
OPTOELECTRONICS CIRCUIT COLLECTION
By Neil Albaugh

AVALANCHE PHOTODIODE BIAS SUPPLY 1
Provides an output voltage of 0V to +80V for reverse biasing
an avalanche photodiode to control its gain. This circuit can
also be reconfigured to supply a 0V to –80V output.

LINEAR TEC DRIVER–1
This is a bridge-tied load (BTL) linear amplifier for driving
a thermoelectric cooler (TEC). It operates on a single +5V
supply and can drive ±2A into a common TEC.

LINEAR TEC DRIVER–2
This is very similar to DRIVER–1 but its power output stage
was modified to operate from a single +3.3V supply in order
to increase its efficiency. Driving this amplifier from a
standard +2.5V referenced signal causes the output transis-
tors to have unequal power dissipation.

LINEAR TEC DRIVER–3
This BTL TEC driver power output stage achieves very high
efficiency by swinging very close to its supply rails, ±2.5V.
This driver can also drive ±2A into a common TEC. Opera-
tion is shown with the power output stage operating on
±1.5V supplies. Under these conditions, this linear amplifier
can achieve very high efficiency.
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The following collection of analog circuits may be useful in electro-optics applications such as optical networking
systems. This page summarizes their salient characteristics.

LASER DIODE DRIVER–1
A single-ended voltage–controlled current source is shown
here. This circuit operates from a single +3.3V supply and it
can drive from 0A to 2A into a laser diode with a 0V to 2V
input from a Digital-to-Analog (D/A) converter. Its input
can be also be configured for a 0V to –2V input voltage.

LASER DIODE DRIVER–2
Similar to the previous circuit except that it operates from
±5V supplies and it is inverting; i.e., drives from 0A to 2A
into a laser diode with a 0V to –2V input. A very low noise
bipolar input op amp allows this circuit to achieve a low
noise output current, an important consideration in dense
channel spacing systems. As drawn, neither terminal of the
laser diode is grounded.

TEMPERATURE UNDER–AND OVER–RANGE
SENSING WITH A WINDOW COMPARATOR
This circuit is useful to monitor the temperature of a TEC
thermistor, to sense an out-of-range condition, or if the
thermistor is shorted or open. Current sources make the
threshold adjustments non-iterative. The supply voltage is
+5V.

www.ti.com

光电子电路集

本文档收集的模拟电路，在电光学应用中，尤其是连网的光学系统中，具有很大的用处。本文档主要总结

了这些电路的一些主要特点。

雪崩光电二极管偏压电源－1

为了控制它的增益，反偏压雪崩光电二极管需要提供

0V到+80V的输出电压。这种电路也可以被调整成0V
到-80V的输出电压。

线性TEC驱动器－1

这是一个桥式负载的线性放大器(BTL)，可以驱动热电

冷却器(TEC)。它工作电压是+5V，并且能给一般TEC提
供±2A的驱动电流。

线性TEC驱动器–� 

这个电路和驱动器－1是非常相似的，但是，为了提高

效率，它的电源输出级要单独提供＋3.3V电源供电。用

标准的＋2.5V参考信号来驱动放大器，会引起输出晶体

管达不到额定功率。

线性TEC驱动器–�

这个BTL TEC驱动电压的输出级，通过提供与±2.5V电
源轨非常接近电压的方法，可以获得非常高的效率。此

驱动器可以给一般的TEC提供±2A驱动电流。在±1.5V
电压供电的情况下，电压输出状态可以正常运行，并且

在这种情况下，此线性的放大器具有非常高的效率。

By Neil Albaugh

激光二极管驱动器–1

在这里显示的是一个单端电压控制电流源。这个电路是

采取单独+3.3V供电，并且通过从数模转换器获取0V到

2V的输入电压，它可以给激光二极管提供0A至2A的驱

动电流。它的输入电压也可以配置为0V到–2V。

激光二极管驱动器–�

和前一个电路相似，但是它的工作电压为±5V，并且是

反相的，即通过0V到–2V的输入，可为激光二极管提供

0A到2A的驱动电流。一个具有非常低噪声的双极型输

入运算放大器，可以使这个电路输出低噪声电流，在信

道间隔稠密的系统中，这一点是非常重要的。注意，正

如图所显示的一样，不要把激光二级管任何一端接地。

具有标识高低温度极限范围的窗体比较器

这个电路对于检测TEC热敏电阻的温度是非常有用的，

可以检测出热敏电阻超出温度范围的条件，或者热敏电

阻是否被短路或开路的情况。由于电流源的原因，不能

进行重复调整阈值。该电路供电电压为+5V。

应用报告
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AVALANCHE PHOTODIODE
BIAS SUPPLY–1
An avalanche photodiode (APD) is commonly used in opti-
cal detector circuits that require high sensitivity and wide
bandwidth. A high reverse bias voltage across the photo-
diode junction creates avalanche gain, and varying the re-
verse bias voltage can control this gain. Although some
APDs require a bias of a few hundred volts, many InGaAs
and Si APDs require only 60V to 80V.
The circuit shown in Figure 1 can provide a positive bias
voltage of up to +80V to an APD. The 0V to +2V input
control voltage can be a DAC output or from an analog
source.
The OPA445 high-voltage op amp is rated to operate with up
to ±45V supplies and it can provide up to ±15mA if its
power dissipation limits are observed. To obtain a high
positive output voltage from this op amp, it can be operated
from unequal supplies as long as the voltage difference
between the supplies is 90V or less and the amplifier’s
common-mode input voltage stays within its specified range.
To allow the OPA445’s output voltage to swing to zero, a
negative supply of –5V was chosen. Staying within the 90V
supply voltage difference specification, a +85V positive
supply was chosen. This allows the OPA445 output voltage
to swing up to +80V.
RIN and RF set the gain of this noninverting op amp circuit
to 40V/V. As illustrated in Figure 2 an input of 0V to +2V
results in an output of 0V to +80V.
Other gains can be calculated by the equation:

Av R
R

F

IN
=





 + 1

Other op amps can be used in this circuit if lower output
voltages are desired. An  OPA551 or OPA552 can be used
for a 0V to +50V bias supply if its positive supply voltage
is reduced to +55V.
Bandwidth of this circuit is about 60kHz, as seen in
Figure 3. To reduce noise, a capacitor can be placed in
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FIGURE 1. Positive Bias Supply Circuit Diagram.

parallel with RF. In addition, low-pass filtering can be
accomplished by adding a passive RC low-pass filter (LPF)
on the DAC output, the OPA445 output, or both. Low noise
on the bias supply is important, noise on an APD bias supply
will feed through into the following stage–usually a
transimpedance amplifier.
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FIGURE 2. APD Bias Supply DC Output versus Input Voltage.
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FIGURE 3. APD Bias Supply Small Signal Bandwidth.
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雪崩光电二极管栅极偏压电源–1

雪崩光电二极管(APD)一般用在高敏感、宽带宽的光探

测电路。高的反偏压电压通过此光电二极管的节点可以

产生一个雪崩增益，变换的反偏压电压能控制这个增

益。虽然一些APDs需要很少的几百伏偏压，但是，许

多InGaAs和Si APDs仅仅需要60V到80V。图1所示，雪

崩光电二极管提供了一个+80V的正向偏压。0V到+2V
的输入控制电压，可以从DAC的输出得到或由模拟设备

提供。

OPA445高电压放大器额定工作电压为±45V，如果可

以测量功耗极限的话，那么它可以提供±15mA驱动电

流。为了从运算放大器得到较高的正向输出电压，只要

其电压差小于等于90 V并且放大器的共模输入电压在规

定的范围内，该运算放大器可以由两个不相等电压源

来供电。为了让OPA445的输出电压趋向于零，可以选

择负的5V供电电压。同时在90V供电压差之范围内，如

果选择+85V的正向供电电压，OPA445的输出电压是

+80V。RIN和RF 使同相运算放大电路的增益是40V/V。
如图2所示，输入0V到+2V，输出可达到0V 到+80V。

其它的增益可以按照下面的公式来计算：

如果希望得到较低的输出电压，在这个电路中，可采用

其它运算放大器。如果正相供电电压降低到+55 V，为

了得到0 V到+50 V的偏压，可以使用OPA551或OPA552
等运算放大器。

这个电路的带宽大概是60kHz，如图3所示，为了降低

噪声，可以在RF上并连一个电容。另外，电路中需要使

用低通滤波，可连接在DAC输出端，OPA445输出端或

二者输出端，都添加被动RC低通滤波器(LPF)。在偏压

电源上需要较低的噪声，因为APD偏压电源的噪声会传

递给下一级电路，通常是跨阻抗放大器。
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图2. 雪崩光电二极管（APD）偏压供电直流输出和输入 
        电压的比

图3. 雪崩光电二极管偏压供电小信号带宽

图1. 正相偏压电源电路图
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The circuit’s transient response in Figure 4 shows a clean
step response with no peaking or overshoot.
The OPA445 is now offered in a SO-8 surface–mount
package, so adding a programmable APD bias supply into a
corner of a larger PCB layout is now feasible.
This bias supply circuit can easily be reconfigured to supply
a 0V to –80V output by changing the op amp’s supplies to
+5V and –85V. A 0V to –2V input is required, but a 0V to
+2V input can be used if the input is connected to RIN and
the op amp noninverting input is grounded. This changes the
op amp to an inverting configuration. Note that the circuit’s
input impedance is now lower (equal to RIN) if the OPA445
is used as an inverter. The familiar inverting op amp gain
equation is:
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FIGURE 4. APD Bias Supply Transient Response.

LASER DIODE DRIVER–1
The voltage-controlled current source circuit shown in Fig-
ure 5 can be used to drive a constant current into a signal or
pump laser diode. This simple linear driver provides a
cleaner drive current into a laser diode than switching PWM
drivers.
The basic circuit is that of a Howland current pump with a
current booster (Q1) on the output of a R-R CMOS OPA350
op amp (U2). Laser diode current is sensed by differentially
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FIGURE 5. Laser Diode Constant–Current Driver–1, Circuit Diagram.

measuring the voltage drop across a shunt resistor (RSHUNT)
in series with the laser diode. The output current is con-
trolled by the input voltage (VIN) that may be from an analog
voltage source or from a voltage-output DAC. As shown, the
scale factor is 1V input equals 1A output.
The scale factor (VIN/IOUT) can be set to other values by
choosing appropriate resistor values using the equation:

V
I

R
R

RIN

OUT

3

4
SHUNT= •  and, R1 = R3, R2 = R4
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The circuit’s transient response in Figure 4 shows a clean
step response with no peaking or overshoot.
The OPA445 is now offered in a SO-8 surface–mount
package, so adding a programmable APD bias supply into a
corner of a larger PCB layout is now feasible.
This bias supply circuit can easily be reconfigured to supply
a 0V to –80V output by changing the op amp’s supplies to
+5V and –85V. A 0V to –2V input is required, but a 0V to
+2V input can be used if the input is connected to RIN and
the op amp noninverting input is grounded. This changes the
op amp to an inverting configuration. Note that the circuit’s
input impedance is now lower (equal to RIN) if the OPA445
is used as an inverter. The familiar inverting op amp gain
equation is:
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LASER DIODE DRIVER–1
The voltage-controlled current source circuit shown in Fig-
ure 5 can be used to drive a constant current into a signal or
pump laser diode. This simple linear driver provides a
cleaner drive current into a laser diode than switching PWM
drivers.
The basic circuit is that of a Howland current pump with a
current booster (Q1) on the output of a R-R CMOS OPA350
op amp (U2). Laser diode current is sensed by differentially
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measuring the voltage drop across a shunt resistor (RSHUNT)
in series with the laser diode. The output current is con-
trolled by the input voltage (VIN) that may be from an analog
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scale factor is 1V input equals 1A output.
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图4显示了这个电路的瞬态响应，从图可以看到，它是

不具有峰值和波谷的阶跃响应。OPA445是SO8表面封

装的，所以在PCB布线板的一个角上，增加一个可编程

的雪崩光电二极管偏压供电是可行的。这个偏压电源电

路，把修改运算放大器供电为+5V和–85V，就可以被配

置成具有0V到–80V的输出电路，同时需要一个0V到–2V
输入电压，但是，如果电路能够与RIN输入引脚、运算

放大器的输入地引脚相连接，那么通常采用0V到+2V输
入电压。这样就把运算放大器变成了反相配置，注意到

在选择了OPA445作为反相器的条件下，电源的输入阻

抗是低于（或者等于RIN），

常用的反相运算放大器的增益等式是:

图4. 雪崩二极管偏压供电瞬态响应。

激光二极管激励器－1

图5显示的这种电压控制电流源电路，可以用来给一个

信号或者是泵激光二极管提供恒定的电流。这种线性的

驱动器给激光二极管比开关PWM电路，提供了更干净

的驱动电流。

这种基本的电路是在R-R CMOS OPA350运算放大器的

输出引脚上连接具有电流增压器功能的电流泵。在激光

二极管上串联一个分流电阻器，通过测量分流电阻上的

电压降来测量激光二极管电流。

输出电流由输入电压控制，输入电压是来自一个模拟电

压源或数模转换器的输出电压。正如图所示，比例因子

是1V的输入得到1A的输出。比例因子可以是其它值，

主要是通过修改下面的公式，选择合适的电阻值:

图5. 激光二极管恒定电流驱动器－1电路图
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FIGURE 7. Output Current and Q1 Power Dissipation versus
Input Voltage with 5V Supply.
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FIGURE 8. Laser Driver Transient Response with +3.3V
Supply.

