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适适用用于于多多串串 LED 照照明明的的 UCC25710 LLC 半半桥桥控控制制器器

1

1 特特性性

1• 闭环 LED 灯串电流控制

• 脉宽调制 (PWM) 调光输入

• 可调 FMIN（精度为 3%）和 FMAX（精度为 7.5%）

• LLC 和串联 LED 调光开关控制

• 可编程的调光 LLC 开/关变化，消除可闻噪声

• 在低调光占空比时进行闭环电流控制

• 可编程软启动

• 精准的 VREF，可实施严格的输出调节

• 具有自动重启响应的过压、低压和输入过流保护

• 具有闭锁响应的二级过流阈值

• 400mA/800mA 栅极驱动电流

• 低启动和工作电流

• 无铅 (Pb)、20 引脚、SOIC 封装

2 应应用用

• 适用于 LCD 电视和监视器的 LED 背光

• LED 通用照明

空白

3 说说明明

UCC25710 器件是一款 LLC 半桥控制器，可精准控制

多串 LED 背光 应用。该器件针对多变压器、多串

LED 架构进行了优化。借助该控制器和架构，可在多

灯串中实现出色 LED 电流匹配。与现有的 LED 背光

解决方案相比，该多变压器架构可提供从交流输入到

LED 负载的优异整体效率。

LLC 控制器功能包括具有可编程 FMIN 和 FMAX 的电压

控制晶体振荡器 (VCO)、具有 500ns 固定死区时间的

半桥栅极驱动器和 GM 电流放大器。LLC 功率传输由

控制器的 VCO 频率进行调制。VCO 具有一个精确的

可编程频率范围。在极低功耗水平下，VCO 频率由

FMAX 转为零，从而最大限度地提升小 LED 电流下的效

率。

器器件件信信息息(1)

器器件件型型号号 封封装装 封封装装尺尺寸寸（（标标称称值值））

UCC25710 SOIC (20) 12.80mm x 7.50mm

(1) 如需了解所有可用封装，请参阅数据表末尾的可订购产品附
录。

简简化化应应用用示示意意图图
效效率率和和线线性性结结果果（（45W 双双灯灯串串））
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5 说说明明 （（续续））

LED 电流环路基准电压由分压器以 VREF 5V 输出进行设定。该基准电压范围为 0.5V 至 2.6V，可将模拟调光与

PWM 调光相结合。

PWM 调光用于控制外部 LED 串联开关，还可导通和断开 LLC 功率级。LEDSW 输出借助一个简单的驱动器电路

可用于接通和断开 LED 灯串电流。此输出可直接对调光输入 (DIM) 的输入信号作出响应。LLC 还可以随调光

PWM 输入而开启和关闭。开启和关闭的 LLC 调光边缘以可编程转换率改变，以便控制可闻噪声。调光功能包括占

空比补偿，从而可优化最大范围内的整体效率和调光线性。

VCO 的控制电压由 ICOMP（电流放大器输出）在 LED 开启期间进行设定。在启动期间，软启动引脚 SS 会控制

VCO 响应，直至响应超出 ICOMP。在调光期间，VCO 输入的上升和下降速率由电压根据调光转换率、DSR 和引

脚进行控制，而 VCO 控制消隐脉冲电平继续由 ICOMP 控制。电流放大器输出仅在命令的调光 LED 开启期间连接

至 ICOMP。在低调光占空比期间，LLC 开启时间延长至超过 LED 电流接通时间，从而维持 LED 电流的闭环控

制。

LED 灯串过压和欠压条件下的保护阈值由外部电阻分压器和精确的内部阈值设定。流入转换器的输入电流通过重启

和闭锁响应进行监控，具体取决于过流级别。控制器还包括热关断保护。

针对任何故障的自动重启响应包括一个 10ms 重置周期和后续的软启动。如果出现严重的输入过流，则输入电源在

其 UVLO 阈值内开启后才可启用重启。
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6 Pin Configuration and Functions

DW Package
20-Pin SOIC

Top View

Pin Functions
PIN

TYPE DESCRIPTION
NO. NAME

1 VCC P

Connect a DC power voltage to VCC. Bypass VCC to GND with a 0.47-µF or larger ceramic
capacitor using short PC-board traces. VCC directly supplies power to the gate drivers and
VREF which biases all circuit blocks in the UCC25710. Undervoltage lockout (UVLO)
comparator prevents operation until VCC rises above VVCCON.

2, 3 GD1&2 O
Gate drive outputs operate 180° out of phase with a fixed 500 ns of dead time. They typically
drive either primary end of a gate drive transformer. At start-up or during a fault recovery,
initiating the LLC converter begins with GD2 turning on first.

4 GND P
The ground pin is both the reference pin for the controller and the low-side return for the gate
drive signals. Take special care to return all AC decoupling as close as possible to this pin
and avoid any common trace length with analog signal return paths.

5 VREF O
The internal 5-V supply and reference rail is brought out to this pin. A small decoupling
capacitor to ground of 1 µF is required. VREF can support up to 10-mA current external to
the device. VREF is enabled when VCC is above VVCCON and BLON is above VBLON.

6 LEDSW O

The LED switch output is a control signal to a series LED switch. This output is low during a
low level at the DIM input and whenever the LLC converter is disabled. PWM dimming is
disabled during soft start, and the LEDSW output is high independent of the DIM input. A
simple gate drive circuit is generally required at this output to drive the external FET.

7 DTY I/O
The duty-cycle pin is averaged with a capacitor to ground to form a 1-D proportional voltage
that is compared to the DADJ saw tooth voltage. The average voltage at this pin is 2.5 V(1-
D)+0.1 V, where D is the dimming PWM duty-cycle the DIM input.

8 DADJ I/O

A capacitor to ground at the duty-cycle adjust input sets the positive slope of a saw tooth
waveform that is compared to a voltage proportional to 1-D where D is the dimming PWM
duty-cycle of the DIM input. At the falling edge of the DIM input this comparison is used to
extend the LLC ON-time beyond the ON-time of the LED series switch.

9 DIM I

A PWM input signal at the dimming pin controls the average load current by cycling on and
off both an external series LED switch and the gate drives to the LLC converter. A high on
this pin corresponds to an ON condition. The controller ignores a low condition at this input
during start-up or fault recovery until after the completion of a soft-start sequence.

