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19-W, Single-Stage AC/DC LED Driver for T8/T10
Fluorescent Lamp Replacement

1 Introduction
This reference design, PMP4301, is a single-stage power factor corrected LED driver using Texas
Instrument’s UCC28810 LED lighting power controller. The LED application focuses on fluorescent tube
replacement lamp and wall-wash LED lighting with a small form factor, width less than 18 mm and height
less than 11 mm, which can be inserted into tube 8 or tube 10 (T8/T10) designs directly. The driver can
work with universal AC line input from 90 VRMS to 265 VRMS and provide a 450-mA constant current, at up
to 42 VDC to drive a string with typically 12 LEDs in series.

2 Description
Based on the UCC28810 LED lighting power controller, this LED lighting driver reference design is
capable of providing high power factor, output-load over-voltage protection, output-load short circuit
protection, and open-loop protection, all with auto-recovery, along with long life, low profile, and low cost
list of materials. The driver employs a single-stage PFC isolated flyback topology working in critical, or
transition, mode. The power converter is designed to be used with T8/T10 isolated LED lamps with form
factor and high efficiency. It can be packaged inside or outside the LED lighting housing.

2.1 Typical Applications
• T8/T10 Fluorescent Lamp Replacement
• Wall-Wash LED Lamp
• General LED Lighting

2.2 Features
• Universal Input Voltage Operation
• Single-Stage With Power Factor Correction
• Isolated Flyback Topology
• Constant Current Output for LED Lighting
• Integrated Protection for Output Short Circuit, Open Loop, and Output Over Voltage
• Low Height(<11 mm) With Form Factor for Fluorescent Lamp Replacement
• Critical Mode Operation With Valley Voltage Switching for High Efficiency
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用于T8/T10荧光灯替代方案的19W、单级AC/DC LED
驱动器电源

1    引言

本参考设计 (PMP4301) 是一款采用德州仪器的UCC28810LED 照明电源控制器的单级功率因数校正LED
驱动器。该LED应用专注于荧光管替代型照明灯及LED墙面泛光照明，其外形小巧（宽度<18mm，高度

<11mm），可以直接插入25.4mm或31.8mm直径灯管 (T8/T10)中。该驱动器可采用通用的90 VRMS至265 
VRMS AC线路输入，并在高达42 VDC的电压条件下提供一个450mA恒定电流，以驱动一个通常含有12个串

联LED的LED串。

2    说明

本LED照明驱动器参考设计基于UCC28810 LED照明电源控制器，能够提供高功率因数、输出负载过压保护、

输出负载短路保护和开环保护功能（均拥有自动恢复能力），以及长寿命、扁平和低材料清单成本等特性。

这款驱动器采用单端反激PFC拓扑结构，可工作于临界模式。此变换器专为小外形和高效率的T8/T10隔离式

LED灯而设计。它既可以封装在LED照明灯的外壳之内，亦可置于其外部。

2.1  典型应用

T8/T10荧光灯替代方案• 
LED墙面泛光灯• 
通用LED照明• 

2.2  特性

通用输入电压下工作• 
单级功率因数校正• 
隔离型反激式拓扑结构• 
用于LED照明的恒定电流输出• 
提供了针对输出短路、开环和输出过压的集成型保护功能电路• 
扁平 (高度<11mm) 并具有适合荧光灯替代方案的物理尺寸和形状• 
运用谷底开关的临界模式，可实现高效率。• 
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3 Electrical Performance Specifications

Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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电性能规格

3    电性能规格

表1：PMP4301电性能规格

参数 测试条件 最小值 典型值 最大值 单位

输入特性

电压范围 90 265 VRMS

 功率因数 VIN = 230 VAC，输出电流 = 450mA 0.956
THD（总谐波失真） 13.5%
输出特性

输出电压，VOUT 输出电流 = 450 mA 30 39 42 V
输出负载电流，IOUT 450 mA
输出电流纹波 VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

