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Introduction
Telecommunications equipment is often subjected to envi-
ronmental and other electrical stresses such as lightning 
strikes, equipment faults, and capacitor-bank switching. 
These events can cause input-voltage transients of up to 
100 V for durations of 10 ms. Various telecommunications 
standards, including the American National Standard 
(ANSI T1.315-2001 Specification) and Alliance for Tele-
communications Industry Solutions (ATIS-0600315.2007 
Specification), dictate the behavior of DC-powered equip-
ment used in telecommunications environments. 

In particular, these standards stipulate required behav-
iors when exposed to overvoltage transients. Overvoltage-
transient conformance to the above specifications requires 
that a power supply must:

• Be able to handle an input surge voltage of 100 V  
for 10 ms 

• Not be damaged or result in performance degradation

The design goals for today’s state-of-the-art isolated DC/
DC converters generally target an output voltage distur-
bance of less than 10% for all transient conditions of the 
input voltage. A large overshoot at the output may damage 
the downstream equipment and a big output-voltage 
undershoot can cause the equipment to shut 
down or reset. In the case of isolated DC/DC 
converters with synchronous rectification, a 
large reverse current may be generated that 
subjects electrical components to overstress 
and increases system noise, thus, disturbing 
the converter’s normal operation.

One condition that a designer must be 
mindful of is the input-voltage slew rate. An 
extremely-fast voltage slew rate (for example, 
50 V to 75 V in 2 µs) often can cause the 
output-voltage disturbance to exceed ±10%. It 
is unlikely that these standards will be relaxed 
any time soon. In fact, these conditions most 
likely will become even more stringent. 
Therefore, today’s isolated DC/DC power 
supplies must have a very good control method 
(or voltage feed forward) to limit the 

magnitude of the output-voltage undershoot and over-
shoot caused by an input-voltage transient.

Input-voltage feed forward within the power 
supply’s nominal input range
A huge challenge for designers of digitally-controlled 
isolated DC/DC converters is the attenuation of the 
output-voltage fluctuations during abrupt input-voltage 
transients that are within the power supply’s nominal 
input voltage range. However, in traditional primary-side 
controlled solutions (Figure 1), this is easy to manage. 
The sawtooth signal to the comparator has a peak value 
that is proportional to the input voltage and is used to 
terminate the duty cycle of the pulse-width modulator 
(PWM). In this way, the product of the input voltage and 
primary turn-on time is almost a constant value, no matter 
how fast the input voltage changes. Using this method, the 
output voltage has a very fast response for line-input 
transients.

In digitally-controlled solutions, the digital controller is 
usually located on the transformer’s secondary or output 
side. This allows the controller to achieve a better load-
transient response and to easily perform communication 
with the host microcontroller via I2C or PMBus™. 

Figure 1. Analog controller with PWM generation
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引言