10 BLON I
Backlight ON is an enable signal for the control device. The signal is active high with a
threshold of approx 1.2 V. The 5-V reference (VREF) is enabled with BLON which is the bias
supply for many of the internal blocks of the device.
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Pin Functions (continued)
PIN

TYPE DESCRIPTION
NO. NAME

11 UV I

This pin is used to monitor for an undervoltage condition on the load. A level below VUVTH on
this pin causes the converter to disable the gate drive outputs as well as the LEDSW output.
Immediately, a TRSTDLY (10 ms) reset delay and soft-start sequence is initiated. The reset
delay and soft-start sequence is repeated as long at the UV pin is low at the end of the
sequence.

12 OV I

This pin is used to monitor for an overvoltage condition on an LED string. A level above
VOVTH on this pin causes the converter to disable the gate drive outputs as well as the
LEDSW output. If the OV input falls below its trip threshold the converter responds with a
TRSTDLY (10 ms) reset delay and soft start.

13 CL I Current limit input connects to a signal that represents the power converter’s input current.
Dual thresholds provide a shutdown retry or latch-off response.

14 DSR I/O

The dimming slew rate pin is used to limit the rate of the VCO frequency change at the LLC
on or off edges of a dimming PWM cycle. A capacitor to ground at this pin programs the
maximum positive and negative slew rates that appear at the control input to the VCO.
Pulling this pin below about 0.8 V disables the GD outputs.

15 CREF I

Current Reference is used to set the regulating voltage for the LED current feedback signal
at the CS input. This voltage input is set using a resistor divider from VREF. A nominal level
of around 0.7 V is recommended although a range of 0.6 V to 2.7 V is accommodated.
Internal reference levels of 0.5 V and 2.8 V replace the CREF input voltage at the current
amplifier when the CREF pin voltage is respectively below or above these levels. The 0.5-V
internal reference can be achieved by shorting CREF to ground, the internal 2.8-V reference
can be achieved by shorting CREF to VREF.

16 CS I Current sense input monitors the LED current. This signal is compared to VCREF by the
current amplifier to regulate the total LED current.

17 ICOMP O

This output pin is used to compensate the current regulating loop. A capacitor, or capacitor
resistor series combination is typically used. During current regulation the voltage into the
VCO is slaved to this pin. Pulling this pin below about 0.8 V disables the GD outputs. During
PWM dimming OFF-time this pin is tri-stated and the compensation network is meant to hold
the proper LLC control voltage until the LLC converter is turned back on. To optimize this
operation any DC loading on this pin must be avoided.

18 SS I/O

The soft-start pin is used to control the rate of change of the VCO frequency during start-up.
At start-up a low value pullup current source, ISS, is applied to this pin. A soft-start sequence
is initiated at start-up and during any fault recovery. The SS pin must charge to 4.2 V before
the controller allows PWM dimming to take place.

19 FMAX I/O
The maximum frequency of the LLC converter is set by a resistor to ground at this pin. It is
actually the difference between the maximum and minimum frequency that is set by this
resistor.

20 FMIN I/O The minimum frequency of the LLC converter is set by a resistor to ground at this pin.
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(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT
Supply voltage VCC 20 V
LEDSW output current ILEDSW ±2

mAVREF output current IVREF –20
Gate drive RMS current continuous GD1, GD2 IGD1, IDG2 25
Gate drive voltage, GD1 GD2 VGD1, VGD2 –0.5 VCC + 0.5

V
Voltage CS, CL, OV, UV, BLON,

DIM, CREF –0.5 7

Lead temperature 1.60 mm (1/16 inch) from case for 10 s 260
°COperating junction temperature, TJ –55 150

Storage temperature, Tstg –65 150

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) ±2000

V
Charged-device model (CDM), per JEDEC specification JESD22-C101 (2) ±500

7.3 Recommended Operating Conditions
all voltages are with respect to GND; currents are positive into and negative out of the specified terminal. -40°C < TJ = TA <
125°C (unless otherwise noted)

MIN NOM MAX UNIT
VCC Operating input voltage 11 18 V
CVCC VCC bypass capacitor 0.47 µF

Operating junction temperature –40 125 °C
Switching frequency at gate drive outputs 25 350 kHz

VCREF Input voltage (linear range) 0.6 1.65 2.7
V

VCREF Input voltage (using internal clamps) 0 VVREF

CVREF VREF bypass capacitor 0.22 1 2.2 µF
CSS SS capacitor 10 250

nF
CICOMP ICOMP capacitor 0.5 47
CDTY DTY capacitor 0.22 6.8 µF
CDSR DSR capacitor 0 2500 pF
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(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

7.4 Thermal Information

THERMAL METRIC (1)
UCC25710

UNITDW (SOIC)
20 PINS

RθJA Junction-to-ambient thermal resistance 79 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 43 °C/W
RθJB Junction-to-board thermal resistance 44 °C/W
ψJT Junction-to-top characterization parameter 16 °C/W
ψJB Junction-to-board characterization parameter 44 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance N/A °C/W

7.5 Electrical Characteristics
TA = –40°C to 125°C, TA = TJ, VVCC = 12 V, VBLON = 3 V, VUV = 3 V, VOV = 2 , VCL = 0 V, RMIN = 100 kΩ, RMAX = 4.99 kΩ,
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY INPUT
VVCCMAX VCC operating voltage 18 V
IOFF Supply current, off VVCC = 8 V 160 250 µA
ION Supply current, on Switching frequency = FMIN (30 KHz) 1.4 2.1 mA
IDISABLE Supply current, disabled VVCC = 12 V, VBLON = 0 V 240 350

µA
ILATCHOFF Supply current, latched off Fault latch set 600 900
UNDERVOLTAGE LOCKOUT
VVCCON VCC turnon threshold VVCC low-to-high 8.6 9.3 10.1

VVVCCOFF VCC turnoff threshold VVCC high-to-low 8.3 9 9.6
VVCCHYS Hysteresis 0.2 0.35 0.5
5-V REFERENCE OUTPUT
VVREF 5-V Reference IVREF = 0 to 10 mA, TJ = 25°C 4.95 5 5.05

