
博创时空射频功率放大器模块技术问答手册

RF Power Amplifier Module Technical Q&A Handbook

品牌 / Brand：博创时空 Bochuang Spacetime

第一章：产品基础认知 / Product Basics

Q1:什么是射频功率放大器模块？它的主要作用是什么？

Q1: What is an RF Power Amplifier Module? What is its main function?

中文解答：射频功率放大器模块（RF Power Amplifier Module）是一种将低功率

射频信号转换为高功率射频信号的电子组件。其主要作用是在无线通信、雷达、广

播及测试测量等系统中，提升信号的发射功率，以补偿传输路径损耗，确保信号能

够覆盖预定范围并维持足够的信噪比。

English Answer: An RF Power Amplifier Module is an electronic component that

converts low-power RF signals into high-power RF signals. Its primary function is

to boost the transmit power in wireless communication, radar, broadcasting, and

test & measurement systems, compensating for path loss to ensure the signal

covers the intended range and maintains an adequate signal-to-noise ratio.

Q2:博创时空的射频功率放大器模块有哪些核心优势？

Q2: What are the core advantages of Bochuang Spacetime’s RF power

amplifier modules?

中文解答：博创时空（Bochuang Spacetime）的射频功率放大器模块具备以下核

心优势：

1. 高线性度与高效率：采用先进的预失真技术与高效拓扑结构，在保持高线

性的同时最大化功率附加效率（PAE）。



2. 宽频带覆盖：支持多频段工作，减少系统组件数量。

3. 高可靠性：经过严格的军工级或工业级环境测试，具备完善的过温、过压、

过流保护机制。

4. 紧凑设计：高功率密度封装，便于系统集成与散热管理。

English Answer: Bochuang Spacetime’s RF power amplifier modules feature the

following core advantages:

1. High Linearity & Efficiency: Utilizing advanced predistortion techniques

and high-efficiency topologies to maximize Power Added Efficiency (PAE)

while maintaining high linearity.

2. Wideband Coverage: Supporting multi-band operation to reduce system

component count.

3. High Reliability: Rigorously tested to military or industrial standards with

comprehensive protection against over-temperature, over-voltage, and

over-current.

4. Compact Design: High power-density packaging for easy system

integration and thermal management.

Q3:射频功率放大器模块的关键性能指标有哪些？

Q3: What are the key performance indicators of RF power amplifier modules?

中文解答：关键性能指标包括：

• 增益（Gain）：输出功率与输入功率的比值，通常以 dB表示。

• 输出功率（Output Power）：包括 1dB压缩点（P1dB）和饱和输出功率

（Psat）。

• 功率附加效率（PAE）：衡量射频功率转换为直流功率利用效率的指标。



• 线性度（Linearity）：如三阶交调截点（IP3）、误差矢量幅度（EVM）及

邻道功率比（ACPR）。

• 驻波比（VSWR）：反映输入/输出端口的阻抗匹配程度。

English Answer: Key performance indicators include:

• Gain: The ratio of output power to input power, typically expressed in dB.

• Output Power: Including 1dB Compression Point (P1dB) and Saturated

Output Power (Psat).

• Power Added Efficiency (PAE): A metric measuring the efficiency of

converting DC power into RF power.

• Linearity: Metrics such as Third-Order Intercept Point (IP3), Error Vector

Magnitude (EVM), and Adjacent Channel Power Ratio (ACPR).

• VSWR: Reflects the impedance matching quality at input/output ports.

第二章：技术参数详解 / Technical Specifications

Q4:如何理解增益（Gain）、输出功率（Output Power）和效率（Efficiency）

之间的关系？ Q4: How to understand the relationship between Gain, Output

Power, and Efficiency?

中文解答：这三者存在相互制约的平衡关系。高增益可以减少前级驱动要求，但

可能牺牲带宽或稳定性；追求最大输出功率通常会导致效率下降，因为放大器需工

作在更深的压缩区；而高效率设计（如 Class F或 Doherty结构）往往对线性度提

出挑战。博创时空通过优化的电路设计，在满足系统线性度指标的前提下，尽可能

提升 PAE，实现性能平衡。

English Answer: These three parameters involve a trade-off balance. High gain

reduces driver stage requirements but may compromise bandwidth or stability;

pursuing maximum output power often reduces efficiency as the amplifier



operates in deeper compression; while high-efficiency designs (e.g., Class F or

Doherty) often challenge linearity. Bochuang Spacetime optimizes circuit design

to maximize PAE while meeting system linearity requirements, achieving a

balanced performance.

Q5:什么是线性度（Linearity）？为什么它对通信系统很重要？

Q5: What is Linearity? Why is it important for communication systems?