系统特性

效率 87.7%
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4    原理图
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4 Schematic

Figure 1. PMP4301 Reference Schematic
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3    工作原理

工作原理

5.1  单端反激PFC变换器

该单级功率因数校正变换器为隔离型反激式AC/DC拓扑结构，将AC输入电压整流为一个DC输出，并将输入电

流保持为正弦波。单端反激PFC拓扑结构能实现高功率因数，并具有极少的元器件数目、高可靠性和低成本

（无需使用一个大尺寸的450VDC体电容器 [bulk capacitor]），因此被广泛地用作隔离式LED驱动器解决方案

单级PFC变换器在次级输出端上采用恒定电流检测，能以恒定导通时间和可变频率模式工作，从而提供一个

恒定的输出电流和高功率因数，以适合LED照明应用的需要。

如图2所示，AC电压VIN通过输入整流桥进行整流，产生一个作为单级反激式PFC输入电压的半正弦波电压。

图2中示出的一个小电容 (CBULK) 和一个差分电感 (L) 连接至整流桥的输出端。CBULK与L构成了差分低通滤

波器。该滤波器能够对高频开关纹波电流进行滤波，并改善输入功率因数。此电容电压跟随AC输入电压。然

而，半正弦波电压 (VBULK) 的过零畸变是由CBULK产生的，太大的容值会导致输入功率因数在高压输入时降

低。为避免发生这种状况，CBULK的电容值必须很小。我们需要根据输入功率因数和过零畸变等因素来确定

CBULK。作为一款具有高功率因数的LED照明驱动器控制器，UCC28810可通过改变频率，并利用输入电压

检测和变压器零能量检测进行控制。使初级侧的电流工作于临界导通模式以获得高功率因数。
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5 Theory of Operation

5.1 Single-Stage Flyback Converter With Power Factor Correction
This single-stage power factor corrected converter is an isolated flyback AC/DC topology that rectifies the
AC input line to a DC output with an input sinusoidal current. The single-stage flyback topology is widely
used as an isolated LED driver solution because it achieves high power factor with low component count,
high reliability, and low cost without a large size 450-VDC bulk capacitor. With constant-current sensing on
the secondary output side, a single-stage flyback converter can operate with constant on-time and variable
frequency modes to achieve a tightly regulated output current and high power factor for LED lighting
applications.

Figure 2. Input Current Tracks Input Voltage
(Variable frequency control flyback using UCC28810)

As shown in Figure 2, the AC voltage, VIN, is rectified by the input diode bridge which produces a half
sine-wave voltage as the input voltage of the single-stage flyback PFC. A small capacitor, CBULK, and a
differential inductance, L, shown in Figure 2, are connected to the output of the diode bridge. CBULK and L
compose the differential mode low-pass filter. This filter can filter high-frequency switching ripple current
and improve input power factor. The capacitor voltage should follow the AC input voltage. However,
zero-crossing distortion of the half sine-wave voltage, VBULK, is generated by CBULK, resulting in decreased
input power factor at high line. To avoid this, the capacitance value of CBULK must be small. We need to
determine CBULK based on the input power factor and zero-crossing distortion. The UCC28810 as an LED
lighting driver controller with high power factor can be programmed to operate at variable frequency
control with input voltage sensing and transformer zero energy detection. In this way, the current of the
primary side is working at critical conduction mode to get high power factor, and the switching frequency
varies according to the input voltage feed forward and the output current feedback.
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图2：采用UCC28810的单级PFC输入电流跟踪输入电压示意图
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工作原理