V
VVREF 5-V Reference IVREF = 0 to 10 mA, TJ = –40°C to 125°C 4.85 5 5.15
CURRENT AMPLIFIER
VICOMPIOS Input offset voltage VCREF = 1.65 V, ICOMP tied to CS –15 15 mV
ICS Input bias current at CS input VCREF = 1.65 V, VCS = 1.65 V –0.25 0.25

µA
ICR

Input bias current at CREF
input VCREF = 1.65 V, VCS = 1.65 V –0.25 0.25

VICOMPHI ICOMP high VCS = 0 V, VCREF = 1.65 V, IICOMP = 50 µA 4.6 4.85
V

VICOMPLO ICOMP low VCS = 3 V, VCREF = 1.65 V, IICOMP = –50 µA 0.35 0.65
GMICOMP ICOMP transconductance ICOMP tied to CS, IICOMP = –100 µA to 100 µA 440 510 600 µs
IICOMPSRC Source current ICOMP VCS = 0.65 V, VCREF = 1.65 V, VICOMP = 2.5 V 120 150 180

µAIICOMPSNK Sink current ICOMP VCS = 2.65 V, VCREF = 1.65 V, VICOMP = 2.5 V 195 245 295

IICOMPLGK
LED off leakage current at
ICOMP VDIM = 0 V, VICOMP = 2.5 V, TJ = –40°C to 85°C –0.1 0.1

VCREFCLO CREF low Clamp VCREF = 0 V, ICOMP tied to CS, regulating voltage
at ICOMP 0.475 0.5 0.535

V
VCREFCHI CREF high Clamp VCREF = 3 V, ICOMP tied to CS, regulating voltage

at ICOMP 2.65 2.8 2.95
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Electrical Characteristics (continued)
TA = –40°C to 125°C, TA = TJ, VVCC = 12 V, VBLON = 3 V, VUV = 3 V, VOV = 2 , VCL = 0 V, RMIN = 100 kΩ, RMAX = 4.99 kΩ,
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SOFT START
ISS Soft-start charging current VSS = 2.25 V 2 2.5 3 µA

RSSDC
Soft-start discharge
resistance VSS = 1 V 3.4 5 kΩ

VSSTH Soft-start threshold SS clamp released 3.95 4.15 4.4 V
TRSTDLY Reset delay From UVLO turnon to start of soft start 7 10 13 ms
VOLTAGE CONTROLLED OSCILLATOR
FMIN FMIN GD1, GD2 RMIN = 100 kΩ, VICOMP = 5 V 29.5 30.5 31.5

kHz
FMAX FMAX GD1, GD2 RMIN = 100 kΩ, RMAX = 4.99 kΩ, VICOMP = 0.95 V 275 300 320
TDT Dead-time GD1, GD2 RMIN = 100 kΩ, VICOMP = 3 V 400 500 600

ns
TMATCH ON-time mismatching RMIN = 100 kΩ, VICOMP = 3 V –50 50
VVCOTHLO VICOMP VCO Threshold Low Disable GD1, GD2, VICOMP high to low 0.8 0.9 0.95

V
VVCOMAX VICOMP for FMIN Frequency reaches FMIN 3.8 4 4.2
GATE DRIVERS
VGDHI GD1, GD2 VOUT high IGD1, IGD2 = –20 mA, below VCC 1.8 3 V

RGDHSRES
GD1, GD2 ON-resistance
high IGD1, IGD2 = –20 mA 14 30 Ω

VGDLO GD1, GD2 VOUT low IGD1, IGD2 = 20 mA 0.08 0.2 V
RGDLSRES GD1, GD2 ON-resistance low IGD1, IGD2 = 20 mA 4 10 Ω

TGDRISE GD1, GD2 output rise time CGD = 1 nF, 1 V to 9 V 25 35
ns

TGDFALL GD1, GD2 output fall time CGD = 1 nF, 9 V to 1 V 20 30
UNDERVOLTAGE PROTECTION
VUVTH Undervoltage threshold High-to-low on UV input 2.27 2.4 2.53 V

VUVHY
Undervoltage threshold
hysteresis 190 240 300 mV

IUV UV input bias current VUV = 2.7 V –0.25 0.25 µA
OVERVOLTAGE PROTECTION
VOVTH Overvoltage threshold Low-to-high on OV input 2.46 2.6 2.74 V

VOVHY
Overvoltage threshold
hysteresis 190 240 300 mV

IOV OV input bias current VOV = 2.3 V –0.25 0.25 µA
CURRENT LIMIT PROTECTION
VCLTH Current limit threshold Low-to-high on CL input 0.9 0.95 1 V

VCLHY
Current limit threshold
hysteresis 375 475 525 mV

VCLLTH
Current limit latching
threshold Low-to-high on CL input 1.75 1.9 2.05 V

ICL CL input bias current VCL = 2.2 V –0.25 0.25 µA
THERMAL SHUTDOWN

tTSD
Junction temperature at
thermal shutdown Temperature rising 135 160 185

°C
tHYS Thermal hysteresis 25 45
BACKLIGHT ON INPUT
RBLON RBLON pulldown resistance Pull down to GND 100 200 350 kΩ
VBLON Enable threshold 0.8 1.2 1.6 V
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Electrical Characteristics (continued)
TA = –40°C to 125°C, TA = TJ, VVCC = 12 V, VBLON = 3 V, VUV = 3 V, VOV = 2 , VCL = 0 V, RMIN = 100 kΩ, RMAX = 4.99 kΩ,
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
PWM DIMMING
VDIM Dimming input threshold 1.2 1.5 1.8 V
RDIM DIM pullup resistance Pullup resistance to VREF, VDIM = 0 V – 4.5 V 140 180 240 kΩ
VLEDSWHI High-level at LEDSW output ILEDSW = –100 µA, below VCC, VDIM = 3 V 0.4 1

V
VLEDSWLO Low-level at LEDSW output ILEDSW = 100 µA, VDIM = 0 V 0.2 0.5
RLEDSWHI High-level output resistance ILEDSW = –500 µA – 0 µA, VDIM = 3 V 4 6

kΩRLEDSWLO Low-level output resistance ILEDSW = 500 µA – 0 µA, VDIM = 0 V 2 3
RDTY DTY output resistance VDTY = 0 V – 2.5 V , VDIM = 0 V 30 40 50
VDTYH DTY max level VDIM = 0 V 2.45 2.6 2.7