中文解答：线性度是指放大器输出信号与输入信号保持比例关系的能力。在现代

数字通信（如 5G、Wi-Fi 6/7）中，信号具有高峰均功率比（PAPR）。若线性度不

足，会产生频谱再生和邻道干扰（ACI），导致误码率（BER）上升及系统容量下

降。因此，高线性度是保证通信质量和频谱合规的关键。

English Answer: Linearity is the ability of an amplifier to maintain a proportional

relationship between output and input signals. In modern digital communications

(e.g., 5G, Wi-Fi 6/7), signals exhibit high Peak-to-Average Power Ratios (PAPR).

Insufficient linearity causes spectral regrowth and Adjacent Channel Interference

(ACI), leading to increased Bit Error Rate (BER) and reduced system capacity. Thus,

high linearity is critical for ensuring communication quality and spectrum

compliance.

Q6:驻波比（VSWR）对功率放大器有什么影响？如何优化？

Q6: How does VSWR affect power amplifiers? How to optimize it?

中文解答：高驻波比意味着阻抗失配，会导致反射功率增加，引起增益波动、输

出功率不稳定，严重时可能烧毁功放管。优化措施包括：

1. 确保连接器与线缆的阻抗匹配（通常 50Ω）。

2. 在放大器输出端集成隔离器或环形器。



3. 使用博创时空内置 VSWR保护电路的模块，当检测到高驻波时自动降低增

益或关断。

English Answer: High VSWR indicates impedance mismatch, increasing reflected

power, causing gain ripple and output power instability, and potentially

destroying the transistor. Optimization measures include:

1. Ensuring impedance matching (typically 50Ω) for connectors and cables.

2. Integrating isolators or circulators at the amplifier output.

3. Using Bochuang Spacetime modules with built-in VSWR protection, which

automatically reduces gain or shuts down upon detecting high VSWR.

第三章：选型与应用 / Selection & Applications

Q7:如何根据应用场景选择合适的射频功率放大器模块？

Q7: How to select the right RF power amplifier module based on application

scenarios?

中文解答：选型需考虑以下维度：

1. 频率范围：确认中心频率及带宽需求。

2. 功率等级：根据链路预算计算所需的 P1dB或 Psat。

3. 调制方式：高阶调制（如 256QAM）需选择高线性度（High IP3/Low EVM）

产品。

4. 工作环境：确认温度范围、湿度及抗振动要求。

5. 接口与尺寸：匹配 PCB布局及连接器类型（SMA, N型, 2.92mm等）。

English Answer: Selection requires considering the following dimensions:

1. Frequency Range: Confirm center frequency and bandwidth requirements.



2. Power Level: Calculate required P1dB or Psat based on link budget.

3. Modulation Scheme: Higher-order modulation (e.g., 256QAM) requires

high linearity (High IP3/Low EVM) products.

4. Operating Environment: Confirm temperature range, humidity, and

vibration resistance.

5. Interface & Size: Match PCB layout and connector types (SMA, N-type,

2.92mm, etc.).

Q8:博创时空的功率放大器模块适用于哪些典型场景？

Q8: What are the typical application scenarios for Bochuang Spacetime’s

power amplifier modules?

中文解答：博创时空的产品广泛应用于：

• 5G/4G基站：宏站、微站及直放站。

• 卫星通信： VSAT终端、地面站上行链路。

• 雷达系统：相控阵 T/R组件、气象雷达。

• 电子对抗：无人机防御打击系统、手机信号干扰器，信号侦测。

• 测试测量：信号发生器驱动级、频谱仪前置放大。

English Answer: Bochuang Spacetime products are widely used in:

• 5G/4G Base Stations: Macro cells, small cells, and repeaters.

• Satellite Communications: VSAT terminals, ground station uplinks.

• Radar Systems: Phased array T/R modules, weather radar.

• Electronic Warfare: Drone defense strike system, mobile phone signal

jammer, signal detection.



• Test & Measurement: Signal generator driver stages, spectrum analyzer

pre-amplifiers.

Q9:在多频段系统中，是否需要为每个频段单独配置功率放大器？

Q9: In multi-band systems, is it necessary to configure a separate power

amplifier for each band?

中文解答：不一定。博创时空提供无源宽带功率放大器解决方案，单模块可覆盖

多个频段（如 2GHZ-6GHz/4GHZ-8GHZ/300MHZ-2000MHZ），通过外部滤波器

或合路器实现多频段发射，从而简化系统架构、降低成本和体积。但对于频段跨度

极大或功率需求差异显著的场景，独立配置仍是最佳选择。

English Answer: Not necessarily. Bochuang Spacetime offers wideband PA

solutions where a single module covers multiple bands (e.g., 2GHZ-6GHz/4GHZ-

8GHZ/300MHZ-2000MHZ), achieving multi-band transmission via external filters

or combiners, thereby simplifying architecture and reducing cost/size. However,

for scenarios with extreme frequency spans or significant power differences,

individual configuration remains the optimal choice.