电信设备常常会遭受诸如雷击、设备故障和电容器组开

关切换等环境及其他电应力。这些事件会引起高达 100 
V 且持续时间为 10 ms 的输入电压瞬变。各种电信标

准，包括美国国家标准（ANSI T1.315-2001 规范）和电

信业解决方案联盟（ATIS-0600315.2007 规范）在内，

都指定了电信环境中所使用的 DC 供电型设备的运行方

式。

特别地，这些标准规定了当遭遇过压瞬变时所必需的运

行方式。针对上述规范的过压瞬变相符性要求电源必须

拥有以下特性：

• 能够处理持续时间为 10 ms 的 100 V 输入浪涌电压

• 不会受损或导致性能劣化

当今顶尖的隔离式 DC/DC 转换器的设计目标一般是在

所有的输入电压瞬变条件下实现低于 10% 的输出电压

扰动。输出端上的大过冲有可能损坏下游设备，而大的

输出电压下冲则会导致设备停机或复位。对于采用同步

整流的隔离式 DC/DC 转换器而言，也许会

产生一个大的反向电流，该电流将使电气组

件承受过应力并增加系统噪声，因而干扰转

换器的正常工作。

设计人员必须注意的一个条件是输入电压转

换速率。极快的电压转换速率（例如：在 2 
μs 内从 50 V 至 75 V）常常会导致输出电

压扰动超过 ±10%。短时间内上述标准不

大可能放宽。事实上，最有可能的是这些条

件将变得更加严苛。因此，如今的隔离式 
DC/DC 电源必须具备一种非常好的控制方

法（即电压前馈）以限制由输入电压瞬变引

起的输出电压下冲和过冲的幅值。

电源标称输入范围内的输入电压前馈

对于数字控制型隔离式 DC/DC 转换器的设计人员来说，

面临的一个巨大的难题是如何减小突发输入电压瞬变（在

电源的标称输入电压范围之内）期间输出电压的波动。然

而，在传统的初级侧控制型解决方案（图 1）中，这是很

容易管理的。至比较器的锯齿波信号具有一个与输入电压

成正比的峰值，并用于终止脉宽调制器 (PWM) 的工作周

期。这样，无论输入电压变化的速度有多快，输入电压

与初级接通时间的乘积都几乎是一个恒定值。利用这种方

法，针对线路电压输入瞬变，输出电压可提供非常快的响

应。

在数字控制型解决方案中，数字控制器通常位于变压器的

次级或输出侧。这使得控制器能够实现更好的负载瞬态响

应，并通过 I2C 或 PMBusTM 轻松完成与主机微控制器的

通信。

图 1：具有 PWM 生成功能的模拟控制器
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Compared with a primary analog controller 
solution, it becomes more difficult for the 
digital controller to quickly and accurately 
detect the input voltage transients occurring 
on the transformer’s primary side. In a 
purely digital solution, the designer must 
consider further complexities such as A/D 
conversion delay, digital processing delay, 
and digital pulse-width modulator (DPWM) 
generating delay.

Solution
It is possible for a digitally-controlled solu-
tion to control duty cycle much like the 
analog solution. This means that the digital-
power controller in Figure 2 can be config-
ured with similar performance to the analog 
controller in Figure 1 while maintaining its 
digital flexibility.

The key challenge is how to generate a 
ramp similar to the analog solution. In buck-
derived DC/DC isolated topologies, input 
voltage can be reflected on the transformer’s 
secondary winding during the effective on time of the 
primary switch. The hard-switching full-bridge (HSFB) 
topology shown in Figure 3 is an example of the method 
for generating this ramp.

T1 represents the power transformer used in the HSFB 
topology. When a pair of primary switches are turned on, 
the input voltage reflected on the secondary winding 
charges C1 through R1 and R3. This continues until the 

Figure 2. A digital controller configured similar 
to an analog PWM controller
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Figure 3. RAMP generation with HSFB topology
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PCM comparator terminates the pulse of the primary gate 
driver when the sawtooth voltage on the EAP2 pin 
exceeds the DAC’s output. DPWM3A is a complementary 
signal of the primary gate driver that is generated by the 
digital controller. This controller is used to discharge C1 at 
every half switching cycle. R2 is added to limit the voltage 
on the EAP2 pin, which is lower than its maximum voltage 
rating at any condition. 
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图 2：被配置为类似于模拟 PWM 控制器的
数字控制器

图 3：采用 HSFB 拓扑的斜坡生成

C1 充电。这将持续到 PCM 比较器在 EAP2 引脚上的锯

齿波电压超过 DAC 的输出时终止主栅极驱动器的脉冲为

止。DPWM3A 是主栅极驱动器的一个互补信号，其由数

字控制器产生。该控制器用于给 C1 放电（每半个开关周

期一次）。增设 R2 的目的在于限制 EAP2 引脚上的电

压，在任何条件下该电压都低于其最大电压额定值。

相比于最初的模拟控制器解决方案，数字

控制器要想快速而准确地检测出现在变压

器初级侧上的输入电压瞬变变得更加困难

了。在纯数字解决方案中，设计人员必须

考虑深一层的复杂性，如 A/D 转换延迟、

数字处理延迟和数字脉宽调制器 (DPWM) 
生成延迟。

解决方案

数字控制型解决方案可以采用与模拟解决

方案非常相似的方式来控制占空比。这意

味着可通过配置使图 2 中的数字电源控制

器拥有与图  1 中的模拟控制器相似的性

能，同时保持其数字灵活性。

主要的挑战是怎样生成一个类似于模拟

解决方案的斜坡。在由降压导出的隔离

式 DC/DC 隔离式拓扑中，输入电压可在

主开关的有效导通时间里反射在变压器的次级绕组上。

在用于生成该斜坡的方法中，图 3 中示出的硬开关全桥 
(HSFB) 式拓扑便是一个例子。

T1 代表 HSFB 拓扑中使用的电源变压器。当一对主开关

接通时，反射在次级绕组上的输入电压通过 R1 和 R3 给 
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Test results 
The test comparison in Figure 4 was generated with the 
UCD3138HSFBEVM-029 evaluation module (EVM), which 
is a HSFB demo module with a 12-V output. This EVM 
employs a non-linear multiplier solution to implement 
input-voltage feed-foward control that can achieve a good 
output response. However, the method proposed here can 
achieve an even better performance. The amplitude of 
both overshoot and undershoot is reduced by four times 
when the input voltage steps between 36 V and 60 V with 
a voltage slew rate of 1 V/µs. The 36-V minimum voltage of 
this transience test was chosen because the output voltage 
cannot maintain below that limit, or output voltage-hold 
threshold.