如上所述，单级PFC变换器的初级侧电流利用可变频率控制工作于临界导通模式 (CRM)，以实现一个正弦波输

入电流和高功率因数 (PF)。人们往往会提出这样一个问题：为什么工作于临界导通模式的单级PFC能够实现高

功率因数，而其他的工作模式则不行？为了回答这个问题，我们通过下列计算进行了说明。对于临界模式，每

个开关周期：

式中的VBULK等于整流桥的输出电压，

• LP为变压器的初级侧电感，

• tON为MOSFET导通时间，

• IPK等于初级侧的峰值电流。

对于临界模式，开关的平均电流与峰值电流之间的关系如 (2) 式所列。

• IAVG为初级侧的平均电流

• D为占空比。

同时：

式中PIN为输入功率

• PF为功率因数

• VIN(rms) 和IIN(rms) 分别等于输入电压和电流的有效值。

为了使单级PFC工作于临界模式，变压器的初级电感是一个非常重要的参数。针对临界模式单级PFC的变压器初

级电感的计算公式列于 (5) 式。

在 (5) 式中

• fSW为开关频率，

• n为变压器匝数比Np/Ns
• VIN(rms)为输入电压有效值

• VO为输出电压。
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As mentioned above, the primary-side current of a single-stage flyback converter is operating at Critical
Mode (CRM) with variable frequency control to achieve a sinusoidal input current with high PF. There is a
common question: why can a single stage PFC operating in critical conduction mode achieve high power
factor as opposed to other operating modes? To answer this question, the following calculations are
shown. For critical mode control of each high frequency switching cycle:

(1)

Where VBULK is equal to the output voltage of the diode bridge,
• Lp is the primary-side inductance of the transformer,
• tON is the MOSFET on time,
• IPK is equal to the peak current on the primary side.

For critical mode, the relationship between the average switching current and the peak current is given in
Equation 2.

(2)
• IAVG is the average current of the primary side, and
• D is the duty cycle for each switching operation.

Meanwhile:

(3)

(4)

Where PIN is the input power which is equal to the output power divided by the converter efficiency,
• PF is equal to the Power Factor, and
• VIN(rms) and IIN(rms) are equal to the input RMS voltage and current, respectively.

In order for a single-stage flyback to operate at critical mode, the primary inductance of the transformer is
a very important parameter. The formula to calculate the primary inductance of the transformer for critical
mode single-stage operation is shown in Equation 4.

(5)

In Equation 4, refer to the transformer turns ratio, Np/Ns,
• ƒSW is the switching frequency,
• n is the transformer turns ratio,
• VIN(rms) is the input RMS voltage, and
• VO is the output voltage.
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Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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整流桥的输出电压VBULK可由 (6) 式确定。

                                                       

在理论分析中，我们做了一项假设，即：瞬时输入电流近似等于每个高频开关周期的平均电流。利用 (1) ～ (6) 
式，我们可以推导出：

 

根据 (7) 式，瞬时输入电流的绝对值等于原边电感的平均电流，而且由于输入功率和输入电压为定值已确定，所

以输入电流理想地跟随一个正弦波。于是，我们可以得出结论：采用临界模式的单级具有高功率因数。

由于T8荧光照明灯的物理尺寸非常有限，因此必须将变压器设计成具有超细和扁薄的外形，以便能够将LED驱

动器插入荧光管灯具中。在本参考设计 (PMP4301) 中，采用了一种专用的磁芯及骨架，以制成宽度<13mm且

高度<11mm的变压器。该设计平衡了变压器的磁芯损耗与铜损耗，以实现这款19W单级反激式LED驱动器的最

高效率。

工作原理
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Also, the output voltage of the diode bridge, VBULK, can be determined by Equation 6.

(6)

In the theory analysis, there is an assumption that the instantaneous input current is approximately equal
to average current of each high-frequency switching cycle. From Equation 1 to Equation 6, we can derive:

(7)

According to Equation 7, the absolute value of the instantaneous input current is equal to the average
primary inductor current, and the input current is ideally following a sine wave as input power and input
voltage is determined. Therefore, we can conclude that the single stage with critical mode has high power
factor correction.

