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多重等脉宽调制触发区事件源的配置

应用报告
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多重等脉宽调制触发区事件源的配置

Jeff Starfford

摘要

为了确定特殊TZ事件源，用脉宽输出(PWM)对多触发区(TZ)响应的应用日益受到挑战。

这份应用报告描述的内容是：当多重TZ事件在一个PWM通道出现时，如何配置等脉宽调制

以确认TZ事件源。

在应用报告里讨论的项目源代码都能在：http://www-s.ti.com/sc/techlit/spraar4.zip 下载到。
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1 Trip-Zone Introduction
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1.1 Purpose of the Trip-Zone Submodule

2 Challenge of Multiple Trip-Zones

Trip-Zone Introduction

Figure 1. Trip-Zone Submodule

Each ePWM module is connected to six TZn signals (TZ1 to TZ6) that are sourced from the
general-purpose input/output (GPIO) MUX. These signals indicate external fault or trip conditions, and the
ePWM outputs can be programmed to respond accordingly when faults occur.

The key functions of the trip-zone submodule are:
• Trip inputs TZ1 to TZ6 can be flexibly mapped to any ePWM module.
• Upon a fault condition, outputs EPWMxA and EPWMxB can be forced to one of the following:

– High
– Low
– High-impedance
– No action taken

• Support for one-shot trip (OSHT) for major short circuits or over-current conditions
• Support for cycle-by-cycle tripping (CBC) for current limiting operation
• Each trip-zone input pin can be allocated to either one-shot or cycle-by-cycle operation.
• Interrupt generation is possible on any trip-zone pin.
• Software-forced tripping is also supported.
• The trip-zone submodule can be fully bypassed if it is not required.

Each ePWM output (EPWMxA and EPWMxB) can be sourced by any or all of the six TZn inputs (TZ1 to
TZ6). Since there is only one TZ flag for a selected TZ type (one-shot or cycle-by-cycle), the source of the
TZ event can not be determined if multiple TZs are enabled for a single ePWM output. One solution is to
enable all the TZ interrupts.

Since all TZs share PIE group 2, the code could read PIEIFR2 to determine which TZ’s flag is set upon
entry into the interrupt service routine. The problem is that the hardware automatically clears the
PIEIFRx.y bit when fetching the interrupt vector from the PIE, and before entry into the ISR; so the TZ
source identifier is lost. A flowchart of the hardware interrupt response is shown in the TMS320x280x,
2801x, 2804x System Control and Interrupts Reference Guide (SPRU712).
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TZ介绍1

多触发区面临的问题

每个ePWM输出（EPWMxA和EPWMxB）都能被任何或者所有六个TZn输入（TZ1到TZ6）获得。由于每一

个选定的TZ类型（稳态的或者周期的）只有一个TZ标记，所以如果多重TZ在单个ePWM输出中TZ源不能被

确定。一种解决办法就是允许所有的TZ中断。

当所有TZ共享PIE组2，代码能通过读取OIEFR2去确定哪个TZ标记到中断服务列队中。问题是从PIE获取中

断指针时，硬件会自动清除PIEIFRx.y位，并且其发生在进入ISR前，所以TZ源标记会丢失。TMS320x280，

2801x，2804x系统控制和中断参考手册列出了硬件中断响应的流程图。

2

每个等脉宽调制模块都连接了六个来自通用输入/输出(GPIO) MUX的TZn信号（TZ1到TZ6）。这些信号显示

出错误或者触发情况，所以当错误发生时ePWM输出可编程响应。

图1.TZ子模块

触发区子模块的作用

TZ子模块的主要功能：

触发输入TZ1到TZ6容易添加到任何一个ePWM模块中

在错误情况下，输出EPWMxA和EPWMxB能被强制到一下状态中：

高

低

高阻抗

不反映

在主要的小型电路或者过流环境下支持单出错操作（OSHT）
在限流工作情况下支持周期出错操作

每个触发区输入脚能定位到单出错操作和周期出错操作

在任何一个触发区管脚都能产生中断

支持软件受迫出错

如果不需要触发区域子模块能被完全旁路

•

•

–

–

–

–

•

•

•

•

•

•

1.1

TZ介绍
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3 Determining Trip-Zone Source

3.1 Enable Multiple Trip-Zones for a Single ePWM Output
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Determining Trip-Zone Source

In addition to configuring a PWM channel to trip on multiple TZs, enable the same TZs for other PWM
channels assigning a single TZ to the PWM channel. This allows polling the TZFLG bits for the other
PWM channels to determine the TZ source. You can configure the TZ event to have no action on the
PWM channel in the TZCTL register. This solution avoids the requirement of latching the TZ events with
external circuits.