Avoid reverse current when input voltage drops 
below the output voltage-hold threshold
When the input voltage drops below the output voltage-
hold threshold, the duty cycle reaches its maximum value. 
Now the product of the input voltage and duty cycle 
decreases. If the power stage still operates in the synchro-
nous rectification mode, this causes the energy stored in 
the output capacitor to flow in a reverse direction to the 
input.

The reverse current could be huge, which may cause 
overcurrent stress on the power train. A popular solution 
is to add a reverse-current protection circuit where the 
synchronous rectifier (SR) is turned off when reverse 

Figure 4. A comparison test for input-voltage transients between 36 V and 60 V
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测试结果

图 4 中的测试结果比较是利用 UCD3138HSFBEVM-029 
评估模块  (EVM) 生成的，其为一款具有  12 V 输出的 
HSFB 演示模块。该 EVM 采用了一种非线性乘法器解决

方案，以实施能够实现优良输出响应的输入电压前馈控

制。不过，这里提出的方法能够实现更好的性能。当输

入电压阶跃介于 36 V 至 60 V 之间且电压转换速率为 1 
μV/s 时，过冲和下冲的幅度均降低了 4 倍。该瞬变测试

之所以选择 36 V 的最小电压，原因是在该限值（即输出

电压保持门限）以下无法维持输出电压。

避免在输入电压降至低于输出电压保持门限时
出现反向电流

当输入电压降至输出电压保持门限以下时，占空比达到

其最大值。此时，输入电压与占空比的乘积减小。如果

功率级仍然工作于同步整流模式，则将导致输出电容器

中的储存能量反方向流动至输入端。

反向电流有可能很大，这或许会在功率链路上引起过流

应力。常用的解决方案是增设一个反向电流保护电路，

该电路将在反向电流大于某个安全门限时关闭同步整流

器 (SR)。（接下页）

图 4：针对 36 V 至 60 V 输入瞬变的测试结果比较

（a）建议的解决方案：过冲小于 200 mV

（c）建议的解决方案：下冲小于 200 mV

（b） 原先的解决方案：过冲大于 900 mV

（d）原先的解决方案：下冲大于 800 mV
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current is larger than a safe threshold. This way, the loop 
of the reverse current through the output inductance is 
cut off abruptly. The energy stored in the output induc-
tance, causes an avalanche breakdown of the SR, which 
can cause SR failure.

Solution
To solve this problem, a voltage-detection circuit can turn 
off the SR immediately. This occurs before the reverse 
current is generated and when the input voltage drops 
to lower than the output voltage-hold threshold. The 
circuit shown in Figure 5 detects the input voltage 
from the transformer’s center tap (V_TAP). The EAP1 
pin, which belongs to the UCD3138 front-end block, 
can be configured to sample the voltage only at the 
on-time of the primary switch when the V-TAP’s 
voltage reflects an input voltage.

In Figure 6, the scaled down input voltage is 
converted to a digital number stored in the ABS regis-
ters. A pair of digital window comparators inside the 
digital controller are configured to detect the under-
voltage input and the input-voltage recovery. When an 
input voltage below the output voltage-hold threshold 

is detected, within nanoseconds, digital comparator 0 
issues a fault signal to the DWPM module to shut down 
the DMPM0B/1B, SR-gate drive signal. When the input 
voltage recovers, the digital comparator 1 triggers a fast 
firmware interruption that enables the SR-gate driver. A 
pre-bias startup routine is started so that the output 
voltage can recover in the shortest amount of time.

Figure 6. Turn-on/off control of a synchronous rectifier 
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（续上页）这样，通过输出电感的反向电流环路被突然

