

The data is decimated in a similar manner by the Integrator unit. The Integrator unit, when configured in
Oversampling Mode (bit IMOD = 0 in the Integrator Parameter Register), sums a preset number of
samples and generates the answer after each summation in the Data Register. The number of samples
that the integrator sums is determined by the value IOSR, and can be set from 1 to 128 by bits
IOSR6–IOSR0 in the Integrator Parameter Register. The relationship in Equation 3 must be configured to
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It is important to note that Figure 8 represents five cycles of an 8kHz carrier signal. This data was filtered
from a modulator with a 16MHz data rate. The output data rate of each different configuration is given by
Equation 2:

For a total time window of 625µs, 1000 samples of a filter setup with an SOSR = 10 occur. Likewise, only
50 samples of a filter with an SOSR = 200 are output. Note, however, that the amplitude of the signal
increases, giving an increased SOSR value. The total amplitude represents the resolution of the signal;
therefore, if a signal is represented by integer values between –500 and +500, its resolution is significantly
lower than if that same signal is represented by an amplitude of –5M to +5M.

The data is decimated in a similar manner by the Integrator unit. The Integrator unit, when configured in
Oversampling Mode (bit IMOD = 0 in the Integrator Parameter Register), sums a preset number of
samples and generates the answer after each summation in the Data Register. The number of samples
that the integrator sums is determined by the value IOSR, and can be set from 1 to 128 by bits
IOSR6–IOSR0 in the Integrator Parameter Register. The relationship in Equation 3 must be configured to
set the correct IOSR.

where:
• fMODULATOR is the modulator rate of the ADS1205
• fCARRIER is the carrier frequency
• SOSR is the oversampling ratio of the Sinc filter
• IOSR is the oversampling ratio of the Integrator
• N is the number of carrier cycles that the integrator averages. This number can be any integer multiple of 0.5
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一旦时钟频率被选定，超采样比例必须被决定。这一超采样比例的sinc解调器（简称SOSR）同时决定了数

据从正弦滤波器单元中产生的速度和清晰度。图8显示了AMC1205在变成综合的后并通过Sinc3滤波器，并

且改变SOSR的值后的数据。

图8. 不同SOSR值下的滤波后的调制器信号

很重要的是注意到图8代表了一个8 kHz载波信号的5个周期。这些数据是通过一个有这16MHz数据频率的解

调器滤波后得到的。每一个不同结果的输出数据是由公式2给出的：

在一个总共为625ms的时间窗口中，一个设定为SOSR=10的滤波器的1000个样本发生，同样的，

SOSR=200的滤波器的50个样本是输出。然而，注意到信号的振幅增长，给出一个增长的SOSR值。总的振

幅代表了信号的清晰度，因此，如果一个信号由-500到+500中的任意整数值代表，它的清晰度就肯定比这

个信号被–5M到+5M中的任意一个整数代表低。数据由整合单元以一个相同的方式大幅削减。这个整合单

元，当被设定为超采样模式（在整合参数寄存器中IMOD = 0），对事先设定的样本数据求和，这一整合单

元由IOSR的值决定，并且可以在整合参数寄存器中由IOSR6—IOSR0中从1到128设定。在公式3中的关系必

须设定为正确的IOSR。

此处：

fMODULATOR是ADS1205中的解调器频率。

fCARRIER是载波频率。

SOSR是正弦滤波器的超样本比率。

IOSR是解调器的超样本比率。

 N是解调器的载波周期平均数。这个数字可以是0.5的任意整数倍。（也就是0.5，1.0，1.5等等）。

•

•

•

•

•
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Deriving Filter Module Parameters

The combination of SOSR, IOSR and N determine the frequency of the AMC1210 output data. In the case
where N = 1, the data coming out of the AMC1210 should equal the carrier frequency. If N = 0.5, the
integrator would then sum every half of a carrier cycle, and the output rate would double. This relationship
is described in Equation 4:

where:
• fDATA_OUT is the rate at which data from the integrator is refreshed

A common application averages over one cycle of the carrier signal (N = 1). When placed in Equation 3,
we get the following result:

A value for SOSR must be chosen to achieve the desired resolution from the modulator. Figure 9 shows
the effective number of bits (ENOB) versus OSR for the ADS1205.

Figure 9. ADS1205 ENOB vs OSR Performance

From Figure 9, it makes sense to choose a Sinc3 filter with a high SOSR to achieve the maximum possible
ENOB. Note that the increase in ENOB drops off after an SOSR of 120, therefore making an SOSR = 125
a good option. This value then gives Equation 6:

Now all the parameters necessary to program the AMC1210 have been established.

To review, the configuration defined in this paper has the following parameters:
• fCLK = 32MHz (master clock frequency)
• fCARRIER = 8kHz (frequency of resolver input [carrier] signal)
• NCDIV = 4 (clock divider for signal generator output)
• NPAT= 1000 (length of signal generator pattern)
• SOSR = 125 (sinc filter decimation ratio)
• IOSR = 16 (integrator decimation ratio)
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SOSR、IOSR和N共同决定了AMC1210的输出数据的频率。既然这样，当N=1，从AMC1210输出的数据应