If external latching of the TZ event is already available, then the GPIO inputs that are shared with the TZ
pins can be read to determine the logic level. For instance, with the TMS320F2808 device, TZ1 shares the
same pin with GPIO12, TZ2 with GPIO13, etc. An example of this is shown in the GPIO MUX Block
Diagram in the TMS320F2809, TMS320F2808, TMS320F2806, TMS320F2802, TMS320F2801,
TMS320C2802, TMS320C2801, and TMS320F2801x DSPs Data Manual (SPRS230).

Figure 2 is an illustration of the TZ control logic that is designed into every ePWM module. Note that all six
of the TZs are available to the two ePWM channels. Each TZ can be configured for either one-shot or
cycle-by-cycle modes, or both.

Figure 2. Trip-Zone Submodule Mode Control Logic
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确定TZ源

为了在多TZ中配置一个脉宽调制通道到触发状态，允许同样的TZ为了另一个PWM通道分配独立TZ给PWM
通道。这让TZFLG位为了其他PWM通道去确定TZ源。在TZCTL寄存器中用户能配置TZ事件而在PWM通道

中没有任何动作。这个解决方案避免获取TZ时间时需要扩展电路。

如果扩展获取T Z事件已经准备可用，与T Z管脚共用的G P I O输入能被读取确定逻辑层。例如，

TMS320F2808设备，TZ1与GPIO12共用一个管脚，TZ2与GPIO13共用一个管脚，等等。类似的例子可以

在TMS320F2809, TMS320F2808, TMS320F2806, TMS320F2802, TMS320F2801,TMS320C2802, TMS320C2801和

TMS320F2801x DSP 的GPIO 多路中断图解中看到(SPRS230)。

3

为单个ePWM输出开通多触发区

图2是设计在每一个ePWM模块中的TZ控制逻辑图。注意所有六个TZ在两个ePWM通道中都可用。每个TZ
能被配置到稳态模式或者周期模式，或者两者都是。

3.1

图2. TZ子模块控制逻辑

确定TZ源
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3.2 Determining Source of TZ Event

Determining Trip-Zone Source

The TZSEL register allows each TZ to be enabled for a single ePWM. With multiple TZs enabled, a single
CBC or OSHT trip event occurs, see Figure 3. The trip event sets the corresponding TS interrupt flag,
CBC-TZFLG or OSHT-TZFLG. These flags can be used to generate an interrupt to respond to the event.
In the ISR code, one of the first tasks is to determine which TZ event caused the interrupt.

Figure 3. Trip-Zone Submodule Interrupt Logic

Also, this trip event results in a particular action on the selected ePWM channel, see Table 1. Note that
EPWMxA and EPWMxB have separate control over their respective action in response to a trip event.

Table 1. Trip-Zone Control Register (TZCTL) Field Descriptions
Bits Name Value Description
15–4 Reserved Reserved
3–2 TZB When a trip event occurs, the following action is taken on output EPWMxB. Which trip-zone

pins can cause an event is defined in the TZSEL register in the TMS320x280x, 2801x, 2804x
System Control and Interrupts Reference Guide (SPRU712).

00 High impedance (EPWMxB = High-impedance state)
01 Force EPWMxB to a high state
10 Force EPWMxB to a low state
11 Do nothing, no action is taken on EPWMxB.

1–0 TZA When a trip event occurs the following action is taken on output EPWMxA. Which trip-zone pins
can cause an event is defined in the TZSEL register in the TMS320x280x, 2801x, 2804x
System Control and Interrupts Reference Guide (SPRU712).

00 High impedance (EPWMxA = High-impedance state)
01 Force EPWMxA to a high state
10 Force EPWMxA to a low state
11 Do nothing, no action is taken on EPWMxA.

The challenge is to determine the specific TZ event that causes a TZ related interrupt when multiple TZ
events are enabled. There are no interrupts directly associated with a specific TZ event. Instead, TZ
events are associated with a specific ePWM module. For example, any of the enabled TZ events for
ePWM1 could cause the bit PIEIFR2.1 to be set. If PIEIER2.1 is also set, then the interrupt
EPWM1_TZINT would be generated. But the source of the interrupt could have been any of the six TZn
events.

