
OPA561 高电流、高速运算放大器

1 特性

• 1.2A 输出电流

• 12VPP 输出电压

• 宽电源范围

– 单电源：7 V 至 15 V
– 双电源：±3.5V 至 ±7.5V

• 全面保护

– 热关断保护
– 可调电流限制

• 输出禁用控制
• 17MHz 增益带宽积

• 50V/µs 压摆率

• 1MHz 全功率带宽

• 热增强型 HTSSOP-20 PowerPAD™ 集成电路封装

• 温度范围：0°C 至 125°C

2 应用

• 电力线通信
• 阀门执行器驱动器
• 电源
• 测试设备
• TEC 驱动器

• 激光二极管驱动器

3 说明

OPA561 是一款低成本、高电流运算放大器，能够将高

达 1.2A 的脉冲驱动至无功负载。该单片集成电路可以

在要求严格的线路载波通信、激光二极管驱动器和电机
控制应用中提供高可靠性。高压摆率可提供 1MHz 的
全功率带宽和出色的线性度。

为了实现设计灵活性，OPA561 通过 7V 至 15V 范围

内的单电源或 ±3.5V 至 ±7.5V 范围的双电源供电。采

用单电源供电时，输入共模范围可扩展至接地电平以

下。在最大输出电流下，宽输出摆幅能够以标称 15V 
的电源电压提供 12VPP 性能。

OPA561 在过热条件下以及电流过载时会受到内部保

护。此外，OPA561 可提供准确的用户自选的电流限

制。可以使用低功耗电阻器或电位器或 DAC（数模转

换器）在 0.2A 至 1.2A 的范围内调节电流限制。即使

在脉冲负载条件下，电流控制环路的高速特性也能提供

高精度。

使能和状态 (E/S) 引脚执行两项功能：可以对该引脚进

行监测以确定器件是否处于热关断状态（低电平有

效），还可以强制该引脚为低电平以禁用输出，从而断

开负载。

OPA561 采用微型 HTSSOP-20 PowerPAD 集成电路

封装。该表面贴装封装在热性能方面得到增强，具有非

常低的热阻。额定工作工业温度范围为  0°C 至 

125°C。

封装信息

器件型号 封装(1) 封装尺寸(2)

OPA561 PWP（HTSSOP，
20） 6.5mm x 6.4mm

(1) 有关详细信息，请参阅 节 10。
(2) 封装尺寸（长 x 宽）为标称值，并包括引脚（如适用）。

 

1

+In

2 3 4 5 6 7 8 9

20

10

19 18 17 16 15 14 13 12 11

ILIM−In V− V+ OUT E/S CLS

HTSSOP−20

NOTE: Pins 1, 10, and 11−20 are not connected.
Flag must be connected to V−.

OPA561

引脚排列图

OPA561
ZHCSSC0F – JANUARY 2001 – REVISED OCTOBER 2023

参考文献

本资源的原文使用英文撰写。 为方便起见，TI 提供了译文；由于翻译过程中可能使用了自动化工具，TI 不保证译文的准确性。 为确认

准确性，请务必访问 ti.com 参考最新的英文版本（控制文档）。
English Data Sheet: SBOS206

https://www.ti.com.cn/product/cn/opa561?qgpn=opa561
https://www.ti.com.cn/cn/lit/pdf/ZHCSSC0
https://www.ti.com.cn/product/cn/OPA561?dcmp=dsproject&hqs=#order-quality
https://www.ti.com.cn/product/cn/OPA561?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com.cn/product/cn/OPA561?dcmp=dsproject&hqs=#design-development
https://www.ti.com.cn/product/cn/OPA561?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SBOS206


Table of Contents
1 特性................................................................................... 1
2 应用................................................................................... 1
3 说明................................................................................... 1
4 Pin Configuration and Functions...................................3
5 Specifications.................................................................. 4

5.1 Absolute Maximum Ratings........................................ 4
5.2 ESD Ratings............................................................... 4
5.3 Recommended Operating Conditions.........................4
5.4 Thermal Information....................................................4
5.5 Electrical Characteristics.............................................5
5.6 Typical Characteristics................................................ 7

6 Detailed Description......................................................10
6.1 Overview................................................................... 10
6.2 Feature Description...................................................10

7 Application and Implementation.................................. 13

7.1 Application Information............................................. 13
7.2 Typical Application.................................................... 18
7.3 Power Supply Recommendations.............................21
7.4 Layout....................................................................... 21

8 Device and Documentation Support............................22
8.1 Device Support......................................................... 22
8.2 接收文档更新通知..................................................... 22
8.3 支持资源....................................................................22
8.4 Trademarks...............................................................22
8.5 静电放电警告............................................................ 22
8.6 术语表....................................................................... 22