FIGURE 9. Laser Driver Transient Response with +5V Supply.
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A P–Spice simulation (DC sweep) was performed on VIN,
sweeping the input voltage from 0V to 2V. The lower curve,
shown in Figure 6, shows the relationship of the laser diode
current to the input voltage. Power dissipation of Q1 is
shown in the upper curve.

FIGURE 6. Output Current and Q1 Power Dissipation ver-
sus Input Voltage with 3.3V Supply.
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Operating on a supply voltage of 3.3V, Q1 dissipates only
1.5W at an output current of 1A. This is well within the
capability of the FTZ transistor, as its SOT-223 package can
dissipate heat into the copper traces on a PC board.
Similar curves are shown in Figure 7 for operation on a 5V
supply voltage. This clearly shows the power advantage in
operating the current source on a low supply voltage. The
higher 5V supply voltage is advantageous if a higher output
compliance voltage is required. A laser diode macromodel
was unavailable, so a laser diode junction was simulated by
a series connection of three silicon diodes.

sponse on both the rising and falling edges of the pulse.
Figure 9 also shows clean pulse response operating on a 5V
supply.

Changing the value of the shunt resistor or the scale factor
will necessitate changing the compensation capacitor C1.
Verify that your circuit is stable before connecting an expen-
sive laser diode to the output.
If a negative output control voltage is available, it can be
applied to R1 and R3 is then tied to ground. The amplifier is
then configured as an inverting amplifier.
The power booster used for Q1 is a very high gain single NPN
transistor, and is not a Darlington, it has a Beta of over 300
at a collector current of 1A, allowing the CMOS OPA350 op
amp to easily drive it to high currents. Zetex rates its continu-
ous collector current as 6.5A but SOA limits are reached
before approaching this current.
If a unidirectional output current is acceptable, this circuit
can be used to drive a TEC for cooling a laser diode or an
APD. Adding a mechanical switch or a low on-resistance
H-bridge will allow the TEC polarity to be switched and
changed from heating to cooling.
Satisfactory operation of this circuit should be verified in
your actual application by breadboarding and testing.

The P–Spice Probe output of a transient response simulation is
shown in Figure 8. The input voltage pulse amplitude was
stepped from 10mV to 500mV to 10mV to 2V, the current
output waveform was plotted. The circuit displays clean re-

VIN = 2V

VIN = 1.5V

VIN = 1V

VIN = 0.5V

2.5

2.0

1.5

1.0

0.5

0

I O
U

T 
(A

)

0 100 200 300 400 500
Time (µs)

4
SBEA001

FIGURE 7. Output Current and Q1 Power Dissipation versus
Input Voltage with 5V Supply.

6.0

4.0

2.0

0

2.0

1.0

0

P
D
 (W

)
I O

U
T 

(A
)

0 0.5 1.0 1.5 2.0

VIN (V)

FIGURE 8. Laser Driver Transient Response with +3.3V
Supply.

FIGURE 9. Laser Driver Transient Response with +5V Supply.

VIN = 2V

VIN = 1.5V

VIN = 1V

VIN = 0.5V

2.5

2.0

1.5

1.0

0.5

0

I O
U

T 
(A

)

0 100 200 300 400 500
Time (µs)
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sweeping the input voltage from 0V to 2V. The lower curve,
shown in Figure 6, shows the relationship of the laser diode
current to the input voltage. Power dissipation of Q1 is
shown in the upper curve.
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Operating on a supply voltage of 3.3V, Q1 dissipates only
1.5W at an output current of 1A. This is well within the
capability of the FTZ transistor, as its SOT-223 package can
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then configured as an inverting amplifier.
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at a collector current of 1A, allowing the CMOS OPA350 op
amp to easily drive it to high currents. Zetex rates its continu-
ous collector current as 6.5A but SOA limits are reached
before approaching this current.
If a unidirectional output current is acceptable, this circuit
can be used to drive a TEC for cooling a laser diode or an
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H-bridge will allow the TEC polarity to be switched and
changed from heating to cooling.
Satisfactory operation of this circuit should be verified in
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A P–Spice simulation (DC sweep) was performed on VIN,
sweeping the input voltage from 0V to 2V. The lower curve,
shown in Figure 6, shows the relationship of the laser diode
current to the input voltage. Power dissipation of Q1 is
shown in the upper curve.
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A P–Spice simulation (DC sweep) was performed on VIN,
sweeping the input voltage from 0V to 2V. The lower curve,
shown in Figure 6, shows the relationship of the laser diode
current to the input voltage. Power dissipation of Q1 is
shown in the upper curve.
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Operating on a supply voltage of 3.3V, Q1 dissipates only
1.5W at an output current of 1A. This is well within the
capability of the FTZ transistor, as its SOT-223 package can
dissipate heat into the copper traces on a PC board.
Similar curves are shown in Figure 7 for operation on a 5V
supply voltage. This clearly shows the power advantage in
operating the current source on a low supply voltage. The
higher 5V supply voltage is advantageous if a higher output
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was unavailable, so a laser diode junction was simulated by
a series connection of three silicon diodes.
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supply.

Changing the value of the shunt resistor or the scale factor
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Verify that your circuit is stable before connecting an expen-
sive laser diode to the output.
If a negative output control voltage is available, it can be
applied to R1 and R3 is then tied to ground. The amplifier is
then configured as an inverting amplifier.
The power booster used for Q1 is a very high gain single NPN
transistor, and is not a Darlington, it has a Beta of over 300
at a collector current of 1A, allowing the CMOS OPA350 op
amp to easily drive it to high currents. Zetex rates its continu-
ous collector current as 6.5A but SOA limits are reached
before approaching this current.
If a unidirectional output current is acceptable, this circuit
can be used to drive a TEC for cooling a laser diode or an
APD. Adding a mechanical switch or a low on-resistance
H-bridge will allow the TEC polarity to be switched and
changed from heating to cooling.
Satisfactory operation of this circuit should be verified in
your actual application by breadboarding and testing.
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output waveform was plotted. The circuit displays clean re-

VIN = 2V

VIN = 1.5V

VIN = 1V

VIN = 0.5V

2.5

2.0

1.5

1.0

0.5

0

I O
U

T 
(A

)

0 100 200 300 400 500
Time (µs)

在VIN引脚上进行PSpice模拟（直流扫描），扫描输入

电压从0V到2V。图6中靠近下面的曲线，表明了激光二

极管电流和输入电压的关系，功耗Q1显示在曲线上。

图6.在供电3.3V上，输出电流和功耗Q1与输入电压的比例

在供电3.3V上，当输出1A的电流时，功耗只有1.5W ，
这也在FTZ晶体管承受范围之内，SOT-223封装的芯片

可以通过PCB电路板上的铜铺来散热。

在图7中，在5伏的供电情况下，也具有类似的曲线，明

显可以看到在低电压供电情况下的电流源的功耗优点，

如果需要高恒流制输出电压，那么高5V的供电电压就具

有优势。没有必要使用激光二极管的宏观模式，所以，

激光二极管连接点可以通过三个硅二极管连接在一起来

模拟。

图7.在供电5V上，输出的电压和功耗Q1与输入电压的比例

图8显示了瞬态响应的PSpice探针输出图，输入电压的

脉冲被逐级放大，从10mV到500mV和10mV到2V，可以

绘制出电流的输出波形，电路在脉冲的上升和下降边缘

没有明显的响应。图9显示了在5V供电下的脉冲响应。

图8. 在供电3.3伏时，激光驱动器瞬时响应

图9. 在供电5伏时，激光驱动器瞬时响应

改变分流电阻的阻值，或者比例因子，都必然改变补偿

电容的值C1。在连接高成本的激光二极管作为输出时，

必须保证你的电路的稳定性。

如果得到负的控制电压，那么电阻R1和R3就要连接

地。放大器就被配置成反相的放大器，采用的电压升压

器Q1就会是一个很高的NPN增益，而不是一个复合晶

体管，在基极电流是1A时，电路就具有超过300贝他系

数，如果这样，CMOS OPA350放大器很容易把它驱动

到高的电流值。在近似到达这个电流之前，晶体管集电

极连续电流达到6.5A，但是已经达到了SOA的极限值。

如果可以接受一个没有方向的输出电流，那么这个电路

就可以用来驱动TEC，来冷却激光二极管或者是雪崩二

极管。增加一个机械开关，或者一个低导通H桥式，将

使TEC可以从制热状态到制冷状态进行变化。

在你的实际应用中，复合这个电路要求的操作需要进行

修改，这些修改都可以通过测试和模拟板实验。
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LASER DIODE DRIVER–2
The voltage-controlled current source circuit shown in
Figure 10 can be used to drive a very low-noise constant
current into a signal or pump laser diode. This simple linear
driver provides a far cleaner drive current into a laser diode
than a switching PWM driver can achieve.
The basic circuit is that of an NPN transistor current booster
(Q1) on the output of (U1), a very low noise bipolar op amp
OPA227. Laser diode current is sensed by measuring the
voltage drop across a shunt resistor (RSHUNT) in the emitter
of Q1. The output (laser) current is controlled by the input
voltage (VIN) that may be from an analog voltage source or
from a voltage-output DAC. As shown, the scale factor is
–1V input equals 1A output.
The scale factor (VIN/IOUT) can be set to other values by
choosing appropriate resistor values using the equation:

V
I

R
R

• RIN

OUT

1

2
SHUNT=

A P–Spice simulation (DC sweep) was performed on VIN,
sweeping the input voltage from 0V to –2V. The lower curve
shown in Figure 11 shows the relationship of the laser diode
current to the input voltage. Power dissipation of Q1 is
shown in the upper curve. Operating on a supply voltage of
3.3V, Q1 dissipates only 1.5W at an output current of 1A.
This is well within the capability of the FTZ851 transistor,
as its SOT-223 package can dissipate heat into the copper
traces on a PC board.
A similar DC sweep output current (IOUT) versus VIN curve
is obtained with Q1 operating on a 5V supply. The higher 5V
supply voltage is advantageous if a higher output compli-
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ance voltage is required. Op amp U1 supplies can be from
±5V to ±15V.
See Figure 12 for the P–Spice Probe output of a transient
response simulation. The input voltage pulse amplitude was
stepped from –10mV to –500mV to –10mV to –2V, the
current output waveform was plotted. The circuit displays
clean response on both the rising and falling edges of the
pulse. The circuit simulation also exhibited clean pulse
response with Q1 operating on a 5V supply.
Changing the value of the shunt resistor or the scale factor
will necessitate changing the compensation capacitor C1.
Verify that your circuit is stable before connecting an expen-
sive laser diode to the output.