Because the T8 fluorescent lighting form factor is very limited, the transformer should be designed to be
ultra slim and have low height in order to insert the LED driver into the tube lighting’s vessel. In this
reference design, PMP4301, a dedicated core and bobbin is used to build the transformer with a width of
less than 13 mm and height less than 11 mm. The design has balanced the transformer’s core loss and
copper loss in order to achieve the highest efficiency for this 19-W single-stage flyback LED driver.
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According to Equation 7, the absolute value of the instantaneous input current is equal to the average
primary inductor current, and the input current is ideally following a sine wave as input power and input
voltage is determined. Therefore, we can conclude that the single stage with critical mode has high power
factor correction.

Because the T8 fluorescent lighting form factor is very limited, the transformer should be designed to be
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3 Electrical Performance Specifications

Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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工作原理

5.2  UCC28810控制器

UCC28810是适用于普通照明应用的功率因素校正控制器，适合于那些要求PFC及EMC兼容性的中低功率亮

度的照明应用。该器件可用于控制工作于临界模式的反激式、降压型或升压型变换器，以获得高功率因数 
(PF)。它具有一个跨导式反馈误差电压放大器、一个用于生成与输入电压成正比的电流命令的简流基准发生

器、一个电流检测 (PWM) 比较器、PWM逻辑和一个用于驱动外部MOSFET的图腾柱驱动器。在临界导通模

式中，初级侧开关的接通受控于在TZE引脚上进行的变压器零能量检测，而此开关的关断则受控于电流检测

比较器。此外，该控制器还具备诸如峰值电流限制、再起动定时器、过压保护 (OVP) 及使能控制等功能。

如图3中所示，在启动期间，VBULK通过R4、R7和R8对C15充电，从而把UCC28810的VDD电压提升至启动门

限，而变换器将工作多个开关周期。在正常工作期间，变压器的辅助绕组通过D7、C11、Q4和C5对控制器的

VDD供电。UCC28810具有足够的驱动能力，以变频模式直接驱动功率MOSFET Q5。

来自辅助绕组的过零信号由R26和C18进行滤波后被输送至TZE引脚以检测变压器的退磁过程，以获得

MOSFET Q5的开通时刻。瞬时半正弦波输入电压由R15、R18、R21和C14来检测，而且该输入电压前馈信号

被传输至UCC28810控制器的引脚3 (VINS)。这个输入电压前馈信号与EAOUT引脚上的输出电流反馈信号被用

作电流控制环路的基准。将它们的乘积与MOSFET Q5的电流检测信号进行比较，比较的结果将决定何时关断

Q5。MOSFET Q5的电流检测信号由R36、R35和C22产生并滤波。MOSFET Q5的开通与关断就是以这种方

式进行控制的，以实现低输入电流失真和高功率因数。

R2、R3和Q6提供了一种可选的开环或输出短路保护功能。当发生任意的开环或输出短路时，Q6将把VSNS
引脚拉至低电平并避免电源受损，此时输出开关信号被关断。

+

VSNS

EAOUT

VINS

ISNS TZE

GND

GDRV

VDD
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5.2 UCC28810 Controller
The UCC28810 is generally used for converters for lighting applications from low-to-medium power
lumens requiring PFC and EMC compliance. It can be used for controlling a flyback, buck, or boost
converter operating in critical conduction mode to acquire high PF. It features a transconductance voltage
amplifier for feedback error processing, a simple current reference generator for generating a current
command proportional to the input voltage, a current-sense (PWM) comparator, PWM logic, and a
totem-pole driver for driving an external FET. In critical conduction mode operation, the PWM circuit is
self-oscillating with the turn-on of the primary-side switch being governed by the detection of the
transformer zero energy at the TZE pin and the turn-off of the switch being governed by the current-sense
comparator. Additionally, the controller provides features such as peak current limit, restart timer,
Overvoltage Protection (OVP), and enable control.