9 Revision History............................................................ 23
10 Mechanical, Packaging, and Orderable 

Information.................................................................... 23

OPA561
ZHCSSC0F – JANUARY 2001 – REVISED OCTOBER 2023 www.ti.com.cn

2 提交文档反馈 Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: OPA561
English Data Sheet: SBOS206

https://www.ti.com.cn/product/cn/opa561?qgpn=opa561
https://www.ti.com.cn/cn/lit/pdf/ZHCSSC0
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSSC0F&partnum=OPA561
https://www.ti.com.cn/product/cn/opa561?qgpn=opa561
https://www.ti.com/lit/pdf/SBOS206


4 Pin Configuration and Functions

1N/C 20  N/C

2+In 19  N/C

3–In 18  N/C

4ILIM 17  N/C

5V– 16  N/C

6V+ 15  N/C

7OUT 14  N/C

8E/S 13  N/C

9CLS 12  N/C

10N/C 11  N/C

Not to scale

Thermal pad

图 4-1. PWP Package, 20-Pin HTSSOP (Top View)

表 4-1. Pin Functions
PIN

TYPE(1) DESCRIPTION
NAME NO.
1 N/C — No electrical connection. Solder this pin to the printed circuit board (PCB).

2 +In I Noninverting input

3 –In I Inverting input

4 ILIM I Adjustable current limit pin

5 V– G Negative supply

6 V+ P Positive supply

7 OUT O Output

8 E/S I/O Enable and status pin

9 CLS O Overcurrent status flag

10-20 N/C — No electrical connection. Solder this pin to the printed circuit board (PCB).

Pad Thermal pad — Connect the thermal pad to the most negative supply of the device, V–.

(1) I = input, O = output, G = ground, P = power.
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5 Specifications
5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(1)

MIN MAX UNIT

Supply voltage, V− to V+ 16 V

Input voltage (V–) − 0.4 (V+) + 0.5 V

Input shutdown voltage (V–) − 0.4 (V–) + 0.5 V

Junction temperature 150 °C

Tstg Storage temperature –65 150 °C

(1) Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply 
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If 
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully 
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

5.2 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 ANSI/ESDA/JEDEC JS-002(2) ±1000

(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.

5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VS Specified voltage 7 15 16 V

TJ Specified junction temperature 0 125 °C

5.4 Thermal Information

THERMAL METRIC(1)

OPA561
UNITPWP (HTSSOP)

20 PINS

R θJA
Junction-to-ambient thermal 
resistance

2-oz trace and 9-in2 copper pad with solder 32
°C/W

Without heat sink 100

R θJC(bot) Junction-to-case (bottom) thermal resistance 1.4 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC package thermal metrics application 
report.
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5.5 Electrical Characteristics
at TCASE = 25°C, VS = 15 V, load connected to V/2, and E/S enabled (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OFFSET VOLTAGE, VS = 12 V

VOS Input offset voltage VCM = 0 V –3 ±20 mV

dVOS/dT Input offset voltage vs temperature TA = 0°C to 125°C ±50 µV/°C

PSRR Input Offset Voltage vs Power 
Supply VCM = 0 V, VS = 7 V to 16 V 25 150 µV/V

INPUT BIAS CURRENT(1)

IB Input bias current VCM = 0 V 10 100 pA

IOS Input offset current VCM = 0 V 10 100 pA

NOISE

en Input voltage noise density

f = 1 kHz 83

nV/√Hzf = 10 kHz 32

f = 100 kHz 14

in Current noise f = 1 kHz 4 fA/√Hz

INPUT VOLTAGE RANGE

VCM Common-mode voltage Linear operation (V–) – 
0.1 (V+) – 3 V

CMRR Common-mode rejection ratio VS = 15 V, VCM = (V−) − 0.1 V to 
(V+) − 3 V

70 80 dB

INPUT IMPEDANCE

Differential 1.8 × 1011 

|| 10 Ω || pF

Common-mode 1.8 × 1011 

|| 18.5 Ω || pF

OPEN-LOOP GAIN

AOL Open-loop voltage Gain VO = 10 VPP, RL = 5 Ω 80 100 dB

FREQUENCY RESPONSE

GBW Gain-bandwidth product RL = 5 Ω 17 MHz

SR Slew Rate G = 1, 10‑V step, RL = 5 Ω 50 V/μs

Full-power bandwidth G = +2, VOUT = 10 Vp-p 1 MHz

Settling time: ±0.1% G = −1, 10‑V step 1 μs

THD+N Total harmonic distortion + noise
f = 1 kHz, RL = 5 Ω, G = +2, VO= 10 
VPP

0.02
%

f = 1 MHz 3

OUTPUT

Voltage output

Positive, IO = 0.5 A (V+) – 1 (V+) – 0.7

V
Negative, IO = –0.5 A (V–) + 1 (V–) + 0.7

Positive, IO = 1 A (V+) – 1.5 (V+) – 1.2

Negative, IO = –1 A (V–) + 1.5 (V–) + 1.2

Maximum continuous current output, 
dc 1.2 A

ZO Output impedance G = +2, f = 100 kHz 0.05 Ω
Output current limit Range ±0.2 to 