The solution is to enable a single TZ event for additional ePWM modules.

4 Configuring Source of Multiple ePWM Trip-Zone Events SPRAAR4–October 2007
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TZSEL寄存器允许每个TZ对一个单ePWM可用。由于多TZ可用，但CBC或者OSHT触发事件发生，如图3触
发时间设置了相对应的TS中断标志，cBC-TZFLG或者OSHT-TZFLG。这些标示能被用来产生一个响应TZ事
件的中断。在OSR代码中，一个首要的任务就是确定那个TZ事件引发了中断。

图3.TZ子模块中断逻辑

还有，这个错误事件在选定的ePWM通道中导致一个特定的动作，如表1注意EMPWMxA和EPWMxB已经

在他们各自响应错误事件的动作中分开控制。

表1.Tz控制寄存器区描述

位 名称 值 描述

15-4 预留 预留

3-2 TZB

00

01

10

11

当一个触发事件发生，在EPWMxB输出中会发生以下动作，它的TZ管脚能产生的一个在

TMS320x280x, 2801x, 2804x系统控制和中断参考手册中定义的寄存器动作(SPRU712)。

高阻抗（WPWMxB=高阻抗状态）

强制EPWMxB到高阻抗状态

强制EPWMxB到低阻抗状态

EPWMxB中没有任何操作

1-0 TZA

00

01

10

11

当一个触发事件发生，在EPWMxA输出中会有以下动作。它的TZ管脚能发生一个

在TMS320x280x, 2801x, 2804x系统控制和中断参考指南中定义的TZSEL寄存器动作

(SPRU712)。

高阻抗（EPWMxA=高阻抗状态）

强制EPWMxA到高阻抗状态

强制EPWMxA到低阻抗状态

EPWMxA中没有任何操作

确定TZ事件源

所面临的问题是当多重TZ事件可用时，确定特定TZ事件引起一个TZ相关中断。没有直接与特定TZ事件

相关联的中断。但是，TZ事件和特定的ePWM模块相关联。比如，任何EPWMxA1允许TZ事件都能引起

PIEIFR2.1的设置。如果PIEIER2.1被设置了，EPWM1_TZINT中断就会产生。但是中断源可能是任何六个

TZn中的一个。

3.2

确定TZ源
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这个方案在附加ePWM模块中的单TZ事件是可用的。

除了配置一个PWM通道到多TZ触发状态外，还为另一个PWM通道允许同一个TZ分配一个单独TZ到PWM
通道。这允许为另一个PWM通道检测TZFLG位能确定TZ源。在PWM通道中配置附加TZ事件在TZCTL寄存

器中没有任何操作。

确定TZ事件源

这个例子显示的是如何实现在应用报告总描述的方法。总的来说，TZ的范例软件提供了28x整代或者部分外

围代码包。在合格应用报告中，C280x，C2801xC/C++头文件和外围例子（SPRC191）都在F2808 eZdsp™中

用到。

这些代码修正后允许六个ePWM1的TZn都可用，每个都被设置为在TZ事件发生时EPWM1A输出为高状态。

TZ2-56对EPWMs2-6都可用，由一个TZ对每个ePWM模块都可用和每个TZ配置到在发生TZ事件时没有任何

动作。ePWM1的TZ中断被修正以确定TZ事件源。

3.3

软件配置

这个部分讨论当六个TZz事件中任何一个发生时让EPWM1A强制转换到高状态的配置方法。

EPWM_TZINT发生时，检测TZFLG位ePWM1-5以确定TZ事件源。如果没有被设置，TZ6就是源。这个

例子能检测TZ事件可配置的最大数目，但是配置可用更少的TZ事件例子也可以使用。

3.3.1

void InitEPwm1Example()
{

// Enable all TZs as one shot trip sources
EALLOW;
EPwm1Regs.TZSEL.bit.OSHT1 = 1;
EPwm1Regs.TZSEL.bit.OSHT2 = 1;
EPwm1Regs.TZSEL.bit.OSHT3 = 1;
EPwm1Regs.TZSEL.bit.OSHT4 = 1;
EPwm1Regs.TZSEL.bit.OSHT5 = 1;
EPwm1Regs.TZSEL.bit.OSHT6 = 1;