激光二极管激励器－�

图10显示的这种电压控制电流源电路，可以用来给一个

信号或者是泵激光二极管提供低噪声的恒定电流。这种

线性的驱动器，给激光二极管提供驱动电流，要比开关

PWM电路提供的驱动电流噪声要少。

基本的电路是，在U1电流输出引脚上具有NPN晶体

管电流增压器，这是一个低噪声双极性运算放大器

OPA227。激光二极管电流是通过测量在Q1发射极上分

流电阻RSHUNT的电压降来测量的。激光二极管的输出电

流是由输入电压控制，输入电压来自模拟电压源或数模

转换器的电压输出。

如图所示，比例因子是等于1A 等于－1V输入。比例因

子(VIN/IOUT)可以是其它值，可以通过利用下列公式选择

合适的电阻阻值。
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热。
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LASER DIODE DRIVER–2
The voltage-controlled current source circuit shown in
Figure 10 can be used to drive a very low-noise constant
current into a signal or pump laser diode. This simple linear
driver provides a far cleaner drive current into a laser diode
than a switching PWM driver can achieve.
The basic circuit is that of an NPN transistor current booster
(Q1) on the output of (U1), a very low noise bipolar op amp
OPA227. Laser diode current is sensed by measuring the
voltage drop across a shunt resistor (RSHUNT) in the emitter
of Q1. The output (laser) current is controlled by the input
voltage (VIN) that may be from an analog voltage source or
from a voltage-output DAC. As shown, the scale factor is
–1V input equals 1A output.
The scale factor (VIN/IOUT) can be set to other values by
choosing appropriate resistor values using the equation:
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A P–Spice simulation (DC sweep) was performed on VIN,
sweeping the input voltage from 0V to –2V. The lower curve
shown in Figure 11 shows the relationship of the laser diode
current to the input voltage. Power dissipation of Q1 is
shown in the upper curve. Operating on a supply voltage of
3.3V, Q1 dissipates only 1.5W at an output current of 1A.
This is well within the capability of the FTZ851 transistor,
as its SOT-223 package can dissipate heat into the copper
traces on a PC board.
A similar DC sweep output current (IOUT) versus VIN curve
is obtained with Q1 operating on a 5V supply. The higher 5V
supply voltage is advantageous if a higher output compli-
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ance voltage is required. Op amp U1 supplies can be from
±5V to ±15V.
See Figure 12 for the P–Spice Probe output of a transient
response simulation. The input voltage pulse amplitude was
stepped from –10mV to –500mV to –10mV to –2V, the
current output waveform was plotted. The circuit displays
clean response on both the rising and falling edges of the
pulse. The circuit simulation also exhibited clean pulse
response with Q1 operating on a 5V supply.
Changing the value of the shunt resistor or the scale factor
will necessitate changing the compensation capacitor C1.
Verify that your circuit is stable before connecting an expen-
sive laser diode to the output.
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as its SOT-223 package can dissipate heat into the copper
traces on a PC board.
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ance voltage is required. Op amp U1 supplies can be from
±5V to ±15V.
See Figure 12 for the P–Spice Probe output of a transient
response simulation. The input voltage pulse amplitude was
stepped from –10mV to –500mV to –10mV to –2V, the
current output waveform was plotted. The circuit displays
clean response on both the rising and falling edges of the
pulse. The circuit simulation also exhibited clean pulse
response with Q1 operating on a 5V supply.
Changing the value of the shunt resistor or the scale factor
will necessitate changing the compensation capacitor C1.
Verify that your circuit is stable before connecting an expen-
sive laser diode to the output.

一个类似的直流扫描分析，可以在Q1提供5V电压，可

以得到输出电流和输入电压的曲线关系图，如果需要高

恒流制输出电压，那么最好选择相应的高输入电压。运

算放大U1器能够提供从±5V到±15V电压。

图12显示了PSpice引脚瞬时响应模拟输出，输入电压脉

冲振幅逐步被放大，从–10mV到–500mV和–10mV 到 –
2V，从而绘制出输出电流的波形。电路在脉冲的上升

边缘和下降沿都有明显的响应。在+5V供电时，也显示

了明显的脉冲响应，改变分流电阻的阻值或比例因子将

要改变补偿电容值，在连接高成本输出激光二极管C1之

前，需要把电路调整稳定。

图11. 输出电流和Q1功耗比

图10. 激光二极管很定电压驱动器–2 电路图
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LINEAR TEC DRIVER–1
The linear thermoelectric cooler (TEC) driver circuit is
capable of driving ±2A into a TEC (see Figure 15). The
circuit operates on a single +5V supply and drives the TEC
in the highly desirable “constant-current” mode. A bridge-
tied load (BTL) amplifier topology achieves bidirectional
current output. This type of amplifier drives its load differ-
entially, so the TEC must not be grounded on either end. An
input offset of 1/2 supply voltage (in this case, an offset of
±2.5V) is used to allow the amplifiers to swing in both
directions and to interface with a single-supply input voltage
source. This is represented in the circuit by VOS.
In Figure 15, voltage VIN is amplified by a R-R CMOS op amp
U1, with a class B power output stage (formed by the addition
of a complimentary power transistor pair Q1 and Q3) that drives
one end of a TEC load through shunt resistor R4. A CMOS
instrumentation amplifier (IA) U3 senses the voltage drop
across the shunt resistor and amplifies it by 50, it then feeds it
back to the input of U1. This feedback approach forces the
output TEC current to be a function of VIN. Shunt resistance and
IA gain determines the scale factor of the circuit.

V
I

A • RIN

OUT
V 4=  where AV is the IA gain in V/V

A P-Spice simulation (DC sweep) was performed on VIN,
sweeping the input voltage from –2.5V to +2.5V. This is
equivalent to an input voltage of 0V to +5V from an external
voltage source.
The P-Spice Probe output current to the TEC is shown in
Figure 13. TEC current is shown for three different sizes;
1Ω, 1.5Ω, and a 2Ω TEC. When operating on a single +5V
supply, this driver is capable of driving a 1Ω or 1.5Ω TEC
to 2A. Output voltage compliance limits the 2Ω TEC current
to about 1.6A.
As Figure 13 illustrates, this TEC driver amplifier is a
voltage-controlled current source. Constant-current drive
assures that TEC drive current is independent of production
variations in TEC junctions or long-term aging. Constant-
current drive also eliminates the effect of thermal “back

FIGURE 13. TEC Current Versus Input Voltage VIN.

FIGURE 14. Output Transistor Power Dissipation.
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A laser diode macromodel was unavailable so a laser diode
junction was simulated by a series connection of three
silicon diodes. This driver circuit requires both the anode
and cathode of the laser diode to be floating.
The power booster used for Q1 is a very high gain single
NPN transistor, and is not a Darlington, it has a Beta of over
100 at a collector current of 2A, allowing the OPA227 op
amp to easily drive it to high currents. Zetex rates its
continuous collector current as 6A, but SOA limits are
reached before approaching this current.
Satisfactory operation of this circuit should be verified in
your actual application by breadboarding and testing.

FIGURE 12.Laser Driver–2 Transient Response with +3.3V
Supply.
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To determine the circuit’s power dissipation and the require-
ments for heat sinking the SOT-223 output power transis-
tors, a simulation was run by sweeping the DC input voltage
as before, and using the same size TECs. The results are
shown in Figure 14.
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The linear thermoelectric cooler (TEC) driver circuit is
capable of driving ±2A into a TEC (see Figure 15). The
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图12. 激光驱动器–2 +3.3V供电情况下瞬态响应

一个激光二极管宏观模式是不可能得到的，所以通过三

个硅二极管相连在一起模拟激光二极管节。驱动电路需

要激光二极管的阳极和阴极来产生浮动，电压升压器对

来Q1说是一个非常高的增益单向NPN晶体管，而不是一

个复合晶体管。在集电极电流2A引脚上，具有超过100
贝他系数，如果这样，OPA227放大器很容易把它提高

到高电流值，它的集电极连续电流是6A，但是在达到这

个电流之前，SOA的极限就达到了。通过模拟板和测试

来调整这个电路，可以满足你的实际需要。

线性的TEC–1

从图15可以看到，线性TEC驱动电路的驱动能力是±

2A。电路的供电电压是+5V，驱动TEC是在高恒定电流

模式工作，一个桥式拓扑结构的负载放大电路，可以得

到双向电流输出。由于放大器驱动负载的类型不同，所

以，热点冷却器不能接地。

输入1/2电压偏压，允许放大器连接方向开关，并且具

有单个输入电压源连接接口。在电路中通过VOS来标

识。在图15中，VIN电压是通过R-R CMOS放大器U1来放

大的，U1放大器具有一个B类电压输出级（这个输出级

是通过一个附加的功耗晶体管对Q1 和Q3来得到的）。

这个负载与一个TEC分流电阻R4电阻连接，一个CMOS
测量放大器U3把通过测量分流电阻的压降放大50倍。可

以返回给U1输入。返回的方法强制TEC输出电流是VIN的

函数，分流电阻和测量放大器IA得到电流的比例因子。
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of a complimentary power transistor pair Q1 and Q3) that drives
one end of a TEC load through shunt resistor R4. A CMOS
instrumentation amplifier (IA) U3 senses the voltage drop
across the shunt resistor and amplifies it by 50, it then feeds it
back to the input of U1. This feedback approach forces the
output TEC current to be a function of VIN. Shunt resistance and
IA gain determines the scale factor of the circuit.

V
I

A • RIN

OUT
V 4=  where AV is the IA gain in V/V

A P-Spice simulation (DC sweep) was performed on VIN,
sweeping the input voltage from –2.5V to +2.5V. This is
equivalent to an input voltage of 0V to +5V from an external
voltage source.
The P-Spice Probe output current to the TEC is shown in
Figure 13. TEC current is shown for three different sizes;
1Ω, 1.5Ω, and a 2Ω TEC. When operating on a single +5V
supply, this driver is capable of driving a 1Ω or 1.5Ω TEC
to 2A. Output voltage compliance limits the 2Ω TEC current
to about 1.6A.
As Figure 13 illustrates, this TEC driver amplifier is a
voltage-controlled current source. Constant-current drive
assures that TEC drive current is independent of production
variations in TEC junctions or long-term aging. Constant-
current drive also eliminates the effect of thermal “back

FIGURE 13. TEC Current Versus Input Voltage VIN.

FIGURE 14. Output Transistor Power Dissipation.
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A laser diode macromodel was unavailable so a laser diode
junction was simulated by a series connection of three
silicon diodes. This driver circuit requires both the anode
and cathode of the laser diode to be floating.
The power booster used for Q1 is a very high gain single
NPN transistor, and is not a Darlington, it has a Beta of over
100 at a collector current of 2A, allowing the OPA227 op
amp to easily drive it to high currents. Zetex rates its
continuous collector current as 6A, but SOA limits are
reached before approaching this current.
Satisfactory operation of this circuit should be verified in
your actual application by breadboarding and testing.

FIGURE 12.Laser Driver–2 Transient Response with +3.3V
Supply.
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EMF” on current through the TEC under dynamic tempera-
ture control conditions.

To determine the circuit’s power dissipation and the require-
ments for heat sinking the SOT-223 output power transis-
tors, a simulation was run by sweeping the DC input voltage
as before, and using the same size TECs. The results are
shown in Figure 14.
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在VIN引脚上进行P-Spice直流扫描模拟，扫描输入电压

是从–2.5V到+2.5V，这是与从外部电压源得到0V到+5V
的输入电压相等。

图13显示了对TEC，P-Spice直流扫描探测输出电流，

TEC电流分别在不同大小的电阻下显示：1Ω, 1.5Ω和

2Ω，当在单一输入+5V电压情况下，驱动1Ω和1.5Ω的

TEC时候，驱动能力是2A。输出电压限制了2Ω的TEC
驱动电流为1.6A。

如图13显示的所示，TEC的驱动放大器是一个电压控制

电流源，恒电流驱动器确保TEC驱动电流与TEC连接变

化或长期老化无关的，恒电流驱动也消除了温度“反电

动势”的影响，温度“反电动势”是在动态温度控制条

件下，影响流过TEC的电流。

图13. TEC电流和输入电压VIN的关系图

为了计算电路的功耗，需要散失由SOT223输出功耗所

引起的热量，和以前一样，在利用同样大小的TEC，通

过扫描DC输入电压来模拟，图14显示出结果图。

图14. 输出的晶体管功耗
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Power dissipation of one NPN Q1 and one PNP Q3 power
output transistor is shown in this sweep. The dissipation of
the devices in the other half of the bridge (NPN = Q2 and
PNP = Q4) will be the same, as shown in Figure 16.
Depending on whether the TEC is in its cooling or heating
mode, power is dissipated in Q1 and Q4 or in Q2 and Q3.
Driver efficiency is usually a concern in large multi-channel
systems due to limitations on the total power dissipation of
the system. Linear amplifiers do not reach the efficiencies of
PWM switching types, but they do offer important advan-
tages, principally their very low noise. Switching noise
interference in laser and APD circuits is not a concern with
linear drivers.
The DC simulation data was used to plot the efficiency of the
driver. To simplify the calculation, only the power output
stage was considered. The CMOS OPA353 op amp power
dissipation is only about 26mW, so deleting it contributes
little error to the overall efficiency calculation. In this calcu-
lation, efficiency is considered to be the ratio of the power
delivered to the load TEC to the power supplied to the driver.
For example, a current of 1A into a 1Ω TEC represents a
power POUT of 1W dissipated in the load (POUT = I2R). The
power supplied to the driver PIN is 1A from the = 5V supply,
or 5W (PIN = E • I).
Therefore:

Eff(%) P
P

•100,  or Eff(%) I • R
V • I

•100 1A •1
5V •1A

OUT

IN

2

S S

2
= = = Ω =• %100 20

Swinging the output voltage close to the supply rails mini-
mizes the voltage across the output transistor, thus reducing its
power dissipation. Likewise, it maximizes the voltage across
the load. As can be seen from the equation above, this
increases the efficiency of a linear driver. In fact, as seen in
Figure 16, this circuit can reach an efficiency of over 60%
under favorable conditions. The discussion of TEC Drivers 2
and  3 investigates this further.
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FIGURE 16. Driver Efficiency with 1Ω, 1.5Ω, and 2Ω Loads.
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FIGURE 17. TEC Driver Amplifier Frequency Response.