该要与载波频率相等。如果N=0.5，解调器将整合每一半个载波周期，并且输出频率会加倍，这一关系可以

描述为公式4：

在此处：

fDATA_OUT是解调器的数据更新的频率。

一个通用应用软件平均值超过了载波信号(N=1)的一个周期。当带入到公式3中，我们得到以下结果：

•

一个SOSR的值必须被选来以达到解调器的所需清晰度。图9显示了与ADS1205的OSR相对的比特(ENOB)的
有效值。

图9. ADS1205位元数与OSR性能比较

由图9可知：为了达到最大可能的ENOB，需要选择一个带有高SOSR的Sinc3波器。请注意，ENOB的增加

在一个SOSR到达120后开始下降，因此选择SOSR=125比较合理，把值带入公式6，得出：

现在所有SMC1210编程所需要的参量都已经被建立起来了。

回顾以下，在这张纸上配置的定义有如下参数：

fCLK = 32MHz (主时钟频率)
fCARRIER = 8kHz (变压器输入[载波]信号频率)
NCDIV = 4 (信号发生器的时钟分配器输出)
NPAT= 1000 (信号发生器模式长度)
SOSR = 125 (sinc滤波器抽取率)
IOSR = 16 (积分器抽取率)

•

•

•

•

•

•
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装载载体模式

表格1给出了寄存器图象的总体看法和需要在每一个寄存器中按以下描述配置的装置设定的值。这一配置将

应用于滤波器模型1。在其它被选中的滤波器模型中必须重复相同的数值。要获得对这一寄存器图形每一比

特更加详细的描述，参见AMC1210芯片资料。

图1. AMC1210 编程寄存器图表

地址 编程值（��进制） 寄存器描述 编程比特

0x00 输出 中断寄存器

0x01 0x0000 滤波器模型1的控制参量寄存器

CD = '0' 
SHS=‘0’
TM=N/A
MOD1-0 = '00'

0x02 0x0F7C 滤波器模型1的正弦滤波参数寄存器

SST = '11'
AE=‘1’
FEN=‘1’
SOSR7-0=‘01111100’

0x03 0x070F 滤波器模型1的整合参数寄存器

SH4-0 = N/A(1)

DR = '1'(1)

DEN=‘1’
IEN=‘1’
IMOD=‘0’
IOSR6-0 = '0001111'

0x04 – 滤波器模型1的高阶开端寄存器

0x05 – 滤波器模型1的低阶开端寄存器

0x06 – 滤波器模型1的比较仪参量寄存器

0x19 0x03E7 控制寄存器 PC9–0 = '1111100111'

0x1A  0x0XXX(2) 模式寄存器 SP15–0 = 'XXXXXXXXXXXXXXX'(2)

0x1B 0x1403 时钟分配寄存器

HBE=‘1’
MFE=‘1’
SGE=‘1’ 
PCAL = '0'(3)

SCS1=‘00’
MD2-0=‘000’
SD3-0=‘0011’

0x1C 输出 状态寄存器

0x1D 输出 滤波器模型1的数据寄存器

0x1E 输出 滤波器模型1的时间寄存器

(1) 输出比特：编程值不影响这些比特的状态. 
(2) 这些比特根据产生的信号模式数据编程启动

(3) 当执行标准时，这些比特应该被设定为“1”，当标准是成功的时它将返回“0”。

装载载体模式

这一载波模式必须正确地载入AMC1210中以便信号发生器正常工作。MATLAB和DOS软件在网上可以可

产生积分三角调变器可调整正弦波以便被载波信号模式使用。软件将用整个模式长度作为输入(PC_VAL)
和输出64个16字节值。这一值代表了解调器模式PC_VAL比特长，和零比特保留。这64个值必须装载到

AMC1210，每次一个值，从第一个值开始。到模式积存器(SP15–SP0)的写必须对每一个16字节值执行，直

到整个模式被装载。
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Original�Carrier�Cycle Generated�by�the�software�

Length��PC_VAL�=�1000�points

Digital�Carrier�Pattern -�This�is�the�Delta-Sigma�modulated�pattern�of the
original�carrier�cycle.�It�is�the�output�by�the�pattern�generation�software.
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Figure 10 shows the proper procedures to follow to load the pattern correctly.

Figure 10. Loading the Pattern Register
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图10 显示适当的程序来正确跟随负荷曲线图

图10. 装载模式记数器
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AMC1210 校准

AMC1210 校准

一个相移的未确定数量在PWM1/8的输出和滤波积分三角调变器从Sinc3滤波器输出之间。为了使检波正常

工作，这两个信号必须相互协调。为了校正相移，AMC1210有一个内置标准装置。为了达到这一标准，当

系统处于平稳状态运行时，在时钟衰减积存器中的PCAL必须被设定为“1”。

这一标准机构试图在正弦滤波数据伴随信号发生器模式的开始排列成一个正的零交叉。这一机构假设信号

发生器装载了单个正弦波，在第六节中有描述。一个内在的计数器对信号发生器时钟周期数据记数直到零

交叉发生。当计数器发现零交叉时，这一机构通过相应的时钟周期数据改变信号发生器模式的开始，并且

设置PCAS到“0”来对标准已达到发出信号。

除了达到标准，积分器的正弦和余弦频道必须相互同步，这样它们可以同时积分。同步可以由设置在时钟

衰减寄存器中MFE到“0”，然后到“1”实现，这样就重新设置了正弦滤波器单元，然后同时使它们（假

设FEN的每一个单独滤波器被设到“1”）都能达到。通过完成这一重新设置，积分器也就可以同时启动。

7

16位转移方式

有些应用软件在处理时也许只需要仅仅16字节输出。AMC1210有一个选项，可以是用户可以在解调器中转移

输出，这样一些指定的不太重要的字节将被转移或者从输出数据中清除掉，只留下那些比较重要的字节。

需要更多信息，请参见AMC1210芯片资料中的16位转移方式。
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