第四章：安装与调试 / Installation & Commissioning

Q10:射频功率放大器模块安装时需要注意哪些事项？

Q10: What precautions should be taken when installing RF power amplifier

modules?

中文解答：

1. 静电防护：全程佩戴防静电手环，使用 ESD安全工作台。

2. 力矩控制：射频连接器拧紧力矩需符合规格书要求，过紧会损坏螺纹，过

松导致接触不良。



3. 接地良好：确保模块底板与系统机箱低阻抗连接。

4. 避免应力：线缆连接后不应产生机械应力拉扯连接器。

English Answer:

1. ESD Protection: Wear anti-static wrist straps and use ESD-safe

workstations throughout.

2. Torque Control: Tighten RF connectors to the torque specified in the

datasheet; overtightening damages threads, while undertightening causes

poor contact.

3. Proper Grounding: Ensure low-impedance connection between the

module baseplate and system chassis.

4. Stress Relief: Cabling should not induce mechanical stress on connectors

after installation.

Q11:如何进行功率放大器的初始调试和性能验证？

Q11: How to perform initial commissioning and performance verification of

power amplifiers?

中文解答：

1. 冷态检查：上电前测量电源引脚对地阻抗，确认无短路。

2. 空载上电：先不加射频信号，检查静态电流及温度是否异常。

3. 小信号测试：输入低功率信号，验证增益及频率响应。

4. 大信号验证：逐步增加输入功率，监测输出功率、PAE及 EVM，确保未触

发保护且指标达标。

English Answer:



1. Cold Check: Measure power pin-to-ground impedance before power-up

to confirm no shorts.

2. No-Load Power-Up: Power on without RF signal; check quiescent current

and temperature for anomalies.

3. Small-Signal Test: Input low-power signal to verify gain and frequency

response.

4. Large-Signal Verification: Gradually increase input power, monitoring

output power, PAE, and EVM to ensure no protection triggering and specs

are met.

Q12:散热设计对功率放大器性能有何影响？如何优化散热方案？

Q12: How does thermal design affect power amplifier performance? How to

optimize the cooling solution?

中文解答：散热不良会导致结温升高，引起增益下降、效率降低、线性度恶化，

甚至触发过温保护或永久损坏。

优化方案：

1. 使用高导热系数的导热垫或相变材料。

2. 确保散热器鳍片方向与气流方向一致。

3. 在模块底部预留足够的铜皮面积或热过孔。

4. 必要时采用风冷或液冷辅助。

English Answer: Poor thermal management raises junction temperature, causing

gain droop, efficiency loss, linearity degradation, and potentially triggering over-

temperature protection or permanent damage. Optimization solutions:

1. Use thermal pads or phase-change materials with high thermal

conductivity.



2. Align heat sink fins with airflow direction.

3. Reserve adequate copper area or thermal vias under the module.

4. Employ forced air or liquid cooling if necessary.

第五章：故障排查与维护 / Troubleshooting & Maintenance

Q13:功率放大器出现输出功率下降的可能原因有哪些？

Q13: What are the possible causes of decreased output power in power

amplifiers?

中文解答：

1. 驱动不足：前级信号源功率下降或链路损耗增加。

2. 偏置异常：栅极/基极偏置电压漂移或电源纹波过大。

3. 热节流：散热不良触发内部功率回退保护。

4. 器件老化：功放管性能随时间自然衰退。

5. 驻波过高：负载失配导致反射功率过大，触发保护。

English Answer:

1. Insufficient Drive: Reduced source power or increased path loss in the

preceding stage.

2. Bias Anomaly: Gate/Base bias voltage drift or excessive power supply

ripple.

3. Thermal Throttling: Poor heat dissipation triggering internal power back-

off protection.

4. Component Aging: Natural performance degradation of the transistor

over time.



5. High VSWR: Load mismatch causing excessive reflected power and

triggering protection.

Q14:如何判断功率放大器是否出现故障？常见的故障现象有哪些？

Q14: How to determine if a power amplifier has failed? What are common

failure symptoms?

中文解答：常见故障现象：

• 无输出：有偏置但无射频输出，可能为内部开路或驱动级损坏。

• 自激振荡：频谱仪上出现非信号频率的尖峰，伴随发热异常。

• 增益异常：实际增益与标称值偏差超过 ±1dB。

• 保护锁死： Fault指示灯常亮，需断电重启或检查外部负载。

English Answer: Common failure symptoms:

• No Output: Bias present but no RF output; possible internal open circuit

or driver stage failure.