V
VDTYL DTY min level VDIM = 3 V 0.05 0.1 0.15
IDADJCH DADJ charging current VDADJ = 2.5 V, VDIM = 0 V 16 20 25 µA
RDADJDC DADJ discharge resistance VDADJ = 0.5 V, VDIM = 3 V 1 1.5 kΩ

TDADJ DADJ delay CADJ = 2.2 nF, VDTY = 2.6 V, delay from DIM high-
to-low to DSR discharge 225 275 330 µs

IDSRCH DSR slew rate charge current VDSR = 2.5 V, VICOMP = 4 V, VDIM = 3 V 38 44 50
µA

IDSRDC
DSR slew rate discharge
current VDSR = 2.5 V, VICOMP = 4 V, VDIM = 0 V 38 44 50

VDSRCL DSR clamp above ICOMP VICOMP = 2 V, level above VICOMP 0.45 0.7 0.95 V
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7.6 Typical Characteristics

Figure 1. Supply Current vs Dimming Duty Cycle Figure 2. VVCCON and VVCOFF Threshold vs Temperature

Figure 3. Supply Current vs Temperature Figure 4. IDISABLE and IOFF Supply Current vs
Temperature

Figure 5. Reference Voltage vs Temperature Figure 6. Output Current (ICOMP) vs Input Voltage (CS)
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Typical Characteristics (continued)

Figure 7. GMICOMP vs Temperature Figure 8. Minimum Switching Frequency vs Temperature

Figure 9. Maximum Switching Frequency vs Temperature Figure 10. Gate Drive Dead Time vs Temperature

Figure 11. Gate Driver Outputs (Rising Edge) vs Time Figure 12. Gate Driver Outputs (Falling Edge) vs Time
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Typical Characteristics (continued)

Figure 13. DSR Currents vs Temperature Figure 14. LLC ON-Time Extension vs Dimming Duty Cycle

Figure 15. LLC ON-Time Extension vs Temperature Figure 16. LEDSW Rise and Fall vs Time
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8 Detailed Description

8.1 Overview
The UCC25710 is a highly integrated LLC controller designed specifically for multi-string LED lighting
applications. The half-bridge LLC control is combined with independent PWM dimming or non-dimming of the
LED current for control of the light output.

The UCC25710 is designed to provide power from a high voltage DC bus, such as the output from a PFC stage.
Input over current-sensing protects the system in the event of a fault and gate drive outputs provide the drive
signals to the LLC stage. Output overvoltage and undervoltage provide additional protection. LED current is
sensed with a resistor in series with the LED’s. The UCC25710 has separate enable and dimming inputs.

This arrangement of a multi-transformer architecture, as shown in Figure 25, results in a highly efficient power
supply.
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8.2 Functional Block Diagram
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8.3 Feature Description
Signal names and pin functions are depicted in Functional Block Diagram.

8.3.1 Multi-transformer Architecture
The multi-transformer LED driver architecture is a very attractive solution for driving multiple LED strings at the
same current using a single power train and control device. Excellent LED string current matching from string to
string (<1%) excellent LED current linearity from 1% to 100% dimming (<2%), and high efficiency can be
achieved (>94%). Because this architecture is intended to use the 400-V output of the PFC stage, there is a
significant cost advantage over typical LED backlight implementations because a power stage can be eliminated.

The architecture and UCC25710 control device are based on the LLC resonant half-bridge topology. The
controller feedback loop is configured to regulate the total LED current typically with a current-sense resistor. The
arrangement of the transformers with the primaries in series provides excellent LED string current matching.
Because the primaries are in series, the current in each transformer primary is the same. The secondary current
is the primary current times the turns ratio. The net primary magnetizing current is circulated in the primary side
of the half bridge and does not affect the current transferred to the outputs. In each transformer, differences in
magnetizing current caused by different magnetizing inductance or winding voltage will cause a difference in
current transferred to the LED outputs, although the difference in transferred current is minimal with typical
transformer tolerances and following the guidance in the Determining Transformer and Resonant Circuit
Parameters below.

The UCC25710 includes all of the functions necessary to implement a total LED backlight driver including GM
current amplifier, VCO, reference regulator, soft start, dimming duty cycle compensation and protection for OV,
UV, current limit, and thermal shutdown. There are additional features to minimize audible noise during dimming
and provide fast LED current rise and fall times.

8.3.2 Start-Up and Non-Dimming Operation
The UCC27510 is enabled when VCC exceeds the VVCCON threshold and BLON is high. At this time the soft-start
cycle is initiated following a 10-ms reset delay. A 2.5-µA current source charges the capacitor connected to the
SS pin to generate the soft-start ramp. During the soft-start cycle the current amplifier output (ICOMP) is clamped
to be equal to or less than SS voltage. The voltage on ICOMP controls the VCO. VICOMP achieves the steady
state operating point to regulate the total LED current during the soft-start rise time. The DIM input and the UV
input are disabled during soft start to allow the output capacitors to charge to the steady-state operating voltage.
When the SS pin reaches the VSSTH threshold the SS-END signal transitions high indicating the end of the soft-
start cycle. At this time the UV comparator and DIM input are enabled. See Figure 17 for the timing relationship
during soft start.
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Feature Description (continued)

Figure 17. Start-Up Timing Diagram

8.3.3 Dimming Operation
Once the soft-start cycle is complete, the LEDSW output and control of the VCO depend on the DIM input. The
dimming input signal controls the LEDSW output maintaining an accurate ON-time relationship between the DIM
pulse width and LED current pulse width; the internal control signal is LED-ON. The LED-ON signal also controls
a switch between the GM current amplifier output and the ICOMP pin. On the DIM rising edge the switch from
the amplifier to the ICOMP pin is turned on after a 2.4-µs delay. The small delay time allows time to turn on the
LED switch MOSFET. On the DIM falling edge the switch between the GM amplifier is turned off. During the DIM
OFF-time the compensation capacitor at the ICOMP pin holds the correct steady-state operating voltage for the
current loop. It is important that any DC loading of this pin is kept to an absolute minimum or current errors
results as the dimming duty-cycle is reduced.