 Some peaking is shown in the frequency response curves of the
1Ω and 1.5Ω TEC but increasing the capacitance of the com-
pensation capacitors C3 and C4 can eliminate this. Notice that
the capacitance of C3 and C4 are not the same. Amplifier U1
requires more capacitance than U2 because of the presence of
feedback gain provided by the instrumentation amplifier, U3.
Similar results are seen in Figure 18, a P–Spice transient
simulation of this TEC driver amplifier. Slight peaking is noted
for heavy loads, as predicted by the frequency response curves.
Also evident in the transient response waveform is a small
crossover distortion “glitch” around 0A output current due to
the delay between turning off one transistor before its compli-
mentary transistor turns on. For example, the op amp driving
the power transistors must slew quickly between the voltage
at which the NPN transistor turns off  and the PNP transistor
turns on. Due to the fact that this amplifier uses a Class B
output stage, this region is 2VBE . A fast op amp, such as the
OPA353, minimizes the crossover distortion and enhances
stability about the crossover region. For applications such as
an audio amplifier, the output stage transistors could be biased
slightly into conduction (class AB1) which would eliminate
the crossover region altogether. Applications for driving
loads such as a thermoelectric cooler do not warrant the
increased complexity of a Class AB1 output stage.
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FIGURE 18. TEC Driver Transient Response.

Driver–amplifier loop stability was investigated by running
an AC and Transient simulation. Results of the AC simulation
are shown in Figure 17.
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the load. As can be seen from the equation above, this
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Driver–amplifier loop stability was investigated by running
an AC and Transient simulation. Results of the AC simulation
are shown in Figure 17.
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Swinging the output voltage close to the supply rails mini-
mizes the voltage across the output transistor, thus reducing its
power dissipation. Likewise, it maximizes the voltage across
the load. As can be seen from the equation above, this
increases the efficiency of a linear driver. In fact, as seen in
Figure 16, this circuit can reach an efficiency of over 60%
under favorable conditions. The discussion of TEC Drivers 2
and  3 investigates this further.
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Driver–amplifier loop stability was investigated by running
an AC and Transient simulation. Results of the AC simulation
are shown in Figure 17.
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Driver–amplifier loop stability was investigated by running
an AC and Transient simulation. Results of the AC simulation
are shown in Figure 17.

一个NPN Q1 和一个PNP Q3功率输出晶体管的功耗，也

在这次扫描中显示出来，这个设备的功耗和桥式电路的

另外半个电路（即NPN = Q2和PNP = Q4）的功耗是一

样的，正如图16所显示的。不管TEC是否在它的制冷模

式或者是制热模式，电能通过Q1、Q4、或Q2、Q3耗耗

散掉。由于系统总功耗的限制，驱动器的效率通常与大

的多通道系统相关。线性放大器，没有PWM开关类型

的效率高，但是，它们具有一个非常重要的优点，就是

它的低噪声。在激光和雪崩二级电路中，开关噪声的干

扰与线性驱动器没有关系。

直流模拟数据被用来绘制驱动器效率图，为了简化计

算，只考虑功率输出级。CMOS OPA353运算放大器的

功耗只有26mW，所以删除它对整个效率计算影响比

较小。在计算时，效率被认为是传递给TEC电能与提供

给设备能量的比率。例如，给1欧姆的TEC，输入电流

1A，就表示1W功耗POUT(POUT = I2R)，给供电电压为5V的
驱动PIN引脚输入电流1A，得到的功耗是5W(PIN = E • I).

不断调节输出电压，让它接近通过输出晶体管来最小供

电电压，这样就减少了功耗，同样，这样可以让电阻负

载上的电压值达到最大。正如上面的等式所示，这就增

加了线性驱动器的效率。实际上，正如图16所看到的。

这个电路在理想的情况下，可以达到60％以上的效率。

将来讨论热电冷热器驱动器2和3。

图16. 1Ω, 1.5Ω和2Ω负载情况下，驱动器的效率

通过运行交流和瞬时模拟，来检测驱动放大器循环电路

稳定性，图17显示交流模拟的结果。

图17. TEC驱动放大器频率响应

TEC在1Ω和1.5Ω时，频率响应曲线上有波峰，但是通

过增加C3和C4补偿电容的电容，可以消除这些峰值，注

意电容C3和C4的电容值不同。因为是通过测量放大器U3

返回增益的，所以放大器U1比放大器U2需要更大值的

电容。相似的结果，在图18中也可以看到，TEC激励放

大器的P–Spice瞬态模拟，正如频率响应曲线推测的一

样，在重负载时具有很小的波峰。也可以从瞬时响应波

峰具有小的交叉变形得到证实，在0A附近会有假信号，

主要是由于在关掉截止晶体管和打开补偿晶体管之间存

在延时。

例如，运算放大器驱动的功率晶体管，必须在NPN晶体

管关掉和PNP晶体管打开之间实现快速转换。由于放大

器使用了B类的输出级，这个区域是2VBE。一个快速放

大器，例如OPA353，可以让交叉畸变变小，并且增加

交叉区域的稳定性。 对于例如音频放大器的应用，输

出级晶体管应该轻微偏向于导体(class AB1)，这样就可

以一起消除交叉区域。有关驱动负载的应用，例如TEC
不能保证输出级AB1类型复杂性。

图18. TEC瞬时响应
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LINEAR TEC DRIVER–2
The linear TEC driver circuit (see Figure 21) is capable of
driving +1.5A and –1A into a TEC. The small-signal ampli-
fier circuit operates on a single +5V supply and the power
output stage operates on a single +3.3V supply to minimize its
power dissipation. This circuit drives the TE cooler in the
highly desirable “constant-current” mode. A BTL amplifier
topology achieves bi-directional current output. This type of
amplifier drives its load differentially, so the TEC must not be
grounded on either end.
An input offset of 1/2 the op amp supply voltage VOPA (in this
case, an offset of +2.5V) is used to allow the amplifiers to swing
in both directions and to interface with a single-supply input
voltage source. This is represented in the circuit by VOS.
In the schematic, voltage VIN is amplified by a R-R CMOS
op amp U1 with a class B power output stage (formed by the
addition of a complimentary power transistor pair Q1 and
Q3) that drives one end of a TEC load through shunt resistor
R4. A CMOS INA155 instrumentation amplifier (IA) U3
senses the voltage drop across the shunt resistor and ampli-
fies it by 50; it then feeds it back to the input of U1. This
feedback approach forces the output TEC current to be a
function of VIN. Shunt resistance and IA gain determines the
scale factor of the circuit.

V
I

A • RIN

OUT
V 4=  where AV is the IA gain in V/V.

A P–Spice simulation (DC sweep) was performed on VIN,
sweeping the input voltage from –2.5V to +2.5V. This is
equivalent to an input voltage of 0V to +5V from an external
voltage source.
The P–Spice Probe output current to the TEC is shown in
Figure 19.

FIGURE 19. TEC Current Versus Input Voltage VIN.

While this is the optimum offset to allow the op amp to
swing symmetrically to its supply rails, it creates a problem
for the output transistors. To swing optimally to its rails, it
would be biased to 1/2VS to half its supply of only +3.3V or
an offset of 1.65V. The 2.5V offset that is used creates an
unbalance in the output transistor bridge, causing some
problems as we shall see.
As Figure 19 illustrates, this TEC driver amplifier is a
voltage-controlled current source. Constant-current drive
assures that TEC drive current is independent of production
variations in TEC junctions or long-term aging. Constant-
current drive also eliminates the effect of thermal “back
EMF” on current through the TEC under dynamic tempera-
ture control conditions.
To determine the circuit’s power dissipation and the require-
ments for heat sinking the SOT-223 output power transis-
tors, a simulation was run by sweeping the DC input voltage
as before, using the same sizes of TECs. The results are
shown in Figure 20.
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FIGURE 20. Output Transistor Q1 and Q3 Power Dissipation.

Power dissipation of one NPN (Q1) and one PNP (Q3) power
output transistor is shown in this sweep. Note the difference in
power dissipation between the NPN and PNP transistor. This is
a direct result of the unbalance caused by the offset voltage
problem previously noted. The dissipation of the devices in the
other half of the bridge (NPN = Q2 and PNP = Q4) are similar
but a “mirror image” as seen in Figure 4. Depending on whether
the TEC is in its cooling or heating mode, power is primarily
dissipated in the PNP transistor Q3 or in Q4. The power
dissipated in NPNs, Q1 and Q2, is relatively minor.
The effects of limited output compliance voltage are also
clearly seen in the curve of Figure 22.
This compliance limit can also be seen in the power transis-
tor output voltage driving the each end of the TEC load (see
Figure 23). Note that the amplifier’s output voltage polarity
crossover point is at the 2.5V input bias point. Biasing the
output transistors at their optimum 1.65V point would allow
the output voltage to swing symmetrically to the supply
rails, +3.3V and ground.
Driver efficiency was not simulated for this TEC driver
amplifier.

TEC current is shown for three different sizes; 1Ω, 1.5Ω,
and a 2Ω TEC. With the output transistors operating on a
single +3.3V supply, this driver is capable of driving a 1Ω
TEC to over 2A or 2Ω TEC to over 1A in one direction but
its output current capability is lower in the opposite direc-
tion. Output voltage compliance limits are asymmetrical due
to the 1/2VOPA offset voltage applied to the op amp input.
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the output voltage to swing symmetrically to the supply
rails, +3.3V and ground.
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and a 2Ω TEC. With the output transistors operating on a
single +3.3V supply, this driver is capable of driving a 1Ω
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线性TEC–�

线性TEC驱动电路具有+1.5A和–1A驱动能力，小信号

放大电路需要+5V电压供电。功率输出级，为了让功耗

达到最小，仅仅需要+3.3V供电。这个电路来驱动TEC
在期望的高恒定电流模式下工作，一个BTL运算放大器

拓扑结构，可以得到双向的电流输出，这种类型的放大

器，可以驱动不同的负载，所以TEC，不能接地。

输入运算放大器的1/2电压偏差，即VOPA(在这种情况下

电压偏差是+2.5V)，通常被用来让放大器连接方向开

关，并且被用来连接单独输入电压源。在电路中，是

通过VOS来标识的。在原理图中，VIN电压是通过具有B
类输出级(主要是通过附加的功率管对Q1和Q3形成的)的

R-R CMOS放大器U1来放大，放大的电压通过一个TEC
分流电阻R4电阻连接，一个CMOS测量放大器U3通过

测量分流电阻INA155的压降，并把它放大50倍。可以

返回给U1输入端。返回的方法是强制TEC的输出是VIN的

函数，分流电阻和IA决定了这个电路的放大系数：

通过在VIN引脚上进行P–Spice模拟，输入电压从–2.5V
到+2.5V连续变化，这和从外部电压源得到的输入电压

0V到+5V相等。图19显示了TEC输出电流。

图19. TEC电流和输入电压VIN比率

针对三个大小不同的情况，即1Ω，1.5Ω和2Ω的TEC，
显示了TEC驱动电流。当输出晶体管在单独+3.3V供电

时，这样的驱动器，在一个方向上，具有驱动1Ω的

TEC的能力是2A或驱动2ΩTEC的能力超过1A，但是，

在相反的方向上，输出电流的能力比较低。因为1/2VOPA

偏压电压输给了放大器的输入端，输出电压限制是非对

称的。

然而，这就是最佳的偏压值，允许运算放大器对称地关

上供电轨道。但是，对输出晶体管，这样就会产生问

题。为了采用最佳方式关掉供电，需要把1/2VS偏压到

输入电压3.3V的一半或者1.65V的偏置。在输出晶体管

桥式电路上，2.5V的偏置电压会产生不平衡，正如我们

看到的将要产生引起一些问题，如图19所示，TEC驱动

放大器是电压控制电流源。恒定电流驱动器确保TEC驱
动电流与TEC连接变化或长期老化无关的，恒电流驱动

也消除了温度“反电动势”的影响，温度“反电动势”