±1.2 A

Current limit tolerance(2) RCL = 2 kΩ (ILIM = ±1 A) ±50 mA
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5.5 Electrical Characteristics （续）
at TCASE = 25°C, VS = 15 V, load connected to V/2, and E/S enabled (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Asymmetry Comparing positive and negative 
limits 10 %

Current limit overshoot(3) V = 5‑V pulse (200 ns tr), G = +2 50 %

Output disabled
Output resistance 10 MΩ
Output capacitance 140 pF

OUTPUT ENABLE/STATUS AND FLAG PINS
Shutdown input mode, VE/S high 
(output enabled)(4) E/S pin open or forced high (V−) + 2 (V−) + 5 V

Shutdown input mode, VE/S low 
(output disabled) E/S pin forced low (V−) – 0.4 (V–) + 0.8 V

Shutdown input mode, IE/S high 
(output enabled) E/S pin indicates high 20 μA

Shutdown input mode, IE/S low 
(output disabled) E/S pin indicates low 0.1 μA

Output disable time 50 ns

Output enable time 3 µs

Thermal shutdown status
Normal operation, sourcing 20 µA (V–) + 2

V
Thermally shutdown (V–) + 0.8

Current limit status
Normal operation, sourcing 20 µA (V–) + 0.8

V
Current limit flagged (V–) + 2

Junction temperature at shutdown 160 °C

Reset temperature from shutdown 140 °C

POWER SUPPLY

IQ Quiescent current ILIM connected to V−, IQ = 0 50 60 mA

Quiescent current vs temperature TA = 0°C to 125°C 60 70 mA

Quiescent current in shutdown mode ILIM connected to V− 250 μA

(1) High-speed test at TJ = +25°C.
(2) See text for more information on current limit accuracy.
(3) Transient load transition time must be ≥ 200 ns.
(4) 402‑kΩ pullup resistor to V+ can be used to permanently enable the OPA561.
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5.6 Typical Characteristics
at TCASE = 25°C, VS = 15 V, and E/S enabled (unless otherwise noted)
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图 5-1. Gain and Phase vs Frequency
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图 5-2. Common-Mode Rejection Ratio, Power-Supply Rejection 
Ratio vs Frequency
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图 5-3. Maximum Output Amplitude vs Frequency
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图 5-4. Total Harmonic Distortion + Noise vs Frequency
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图 5-5. Input Voltage Spectral Noise vs Frequency
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图 5-6. Small-Signal Overshoot vs Load Capacitance
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5.6 Typical Characteristics (continued)
at TCASE = 25°C, VS = 15 V, and E/S enabled (unless otherwise noted)
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图 5-7. AOL, PSRR, and CMRR vs Temperature
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图 5-8. IQ vs Temperature
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图 5-9. IB vs Temperature
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图 5-10. Slew Rate vs Temperature

0
IOUT (A)

0.40.2 0.80.6 1.0 1.2 1.4

8

6

4

V O
U

T
(V

) 2

0

2

4

6

8

+85°C

+85°C

−25°C −40°C

−40°C

−25°C

 

图 5-11. Output Voltage Swing vs Output Current
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图 5-12. Quiescent Current vs Supply Voltage
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5.6 Typical Characteristics (continued)
at TCASE = 25°C, VS = 15 V, and E/S enabled (unless otherwise noted)
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图 5-13. Small-Signal Step Response
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图 5-14. Large-Signal Step Response
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图 5-17. Offset Voltage Production Distribution
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6 Detailed Description
6.1 Overview
The OPA561 is a monolithic low-cost, high-current operational amplifier capable of driving up to 1.2 A pulses into 
reactive loads. The amplifier is designed to provide high slew rate, which results in 1-MHz full-power bandwidth 
and excellent linearity. The OPA561 operates from either a single supply in the range of 7 V to 15 V or dual 
power supplies of ±3.5 V to ±7.5 V for design flexibility.

6.2 Feature Description
6.2.1 Adjustable Current Limit

The OPA561 has an accurate, user-defined, current limit which can be set from 0.2 A to 1.2 A by controlling the 
input to the ILIM pin. Unlike other designs that use a power resistor in series with the output current path, the 
OPA561 senses the load internally. This allows the current limit to be set with low-power components. In 
contrast, other designs require one or two expensive power resistors that can handle the full output current (1.2 
A in this case).