The LLC power stage is gated on and off during dimming with the dimming input signal. The UCC25710 allows
control of the slew rate of the LLC power delivery at the rising and falling edges of a dim cycle allowing
potentially audible electro-mechanically induced noise to be minimized. In addition, the falling, or turnoff, edge of
a dimming cycle can be delayed, allowing the current loop to maintain control at low dimming duty-cycles even
when the ramp rates have been slowed. See Figure 18.
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Feature Description (continued)

Figure 18. Dimming Timing Diagram

The power through the LLC converter is inversely proportional to the frequency of the VCO. The VCO frequency,
in turn, is inversely proportional to the VCO control signal. See Figure 19 for details of this relationship. The
dimming input generates an LLC-OFF signal that is used to select either a charging or discharging state for a
capacitor applied to the DSR pin. The ±44 µA of current and associated capacitor set a ramp rate for the rise and
fall of the DSR voltage. The control voltage to the VCO is dominated by the DSR voltage when the DSR voltage
is less than the ICOMP pin – allowing the falling ramp on the DSR pin to softly turnoff the LLC power stage and
softly return it to the same operating state as it rises.

Figure 19. VCO Characteristics

The LLC-OFF signal is an inverted version of the dimming input signal. The falling edge of LLC-OFF is
synchronized with the rising edge of the DIM signal. At a negative DIM edge the DADJ and DTY signals are
combined to delay the rising edge of LLC-OFF providing a duty-cycle compensation time that is a function of the
dimming duty cycle.



UDG-11100

GD1,2

RESET

10 ms

SS

OV, CL,

TSD Fault

18

UCC25710
ZHCS125B –APRIL 2011–REVISED JULY 2016 www.ti.com.cn

Copyright © 2011–2016, Texas Instruments Incorporated

Feature Description (continued)
Averaged by a capacitor at the DTY pin, the voltage on DTY is inversely proportional to the dimming duty cycle;
the voltage is

0.1 V + 2.5 V × (1-D)

where
• D is the dimming PWM duty-cycle (1)

The DTY voltage range is 100 mV at 100% DIM duty-cycle, or LED current continuously on, to 2.6 V at 0% DIM
duty cycle, or LED current continuously off. The DADJ pin 20-µA current source is allowed to charge the pin
capacitor after a DIM falling edge. The LLC-OFF signal transitions high when the capacitor on DADJ charges to
the voltage on DTY. See Figure 18 for the timing relationship during dimming. The scope plots in Figure 20 and
Figure 21 below show an example LED driver at 10% and 50% DIM duty cycle.

Figure 20. DIM 10% at 300 Hz Figure 21. DIM 50% at 300 Hz

8.3.4 Fault Condition Operation
The UCC25710 has a similar response to overvoltage, thermal shutdown and current limit faults. Figure 22
shows the fault response. The OV input has a 2.6-V threshold and 240 mV of hysteresis. When OV is above 2.6
V the internal FAULT signal is active which results in the RESET signal going high. With RESET high the gate
drivers are disabled, the SS pin is discharged to ground, and the LEDSW output is turned off. When OV is below
2.36 V the FAULT signal is inactive which starts the 10-ms SS clamp timer.

Figure 22. OV, CL(1 V) and TSD Fault Timing Diagram
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Feature Description (continued)
RESET is extended 10 ms beyond FAULT going low. After the 10-ms soft-start timer the normal soft-start
sequence begins. Thermal shutdown generates the same internal FAULT signal when the internal temperature
reaches 160°C and a restart sequence begins after the junction temperature drops by the 25°C of threshold
hysteresis.

The current limit comparator has two thresholds. The lower threshold of 0.95 V results in a shutdown and restart
as described for OVP, the OC pin has 0.475 V of hysteresis. The second current limit threshold of 1.9 V results
in a latch-off fault. VCC must be recycled below the VCCOFF threshold to reset the latched OC fault.

The undervoltage fault has a different response to allow the converter to charge the output capacitors in a normal
start-up condition. Because UV is disabled during soft start, a sustained UV fault results in a 10-ms soft-start
clamp time plus the time required for the SS pin to charge to VSSTH which is 4.15 V. See Figure 23 for UV fault
condition timing diagrams.

Figure 23. UV Fault Timing Diagram

8.4 Device Functional Modes
The device has two functional modes: non-dimming and dimming.

In the non-dimming mode the DIM input pin is held high (above 1.5 V typically)

In the dimming mode the DIM pin is switched between high and low levels.

The dimming slew rate controls the rate of change between the high and low LED currents.

This is set with a capacitor on the DSR input pin.

Additionally, a capacitor on the DADJ input pin extends the falling edges of the dimming cycle.

This allows for control at very low dimming ratios.
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and TI does not warrant its accuracy or completeness. TI’s customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information
The UCC25710 offers a highly integrated solution for LLC control of LED lighting. To the part easier to use, TI
has prepared an extensive set of materials to demonstrate the features of the device. The UCC25710 offers a
highly integrated feature-set and excellent accuracy to control the LED current in highly efficient LLC type power
supplies with dimming or without dimming requirements.

9.2 Typical Application
To take advantage of all the benefits integrated in this controller, the following procedure simplifies the setup to
avoid unnecessary iterations in the design procedure. See Figure 24 setup for component names.
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Figure 24. UCC25710 Controller Setup
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9.2.1 Design Requirements
Table 1 lists the design parameters of this example.

Table 1. Design Parameters
PARAMETER MIN TYP MAX UNIT

INPUT CHARACTERISTICS
VIN Input voltage 370 390 410 V
IIN Input current 0.275 A
OUTPUT1, OUTPUT2, OUTPUT3, OUTPUT 4 CHARACTERISTICS
VLED1, VLED2,
VLED3, VLED4

Output voltage set by LED load 96 98 100 V

ILED1, ILED2,
ILED3, ILED4

Output current ripple 0.0125 AP-P

ILED1, ILED2,
ILED3, ILED4

Output current 0.245 0.25 0.255

AILED1, ILED2,
ILED3, ILED4

Line regulation 0.245 0.25 0.255

ILED1, ILED2,
ILED3, ILED4

Load regulation 0.245 0.25 0.255

VOVP Single output OVP 136
V

VUV Single output undervoltage 43
Dimming range 1% 100%
Dimming frequency 270 300 330 Hz
Current matching between strings (10% to 100% dimming) –2% 2%
Output power single output 24.5

W
Full output power

SYSTEM CHARACTERISTICS
FSW 84 156 kHz
η 91% 93%

9.2.2 Detailed Design Procedure

9.2.2.1 Determining Transformer and Resonant Circuit Parameters
The muti-transformer architecture is similar to conventional LLC converter design with a few exceptions that are
described in this section. Typical LLC voltage output converters are designed to operate nominally close to
resonance and have the minimum switching frequency below resonance and maximum frequency above
resonance. TI recommends operating above resonance at the nominal input voltage range of the converter to
achieve good transient response during dimming and improved LED current matching. The transformer turns
ratio equation shown is to target operation above resonance.