是在动态温度控制条件下，影响流过TEC的电流。为了

计算电路的功耗，需要散失由SOT223输出功耗所引起

的热量，和以前一样，在利用同样大小的TEC，通过扫

描DC输入电压来模拟，结果可以在图20中。

图20. 输出晶体管Q1和Q3功耗

一个NPN Q1和一个PNP Q3功率输出晶体管的功耗，也

在这次扫描中显示出来，注意在晶体三极管NPN和PNP
之间存在功耗差，这主要是由于前面提到的偏置电压问

题所引起的不平衡直接结果。在桥式的半个电路(NPN = 
Q2和PNP = Q4)中，设备的功耗是相似的，但图4所显示

的是镜像图像。电能的消耗要看TEC是在制冷模式下，

还是在制热模式下，电能主要在PNP晶体管Q3或晶体管

Q4上被消耗掉，而在NPN晶体管Q1和晶体管Q2上消耗

的相对比较小。有限的恒流制输出电压的影响，可以从

图22的曲线上清楚地看出来。在功耗晶体管驱动TEC负
载的工程中，可以看到所要求的极限（图23），注意放

大器输出电压极性交叉点是在2.5V输入偏压点上，在输

出晶体管的1.65V点上进行偏压，允许输出电压对称连

接供电轨道，＋3.3V和地线。

对这种驱动放大器，没有进行模拟驱动器的效率。
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Linear amplifiers do not reach the efficiencies of PWM
switching types, but they do offer important advantages,
principally their very low noise. Switching noise interfer-
ence in laser and APD circuits is not a concern with linear
drivers.
Driver amplifier loop stability was investigated by running
an AC and Transient simulation. Results of the AC simula-
tion are shown in Figure 24.
Some peaking is shown in the frequency response of the 1Ω
and 1.5Ω TEC but increasing the capacitance of the compen-
sation capacitors C3 and C4 can eliminate this. Notice that
the capacitance of C3 and C4 are not the same. Amplifier U1
requires more capacitance than U2 because of the presence
of feedback gain provided by the instrumentation amplifier,
U3.
Similar results are seen in Figure 25, a P–Spice transient
simulation of this TEC driver amplifier. Slight peaking is
noted for heavy loads as predicted by the frequency response
curves.
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Also evident in the transient response waveform is a small
crossover distortion “glitch” around 0A output current due
to the delay between turning off one transistor before its
complimentary transistor turns on. For example, the op amp
driving the power transistors must slew quickly between the
voltage at which the NPN transistor turns off  and the PNP
transistor turns on. Due to the fact that this amplifier uses a
Class B output stage, this region is 2VBE . A fast op amp such
as the OPA353 minimizes the crossover distortion and
enhances stability about the crossover region. For applica-
tions such as an audio amplifier, the output stage transistors
could be biased slightly into conduction (class AB1) which
would eliminate the crossover region altogether. Applica-
tions for driving loads such as a thermoelectric cooler do not
warrant the increased complexity of a Class AB1 output
stage.
Due to the asymmetry of output stage of this driver, it may
not be the best choice for a TEC driver amplifier. For better
efficiency, see the last section of  “Linear TEC Driver–3.”
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Linear amplifiers do not reach the efficiencies of PWM
switching types, but they do offer important advantages,
principally their very low noise. Switching noise interfer-
ence in laser and APD circuits is not a concern with linear
drivers.
Driver amplifier loop stability was investigated by running
an AC and Transient simulation. Results of the AC simula-
tion are shown in Figure 24.
Some peaking is shown in the frequency response of the 1Ω
and 1.5Ω TEC but increasing the capacitance of the compen-
sation capacitors C3 and C4 can eliminate this. Notice that
the capacitance of C3 and C4 are not the same. Amplifier U1
requires more capacitance than U2 because of the presence
of feedback gain provided by the instrumentation amplifier,
U3.
Similar results are seen in Figure 25, a P–Spice transient
simulation of this TEC driver amplifier. Slight peaking is
noted for heavy loads as predicted by the frequency response
curves.
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Also evident in the transient response waveform is a small
crossover distortion “glitch” around 0A output current due
to the delay between turning off one transistor before its
complimentary transistor turns on. For example, the op amp
driving the power transistors must slew quickly between the
voltage at which the NPN transistor turns off  and the PNP
transistor turns on. Due to the fact that this amplifier uses a
Class B output stage, this region is 2VBE . A fast op amp such
as the OPA353 minimizes the crossover distortion and
enhances stability about the crossover region. For applica-
tions such as an audio amplifier, the output stage transistors
could be biased slightly into conduction (class AB1) which
would eliminate the crossover region altogether. Applica-
tions for driving loads such as a thermoelectric cooler do not
warrant the increased complexity of a Class AB1 output
stage.
Due to the asymmetry of output stage of this driver, it may
not be the best choice for a TEC driver amplifier. For better
efficiency, see the last section of  “Linear TEC Driver–3.”
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Linear amplifiers do not reach the efficiencies of PWM
switching types, but they do offer important advantages,
principally their very low noise. Switching noise interfer-
ence in laser and APD circuits is not a concern with linear
drivers.
Driver amplifier loop stability was investigated by running
an AC and Transient simulation. Results of the AC simula-
tion are shown in Figure 24.
Some peaking is shown in the frequency response of the 1Ω
and 1.5Ω TEC but increasing the capacitance of the compen-
sation capacitors C3 and C4 can eliminate this. Notice that
the capacitance of C3 and C4 are not the same. Amplifier U1
requires more capacitance than U2 because of the presence
of feedback gain provided by the instrumentation amplifier,
U3.
Similar results are seen in Figure 25, a P–Spice transient
simulation of this TEC driver amplifier. Slight peaking is
noted for heavy loads as predicted by the frequency response
curves.
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Also evident in the transient response waveform is a small
crossover distortion “glitch” around 0A output current due
to the delay between turning off one transistor before its
complimentary transistor turns on. For example, the op amp
driving the power transistors must slew quickly between the
voltage at which the NPN transistor turns off  and the PNP
transistor turns on. Due to the fact that this amplifier uses a
Class B output stage, this region is 2VBE . A fast op amp such
as the OPA353 minimizes the crossover distortion and
enhances stability about the crossover region. For applica-
tions such as an audio amplifier, the output stage transistors
could be biased slightly into conduction (class AB1) which
would eliminate the crossover region altogether. Applica-
tions for driving loads such as a thermoelectric cooler do not
warrant the increased complexity of a Class AB1 output
stage.
Due to the asymmetry of output stage of this driver, it may
not be the best choice for a TEC driver amplifier. For better
efficiency, see the last section of  “Linear TEC Driver–3.”
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Linear amplifiers do not reach the efficiencies of PWM
switching types, but they do offer important advantages,
principally their very low noise. Switching noise interfer-
ence in laser and APD circuits is not a concern with linear
drivers.
Driver amplifier loop stability was investigated by running
an AC and Transient simulation. Results of the AC simula-
tion are shown in Figure 24.
Some peaking is shown in the frequency response of the 1Ω
and 1.5Ω TEC but increasing the capacitance of the compen-
sation capacitors C3 and C4 can eliminate this. Notice that
the capacitance of C3 and C4 are not the same. Amplifier U1
requires more capacitance than U2 because of the presence
of feedback gain provided by the instrumentation amplifier,
U3.
Similar results are seen in Figure 25, a P–Spice transient
simulation of this TEC driver amplifier. Slight peaking is
noted for heavy loads as predicted by the frequency response
curves.
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Also evident in the transient response waveform is a small
crossover distortion “glitch” around 0A output current due
to the delay between turning off one transistor before its
complimentary transistor turns on. For example, the op amp
driving the power transistors must slew quickly between the
voltage at which the NPN transistor turns off  and the PNP
transistor turns on. Due to the fact that this amplifier uses a
Class B output stage, this region is 2VBE . A fast op amp such
as the OPA353 minimizes the crossover distortion and
enhances stability about the crossover region. For applica-
tions such as an audio amplifier, the output stage transistors
could be biased slightly into conduction (class AB1) which
would eliminate the crossover region altogether. Applica-
tions for driving loads such as a thermoelectric cooler do not
warrant the increased complexity of a Class AB1 output
stage.
Due to the asymmetry of output stage of this driver, it may
not be the best choice for a TEC driver amplifier. For better
efficiency, see the last section of  “Linear TEC Driver–3.”

线性放大器的效率没有PWM转换开关类型的效率高，

但是线性放大器具有一个重要的优点，主要是它的低噪

声，在激光和雪崩二极管电路中，噪声干扰与线性驱动

无关。

驱动放大器回路的稳定性需要通过运行交流电和瞬态模

拟进行研究，图24显示了交流电模拟结果。针对1Ω和

1.5ΩTEC，在频率响应中有波峰出现，但是通过提高补

偿电容C3和C4，可以消除这种波峰。注意，补偿电容C3

和C4的值是不相同，放大器U1比放大器U2需要更大的电

容，因为测量放大器U3提供反馈增益。

TEC驱动放大电路P–Spice瞬态模拟，正如图25所显示

的结果一样，针对重负载，频率响应曲线上有轻微波

峰。

正如瞬间状态响应波形所证实的一样，在0A输出电流附

近产生了小交叉假信号，主要是由于在打开补偿晶体管

之前和关闭上一个晶体管之间存在延时。例如，运算放

大器驱动功率晶体管必须在NPN晶体管关掉和PNP晶体

管打开之间迅速转动。由于这个放大器采用的是B输出

级，这个区域电压是2VBE，快速的运算放大器OPA353
可以最小化交叉假信号并且增强交叉区域的稳定性，对

于音频放大器诸如此类的应用，输出级能轻微偏向导体

（AB1），这样就能一起消除交叉区域。像驱动负载的

应用，例如TEC不能确保增加输出级AB1的复杂性。由

于这种驱动器对称的输出级，对于TEC驱动放大器不是

最好的选择，为了得到更好的效果，可以参考线性TEC
驱动器–3的最后一部分。

图23. TEC驱动器–2 放大输出电压

图24. TEC–2 放大器频率响应

图25. TEC–2放大器瞬间状态响应
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LINEAR TEC DRIVER–3
The linear TEC driver circuit (see Figure 28) is capable of
driving over ±2A into a typical TEC. The circuit operates on
a bipolar ±2.5V supply and drives the TE cooler in the highly
desirable “constant-current” mode. A BTL amplifier topology
achieves bidirectional current output. This type of amplifier
drives its load differentially, so the TEC must not be grounded
on either end.
With bipolar supplies, an input offset voltage is not necessary
to allow the amplifier outputs to swing in both directions. A
level shift circuit will be necessary to interface with a single-
supply input voltage source that is biased to 1/2VCC.
In the schematic, voltage VIN is amplified by a R-R CMOS op
amp U1 with a class B power output stage (formed by the
addition of a complimentary power transistor pair Q1 and Q3)
that drives one end of a TEC load through shunt resistor R4. A
CMOS instrumentation amplifier (IA) U3 senses the voltage
drop across the shunt resistor and amplifies it by 50, it then feeds
it back to the input of U1. This feedback approach forces the
output (TEC) current to be a function of VIN. Shunt resistance
and IA gain determines the scale factor of the circuit.

V
I

A • RIN

OUT
V 4= , where AV is the IA gain in V/V.

A P–Spice simulation (DC sweep) was performed on VIN,
sweeping the input voltage from –2.5V to +2.5V. The ampli-
fier output current to the TEC is shown in Figure 26.  This is
a P–Spice Probe file output.

Current limiting in a voltage-controlled current source be-
comes a simple matter of clamping the maximum input volt-
age to the amplifier. If driven by a rail-to-rail op amp, a voltage
divider or pot will set the current limit. When the R-R op amp
hits its rail, that voltage is divided down to an appropriate
voltage that represents the maximum desired TEC current. The
R-R op amp can’t swing past its rail, so this clamps the input
voltage to the TEC driver amplifier.
To determine the circuit’s power dissipation and the require-
ments for heat sinking the SOT-223 output power transistors,
a simulation was run by sweeping the DC input voltage as
before using the same sizes of TECs. The results are shown in
Figure 27.
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TEC current is shown for three different TEC sizes; 1Ω, 1.5Ω,
and a 2Ω TEC. Operating on a bipolar ±2.5V supply, this
driver is capable of driving a 1Ω or 1.5Ω TEC to 2A. Output
voltage compliance limits the 2Ω TEC current to about 1.6A.
This output capability is the same as TEC Driver–1, essentially
the same circuit operating on a single +5V supply.
As Figure 26 illustrates, this TEC driver amplifier is a voltage-
controlled current source. Constant-current drive assures that
TEC drive current is independent of production variations in
TEC junctions or long-term aging. Constant-current drive also
eliminates the effect of thermal “back EMF” on current through
the TEC under dynamic temperature control conditions.

FIGURE 26. TEC Current Versus Input Voltage VIN.
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Power dissipation of one NPN (Q1) and one PNP (Q3) power
output transistor is shown in this sweep. The dissipation of the
devices in the other half of the bridge (NPN = Q2 and PNP = Q4)
will be the same as those shown in Figure 28. Depending on
whether the TEC is in its cooling or heating mode, power is
dissipated in Q1 and Q4 or in Q2 and Q3.
Driver efficiency is usually a concern in large multi-channel
systems due to limitations on the total power dissipation of the
system. Linear amplifiers do not reach the efficiencies of
PWM switching types but they do offer important advantages,
principally their very low noise. Switching noise interference
in laser and APD circuits is not a concern with linear drivers.
The DC simulation data was used to plot the efficiency of the
driver. To simplify the calculation, only the power output stage
was considered. The CMOS OPA353 op amp power dissipa-
tion is only about 26mW, so deleting it contributes little error
to the overall efficiency calculation. In this calculation, effi-
ciency is considered to be the ratio of the power delivered to
the load TEC to the power supplied to the driver. For example,
a current of 1A into a 1Ω TEC represents a power POUT of 1W
dissipated in the load (POUT = I2R). The power supplied to the
driver PIN is 1A from each ±2.5V supply, or 5W
(PIN = E • I).
Therefore:
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LINEAR TEC DRIVER–3
The linear TEC driver circuit (see Figure 28) is capable of
driving over ±2A into a typical TEC. The circuit operates on
a bipolar ±2.5V supply and drives the TE cooler in the highly
desirable “constant-current” mode. A BTL amplifier topology
achieves bidirectional current output. This type of amplifier
drives its load differentially, so the TEC must not be grounded
on either end.
With bipolar supplies, an input offset voltage is not necessary
to allow the amplifier outputs to swing in both directions. A
level shift circuit will be necessary to interface with a single-
supply input voltage source that is biased to 1/2VCC.
In the schematic, voltage VIN is amplified by a R-R CMOS op
amp U1 with a class B power output stage (formed by the
addition of a complimentary power transistor pair Q1 and Q3)
that drives one end of a TEC load through shunt resistor R4. A
CMOS instrumentation amplifier (IA) U3 senses the voltage
drop across the shunt resistor and amplifies it by 50, it then feeds
it back to the input of U1. This feedback approach forces the
output (TEC) current to be a function of VIN. Shunt resistance
and IA gain determines the scale factor of the circuit.
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V 4= , where AV is the IA gain in V/V.