As shown in Figure 3, during start up, VBULK will charge C15 through R4, R7, and R8 which will increase
the VDD voltage of UCC28810 up to the turn-on threshold and the converter will operate with several
switching cycles. During normal operation, the auxiliary winding of transformer will power up the
controller’s VDD through D7, C11, Q4, and C15. The UCC28810 has enough drive capability to drive the
power MOSFET Q5 directly with variable switching frequency operation.

Figure 3. UCC28810 Control Chip, Start Up, Drive Circuit for PMP4301

A zero-crossing signal from the auxiliary winding is filtered by R26 and C18. This voltage signal is
delivered to the TZE pin to detect the demagnetization of the transformer which is required before the
controller can switch on the power MOSFET, Q5, with a gate drive turn-on trigger signal. The
instantaneous half sine-wave input voltage is sensed by R15, R18, R21, and C14 and this input voltage
feed forward signal is transferred to pin 3, VINS, of the UCC28810 controller. This input voltage feed
forward signal and the output constant current feedback signal on EAOUT are used as the reference
signal for the current control loop. Their product is compared with the current sensing signal of the
MOSFET, Q5 as detected at pin 4, ISNS, and this determines when Q5 is turned off. The current sensing
signal of MOSFET Q5 is achieved and filtered by R36, R35 and C22. In this way MOSFET Q5 turn on and
turn off is controlled to achieve low input current distortion and high power factor.

R2, R3, and Q6 provide an optional open-loop or output short circuit protection function. When any open
loop or output short circuit event happens , Q6 will pull the VSNS pin low and protect the power stage
from damage, and the output switching will be turned off.
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图3：UCC28810控制PMP4301的芯片、启动及驱动电路
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3 Electrical Performance Specifications

Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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5.2  次级侧电流反馈

该LED驱动器的次级电路如图4所示。这款LED驱动器为传统的反激式配置，由续流二极管D2以及输出滤波电

容器C6和C8组成。控制电路为恒定电流环路。

输出LED电流由电阻R11检测。与R11并联的二极管D9将在输出发生短路的情况下保护R11免遭浪涌电流的冲

击而造成损坏。该电流反馈信号由R39和C25进行滤波，经过滤波的反馈信号与由R47和R48分压产生的一个

基准信号加以比较，并由U2 TL103对误差信号进行积分。这将生成恒流环路的控制信号。该控制信号设定了

光耦合器U4的吸收电流。通过这种方式，将恒流环路的控制电压输送至初级侧控制电路。

工作原理

+

+

www.ti.com Theory of Operation

5.3 Secondary-Side Current Feedback
The secondary circuit for this LED driver is shown in Figure 4. This LED driver is a conventional flyback
configuration consisting of free-wheel diode D2 and output filter capacitors C6 and C8. The control circuit
is a constant current loop.

The output LED current is sensed by resistor R11. Diode D9, in parallel with R11, will protect R11 from
damage by the inrush current if the output is shorted. This current feedback signal is filtered by R39 and
C25, then the filtered feedback signal is compared to a reference signal formed by R47 and R48, and the
error signal is integrated by U2 TL103. This generates the control signal for the constant current loop. This
control signal sets the opto-coupler U4 sinking current. In this way the control voltage for the constant
current loop is delivered to the primary side control circuit in order to regulate the switching frequency
resulting in constant output current.

Figure 4. Secondary-Side Load Current Channel
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图4：次级侧负载电流通道
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Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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PCB布局

6    PCB布局

本参考设计在一块外形尺寸兼容T8/T10荧光灯及类似应用的双面板上实现，其体积做得很小，以展现采用一

个UCC28810控制器件的单级PF校正转换器的实用性。其外形尺寸为245mm（长）x 18mm（宽）x 11mm
（高）。

PCB Layout www.ti.com

6 PCB Layout
This reference design has been implemented on a double-sided PCB that is dimensionally compatible with
T8/T10 fluorescent lamps and similar applications. It has been made physically small to show the
practicality of a single-stage PF correcting converter using a UCC28810 control device. Its dimensions
measured 245 mm long by 18 mm wide by 11 mm high.