6.2.1.1 Current Limit Accuracy

The OPA561 has separate circuits to monitor the positive and negative currents. Each output is compared to a 
single internal reference that is set by the external current limit resistor (or voltage). The OPA561 employs a 
patented circuit technique to achieve an accurate and stable current limit. The output current limit has an 
accuracy of up to 5% on the 1-A current limit. Due to internal matching limitations, the positive and negative 
current limits can be slightly different. However, the values are typically within 10% of each other.

6.2.1.2 Setting the Current Limit

Do not float the ILIM pin or damage to the device is possible. Connect ILIM directly to V− to program the maximum 
output current limit, typically 1.2 A. The simplest method for adjusting the current limit (ILIM) uses a resistor or 
potentiometer connected between the ILIM pin and V− according to the following equation:

ILIM = 1.2VRCL + 10kΩ   × 10,000 (1)

This external resistor determines a small internal current which sets the desired output current limit. Alternatively, 
the output current limit can be set by applying a voltage to the ILIM pin. 图 6-1 shows a simplified schematic of 
the OPA561 current limit.

RCL 0.01 μF

1.2 V 10 kΩ

environments)

V−

(optional, for noisy

ILIM =
1.2 V

Max IO = ILIM

( RCL + 10  k 10 k)Ω ×

图 6-1. Adjustable Current Limit — Resistor Method 
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6.2.2 Enable-Status (E/S) Pin

The enable-status (E/S) pin provides two unique functions:
1. Output disable by forcing the pin LOW
2. Thermal shutdown indication by monitoring the voltage level at the pin

One or both of these functions can be used on the same device. For normal operation (output enabled), pull the 
E/S pin high (at least 2 V greater than V−). A small-value capacitor can be connected between the E/S pin and 
V− for noisy applications. To enable the OPA561 permanently, tie the E/S pin to V+ through a 402‑kΩ pullup 
resistor.

6.2.2.1 Output Disable

The shutdown pin is referenced to the negative supply (V−). Therefore, shutdown operation is slightly different in 
single-supply and dual-supply applications. In single-supply operation, V− typically equals common ground. 
Therefore, the shutdown logic signal and the OPA561’s shutdown pin are referenced to the same potential. In 
this configuration, the logic pin and the OPA561 enable can simply be tied together. Shutdown occurs for voltage 
levels of < 0.8 V. The OPA561 is enabled at logic levels > 2 V. In dual-supply operation, the logic pin is still 
referenced to a logic ground. However, the shutdown pin of the OPA561 is still referenced to V−. To shutdown 
the OPA561, the voltage level of the logic signal needs to be level shifted using an optocoupler, as shown in 图 
6-2.

4N38

Optocoupler

402 kΩ

V+

E/S

(a) +5 V

HCT or

(b) HCT or TTL In

TTL In
(a) (b)

(1)

OPA561

V−

NOTE: (1) Optional may be required
to limit leakage current of octocoupler
at high temperatures.

−

图 6-2. Shutdown Configuration for Dual Supplies

To disable the output, the E/S pin is pulled LOW, to no greater than 0.8 V above V−. This function can be used to 
conserve power during idle periods. The typical time required to shut down the output is 50 ns. To return the 
output to an enabled state, the E/S pin can be pulled to at least 2.0 V above V−. Typically, the output is enabled 
within 3 μs. Note that pulling the E/S pin HIGH (output enabled) does not disable the internal thermal shutdown.
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6.2.2.2 Maintaining Microcontroller Compatibility

Not all microcontrollers output the same logic state after power-up or reset. 8051-type microcontrollers, for 
example, output logic-high levels on the ports, whereas other models power up with logic low levels after reset. 
In 图 6-2, configuration (a) the shutdown signal is applied on the cathode side of the photodiode within the 
optocoupler. A high logic level causes the OPA561 to be enabled, and a low logic level shuts down the OPA561. 
In 图 6-2, configuration (b), with the logic signal applied on the anode side, a high level causes the OPA561 to 
shut down, and a low level enables the op amp.

6.2.3 Overcurrent Flag

The OPA561 features an overcurrent status flag (CLS, pin 9) that can be monitored to see if the load exceeds 
the current limit. The output signal of the overcurrent limit flag is compatible to standard logic. The CLS signal is 
referenced to V−. A voltage level less than (V−) + 0.8 V indicates normal operation, and a level greater than (V−) 
+ 2 V indicates that the OPA561 is current limited. The flag remains high as long as the output of the OPA561 
current limited. At very low signal frequencies (typically < 1 kHz), both the upper (sourcing current) and lower 
(sinking current) current limits are monitored. At frequencies > 1 kHz, as a result of internal circuit limitations, the 
flag output signal for the upper current limit becomes delayed and shortened. The flag signal for the lower 
current limit is unaffected by this behavior. As the signal frequency increases further, only the lower current limit 
(sinking current) is output on pin 9.
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7 Application and Implementation

备注

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, as well as validating and testing their design 
implementation to confirm system functionality.