A P–Spice simulation (DC sweep) was performed on VIN,
sweeping the input voltage from –2.5V to +2.5V. The ampli-
fier output current to the TEC is shown in Figure 26.  This is
a P–Spice Probe file output.

Current limiting in a voltage-controlled current source be-
comes a simple matter of clamping the maximum input volt-
age to the amplifier. If driven by a rail-to-rail op amp, a voltage
divider or pot will set the current limit. When the R-R op amp
hits its rail, that voltage is divided down to an appropriate
voltage that represents the maximum desired TEC current. The
R-R op amp can’t swing past its rail, so this clamps the input
voltage to the TEC driver amplifier.
To determine the circuit’s power dissipation and the require-
ments for heat sinking the SOT-223 output power transistors,
a simulation was run by sweeping the DC input voltage as
before using the same sizes of TECs. The results are shown in
Figure 27.
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the same circuit operating on a single +5V supply.
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controlled current source. Constant-current drive assures that
TEC drive current is independent of production variations in
TEC junctions or long-term aging. Constant-current drive also
eliminates the effect of thermal “back EMF” on current through
the TEC under dynamic temperature control conditions.
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Power dissipation of one NPN (Q1) and one PNP (Q3) power
output transistor is shown in this sweep. The dissipation of the
devices in the other half of the bridge (NPN = Q2 and PNP = Q4)
will be the same as those shown in Figure 28. Depending on
whether the TEC is in its cooling or heating mode, power is
dissipated in Q1 and Q4 or in Q2 and Q3.
Driver efficiency is usually a concern in large multi-channel
systems due to limitations on the total power dissipation of the
system. Linear amplifiers do not reach the efficiencies of
PWM switching types but they do offer important advantages,
principally their very low noise. Switching noise interference
in laser and APD circuits is not a concern with linear drivers.
The DC simulation data was used to plot the efficiency of the
driver. To simplify the calculation, only the power output stage
was considered. The CMOS OPA353 op amp power dissipa-
tion is only about 26mW, so deleting it contributes little error
to the overall efficiency calculation. In this calculation, effi-
ciency is considered to be the ratio of the power delivered to
the load TEC to the power supplied to the driver. For example,
a current of 1A into a 1Ω TEC represents a power POUT of 1W
dissipated in the load (POUT = I2R). The power supplied to the
driver PIN is 1A from each ±2.5V supply, or 5W
(PIN = E • I).
Therefore:
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LINEAR TEC DRIVER–3
The linear TEC driver circuit (see Figure 28) is capable of
driving over ±2A into a typical TEC. The circuit operates on
a bipolar ±2.5V supply and drives the TE cooler in the highly
desirable “constant-current” mode. A BTL amplifier topology
achieves bidirectional current output. This type of amplifier
drives its load differentially, so the TEC must not be grounded
on either end.
With bipolar supplies, an input offset voltage is not necessary
to allow the amplifier outputs to swing in both directions. A
level shift circuit will be necessary to interface with a single-
supply input voltage source that is biased to 1/2VCC.
In the schematic, voltage VIN is amplified by a R-R CMOS op
amp U1 with a class B power output stage (formed by the
addition of a complimentary power transistor pair Q1 and Q3)
that drives one end of a TEC load through shunt resistor R4. A
CMOS instrumentation amplifier (IA) U3 senses the voltage
drop across the shunt resistor and amplifies it by 50, it then feeds
it back to the input of U1. This feedback approach forces the
output (TEC) current to be a function of VIN. Shunt resistance
and IA gain determines the scale factor of the circuit.

V
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V 4= , where AV is the IA gain in V/V.

A P–Spice simulation (DC sweep) was performed on VIN,
sweeping the input voltage from –2.5V to +2.5V. The ampli-
fier output current to the TEC is shown in Figure 26.  This is
a P–Spice Probe file output.

Current limiting in a voltage-controlled current source be-
comes a simple matter of clamping the maximum input volt-
age to the amplifier. If driven by a rail-to-rail op amp, a voltage
divider or pot will set the current limit. When the R-R op amp
hits its rail, that voltage is divided down to an appropriate
voltage that represents the maximum desired TEC current. The
R-R op amp can’t swing past its rail, so this clamps the input
voltage to the TEC driver amplifier.
To determine the circuit’s power dissipation and the require-
ments for heat sinking the SOT-223 output power transistors,
a simulation was run by sweeping the DC input voltage as
before using the same sizes of TECs. The results are shown in
Figure 27.
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TEC current is shown for three different TEC sizes; 1Ω, 1.5Ω,
and a 2Ω TEC. Operating on a bipolar ±2.5V supply, this
driver is capable of driving a 1Ω or 1.5Ω TEC to 2A. Output
voltage compliance limits the 2Ω TEC current to about 1.6A.
This output capability is the same as TEC Driver–1, essentially
the same circuit operating on a single +5V supply.
As Figure 26 illustrates, this TEC driver amplifier is a voltage-
controlled current source. Constant-current drive assures that
TEC drive current is independent of production variations in
TEC junctions or long-term aging. Constant-current drive also
eliminates the effect of thermal “back EMF” on current through
the TEC under dynamic temperature control conditions.

FIGURE 26. TEC Current Versus Input Voltage VIN.
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Power dissipation of one NPN (Q1) and one PNP (Q3) power
output transistor is shown in this sweep. The dissipation of the
devices in the other half of the bridge (NPN = Q2 and PNP = Q4)
will be the same as those shown in Figure 28. Depending on
whether the TEC is in its cooling or heating mode, power is
dissipated in Q1 and Q4 or in Q2 and Q3.
Driver efficiency is usually a concern in large multi-channel
systems due to limitations on the total power dissipation of the
system. Linear amplifiers do not reach the efficiencies of
PWM switching types but they do offer important advantages,
principally their very low noise. Switching noise interference
in laser and APD circuits is not a concern with linear drivers.
The DC simulation data was used to plot the efficiency of the
driver. To simplify the calculation, only the power output stage
was considered. The CMOS OPA353 op amp power dissipa-
tion is only about 26mW, so deleting it contributes little error
to the overall efficiency calculation. In this calculation, effi-
ciency is considered to be the ratio of the power delivered to
the load TEC to the power supplied to the driver. For example,
a current of 1A into a 1Ω TEC represents a power POUT of 1W
dissipated in the load (POUT = I2R). The power supplied to the
driver PIN is 1A from each ±2.5V supply, or 5W
(PIN = E • I).
Therefore:
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LINEAR TEC DRIVER–3
The linear TEC driver circuit (see Figure 28) is capable of
driving over ±2A into a typical TEC. The circuit operates on
a bipolar ±2.5V supply and drives the TE cooler in the highly
desirable “constant-current” mode. A BTL amplifier topology
achieves bidirectional current output. This type of amplifier
drives its load differentially, so the TEC must not be grounded
on either end.
With bipolar supplies, an input offset voltage is not necessary
to allow the amplifier outputs to swing in both directions. A
level shift circuit will be necessary to interface with a single-
supply input voltage source that is biased to 1/2VCC.
In the schematic, voltage VIN is amplified by a R-R CMOS op
amp U1 with a class B power output stage (formed by the
addition of a complimentary power transistor pair Q1 and Q3)
that drives one end of a TEC load through shunt resistor R4. A
CMOS instrumentation amplifier (IA) U3 senses the voltage
drop across the shunt resistor and amplifies it by 50, it then feeds
it back to the input of U1. This feedback approach forces the
output (TEC) current to be a function of VIN. Shunt resistance
and IA gain determines the scale factor of the circuit.

V
I

A • RIN

OUT
V 4= , where AV is the IA gain in V/V.

A P–Spice simulation (DC sweep) was performed on VIN,
sweeping the input voltage from –2.5V to +2.5V. The ampli-
fier output current to the TEC is shown in Figure 26.  This is
a P–Spice Probe file output.

Current limiting in a voltage-controlled current source be-
comes a simple matter of clamping the maximum input volt-
age to the amplifier. If driven by a rail-to-rail op amp, a voltage
divider or pot will set the current limit. When the R-R op amp
hits its rail, that voltage is divided down to an appropriate
voltage that represents the maximum desired TEC current. The
R-R op amp can’t swing past its rail, so this clamps the input
voltage to the TEC driver amplifier.
To determine the circuit’s power dissipation and the require-
ments for heat sinking the SOT-223 output power transistors,
a simulation was run by sweeping the DC input voltage as
before using the same sizes of TECs. The results are shown in
Figure 27.
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the same circuit operating on a single +5V supply.
As Figure 26 illustrates, this TEC driver amplifier is a voltage-
controlled current source. Constant-current drive assures that
TEC drive current is independent of production variations in
TEC junctions or long-term aging. Constant-current drive also
eliminates the effect of thermal “back EMF” on current through
the TEC under dynamic temperature control conditions.
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Power dissipation of one NPN (Q1) and one PNP (Q3) power
output transistor is shown in this sweep. The dissipation of the
devices in the other half of the bridge (NPN = Q2 and PNP = Q4)
will be the same as those shown in Figure 28. Depending on
whether the TEC is in its cooling or heating mode, power is
dissipated in Q1 and Q4 or in Q2 and Q3.
Driver efficiency is usually a concern in large multi-channel
systems due to limitations on the total power dissipation of the
system. Linear amplifiers do not reach the efficiencies of
PWM switching types but they do offer important advantages,
principally their very low noise. Switching noise interference
in laser and APD circuits is not a concern with linear drivers.
The DC simulation data was used to plot the efficiency of the
driver. To simplify the calculation, only the power output stage
was considered. The CMOS OPA353 op amp power dissipa-
tion is only about 26mW, so deleting it contributes little error
to the overall efficiency calculation. In this calculation, effi-
ciency is considered to be the ratio of the power delivered to
the load TEC to the power supplied to the driver. For example,
a current of 1A into a 1Ω TEC represents a power POUT of 1W
dissipated in the load (POUT = I2R). The power supplied to the
driver PIN is 1A from each ±2.5V supply, or 5W
(PIN = E • I).
Therefore:
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线性的TEC–�

线性的TEC电路（如图28）具有超过±2A的驱动能力。

电路在±2.5V供电下工作，在理想的高恒定电流模式

下，具有驱动TEC的功能。一个BTL放大拓扑结构的电

路可以得到双向的输出电流，这种类型的放大器具有不

同的驱动负载的能力，所以，TEC必须不能连接地线。

为了让运算放大器在两个方向上交替输出，没有必要采

用具有双极输入的偏压。需要一个电平移动电路和一

个单独供应的输入电压源，这个单独供应的输入电压源

是偏向到1/2VCC。在原理图中，输入电压是通过具有

B电压输出级（是通过补偿功耗晶体管Q1和Q3对级联成

的。）的R-R CMOS运算放大器U1来放大的，电压输出

级驱动TEC的末端电路，主要是通过分流电阻R4来完

成。CMOS测量放大器U3，对分流电阻上的压降进行测

量，并把它放大50倍，然后作为放大器U1的输入来返

回。这个返回的方法就形成了TEC的输出电流和输入电

压的函数关系，分流电阻和测量运算放大器增益决定了

电路的放大比例因子：

针对三个大小不同的情况，即1Ω，1.5Ω和2Ω的TEC，
显示了TEC驱动电流。在双级供电2.5V的供电下，这

个驱动器具有驱动1Ω和1.5ΩTEC的驱动能力为2A，

2ΩTEC驱动电流为1.6A。在单独＋5V供电情况下，这个

电路的输出能力和TEC－1是一样的。

如图26所显示的一样，这个TEC驱动器放大器是一个电

压控制电流源。

恒定电流驱动器确保TEC驱动电流与TEC连接变化或长

期老化无关的，恒电流驱动也消除了温度“反电动势”