6.1 Top Side of PMP4301 Layout

Figure 5.

Figure 6.

6.2 Bottom side of PMP4301 PCB Layout

Figure 7.
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6.1  PMP4301布局的顶视图

6.2  PMP4301 PCB布局的底视图

图5

图6

图7
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Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
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Systems Characteristics
Efficiency 87.7%
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7 Performance Data and Typical Characteristic Curves
Section 7.1 to Section 7.4 present typical performance curves for the 42-V, 450-mA, PMP4301T8/T10
LED driver.

7.1 Power Factor (PF)

Figure 8.

7.2 Total Harmonic Distortion (THD)

Figure 9.
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7 Performance Data and Typical Characteristic Curves
Section 7.1 to Section 7.4 present typical performance curves for the 42-V, 450-mA, PMP4301T8/T10
LED driver.

7.1 Power Factor (PF)

Figure 8.

7.2 Total Harmonic Distortion (THD)

Figure 9.
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性能数据及典型特性曲线

7    性能数据及典型特性曲线

7.1～7.4节给出了42V、450mA、PMP4301T8/T10 LED驱动器的典型性能曲线。

7.1  功率因数 (PF)

7.2  总谐波失真 (THD)

图8

图9

PF与输入电压的关系曲线

THD与输入电压的关系曲线
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Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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7.3  输出电流

7.4  效率
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7.3 Output Current

Figure 10.

7.4 Efficiency

Figure 11.
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7.3 Output Current

Figure 10.

7.4 Efficiency

Figure 11.
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输出电流与输入电压的关系曲线

效率与输入电压的关系曲线

图10

图11



www.ti.com Electrical Performance Specifications

3 Electrical Performance Specifications

Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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电性能

8    电性能

8.1  输入电压和电流

通道2：输入电压（每格200V）。

通道4：输入电流（每格200mA）。

www.ti.com Electrical Performance

8 Electrical Performance

8.1 Input voltage and current
Channel 2: input voltage 200 V/div.

Channel 4: input current 200 mA/div.

Figure 12. Input Current With 110-VAC Input Voltage and Full Load

Figure 13. Input Current With 230-VAC Input Voltage and Full Load
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图12：110VAC输入电压和满负载条件下的输入电流

图13：230VAC输入电压和满负载条件下的输入电流
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Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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电性能

8.2  开通延时

通道1：输出电压（每格20V）。

通道2：输入电压（每格100V）。

通道4：输出电流（每格200mA）。

通道1：输出电压（每格20V）。

通道2：输入电压（每格200V）。

通道4：输出电流（每格200mA）。
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8.2 Turn-On Delay
Channel 1: output voltage 20 V/div.

Channel 2: input voltage 100 V/div.

Channel 4: output current 200 mA/div.

Figure 14. Turn-On Delay With 110-VAC Input Voltage and Full Load

Channel 1: output voltage 20 V/div.

Channel 2: input voltage 200 V/div.

Channel 4: output current 200 mA/div.

Figure 15. Turn-On Delay With 230-VAC Input Voltage and Full Load
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图14：110VAC输入电压和满负载条件下的开通延时

图15：230VAC输入电压和满负载条件下的开通延时
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Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP
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Efficiency 87.7%
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8.3  输出纹波电流

通道1：输出电压（每格20V）。

通道2：输入电压（每格200V）。

通道4：输出电流（每格50mA）。

图16：110VAC输入电压和满负载条件下的输出纹波电流

17：230VAC输入电压和满负载条件下的输出纹波电流

www.ti.com Electrical Performance

8.3 Output Ripple Current
Channel 1: output voltage 20 V/div.

Channel 2: input voltage 200 V/div.