7.1 Application Information
图 7-1 shows the OPA561 connected as a basic noninverting amplifier. However, the OPA561 can be used in 
virtually any op amp configuration. Reinforce power supply terminals with low series impedance capacitors. The 
technique of using a ceramic and tantalum type in parallel is recommended. Low series impedance power supply 
wiring is recommended.

402 kΩ(3)

47 μF

0.1 μF

47 μF

VIN

0.1 μF

VO

V

RCL
(1)

E/S(2)

V+

ILIM

(IMAX = 200 A)μ

OPA561

NOTES: (1) RCL sets the current limit value
from 0.2A to 1.2A. (2) E/S Pin−Forced
LOW: Output Disable; Indicates LOW:
Thermal Shutdown. (3) 402 kΩ resistor
permanently enables the OPA561. −

图 7-1. Basic Circuit Connections

7.1.1 Output Stage Compensation

The complex load impedances common in power op amp applications can cause output stage instability. For 
normal operation, output compensation circuitry is typically not required. However, if the OPA561 is intended to 
be driven into current limit, implementing an R/C network (snubber) is recommended. A snubber circuit also 
helps to enhance stability when driving large capacitive loads (> 1000 pF) or inductive loads (motors, loads 
separated from the amplifier by long cables). Typically, 3 Ω to 10 Ω in series with 0.01 μF to 0.1 μF is 
adequate. Varying the component values can help with challenging load conditions.
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7.1.2 Output Protection

Reactive and EMF-generation loads can return load current to the amplifier, causing the output voltage to 
exceed the power-supply voltage. This damaging condition can be avoided with clamp diodes from the output 
terminal to the power supplies, as shown in 图 7-2. Schottky rectifier diodes with a 3 A or greater continuous 
rating are recommended.

OPA561
Flag

ILIM
E/S

47 μF

Output Protection Diode

V

R

O

O
100 kΩ

+V

−V

5
4

8

7

Output Protection Diode

6
3

2

0.1

0.1 μF

47 μF

μF

图 7-2. Output Protection Diode

7.1.3 Thermal Protection

The OPA561 has thermal sensing circuitry that helps protect the amplifier from exceeding temperature limits. 
Power dissipated in the OPA561 causes the junction temperature to rise. Internal thermal shutdown circuitry 
shuts down the output when the die temperature reaches approximately 160°C, resetting when the die has 
cooled to approximately 140°C. Depending on load and signal conditions, the thermal protection circuit can cycle 
on and off. This cycling limits the dissipation of the amplifier, but can have an undesirable effect on the load. Any 
tendency to activate the thermal protection circuit indicates excessive power dissipation or an inadequate heat 
sink. For reliable, long-term, continuous operation, limit the junction temperature to 125°C, maximum. To 
estimate the margin of safety in a complete design (including heat sink), increase the ambient temperature until 
the thermal protection is triggered. Use worst-case loading and signal conditions. For good, long-term reliability, 
set the thermal protection to trigger at more than 35°C greater than the maximum expected ambient condition of 
your application. This configuration produces a junction temperature of 125°C at the maximum expected ambient 
condition. The internal protection circuitry of the OPA561 is designed to protect against overload conditions, and 
is not intended to replace a proper heat sink. Continuously running the OPA561 into thermal shutdown can 
degrade reliability. The E/S pin can be monitored to determine if shutdown has occurred. During normal 
operation the voltage on the E/S pin is typically greater than (V−) + 2 V. During shutdown, the voltage drops to 
less than (V−) + 0.8 V.
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7.1.4 Power Dissipation

Power dissipation depends on power supply, signal, and load conditions. For DC signals, power dissipation is 
equal to the product of output current times the voltage across the conducting output transistor. Dissipation with 
ac signals is lower. The Power Amplifier Stress and Power Handling Limitations application bulletin explains how 
to calculate or measure power dissipation with unusual signals and loads, and can be downloaded from 
www.ti.com.