// What do we want any of the TZs to do?
EPwm1Regs.TZCTL.bit.TZA = TZ_FORCE_HI;
EPwm1Regs.TZCTL.bit.TZB = TZ_NO_CHANGE;

// Enable TZ interrupt on any TZ event
EPwm1Regs.TZEINT.bit.OST = 1;
EDIS;

void InitEPwm2Example()
{

// Enable TZ1 as one shot trip source
EALLOW;
EPwm2Regs.TZSEL.bit.OSHT2 = 1;

// Do not impact PWM outputs on TZ event
EPwm2Regs.TZCTL.bit.TZA = TZ_NO_CHANGE;
EPwm2Regs.TZCTL.bit.TZB = TZ_NO_CHANGE;
EDIS;

}

程序

用例子中的软件装载和实时运行在F2808 eZdsp中，增加一个可变EPWM1TZIntCount到可见窗口并不

断更新这个窗口。

用示波器连接到F2808 eZdsp的P8连接脚#9的EPWM1A(和GPIO0共用)。注意EPWM1A的输出是激活

的。你可以看到PWM 50%的占空比。

3.3.2

确定TZ源
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Determining Trip-Zone Source

Connect a jumper to the ground located on P8-39. Connect the other end of the jumper to TZ1 (shared
with GPIO12) on P8-37. Note that EPWM1A’s output is now forced high and that EPwm1TZIntCount in the
Watch Window is increasing in count indicating that the ePWM1 interrupt is being serviced in response to
TZ1 being active.

Now repeat this test for the rest of the TZs.
1. Connect the jumper from P8-9 to P8-17 for TZ2 (shared with GPIO13)
2. Connect the jumper from P8-9 to P8-5 for TZ3 (shared with GPIO14)
3. Connect the jumper from P8-9 to P8-22 3) for TZ4 (shared with GPIO15)
4. Connect the jumper from P8-9 to P8-23 for TZ5 (shared with GPIO16)
5. Connect the jumper from P8-9 to P8-24 for TZ6 (shared with GPIO17)

For each of these tests you will see EPWM1A’s output forced high and EPwm1TZIntCount continue to
increase its count.

Table 2. F2808 eZdsp P8 Connector
P8 Pin # P8 Signal P8 Pin #

1 + 3.3 V/+5 V /NC 2 + 3.3 V/+5 V /NC
3 MUX_GPIO29 4 MUX_GPIO28
5 GPIO14 6 GPIO20
7 GPIO21 8 GPIO23
9 GPIO0 10 GPIO1

11 GPIO2 12 GPIO13
13 GPIO4 14 GPIO15
15 GPIO27 16 GPIO16
17 GPIO13 18 GPIO134
19 GND 20 GND
21 GPIO7 22 GPIO15
23 GPIO16 24 GPIO17
25 GPIO18 26 GPIO19
27 MUX_GPIO31 28 MUX_GPIO30
29 MUX_GPIO11 30 MUX_GPIO8
31 GPIO22/GPIO24 32 MUX_GPIO10
33 GPIO25 34 GPIO25
35 GPIO26 36 GPIO32
37 GPIO12 38 GPIO33
39 GND 40 GND

Configuring Source of Multiple ePWM Trip-Zone Events6 SPRAAR4–October 2007
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连接跳线的一段到位于p8-39的地，跳线的另一端连接到位于p8-37的TZ1（与GPIO12共用）。注意

EPWM1A的输出现在被强制到高电位，还有在观测窗口的EPwm1TZIntCount数值不断增长，这表示

ePWM1中断已经在TZ1被激活时开始工作。

现在对剩下的TZ进行重复测试

用跳线连接P8-9到P8-17和TZ2（与GPIO13共享）

用跳线连接P8-9到P8-5和TZ3（与GPIO14共享）

用跳线连接P8-9到P8-22和TZ4（与GPIO15共享）

用跳线连接P8-9到P8-23和TZ5（与GPIO16共享）

用跳线连接P8-9到P8-24和TZ6（与GPIO17共享）

这些测试用户都会看到epwm1a的输出都被强制到高位还有EPwm1TZIntCount的数值继续增加。

1.
2.
3.
4.
5.