Channel 4: output current 50 mA/div.

Figure 16. Output Ripple Current With 110-VAC Input Voltage and Full Load

Figure 17. Output Ripple Current With 230-VAC Input Voltage and Full Load
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Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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8.4  输出过压保护

通道1：输出电压（每格10V）。

通道4：输出电流（每格200mA）。

Electrical Performance www.ti.com

8.4 Output Over Voltage Protection
Channel 1: output voltage 10 V/div.

Channel 4: output current 200 mA/div.

Figure 18. Output Over Voltage With 230-VAC Input Voltage From Full Load to Open Circuit
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图18：采用230VAC输入电压时的输出过压（从满负载至开路）
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Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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9    传导EMI

EMI测试报告

图19：110VAC输入电压及12个串联LED负载时的传导EMI

www.ti.com Conducted EMI

9 Conducted EMI

Figure 19. Conducted EMI With 110-VAC Input Voltage With 12 LEDs at Full Load
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Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP
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EMI测试报告

Conducted EMI www.ti.com

Figure 20. Conducted EMI With 230-VAC Input Voltage With 12 LEDs at Full Load
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图20：230VAC输入电压及12个LED负载时的传导EMI
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Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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表2：PMP4301组件材料清单

10    材料清单

www.ti.com List of Materials

10 List of Materials

Table 2. PMP4301 Component List of Materials
QTY REF DES DESCRIPTION MFR PART NUMBER

1 C1 Capacitor, 10 µF, 50 V, +/-20% Samxon EKS106M1HE07RR
1 C2 Capacitor, 0.1 µF, 450 V, film box type 10% Panasonic ECWF2W104KAQ
1 C5 Capacitor, AP, 68 nF, 305 VAC, EMI suppressn EPCOS B32921C3683M
1 C9 Capacitor, 0.1 µF, 305 VAC, EMI suppressn EPCOS B32921C3104M
1 C6 Capacitor, 1000 µF, 50 V, +/-20% Samxon EKM108M1HG20RR
1 C8 Capacitor, ceramic, 1 µF, 50 V, X7R, 20% muRata ECJ2FF1H105Z
1 C11 Capacitor, ceramic, 2.2 µF, 25 V, X7R, 0805 muRata GCM21BR71E225KA73
6 C12,C25, Capacitor, ceramic, 0.1 µF, 25 V, X7R, RAD muRata RDER71E104K0K1C03B

C27,
C29,C39,
C40

3 C14,C16, Capacitor, ceramic, 1nF, 16 V, 10%, X7R, 0603 muRata GRM033R71C102KD01D
C22

1 C15 Capacitor, aluminum, 25 V, 47 µF, 20% Samxon EKS476M1CD07RR
1 C18 Capacitor, ceramic, 47 pF, 25 V, 5%, C0G, 0603 muRata GRM0335C1E470JD01D
1 C21 Capacitor, ceramic, 2200 pF, 250 VAC, Y1 Panasonic ECKANA222MB
1 C23 Capacitor, ceramic, 68 nF, 16 V, 10%, X7R, 0603 muRata GRM188R71C683KA01D
3 C24,C26, Capacitor, ceramic, 2.2 µF, 16 V, X5R, 0603 muRata GRM188R61C225KE15D