7.1.5 Heat-Sink Area

The relationship between thermal resistance and power dissipation can be expressed as:

θJA = TJ – TAPD (2)

Where:
• TJ = Junction temperature (°C)
• TA = Ambient temperature (°C)
• θJA = Junction-to-ambient thermal resistance (°C/W)
• PD = Power dissipation (W)

Calculate the appropriate power dissipation to determine required heat-sink area. At the same time, consider the 
relationship between power dissipation and thermal resistance to minimize shutdown conditions and allow for 
proper long-term operation (junction temperature of 125 °C). After the heat-sink area has been selected, verify 
proper thermal protection by testing worst-case load conditions. For applications with limited board size, refer to 
图 7-3 for the approximate thermal resistance relative to heat-sink area. Increasing heat-sink area beyond 2 in2 

provides little improvement in thermal resistance. To achieve the 32 °C/W stated in the Electrical Characteristics, 
a copper plane size of 9 in2 was used. The HTSSOP-20 PowerPAD integrated circuit package is a good choice 
for continuous power levels from 2 W to 4 W, depending on ambient temperature and heat-sink area. Higher 
power levels can be achieved in applications with a low on-off duty cycle, such as remote meter reading.
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图 7-3. Thermal Resistance vs Circuit Board Copper Area
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7.1.6 Amplifier Mounting
7.1.6.1 What is the PowerPAD™ Integrated Circuit Package?

The OPA561 uses the HTSSOP-20 PowerPAD integrated circuit package, a thermally enhanced, standard-size 
IC package designed to eliminate the use of bulky heat sinks and slugs traditionally used in thermal packages. 
This package can be easily mounted using standard PCB assembly techniques, and can be removed and 
replaced using standard repair procedures.

The PowerPAD package is designed so that the leadframe die pad (or thermal pad) is exposed on the bottom of 
the IC, as shown in 图 7-4. This provides an extremely low thermal resistance (θJC) path between the die and 
the exterior of the package. The thermal pad on the bottom of the IC must be soldered directly to the PCB, using 
the PCB as a heat sink. In addition, through the use of thermal vias, the thermal pad can be directly connected 
to a ground plane or special heat sink structure designed into the PCB.

Mold Compound (Epoxy)

Leadframe (Copper Alloy)

IC (Silicon)

Leadframe Die Pad
Exposed at Base of the Package

Die Attach (Epoxy)

图 7-4. Section View of a PowerPAD Package

Soldering the thermal pad to the PCB is always recommended, even with applications that have low power 
dissipation. Soldering provides the necessary connection between the leadframe die and the PCB. Connect the 
thermal pad to the most negative supply of the device.
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7.1.6.2 PowerPAD™ Integrated Circuit Package Assembly Process

1. Prepare the PCB with a top-side etch pattern, as shown in the attached Thermal Land Pattern mechanical 
drawing. Use etch for the leads as well as etch for the thermal land.

2. Place the recommended number of holes (or thermal vias) in the area of the thermal pad as shown on the 
attached Land Pattern mechanical. Use holes that are 13 mils in diameter. Keep the holes small so that 
solder wicking through the holes is not a problem during reflow.

3. Best practice is to place a small number of the holes under the package and outside the thermal pad area. 
These holes provide additional heat path between the copper land and ground plane and are 25 mils in 
diameter. The holes can be larger because the holes are not in the area to be soldered, so wicking is not a 
problem.

4. Connect all holes, including those within the thermal pad area and outside the pad area, to the internal 
ground plane or other internal copper plane.

5. When connecting these holes to the ground plane, do not use the typical web or spoke via connection 
methodology; see 图 7-5. Web connections have a high thermal resistance that is useful for slowing the heat 
transfer during soldering operations. This heat-transfer slowing makes the soldering of vias that have plane 
connections easier. However, in this application, low thermal resistance is desired for the most efficient heat 
transfer. Therefore, connect the holes under the PowerPAD package to the internal ground plane with a 
complete connection around the entire circumference of the plated through hole.

6. On the top-side solder mask, leave exposed the terminals of the package and the thermal pad area. On the 
thermal pad area, leave the 13 mil holes exposed. Cover the larger 25 mil holes outside the thermal pad 
area with solder mask.

7. Apply solder paste to the exposed thermal pad area and all of the package pins.
8. With these preparatory steps in place, the PowerPAD IC package is simply placed in position and run 

through the solder reflow operation, as with any standard surface-mount component. This procedure results 
in a part that is properly installed.

For detailed information on the PowerPAD IC package, including thermal modeling considerations and repair 
procedures, see the PowerPAD Thermally Enhanced Package technical brief, available at www.ti.com.

Solid Via
RECOMMENDED

Web or Spoke Via
NOT RECOMMENDED

图 7-5. Via Connection
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7.2 Typical Application
7.2.1 Laser Diode Driver

The high output current and low supply of the OPA561 makes this device a good candidate for driving laser 
diodes and thermoelectric coolers. 图 7-6 shows the OPA561 configured as a laser diode driver.