的影响，温度“反电动势”是在动态温度控制条件下，

影响流过TEC的电流。在输入电压在–2.5V到+2.5V之
间，模拟了VIN输入电压的功能。TEC放大器输出电流在

图26中显示出来，这也是探针输出结果。在电压控制电

流的电路中，电流的控制极限变成了一个简单的电平控

制最大输入电压。如果是轨对轨的驱动运算放大器，一

个电压分压器可以设置电流极限。当R-R运算放大器达

到它的轨线路时，电压就被分流成适当的电流值来表示

期望的最大TEC的电流。这样R-R运算放大器就不能连

接到以前的轨道上，这样就表明了TEC驱动放大器的输

入电流。为了测量电路上的功耗散热，并且需要散热器

SOT-223功耗晶体管，在利用相同的阻值的TEC之前，通

过直流输入电压来进行模拟，结果在图27中显示出来。

图26. 热点冷却器电流和输入电压的比例

在NPN Q1和PNP Q3功耗晶体管上的输出功耗，在图27
中显示出来，在桥式的另外一半（NPN = Q2和PNP = 
Q4）上，设备的功耗是和图28所显示的一样，电能的消

耗要看TEC是在制冷模式下，还是在制热模式下，电能

晶体管Q3、和晶体管Q2上被消耗掉，或晶体管Q1和晶体

管Q4上消耗。

由于总的功耗的限制，在大多的系统中，驱动的效率是

非常重要的一个方面。线性放大器的效率没有PWM开

关效率高，但是一个重要的优点是它的低噪声特性。在

激光和雪崩二极管电路中，开关噪声干扰和线性的是不

相关的。直流的模拟数据用来绘制出驱动器效率图，

为了简化计算，只考虑了电源输出级，为了消除整个

计算引起的错误，CMOS OPA353运算放大器功耗只有

26mW。在计算中，效率是是驱动器的输出和驱动器的

输入电压的比例。例如对一个1欧姆的TEC输入电流1A
表示负载功耗(POUT = I2R)是1W，对于驱动引脚的电源供

电是±2.5V，电流是1A时，功率(PIN = E • I)为5W。

因此

图27. 输出的晶体管功耗
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FIGURE 28. TEC Driver–3 Circuit Diagram.
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Swinging the output voltage close to the supply rails mini-
mizes the voltage across the output transistor, thus reducing
its power dissipation. Likewise, it maximizes the voltage
across the load. As can be seen from the previous equation,
this increases the efficiency of a linear driver. In fact, as seen
in Figure 29, this circuit can reach an efficiency of over 60%
under favorable conditions. The dissipation of TEC Driver–3
on ±2.5V is exactly the same as TEC Driver–1 on +5V.
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FIGURE 29. Driver–1 (+5V supply) and Driver–3 (±2.5V sup-
plies) efficiency with 1Ω, 1.5Ω and 2Ω TEC loads.

Driver amplifier loop stability was investigated by running an
AC and Transient simulation. Results of the AC simulation
are shown in Figure 30.

FIGURE 30. TEC Driver Amplifier Frequency Response.

Some peaking is shown in the frequency response curves of
the 1Ω and 1.5Ω TEC but increasing the capacitance of the
compensation capacitors C3 and C4 can eliminate this. No-
tice that the capacitance of C3 and C4 are not the same.
Amplifier U1 requires more capacitance than U2 because of
the presence of feedback gain, that is provided by the
instrumentation amplifier, U3.

FIGURE 31. TEC Driver Amplifier Transient Response.

Similar results are seen in Figure 31, a P–Spice transient
simulation of this TEC driver amplifier. Slight peaking is
noted for heavy loads as predicted by the frequency response
curves.

Also evident in the transient response waveform is a small
crossover distortion “glitch” around 0A output current due
to the delay between turning off one transistor before its
complimentary transistor turns on. For example, the op amp
driving the power transistors must slew quickly between the
voltage at which the NPN transistor turns off  and the PNP
transistor turns on. Due to the fact that this amplifier uses a
Class B output stage, this region is 2VBE . A fast op amp,
such as the OPA353, minimizes the crossover distortion and
enhances stability about the crossover region. For applica-
tions such as an audio amplifier, the output stage transistors
could be biased slightly into conduction (class AB1) which
would eliminate the crossover region altogether. Applica-
tions for driving loads such as a thermoelectric cooler do not
warrant the increased complexity of a Class AB1 output
stage.
Reducing the power output transistor supplies from ±2.5V to
±1.5V increases the overall efficiency of the driver amplifier
by reducing the power dissipation in the output transistors.
As expected, lower transistor VCE  results in lower power
dissipation at the same collector current. Running the output
stage on as low voltage as possible increases efficiency—
especially if the amplifier output voltage can swing close to
the rail.
Although the low-level circuits are operating on different
supply voltages (±2.5V) than the output stage (±1.5V), this
does not cause the same asymmetry problems as discussed
in “TEC Driver–2.” This is because the inputs are ground-
referenced as are all of the supplies; both the op amp and the
output stage can swing symmetrically both positive and
negative.
See Figure 32 for output current into three sizes of TECs.
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Swinging the output voltage close to the supply rails mini-
mizes the voltage across the output transistor, thus reducing
its power dissipation. Likewise, it maximizes the voltage
across the load. As can be seen from the previous equation,
this increases the efficiency of a linear driver. In fact, as seen
in Figure 29, this circuit can reach an efficiency of over 60%
under favorable conditions. The dissipation of TEC Driver–3
on ±2.5V is exactly the same as TEC Driver–1 on +5V.
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FIGURE 29. Driver–1 (+5V supply) and Driver–3 (±2.5V sup-
plies) efficiency with 1Ω, 1.5Ω and 2Ω TEC loads.

Driver amplifier loop stability was investigated by running an
AC and Transient simulation. Results of the AC simulation
are shown in Figure 30.

FIGURE 30. TEC Driver Amplifier Frequency Response.

Some peaking is shown in the frequency response curves of
the 1Ω and 1.5Ω TEC but increasing the capacitance of the
compensation capacitors C3 and C4 can eliminate this. No-
tice that the capacitance of C3 and C4 are not the same.
Amplifier U1 requires more capacitance than U2 because of
the presence of feedback gain, that is provided by the
instrumentation amplifier, U3.

FIGURE 31. TEC Driver Amplifier Transient Response.

Similar results are seen in Figure 31, a P–Spice transient
simulation of this TEC driver amplifier. Slight peaking is
noted for heavy loads as predicted by the frequency response
curves.

Also evident in the transient response waveform is a small
crossover distortion “glitch” around 0A output current due
to the delay between turning off one transistor before its
complimentary transistor turns on. For example, the op amp
driving the power transistors must slew quickly between the
voltage at which the NPN transistor turns off  and the PNP
transistor turns on. Due to the fact that this amplifier uses a
Class B output stage, this region is 2VBE . A fast op amp,
such as the OPA353, minimizes the crossover distortion and
enhances stability about the crossover region. For applica-
tions such as an audio amplifier, the output stage transistors
could be biased slightly into conduction (class AB1) which
would eliminate the crossover region altogether. Applica-
tions for driving loads such as a thermoelectric cooler do not
warrant the increased complexity of a Class AB1 output
stage.
Reducing the power output transistor supplies from ±2.5V to
±1.5V increases the overall efficiency of the driver amplifier
by reducing the power dissipation in the output transistors.
As expected, lower transistor VCE  results in lower power
dissipation at the same collector current. Running the output
stage on as low voltage as possible increases efficiency—
especially if the amplifier output voltage can swing close to
the rail.
Although the low-level circuits are operating on different
supply voltages (±2.5V) than the output stage (±1.5V), this
does not cause the same asymmetry problems as discussed
in “TEC Driver–2.” This is because the inputs are ground-
referenced as are all of the supplies; both the op amp and the
output stage can swing symmetrically both positive and
negative.
See Figure 32 for output current into three sizes of TECs.
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Swinging the output voltage close to the supply rails mini-
mizes the voltage across the output transistor, thus reducing
its power dissipation. Likewise, it maximizes the voltage
across the load. As can be seen from the previous equation,
this increases the efficiency of a linear driver. In fact, as seen
in Figure 29, this circuit can reach an efficiency of over 60%
under favorable conditions. The dissipation of TEC Driver–3
on ±2.5V is exactly the same as TEC Driver–1 on +5V.
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FIGURE 29. Driver–1 (+5V supply) and Driver–3 (±2.5V sup-
plies) efficiency with 1Ω, 1.5Ω and 2Ω TEC loads.

Driver amplifier loop stability was investigated by running an
AC and Transient simulation. Results of the AC simulation
are shown in Figure 30.

FIGURE 30. TEC Driver Amplifier Frequency Response.

Some peaking is shown in the frequency response curves of
the 1Ω and 1.5Ω TEC but increasing the capacitance of the
compensation capacitors C3 and C4 can eliminate this. No-
tice that the capacitance of C3 and C4 are not the same.
Amplifier U1 requires more capacitance than U2 because of
the presence of feedback gain, that is provided by the
instrumentation amplifier, U3.

FIGURE 31. TEC Driver Amplifier Transient Response.

Similar results are seen in Figure 31, a P–Spice transient
simulation of this TEC driver amplifier. Slight peaking is
noted for heavy loads as predicted by the frequency response
curves.

Also evident in the transient response waveform is a small
crossover distortion “glitch” around 0A output current due
to the delay between turning off one transistor before its
complimentary transistor turns on. For example, the op amp
driving the power transistors must slew quickly between the
voltage at which the NPN transistor turns off  and the PNP
transistor turns on. Due to the fact that this amplifier uses a
Class B output stage, this region is 2VBE . A fast op amp,
such as the OPA353, minimizes the crossover distortion and
enhances stability about the crossover region. For applica-
tions such as an audio amplifier, the output stage transistors
could be biased slightly into conduction (class AB1) which
would eliminate the crossover region altogether. Applica-
tions for driving loads such as a thermoelectric cooler do not
warrant the increased complexity of a Class AB1 output
stage.
Reducing the power output transistor supplies from ±2.5V to
±1.5V increases the overall efficiency of the driver amplifier
by reducing the power dissipation in the output transistors.
As expected, lower transistor VCE  results in lower power
dissipation at the same collector current. Running the output
stage on as low voltage as possible increases efficiency—
especially if the amplifier output voltage can swing close to
the rail.
Although the low-level circuits are operating on different
supply voltages (±2.5V) than the output stage (±1.5V), this
does not cause the same asymmetry problems as discussed
in “TEC Driver–2.” This is because the inputs are ground-
referenced as are all of the supplies; both the op amp and the
output stage can swing symmetrically both positive and
negative.
See Figure 32 for output current into three sizes of TECs.
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通过输出晶体管，把输出电压调整到接近供电电路的最

小电压值，这样可以减少功耗。同样，通过让负载电压

最大，正如从前面的等式所看到的一样，这样有助于提

高线性驱动器的效率。事实上，如图29所看到的一样，

电路在理想的情况下，效率能够达到60％以上。TEC驱
动器－3，在±2.5V供电下功耗和TEC驱动器－1在＋5V
供电的情况下功耗一样。

驱动放大器环路的稳定性必须在交流和瞬态响应状态下

进行测量和评价，图30显示了交流模拟的结果。

图29. 驱动器－1（＋5V供电）和驱动器－3（±2.5V供 
          电）在1Ω，1.5Ω和2ΩTEC负载情况下的效率

图30. TEC驱动器放大频率响应

对1Ω和1.5Ω的TEC，频率响应曲线上出现了波峰，但

是通过增加补偿电容C3和C4的值，可以消除这些波锋。

注意补偿电容C3和C4的电容值是不相等的。放大器U1比

放大器U2需要更大值的电容，主要由于是通过测量放大

器U3的反馈增益。

图31. TEC驱动放大器瞬态响应

从瞬态响应曲线上也可以看到这一点，在0A输出电流附

近出现了交叉畸形的假信号，主要是由于在它的补偿电

容打开之前和关掉一个晶体管之间存在延时。例如，运

算放大器驱动的功耗晶体管，必须在NPN断电和PNP通
电之间通电。由于运算放大器采用了B端输出级，一个

快速的放大器OPA353可以减小交叉畸形，并且能提高

交叉局域的稳定性。例如对于音频放大器，输出级的晶

体管能够轻微偏移电感（AB1），这样可以一起清除交

叉区域。驱动负载的应用，如TEC没法保证提高AB1输
出端的复杂性。

在±2.5V到±1.5V供电范围内的电源输出晶体管，通过

降低在电源输出晶体管上的功耗，有助于增加整体的驱

动放大器的效率，正如所期望的，在具有同样的集电极

电流的情况下，低晶体管电压产生更低的功耗。在尽可

能低的电压情况下，降低输出级，来提高效率，特别是

在如果放大器输出电压能都接近供电电路的电压时，效

果更好。

虽然低电平电路可以在不同的供电电压下(±2.5V)工
作，比输出级(±1.5V)，但是，这种情况下，正如在热

电冷却驱动器－2所讨论的一样，会产生对称性问题。

主要是因为输入的是地参考电压作为所有设备的供电电

压，运算放大器和输出级，两者都能对称在正负方向上

变化。

看图32，针对三个大小TEC的输出电流。

如图31所示，TEC驱动放大器瞬态模拟曲线，需要注

意：在重负载的情况下，正如频率响应曲线所预测的一

样，出现了轻微波动。
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FIGURE 32. TEC Driver Output Current with ±1.5V Output
Stage Supplies.