Use Equation 2 to calculate the turns ratio of the transformers in the multi-transformer architecture.

where
• N is the primary to secondary turns ratio
• NP is the primary turns
• NS is the secondary turns
• VIN is the input voltage to the LLC converter, typically the output of the PFC boost converter
• NT is the number of transformers
• VLED is the LED string voltage (2)
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Another important consideration for the multi-transformer LED driver is to set the total magnetizing inductance of
the transformers as high as possible to minimize the primary magnetizing current and it’s effect on LED current
matching. TI recommends targeting the total magnetizing inductance of the transformers to a value just low
enough to achieve ZVS operation during nominal frequency operation. Equation 3 and Equation 4 determine the
magnetizing inductance target. Reduce the calculated LM to accommodate LM and COSS tolerances.

(3)

where
• IMPk is the peak magnetizing current
• COSS is the MOSFET equivalent time related drain to source capacitance
• VIN is the nominal input voltage to the half bridge, normally the PFC output voltage
• FSW is the switching frequency at the regulation operating point
• LM is the magnetizing inductance of each transformer
• NT is the number of transformers with the primaries in series (4)

To use standard LLC converter design process and available tools such as SLUC253 design calculator available
on the TI website, the multiple transformers and reflected loads can be combined into one equivalent transformer
and load as shown in Figure 25. Once Lr and Lm are determined based on a single transformer circuit, simply
divide by the number of transformers for each transformer specification target.

Figure 25. Multiple Transformers Combined With Reflected Loads

9.2.2.2 CS (Output Current Sense)
The CS pin is connected to the output current-sense resistor and is the feedback signal for the current amplifier.
The regulation range is limited by the 0.5-V to 2.8-V internal current amplifier reference clamp. The LED current
sense resistor value is determined by Equation 5.

where
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• VCREF is voltage on CREF pin determined by divider from VREF ILEDTotal.
• ILEDTOTAL is the total LED string current during the DIM on time. (5)

9.2.2.3 ICOMP (Current Amplifier Compensation)
Connect a capacitor or series resistor capacitor combination to ground to compensate the 510-µS GM current
amplifier control loop. The current amplifier is designed to maintain the steady-state operating voltage point of the
current amplifier during dimming operation. This is accomplished by switching on and off the GM current amplifier
to the ICOMP pin with the same control signal that controls the LEDSW output. The GM amplifier is disconnected
from the ICOMP pin during the DIM OFF-time, and connected during the DIM ON-time. This feature is
compromised if there is a leakage path on the ICOMP pin, such as resistance to ground. The re-connection of
the ICOMP pin to the current amplifier output is delayed by about 2.4 µs to allow time for the external LED switch
to be turned on prior to allowing the ICOMP pin voltage to be driven.

The optimum ICOMP capacitor value is determined based on desired LED current and primary current response
during dimming. Because the LLC converter has a highly nonlinear transfer function, a gain phase analyzer is
recommended to optimize the component values on ICOMP. The recommended bandwidth target is from 800 Hz
to 5 kHz. The trade-off of too low bandwidth is increased line frequency ripple on the LED string current. The
trade-off of high bandwidth is voltage variation on ICOMP during the DSR rise time which can result in primary
current peaking during the start of the DIM period, this may result in audible noise if excessive. Either an
integrator (capacitor to ground) or type II compensation (capacitor in parallel with resistor and series capacitor) is
recommended.

9.2.2.4 SS (Soft Start)
Connect a capacitor to ground to program the desired soft-start time. When VCC exceeds the VCCON threshold
and BLON is high, a 2.5-µA current source charges the soft-start capacitor after a 10-ms delay. The voltage on
SS dominates the VCO control voltage when lower than VICOMP or VDSR. The device is in a soft-start condition
until VSS reaches the 4.2-V soft start over threshold. During the soft-start cycle DIM is disabled and the UV
protection is disabled. The soft-start cycle is initiated by UVLO, BLON, OV fault clear, or UV fault clear after the
soft-start cycle.

where
• TSS is the target SS time.
• VICOMP_REG is the ICOMP voltage at the regulation point, which can be derived based on LLC switching

frequency. (6)

9.2.2.5 FMAX (Maximum VCO Frequency)
Terminate FMAX to ground with a resistor to program the frequency delta from desired maximum to minimum
operating frequency range. The recommended resistor value range is 4.22 kΩ to 53.6 kΩ. VICOMP which is the
VCO control signal determines the voltage on FMAX; the programming resistor determines the voltage to current
conversion ratio that programs the oscillator frequency at a given VICOMP voltage level. The device is designed to
accommodate a maximum frequency of 350 kHz and a minimum frequency delta of 25 kHz. To provide
controlled rise and fall time of the primary current during dimming, a maximum frequency of 2 to 3 times the
nominal switching frequency is recommended as an initial value. The resistor value can be determined by
Equation 7.

where
• FSW(Delta) = FSW(max)-FSW(min) (7)

9.2.2.6 FMIN (Minimum VCO Frequency)
Terminate FMIN to ground with a resistor to program the desired minimum operating frequency. The
recommended resistor range is 9.53 kΩ to 102 kΩ. The device is designed to accommodate a minimum
frequency of 30 KHz. The resistor value can be determined by Equation 8.
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(8)

Use Equation 9 to determine FSW for given VICOMP, RFMAX, and RFMIN values.

where from Equation 7 to Equation 9
• FSW is in Hz, R is in Ω
• VICOMP is in V (9)