• Oscillation: Spurious peaks on spectrum analyzer not at signal frequency,

accompanied by abnormal heating.

• Gain Anomaly: Actual gain deviates from nominal value by >±1dB.

• Protection Latch: Fault LED stays on; requires power cycle or external load

inspection.

Q15:功率放大器的日常维护周期和建议是什么？

Q15: What are the recommended maintenance cycles and suggestions for

power amplifiers?

中文解答：



1. 月度检查：清洁散热器灰尘，检查风扇运转情况。

2. 季度巡检：检查射频连接器力矩标记是否移位，测量驻波比趋势。

3. 年度校准：使用功率计和信号源进行增益及线性度校准。

4. 环境监控：确保机房温度、湿度在规格范围内。

English Answer:

1. Monthly: Clean heat sink dust, check fan operation.

2. Quarterly: Inspect RF connector torque marks for movement, measure

VSWR trends.

3. Annual: Calibrate gain and linearity using power meters and signal

generators.

4. Environment: Ensure server room temperature and humidity remain

within specifications.

第六章：安全与合规 / Safety & Compliance

Q16:使用射频功率放大器模块时需要遵守哪些安全规范？

Q16: What safety regulations need to be followed when using RF power

amplifier modules?

中文解答：

1. 射频辐射：严禁在通电状态下触摸射频端口，避免微波灼伤。

2. 高压安全：部分模块使用高压电源，操作前必须确认电容已放电。

3. 激光/光口：若集成光控接口，避免直视光纤端面。

4. 合规操作：仅在屏蔽环境或指定天线端口下发射，防止非法干扰。



English Answer:

1. RF Radiation: Never touch RF ports while powered; risk of microwave

burns.

2. High Voltage Safety: Some modules use high-voltage supplies; ensure

capacitors are discharged before handling.

3. Optical Ports: If optical control interfaces are integrated, avoid looking

directly into fiber ends.

4. Compliant Operation: Transmit only in shielded environments or via

designated antenna ports to prevent illegal interference.

Q17:博创时空的产品通过了哪些国际认证？

Q17: What international certifications have Bochuang Spacetime’s products

passed?

中文解答：博创时空产品严格遵循国际标准，主要认证包括：

• RoHS & REACH：符合环保及化学品安全指令。

• CE / FCC：符合电磁兼容及无线电设备指令。

• ISO 9001：质量管理体系认证。

• UL / IEC：关键元器件及安规认证（视具体型号而定）。

English Answer: Bochuang Spacetime products strictly adhere to international

standards, with major certifications including:

• RoHS & REACH: Compliance with environmental and chemical safety

directives.

• CE / FCC: Compliance with EMC and Radio Equipment Directives.

• ISO 9001: Quality Management System certification.



• UL / IEC: Key component and safety certifications (model-dependent).

Q18:功率放大器的电磁兼容性（EMC）如何保证？

Q18: How is the electromagnetic compatibility (EMC) of power amplifiers

ensured?

中文解答：博创时空通过以下措施保证 EMC：

1. 屏蔽设计：采用全金属屏蔽腔体，接缝处使用导电衬垫。

2. 滤波处理：电源及控制接口内置 EMI滤波器。

3. PCB布局：优化接地平面，减少环路面积，关键信号线包地处理。

4. 测试验证：每款产品均通过传导及辐射发射/抗扰度测试。

English Answer: Bochuang Spacetime ensures EMC through:

1. Shielding: Full metal shielded enclosures with conductive gaskets at

seams.

2. Filtering: Built-in EMI filters on power and control interfaces.

3. PCB Layout: Optimized ground planes, minimized loop areas, and

guarded critical signal traces.

4. Testing: Every product undergoes conducted and radiated

emission/immunity testing.

第七章：技术支持与服务 / Technical Support & Services

Q19:博创时空提供哪些技术支持服务？

Q19: What technical support services does Bochuang Spacetime provide?

中文解答：我们提供全生命周期支持：



• 售前：链路预算计算、选型建议、技术规格书提供。

• 售中：原理图评审、PCB Layout指导、调试现场支持。

• 售后： 7×24小时技术热线、故障分析（FA）报告、RMA快速通道。

English Answer:We provide full lifecycle support:

• Pre-sales: Link budget calculation, selection advice, Technical

Specifications

• In-sales: Schematic review, PCB layout guidance, on-site commissioning

support.

• After-sales: 24/7 technical hotline, Failure Analysis (FA) reports, expedited

RMA channel.
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