C32
1 C30 Capacitor, ceramic, 1 µF, 16 V, X7R, 0603 muRata GRM188R71C105KA12D
1 D1 DIODE, transient voltage suppressor, 200 V Vishay P6KE200A
1 D2 Diode, Schottky, 3 A, 400 V ON Semi MURS340T3G
1 D3 Bridge rectifier, 600 V, 0.8 A Diodes HD06
2 D5,ZD4 Diode, Zener, 15 V, 5 mA Diodes BZT52C15
1 D6 Ultrafast rectifier, 1 A, 600 V ON Semi MURA160T3
1 D7 Diode, ultra fast rectifier, 1 A, 200 V ON Semi MURA120T3
2 D8,D9 Diode, ultra fast rectifier, 1 A, 400 V ON Semi MURA140T3
1 D11 Diode, dual Schottky, 300 mA, 40 V ST BAT54AFILM
1 F1 Fuse, 1 A, 250 VAC std 1A/250Vac
1 J2 Terminal block, 2 pin, 6 A, 3.5 mm OST ED555/2DS
1 L3 I-inductor, DR8-10, 1 mH HHA DR8-10
2 L2,L4 Common choke, EI-11.6, 30 mH HHA EI-11.6
1 L5 Common choke, T6-3-2, 0.12 mH HHA T6-3-2
1 Q4 Bipolar, NPN, 40 V, 200 mA, 330 mW Infineon MMBT3904LT1
1 Q5 MOSFET, N-channel, 800 V, 1.3 Infineon SPA04N80C3
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Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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表2：PMP4301组件材料清单（续）
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Table 2. PMP4301 Component List of Materials (continued)
QTY REF DES DESCRIPTION MFR PART NUMBER

3 R4,R7,R8 Resistor, chip, 1/10 W, 100 k , 1%, 0805 std std
2 R9,R12 Resistor, chip, 1/10 W, 24 k , 1%, 0805 std std
1 R10 Resistor, chip, 1/10 W, 10 k , 1%, 0805 std Std
1 R11 Resistor, chip, 1/4 W, 0.5 , 5%, 1206 Std Std
1 R13 Resistor, chip, 1/16 W, 3.9 , 1%, 0603 Std Std
2 R15,R18 Resistor, chip, 1/10 W, 1 M , 1%, 0805 std std
1 R16 Resistor, chip, 1/16 W, 180 k , 1%, 0603 Std Std
1 R17 Resistor, chip, 1/16 W, 3.3 k , 1%, 0603 Std Std
1 R20 Resistor, chip, 1/16 W, 20 k , 1%, 0603 Std Std
5 R21,R33, Resistor, Chip, 1/16 W, 10 k , 1%, 0603 Std Std

R39,
R41,R47

1 R23 Resistor, chip, 1/16 W, 10 , 1%, 0603 Std Std
1 R26 Resistor, chip, 1/16 W, 22 k , 1%, 0603 Std Std
1 R35 Resistor, chip, 1/16 W, 330 , 1%, 0603 Std Std
1 R36 Resistor, chip, 1/4 W, 0.68 , 5%, 1206 Std Std
1 R37 Resistor, chip, 1/16 W, 3.9 k , 1%, 0603 Std Std
1 R38 Resistor, chip, 1/16 W, 1.2 k , 1%, 0603 Std Std
1 R44 Resistor, chip, 1/16 W, 100 k , 1%, 0603 Std Std
1 R45 Resistor, chip, 1/16 W, 2.2 M , 1%, 0603 std std
1 R46 Resistor, chip, 1/16 W, 5.6 k , 1%, 0603 Std Std
1 R48 Resistor, chip, 1/16 W, 1 k , 1%, 0603 Std Std
1 T1 Transformer, Lp = 520 µH Pulse PG1054NL-S04
1 U1 LED Lighting Power Controller TI UCC28810D
1 U2 Dual OPAMP With Internal Reference TI TL103WAID
1 U4 Optocoupler, 35 V, 600% CTR SHARP PC817CIJ000F
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Table 1. PMP4301 Electrical Performance Specifications
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Input Characteristics
Voltage range 90 265 VRMS

Power Factor VIN = 230 VAC, output current = 450 mA 0.956
THD 13.5%
Output Characteristics
Output voltage, VOUT Output current = 450 mA 30 39 42 V
Output load current, IOUT 450 mA
Output current ripple VOUT = 39 V, IOUT = 450 mA, VIN = 230 VAC 106 mAPP

Systems Characteristics
Efficiency 87.7%
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