表2. T2808 eZdsp P8连接器

确定TZ源
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4 Conclusion

5 References

Conclusion

Table 3. GPIO Pins Shared With TZs
Default at Reset

Primary I/O
Function Peripheral Peripheral Peripheral

GPAMUX1/2(1) (GPxMUX1/2 Selection 1(2) Selection 2 Selection 3
Register Bits bits = 0,0) (GPxMUX1/2 bits = 0,1) (GPxMUX1/2 bits = 1,0) (GPxMUX1/2 bits = 1,1)

GPAMUX1
1-0 GPIO0 EPWM1A (O) Reserved(3) Reserved(3)

3-2 GPIO1 EPWM1B (O) SPISIMOD (I/O) Reserved(3)

5-4 GPIO2 EPWM2A (O) Reserved(3) Reserved(3)

7-6 GPIO3 EPWM2B (O) SPISOMID (I/O) Reserved(3)

9-8 GPIO4 EPWM3A (O) Reserved(3) Reserved(3)

11-10 GPIO5 EPWM3B (O) SPICLKD (I/O) ECAP1 (I/O)
13-12 GPIO6 EPWM4A (O) EPWMSYNCI (I) EPWMSYNCO (O)
15-14 GPIO7 EPWM4B (O) SPISTED (I/O) ECAP2 (I/O)
17-16 GPIO8 EPWM5A (O) CANTXB (O) ADCSOCAO (O)
19-18 GPIO9 EPWM5B (O) SCITXDB (O) ECAP3 (I/O)
21-20 GPIO10 EPWM6A (O) CANRXB (I) ADCSOCBO (O)
23-22 GPIO11 EPWM6B (O) SCIRXDB (I) ECAP4 (I/O)
25-24 GPIO12 TZ1 (I) CANTXB (O) SPISIMOB (I/O)
27-26 GPIO13 TZ2 (I) CANRXB (I) SPISOMIB (I/O)
29-28 GPIO14 TZ3 (I) SCITXDB (O) SPICLKB (I/O)
31-30 GPIO15 TZ4 (I) SCIRXDB (I) SPISTEB (I/O)

GPAMUX2
1-0 GPIO16 SPISIMOA (I/O) CANTXB (O) TZ5 (I)
3-2 GPIO17 SPISOMIA (I/O) CANRXB (I) TZ6 (I)

(1) The word Reserved means that there is no peripheral assigned to this GPxMUX1/2 register setting. Should it be selected, the
state of the pin is undefined and the pin may be driven. This selection is a reserved configuration for future expansion.

(2) GPxMUX1/2 refers to the appropriate MUX register for the pin, GPAMUX1, GPAMUX2 or GPBMUX1.
(3) This table pertains to the F2808 device. Some peripherals may not be available in the 2809, 2806, 2802, or 2801 devices. For

more details, see the pin descriptions.

This application report has shown that it is possible to use multiple TZs for a single PWM channel with the
ability to detect the specific TZ source.

• TMS320x28xx, 28xxx Enhanced Pulse Width Modulator (ePWM) Module Reference Guide (SPRU791)
• TMS320x280x, 2801x, 2804x System Control and Interrupts Reference Guide (SPRU712)
• TMS320F2809, TMS320F2808, TMS320F2806, TMS320F2802, TMS320F2801, TMS320C2802,

TMS320C2801, and TMS320F2801x DSPs Data Manual (SPRS230)
• C280x, C2801x C/C++ Header Files and Peripheral Examples (SPRC191)
• eZdsp 2808 Technical Reference

(http://c2000.spectrumdigital.com/ezf2808/docs/2808_ezdspusb_techref_c.pdf)
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结论

这个应用报告显示出对单PWM通道使用多TZ技术能检测出特定的TZ源。

4

参考

 TMS320x28xx, 28xxx 增强脉冲宽度调制(ePWM) 模块参考手册 (SPRU791)
 TMS320x280x, 2801x, 2804x 系统控制和中断参考手册(SPRU712)
TMS320F2809, TMS320F2808, TMS320F2806, TMS320F2802, TMS320F2801, TMS320C2802, TMS320C2801, 

and TMS320F2801x DSPs 数据手册(SPRS230)
C280x, C2801x C/C++ 头文件外围范例(SPRC191)
eZdsp 2808 技术参考(http://c2000.spectrumdigital.com/ezf2808/docs/2808_ezdspusb_techref_c.pdf)

•

•

•

•

•
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免费样片索取
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原料，时至今日，绝大多数的TI产品均可提供无铅及绿色

(Green)的封装。

如果您对“无铅”抱有任何疑问，敬请访问：
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