9.2.2.7 GD1 and GD2 (Gate Drive 1 and 2)
Connect the primary of the gate-drive transformer to GD1 and GD2 through a small series resistance. The high-
side driver resistance is 12 Ω and low-side driver resistance is 4 Ω typical. The drivers are limited to 25-mA RMS
maximum current, so there is a magnetizing current limitation of the gate-drive transformer shown in the
Equation 10. If the magnetizing current exceeds 25 mA with the specified gate-drive transformer and nominal
operating frequency, a simple NPN-PNP buffer on GD1 and GD2 may be required. The minimum gate drive
transformer inductance can be determined from Equation 10.

where
• LGD is the gate drive transformer LPRI

• FSW is the nominal switching frequency
• VCC is the VCC supply voltage (10)

9.2.2.8 LEDSW (LED Switch Drive)
The LEDSW is the output to control the LED switch MOSFET in series with the LED string returns. The LEDSW
is controlled by the DIM input during normal operation to provide LED string current pulse widths that
corresponds to the DIM signal. During soft start, the LEDSW signal is high regardless of the DIM signal to allow
the output capacitors to charge. The LEDSW is low during an OV, UV or CL fault to provide additional protection
to the LED’s. This output is 0 V to VCC but has limited drive current ability, a simple NPN or PNP buffer is
required to drive the LED switch MOSFET. The LEDSW high resistance is 4 kΩ and low side is 2 kΩ, so avoid
any DC load on this pin.

The turnon and turnoff delay of the LED switch MOSFET relative to DIM rising and falling edge must be well
matched to achieve excellent LED current linearity especially at low DIM duty-cycles. As an example, consider a
1% dimming duty-cycle at dimming PWM frequency of 300 Hz where a delay mismatch of 667 ns represents a
2% linearity error. A gate-drive resistor and parallel resistor diode combination to drive the LED switch MOSFET
can be used to match edge delays. Refer to Figure 26 for a recommended LED switch MOSFET drive circuit.
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Figure 26. Recommended LED Switch MOSFET Drive Circuit

9.2.2.9 DSR (Dimming Slew Rate)
The DSR pin is used to control the rise and fall time of the VCO control voltage. The DSR capacitor value can be
determined by Equation 11. The effective rise time of the LLC primary current is when VDSR is between the 0.9-
V gate-drive enable voltage and the VICOMP operating point.

where
• TSLEW is the desired LLC current rise and fall time
• VICOMP_REG is the ICOMP voltage regulation point (11)

Because the DSR voltage starts at 0 V and the LLC gate-drive enable is typically 0.9 V, there is a delay from the
DIM rising edge and LEDSW rising edge until the LLC gate drivers are enabled. An easy solution to eliminate a
majority of the delay is to use a resistor in series with CDSR. Because DSR is clamped at a Vbe above VICOMP,
the recommended resistance is 15 kΩ to 17 kΩ to provide a 640-mV to 720-mV initial voltage delta.

9.2.2.10 DTY (Dimming Duty-Cycle Average)
The DTY pin generates a voltage inversely proportional to the DIM duty-cycle with a 100-mV offset. The voltage
range is 100 mV to 2.6 V corresponding to 100% dimming and 0% dimming. This voltage is compared to the
DADJ rising ramp to determine the dimming duty-cycle compensation delay time.

The capacitor value is selected to provide low ripple voltage at the DIM frequency. A good guideline is to target
100 V or less peak-to-peak ripple voltage. There is a trade-off of DTY capacitor value and response to DIM duty-
cycle transients. For faster response time to significant changes in DIM duty-cycle select a lower value
capacitance. Equation 12 can be used to select a DTY capacitor based on maximum ripple voltage and DIM
frequency.

where
• FDIM is the dimming frequency
• VDTY(pp) is the maximum peak to peak ripple voltage. (12)

Equation 13 can be used to determine the average of VDTY at any given DIM duty-cycle.

where DDIM is the DIM duty-cycle. (13)
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9.2.2.11 DADJ (Dimming Duty-Cycle Adjust)
The DADJ pin is a 20-µA current source enabled at the DIM falling edge. The capacitor connected to this pin
determines the slope of VDADJ. LLC-OFF is the internal signal that controls the turnon and turnoff of the LLC
power stage. The rising edge of LLC-OFF corresponds to a falling edge at the DIM input. The falling edge of the
LLC-OFF signal is delayed until the rising edge of the DADJ voltage crosses the voltage on DTY. See Dimming
Operation discussion for more details.

An initial value DADJ capacitor can be determined by Equation 14. The dimming performance at lowest DIM on
time must be evaluated as described in the following paragraph.

where
• DIMDMIN is the minimum dimming duty cycle
• FDIM is the dimming frequency
• TRISE is the effective DSR rise time (14)

To ensure consistent LED current regulation during DIM duty-cycle transients, it is important to confirm that
ICOMP achieves the steady-state operating voltage at the lowest DIM duty-cycle. Because DSR is clamped a
VBE (approximately 0.7 V) above ICOMP, this signal can be inspected to confirm a steady-state operating point is
achieved after the programmed DSR rise time. Confirm that the DSR signal achieves a relatively flat voltage
during the lowest DIM duty-cycle condition. Figure 27 and Figure 28 below are scope plots of 1% DIM duty-cycle
where DSR reaches the steady-state operating point, and 0.5% DIM where DSR is still rising and ICOMP is open
loop. If DSR is still rising during the lowest DIM duty cycle, increase the DADJ capacitor value until DSR
achieves a relatively flat response as shown in Figure 27, the 1% DIM duty-cycle scope plot below.

Figure 27. 1% DIM duty-cycle Figure 28. 0.5% DIM duty-cycle

9.2.2.12 OV (Output Overvoltage)
The OV pin is connected to an output-voltage sense resistor divider with oring diodes to all of the LED outputs.
The OV threshold is 2.6 V with 240-mV hysteresis. During an OV fault the GD1 and GD2 gate drivers are
disabled and the LEDSW goes low (off). When the OV fault clears, the soft-start cycle is initiated.
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A configuration is shown in Figure 29 below that allows for summing of multiple LED string outputs into common
UV and OV dividers. Consider the total resistance of the divider networks because the divider bias current is
provided by the highest voltage LED string. Equation 15 and Equation 16 can be used to determine total divider
resistance and each component values.

where
• VOUT is LED string voltage
• IOUT is LED DC output current
• DMIN is minimum dimming duty-cycle
• IMATCH is LED current matching target
• OV and UV dividers are approximately equal resistance (15)

where
• VOVLO is the OVP threshold
• VD is the summing diode voltage drop (16)

Figure 29. Application of Overvoltage and Undervoltage

9.2.2.13 UV (Output Undervoltage)
UV is connected to an output-voltage sample of the converter. The UV threshold is 2.4 V with 240-mV hysteresis.
UV below 2.4 V is considered an undervoltage fault which disables the GD1 and GD2 gate drivers, LEDSW
output goes low, the 10-ms soft-start clamp and soft-start cycle are initiated. The UV comparator is disabled until
SS voltage is 4.2 V to allow the output capacitors to charge to the normal operating voltage during start-up of the
converter.