+1V/+1A

47 μF
+5 V

−5 V

0.1 μF

0.1 μF

47 μF

R6
100 kΩ

R5
50 mΩ

R2
1 kΩ

R1
20 kΩ

R3
20 kΩ

R4
1 kΩ

VO
OPA561

Flag

ILIM

E/S

5
4

8

7

6
3

2

图 7-6. Laser Diode Driver

7.2.2 Programmable Power Supply

图 7-7 shows the OPA561 configured with the MSP430™ MCU, REF3030, and DAC7513 as a space-saving, 
low-cost, programmable power-supply design. This design features low-voltage operation, small-size packages, 
(DAC7513 in SOT23-8, REF3030 in SOT23-3) and low cost.
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12− Bit
DAC7513

MSP
430

REF3030

12−Bit
DAC7513

OPA561

+15 V

3.3 V

3.0V

1.2 V

3

REF

3

R

R R

V

L

1 F

CC

VCC

0 V to 1.2 V sets
current limit

1A
12 VPP

from 200 mA to 1 A

0 V to 3 V

图 7-7. Programmable Power Supply
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7.2.3 Power-Line Communication Modem
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图 7-8. Power-Line Communication Driver

The OPA561 is an excellent choice to drive ac power lines for low-speed communication applications. The 
device provides an easily implemented, reliable option that is superior to discrete power transistor circuits. 
Advantages include:
1. Fully integrated device
2. Integrated shutdown circuitry for send-and-receive switching
3. Thermal shutdown
4. Adjustable current limit
5. Shutdown flag
6. Power savings
7. Small PowerPAD integrated circuit package

Typically such a system consists of a microcontroller, a modem IC and the power-line interface circuitry. See 图 
7-8 for the half-duplex power line communication system.

The system uses a synchronous FSK-modem, capable of 600-baud and 1200-baud data rates, and supports two 
different FSK channels in the 60‑kHz to 80‑kHz range. A microcontroller such as the MSP430™ MCU is used to 
control the modem IC.

The OPA561 analog interface circuitry drives the FSK modem signals on the ac power line. The circuitry filters 
the transmit signal (ATO) from the ST7536 to suppress the 2nd-harmonic distortion of the transmit signal. The 
circuitry also amplifies the ATO signal and provides the very low output impedance necessary to properly drive 
the line. The impedance of a typical power line at 70‑kHz ranges from 1 Ω to 100 Ω. The OPA561 is an 
excellent choice for this type of load. The transformer provides isolation and additional filtering. C9 prevents 
50‑Hz to 60‑Hz current from flowing in the transformer. Choose this capacitor carefully for proper voltage rating 
and safety characteristics.

The receive input signal is amplified (G = 100) and applied to the modem IC. The OPA561 is disabled in receive 
mode to avoid loading the line.
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7.3 Power Supply Recommendations
The OPA561 operates from single (7 V to 15 V) or dual (±3.5 V to ±7.5 V) supplies with excellent performance. 
Power-supply voltages do not need to be equal. For example, the positive supply can be set to 10 V with the 
negative supply at –5 V, or vice-versa. Most behaviors remain unchanged throughout the operating voltage 
range. Parameters that vary significantly with operating voltage are shown in the Typical Characteristics.

7.4 Layout
7.4.1 Layout Guidelines

The OPA561 is a high-speed power amplifier that requires proper layout for best performance. 图 7-9 shows an 
example of proper layout.

Keep power-supply leads as short as possible, which keeps inductance low and resistive losses at a minimum. A 
minimum 18-gauge wire thickness is recommended for power-supply leads. Use a wire length < 8 inches.

Proper power-supply bypassing with low-ESR capacitors is essential to achieve good performance. A parallel 
combination of small ceramic (around 100 nF) and larger (47 μF) nonceramic bypass capacitors provide low 
impedance over a wide frequency range. Place bypass capacitors as close as practical to the power-supply pins 
of the OPA561.

Keep PCB traces conducting high currents, such as from output to load or from the power-supply connector to 
the power-supply pins of the OPA561, as wide and as short as possible. This guideline helps keep inductance 
low and resistive losses to a minimum.

The holes in the landing pattern for the OPA561 are for the thermal vias that connect the thermal pad of the 
OPA561 to the heat sink area on the printed circuit board (see attached Land Pattern mechanical drawing). The 
additional larger vias further enhance the heat conduction into the heat-sink area. All traces conducting high 
currents are very wide for lowest inductance and minimal resistive losses. The negative supply (V−) pin on the 
OPA561 is connected through the thermal pad. This connection allows for maximum trace width for VOUT and 
the positive power supply (V+).

7.4.2 Layout Example

Pin 1

+VIN

V+

VOUT

V−

−VIN

ILIM

E/S

图 7-9. OPA561 Example Layout
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8 Device and Documentation Support
TI offers an extensive line of development tools. Tools and software to evaluate the performance of the device, 
generate code, and develop solutions are listed below.