切断。存储在输出电感中能量引起 SR 的雪崩击穿，从

而会导致 SR 失效。

解决方案

为了解决该问题，采用一个电压检测电路能够立即关

闭  SR。这发生在反向电流生成之前以及输入电压降

至低于输出电压保持门限之时。图 5 中示出的电路可

检测来自变压器中心抽头的输入电压 (V_TAP)。属于 
UCD3138 前端功能块的 EAP1 引脚可配置为仅在主开

关的导通时间进行电压采样（当 V-TAP 的电压反射一个

输入电压时）。

在图 6 中，调低的输入电压被转换为一个数字值存储在 
ABS 寄存器中。数字控制器内部的一对数字窗口比较

器被配置为检测欠压输入和输入电压恢复。当检测到一

个低于输出电压保持门限的输入电压时，数字比较器 0 
将在几纳秒之内向 DPWM 模块发送一个故障信号，以

关断 DMPM0B/1B（SR 栅极驱动信号）。当输入电压恢

复时，数字比较器 1 将触发一个快速固件中断，以使能 
SR 栅极驱动器。起动一个预偏压启动例程以便输出电压

能够在最短的时间里恢复。

图 5：输入电压检测电路

图 6：同步整流器的接通 / 关闭控制
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Test results
The proposed solution is designed to shut down the SR 
gate driver signal as soon as the input voltage drops below 
36 V (Figure 7a). There is no reverse current discharging 
the output capacitor and the output voltage under no-load 
test barely changes while the input voltage stays at 22 V. 
In comparison, the original SR gate-driver EVM solution 
(Figure 7b) continues to run, even though the input 
voltage is below 36 V. The reverse current is generated, 
causing the output voltage to be discharged, even under 
no-load conditions.

The original EVM solution does not have a pre-bias start-
up function when the input voltage recovers to its normal 
value, which causes an output voltage overshoot and trig-
gers OVP after the input voltage recovers (Figure 7d). For 
a full-load test, the output voltage in the proposed solution 
is discharged by the load (Figure 7c). When the input 
voltage recovers, the output can immediately and monoto-
nously rise back to the regulated voltage, which is 
controlled by the pre-bias startup routine.

Conclusion
It was shown that a secondary-side, digitally-controlled 
solution provides good performance under line-transient 
test conditions.

A proposed solution showed that the output voltage 
remained almost unchanged as long as the input-voltage 
transient is above the output voltage-hold threshold. The 
solution also avoided reverse current from occurring when 
the input voltage was lower than the output voltage-hold 
threshold. Additionally, a stringent and monotonous 
startup waveform was achieved when the input voltage 
recovered.

Related Web sites
Product information:
UCD3138HSFBEVM-029 
UCC28251 
UCD3138 

Subscribe to the AAJ:
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Figure 7. Test results when the input-voltage transient is between 60 V and 20 V

Time (5 ms/div)

4

1

3

Input
(20 V/div)

Output
(5 V/div)

SR Gate Drive
(5 V/div)

(a) Proposed solution with no load (b) Original solution with no load

(c) Proposed solution with full load (d) Original solution with full load

Time (10 ms/div)

4

1

3

Input (50 V/div)

Output (2 V/div)

SR Gate Drive
(5 V/div)

Time (500 µs/div)

4

1

3

Input (20 V/div)

Output (5 V/div)

SR Gate Drive
(5 V/div)

模拟应用期刊 通信

测试结果

建议的解决方案专为在输入电压降至低于 36 V 时立即

关断 SR 栅极驱动器信号而设计（图 7a）。没有对输

出电容器放电的反向电流，而且当输入电压处于 22 V 
时，无负载测试条件下的输出电压几乎不变。相比之

下，原先的 SR 栅极驱动器 EVM 解决方案（图 7b）
则继续运行，即使输入电压降至 36 V 以下也不例外。

这生成了反向电流，从而引起输出电压放电，即便在

无负载情况下也是如此。

当输入电压恢复至其正常值时，原先的 EVM 解决方

案不具备预偏压启动功能，这将引起输出电压过冲并

在输入电压恢复之后触发过压保护 (OVP)（图 7d）。

对于满负载测试，建议解决方案中的输出电压由负载

放电（图 7c）。当输入电压恢复时，输出能够立刻和

单调地回升至稳定电压，这受控于预偏压启动例程。

结论

结果表明，一款次级侧、数字控制型解决方案可在线路电

压瞬变测试条件下提供良好的性能。

建议的解决方案显示：只要输入电压瞬变高于输出电压保

持门限，则输出电压几乎保持不变。该解决方案还能够避

免在输入电压低于输出电压保持门限时出现反向电流。此

外，当输入电压恢复时还实现了严格和单调的启动波形。

相关网站

产品信息：

UCD3138HSFBEVM-029
UCC28251
UCD3138

订阅 AAJ：

www.ti.com.cn/subscribe-aaj

图 7：输入电压瞬变介于 60 V 和 20 V 之间时的测试结果

（a）建议的解决方案（无负载）

（c）建议的解决方案（满负载）

（b） 原先的解决方案（无负载）

（d）原先的解决方案（满负载）
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