See the OV and UV divider diagram above for a typical configuration that allows for summing of multiple LED
string outputs into common UV and OV dividers. Consider the value of RPU to avoid a current path from the
highest voltage LED string to the lowest voltage LED string. Equation 17, Equation 18, and Equation 19 assume
a 2× VOUT delta as the maximum UVLO voltage.

where
• LED voltage total tolerance is ±5%
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• OV and UV dividers are approximately equal resistance (17)

(18)

where
• VUVLO is the UVP threshold
• VD is the summing diode voltage drop (19)

9.2.2.14 CL (Current Limit)
The CL pin is typically connected to the rectified and filtered output of a primary current sense transformer. There
are two levels of current limit protection: restart and latching. When CL exceeds 0.95 V the gate drivers are
disabled and LEDSW goes low, when the CL voltage reduces to 475 mV the soft-start cycle is initiated. If CL
exceeds a 1.9-V threshold, the gate drivers are disabled and LEDSW goes low, this condition is latched until
VCC is recycled below the UVLO threshold.

9.2.3 Application Curves

Figure 30. Efficiency 10% to 100% PWM Dimming Figure 31. VIN = 390 V, Outputs Loaded With 32, Cree
XLamp CR-E , LEDs
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Figure 32. Current LED1 (CH3) and LED2 (CH4) Figure 33. Current LED3 (CH3) and LED4 (CH4)

Figure 34. Current LED1 (CH3) and LED2 (CH4) Figure 35. Current LED3 (CH3) and LED4 (CH4)

Figure 36. Current LED1 (CH3) and LED2 (CH4) Figure 37. Current LED3 (CH3) and LED4 (CH4)
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10 Power Supply Recommendations
The UCC25710 is designed to operate from an external bias supply connected to the VCC input. It has an
operating voltage range between 11 V and 18 V with an absolute maximum input voltage rating of 18 V.

In most applications, the high voltage input range of the LLC controller is normally set at about 370 V to 410 V
with 390-V nominal. This narrow range of DC input voltage is a constraint of the LLC topology. Setting the
maximum and minimum switching frequencies limits the regulation range to these input voltages.

11 Layout

11.1 Layout Guidelines
As with all PWM controllers, the effectiveness of the filter capacitors on the signal pins depends upon the
integrity of the ground signal. Separating the high di/dt induced noise on the power ground from the low current
quiet signal ground is required for adequate noise immunity. As shown Figure 38, the bypass capacitors on VCC
and VREF have one end located in close proximity to their associated pins and the other ends are returned
directly to the GND pin or to the portion of the ground plane associated with the low level GND signal and not to
the high current power return. Low-ESR type ceramic capacitors are recommended as bypass capacitors.

The gate-drive output signals (GD1 and GD2) can cause interference on the low-level inputs (CL and CS) and for
this reason must be routed as far as possible away from them and have short direct paths to the gate-drive
transformer. In general any slow-changing analog signals must be routed away from high-speed digital signals.

Timing resistors FMIN and FMAX must be placed as close as possible to the pins on the UCC25710.
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11.2 Layout Example

Figure 38. Layout Example for UCC25710
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12 器器件件和和文文档档支支持持

12.1 接接收收文文档档更更新新通通知知

要接收文档更新通知，请导航至 ti.com 上的器件产品文件夹。请单击右上角的通知我 进行注册，即可收到任意产
品信息更改每周摘要。有关更改的详细信息，请查看任意已修订文档中包含的修订历史记录。

12.2 社社区区资资源源

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.3 商商标标

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.4 静静电电放放电电警警告告

这些装置包含有限的内置 ESD 保护。 存储或装卸时，应将导线一起截短或将装置放置于导电泡棉中，以防止 MOS 门极遭受静电损
伤。

12.5 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

13 机机械械、、封封装装和和可可订订购购信信息息

以下页面包括机械、封装和可订购信息。这些信息是指定器件的最新可用数据。这些数据发生变化时，我们可能不
会另行通知或修订此文档。如欲获取此产品说明书的浏览器版本，请参见左侧的导航栏。
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重要声明和免责声明
TI“按原样”提供技术和可靠性数据（包括数据表）、设计资源（包括参考设计）、应用或其他设计建议、网络工具、安全信息和其他资源，
不保证没有瑕疵且不做出任何明示或暗示的担保，包括但不限于对适销性、某特定用途方面的适用性或不侵犯任何第三方知识产权的暗示担
保。
这些资源可供使用 TI 产品进行设计的熟练开发人员使用。您将自行承担以下全部责任：(1) 针对您的应用选择合适的 TI 产品，(2) 设计、验
证并测试您的应用，(3) 确保您的应用满足相应标准以及任何其他功能安全、信息安全、监管或其他要求。
这些资源如有变更，恕不另行通知。TI 授权您仅可将这些资源用于研发本资源所述的 TI 产品的应用。严禁对这些资源进行其他复制或展示。
您无权使用任何其他 TI 知识产权或任何第三方知识产权。您应全额赔偿因在这些资源的使用中对 TI 及其代表造成的任何索赔、损害、成
本、损失和债务，TI 对此概不负责。
TI 提供的产品受 TI 的销售条款或 ti.com 上其他适用条款/TI 产品随附的其他适用条款的约束。TI 提供这些资源并不会扩展或以其他方式更改 
TI 针对 TI 产品发布的适用的担保或担保免责声明。
TI 反对并拒绝您可能提出的任何其他或不同的条款。IMPORTANT NOTICE

邮寄地址：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022，德州仪器 (TI) 公司
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