8.1 Device Support
8.1.1 第三方产品免责声明

TI 发布的与第三方产品或服务有关的信息，不能构成与此类产品或服务或保修的适用性有关的认可，不能构成此

类产品或服务单独或与任何 TI 产品或服务一起的表示或认可。

8.2 接收文档更新通知

要接收文档更新通知，请导航至 ti.com 上的器件产品文件夹。点击通知 进行注册，即可每周接收产品信息更改摘

要。有关更改的详细信息，请查看任何已修订文档中包含的修订历史记录。

8.3 支持资源

TI E2E™ 中文支持论坛是工程师的重要参考资料，可直接从专家处获得快速、经过验证的解答和设计帮助。搜索

现有解答或提出自己的问题，获得所需的快速设计帮助。

链接的内容由各个贡献者“按原样”提供。这些内容并不构成 TI 技术规范，并且不一定反映 TI 的观点；请参阅 

TI 的使用条款。

8.4 Trademarks
PowerPAD™, MSP430™, and TI E2E™ are trademarks of Texas Instruments.
所有商标均为其各自所有者的财产。

8.5 静电放电警告

静电放电 (ESD) 会损坏这个集成电路。德州仪器 (TI) 建议通过适当的预防措施处理所有集成电路。如果不遵守正确的处理

和安装程序，可能会损坏集成电路。

ESD 的损坏小至导致微小的性能降级，大至整个器件故障。精密的集成电路可能更容易受到损坏，这是因为非常细微的参

数更改都可能会导致器件与其发布的规格不相符。

8.6 术语表

TI 术语表 本术语表列出并解释了术语、首字母缩略词和定义。
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9 Revision History
注：以前版本的页码可能与当前版本的页码不同

Changes from Revision E (February 2007) to Revision F (October 2023) Page
• 更新了整个文档的表、图和交叉参考的编号格式................................................................................................1
• 添加了封装信息 表以及引脚配置和功能、规格、ESD 等级、建议运行条件、热性能信息、详细说明、概述、

特性说明、应用和实现、典型应用、电源相关建议、布局、器件和文档支持 和机械、封装和可订购信息 部分.1
• 将整个数据表中的最低工作温度从 –40ºC 更改为 0°C...................................................................................... 1
• Updated input offset voltage typical value in Electrical Characteristics .............................................................5
• Updated to correct unit in Figure 6-11, Output Voltage Swing vs Output Current ............................................. 7
• Updated to correct unit in Figure 6-17, Offset Voltage Production Distribution ................................................. 7
• Added "approximately" to text referring to thermal protection behavior........................................................... 14
• Added missing Equation 2................................................................................................................................15

10 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most 
current data available for the designated devices. This data is subject to change without notice and revision of 
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGE OPTION ADDENDUM

www.ti.com 20-May-2025

PACKAGING INFORMATION

Orderable part number Status
(1)

Material type
(2)

Package | Pins Package qty | Carrier RoHS
(3)

Lead finish/
Ball material

(4)

MSL rating/
Peak reflow

(5)

Op temp (°C) Part marking
(6)

OPA561PWP Active Production HTSSOP (PWP) | 20 70 | TUBE Yes NIPDAU Level-2-260C-1 YEAR 0 to 125 OPA561

OPA561PWP/2K Active Production HTSSOP (PWP) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR 0 to 125 OPA561
 
(1) Status:  For more details on status, see our product life cycle.

 
(2) Material type:  When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

 
(3) RoHS values:  Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

 
(4) Lead finish/Ball material:  Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

 
(5) MSL rating/Peak reflow:  The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

 
(6) Part marking:  There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

 
Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION

  

www.ti.com 2-Jun-2025

TUBE
 
 

L - Tube length
T - Tube  
height

W - Tube  
width

B - Alignment groove width
 
 
*All dimensions are nominal

Device Package Name Package Type Pins SPQ L (mm) W (mm) T (µm) B (mm)

OPA561PWP PWP HTSSOP 20 70 530 10.2 3600 3.5

OPA561PWP.B PWP HTSSOP 20 70 530 10.2 3600 3.5

Pack Materials-Page 1
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GENERIC PACKAGE VIEW

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

HTSSOP - 1.2 mm max heightPWP 20
SMALL OUTLINE PACKAGE6.5 x 4.4, 0.65 mm pitch

4224669/A
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重要通知和免责声明
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 产品的相关应用。 严禁以其他方式对这些资源进行
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
版权所有 © 2025，德州仪器 (TI) 公司

https://www.ti.com/zh-cn/legal/terms-conditions/terms-of-sale.html
https://www.ti.com
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