Operation on low voltage supplies does sacrifice output
voltage compliance somewhat. This reduces the maximum
drive current into a 2Ω or 1.5Ω TEC but lower resistance 1Ω
TECs are unaffected.
Worthwhile gains in power dissipation are also realized by
operating the output stage on ±1.5V supplies, as shown in
Figure 33.

FIGURE 33.Output Transistor Power Dissipation with ±1.5V
Supplies.

Smaller transistor heat sinks are required and reductions in
cooling capacity are possible in large systems.
Figure 34 shows the very high efficiency that can be achieved
by a linear TEC driver when it swings very close to its
supply rails. Driving a 2Ω TEC to its maximum current of
about 1.3A, this amplifier achieves an efficiency of about
90%. Driving a 1Ω TEC to its maximum current of about
1.3A, this amplifier achieves an efficiency of about 80%.
Lower output currents achieve lower efficiencies but, at the
same time, power dissipation is also lower.

FIGURE 34. Improved Amplifier Efficiency with Output Stage
  Operating on ±1.5V Supplies.

The key to achieving good efficiency with a linear driver is
to match the TEC driver amplifier characteristics with ap-
propriate power supplies for your TEC. Thermoelectric
coolers are available with a wide range of voltage and
current characteristics; it is important to choose a TEC that
requires a drive voltage that is very close to the voltage(s)
available from your existing power supply. In new designs,
it may be possible to chose a TEC and then specify a power
supply voltage that optimizes the performance of the TEC
and driver amplifier.
Satisfactory operation of these circuits should be verified in
your actual application by breadboarding and testing.
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FIGURE 32. TEC Driver Output Current with ±1.5V Output
Stage Supplies.

Operation on low voltage supplies does sacrifice output
voltage compliance somewhat. This reduces the maximum
drive current into a 2Ω or 1.5Ω TEC but lower resistance 1Ω
TECs are unaffected.
Worthwhile gains in power dissipation are also realized by
operating the output stage on ±1.5V supplies, as shown in
Figure 33.

FIGURE 33.Output Transistor Power Dissipation with ±1.5V
Supplies.

Smaller transistor heat sinks are required and reductions in
cooling capacity are possible in large systems.
Figure 34 shows the very high efficiency that can be achieved
by a linear TEC driver when it swings very close to its
supply rails. Driving a 2Ω TEC to its maximum current of
about 1.3A, this amplifier achieves an efficiency of about
90%. Driving a 1Ω TEC to its maximum current of about
1.3A, this amplifier achieves an efficiency of about 80%.
Lower output currents achieve lower efficiencies but, at the
same time, power dissipation is also lower.

FIGURE 34. Improved Amplifier Efficiency with Output Stage
  Operating on ±1.5V Supplies.

The key to achieving good efficiency with a linear driver is
to match the TEC driver amplifier characteristics with ap-
propriate power supplies for your TEC. Thermoelectric
coolers are available with a wide range of voltage and
current characteristics; it is important to choose a TEC that
requires a drive voltage that is very close to the voltage(s)
available from your existing power supply. In new designs,
it may be possible to chose a TEC and then specify a power
supply voltage that optimizes the performance of the TEC
and driver amplifier.
Satisfactory operation of these circuits should be verified in
your actual application by breadboarding and testing.
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FIGURE 32. TEC Driver Output Current with ±1.5V Output
Stage Supplies.

Operation on low voltage supplies does sacrifice output
voltage compliance somewhat. This reduces the maximum
drive current into a 2Ω or 1.5Ω TEC but lower resistance 1Ω
TECs are unaffected.
Worthwhile gains in power dissipation are also realized by
operating the output stage on ±1.5V supplies, as shown in
Figure 33.

FIGURE 33.Output Transistor Power Dissipation with ±1.5V
Supplies.

Smaller transistor heat sinks are required and reductions in
cooling capacity are possible in large systems.
Figure 34 shows the very high efficiency that can be achieved
by a linear TEC driver when it swings very close to its
supply rails. Driving a 2Ω TEC to its maximum current of
about 1.3A, this amplifier achieves an efficiency of about
90%. Driving a 1Ω TEC to its maximum current of about
1.3A, this amplifier achieves an efficiency of about 80%.
Lower output currents achieve lower efficiencies but, at the
same time, power dissipation is also lower.

FIGURE 34. Improved Amplifier Efficiency with Output Stage
  Operating on ±1.5V Supplies.

The key to achieving good efficiency with a linear driver is
to match the TEC driver amplifier characteristics with ap-
propriate power supplies for your TEC. Thermoelectric
coolers are available with a wide range of voltage and
current characteristics; it is important to choose a TEC that
requires a drive voltage that is very close to the voltage(s)
available from your existing power supply. In new designs,
it may be possible to chose a TEC and then specify a power
supply voltage that optimizes the performance of the TEC
and driver amplifier.
Satisfactory operation of these circuits should be verified in
your actual application by breadboarding and testing.
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图32. TEC驱动器在±1.5V输出级供电的输出电流

在低电压供电的情况下，在一定程度上，不能牺牲输出

电压。这样减少了对2或者1.5欧姆的TEC的最大驱动电

流，但是低电阻1欧姆TEC是没有影响的，同时当供电

是在±1.5V时，电源功耗增益也被定位在输出级，如图

33所示。

图33. 在±1.5V供电电压下输出晶体管功耗

同样需要小的散热功能，并且在大系统中，尽可能减少

制冷能力。

图34显示了当驱动接近供电轨道时，线性热电控制器驱

动可以达到很高的效率。驱动2Ω的热点冷却器的最大

驱动电流为1.3A，这样放大器能得到90％以上的效率；

驱动1ΩTEC的最大驱动电流大约是1.3A，这也使放大

器得到80％以上的效率。低输出电流能达到低效率，但

是功耗也是很低。

图34. 输出级在±1.5V供电情况下提高放大器效率

线性驱动器提高效率的关键，就是采用满足自己需要的

适当电源供电，这样来匹配TEC驱动放大电路的特征。

TEC具有很宽范围内的电压和电流特性，所以从你现有

的供电范围内获取合适的，与TEC需要驱动电压最靠近

的电压是非常重要的。在新的设计中，可以选择一个可

能的TEC，然后再指定供电电压，从而最优化TEC和驱

动放大器。通过在你实际电路应用中，模拟板实验和测

试，这些电路的满足特性应该进行修改。
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TEMPERATURE UNDER–AND
OVER–RANGE SENSING WITH
A WINDOW COMPARATOR
The window comparator circuit shown in Figure 35 has been
used to monitor a TEC operating temperature and indicate
an out-of-range condition. Separate outputs are provided for
indicating an over-temperature or under-temperature condi-
tion. A logic HI at the output of U1 or U2 indicates that the
thermistor temperature is outside of the set points of the
window comparator.
A logic LOW at both outputs indicates that the TEC tem-
perature is within its safe operating range. A dual compara-
tor with open-collector or drain outputs can be used in a
“wired-OR” configuration but the single OPA340 or dual
OPA2340 CMOS op amp offers higher accuracy.
In the schematic, voltage VIN is used to simulate the voltage
appearing across a thermistor that measures the laser/TEC
temperature. If a 10kΩ at 25°C thermistor is excited by
100µA from a REF200 Current Reference, it will read
1.000V across the thermistor at 25°C. By using this con-
stant-current source, the thermistor’s output voltage is a
direct function of its temperature and this is easily converted
to °C by using the thermistor’s calibration chart.
A P–Spice simulation (DC sweep) was performed on VIN,
sweeping the thermistor voltage from 0V to 2V. The lower
temp limit was set to 500mV with RLOW, a 5kΩ resistor. A
10kΩ resistor, RDELTA, set the difference between the low
and high thresholds to 1V; therefore, the high threshold was
500mV + 1.000V = 1.500V.

The P–Spice Probe output is shown in Figure 36. As the
thermistor voltage crosses each threshold, U1 and U2 indi-
cate their status with a TTL HIGH or LOW output.
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NOTES: (1) Optional: Use one dual op amp OPA2340
(2) Bypass capacitors on U1 through U3 are not shown.

FIGURE 35. Precision Window Comparator Circuit Diagram.
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FIGURE 36. Input Voltage, HIGH and LOW Thresholds, and
Ouput Voltages.

To prevent loading of the thermistor, a low bias current
precision CMOS op amp was used as a comparator. Operat-
ing on a single +5V supply, the R/R op amp outputs are
TTL/CMOS compatible. A dual OPA2340 is ideal for low–
speed window comparator applications.

具有标识高低温度极限范围的窗体
比较器

图35显示了一个窗体比较器的电路图，这个电路图被用

在一个TEC操作温度的监控系统中，并且标识有出界条

件的指示。超过温度或低于温度范围条件被单独输出，

在U1或U2输出的高电平逻辑电路标识了热敏电阻的温度

超过了比较器窗体设定的范围。

在两个输出的逻辑电路中，低电平标识TEC的安全操

作范围，对偶比较器在集电极开路或集电极输出，在

电路的配置中都被采用了，但是单个OPA340或双重

OPA2340 CMOS运算放大器提供了更高的准确性。在

原理图中，电压输入引脚是用来模拟通过热敏电阻的电

压，热敏电阻是用来测量激光/TEC温度。如果在25°

C温度的一个10千欧的热敏电阻被用在参考电流的100
微安时，在25°C，比较器将显示是1.000V通过热敏电

阻。通过利用恒定电流源，热敏电阻的输出电压是它本

身温度的函数，并且通过校正表很容易转换成摄氏温

度。

通过改变热敏电阻的电压从0V到2V之间，模拟了VIN

引脚的在交流情况下的运行情况。具有电阻RLOW5千
欧的电阻，更低下限是500mV，对于一个电阻10千欧

RDELTA，设置不同电阻值为1V，这个值在高低阈值之

间，所以高的阈值为500mV + 1.000V = 1.500V。
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A P–Spice simulation (DC sweep) was performed on VIN,
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10kΩ resistor, RDELTA, set the difference between the low
and high thresholds to 1V; therefore, the high threshold was
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thermistor voltage crosses each threshold, U1 and U2 indi-
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FIGURE 35. Precision Window Comparator Circuit Diagram.
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FIGURE 36. Input Voltage, HIGH and LOW Thresholds, and
Ouput Voltages.

To prevent loading of the thermistor, a low bias current
precision CMOS op amp was used as a comparator. Operat-
ing on a single +5V supply, the R/R op amp outputs are
TTL/CMOS compatible. A dual OPA2340 is ideal for low–
speed window comparator applications.

注释: (1) 可选: 利用一个双重运算放大器OPA2353

 (2)通过U3放大器，在U1旁路电容没有显示出来。

为了阻止热敏电阻的负载过重，需要采用一个精确的偏

压CMOS运算放大器作为一个比较器，在＋5V的单供

电情况下工作，R/R运算放大器的输出与TTL/CMOS兼
容。一个双向OPA2340芯片是低速窗体比较器应用的最

好选择。

图36显示了探针的输出情况，当一个热敏电阻电压通过

每一个阈值时，U1和U2表示它们的状态是在高低电平输

出。

图36. 输入电压，高低阈值和输出电压

图35. 准确的窗体比较器电路图
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REF200 参考电流的警告：为了正确操作，需要一个大

约2.5V的电压。这就意味着，如果电路在＋5V供电的情

况下，上限阈值不能超过2.5V。

通过设置合适的阈值，可以检查到热敏电阻是否短路或

者开路。

这个电路也可以用来连续检测温度控制系统，是否在特

定的温度下工作，设定窗体的低温点到期望的操作低温

极限RLOW，并且它的高温到操作温度极限RDELTA，经过

这样设置后，当TEC在理想控制的范围工作时，这个电

路就可以显示出来。当温度超过上限或者低于下限时，

在U1或U2上就显示了数字HIGH。

可以通过一个测量器的输出（通常是用来放大错误的信

号，错误的信号来控制环路电路）和热敏电阻相连接，

而不是把窗体比较器直接和热敏电阻连接，得到一个附

属的感应器，通常测量器有一个增益，通过驱动放大电

路来得到一个大信号，在这种情况下，比较器是用来检

测热敏电阻上的电压和设置电压之间的偏差，而不是

直接测量热敏电阻。这样可以来监控温度控制环路的错

误，并且第二个窗体比较器正如上面表述的一样可以测

量热敏电阻的温度。

通常，准确设置窗体比较器的两个阈值是一个非常单调

的过程，通常采用的三个电阻分配器的激发电压取保在

连个阈值之间进行插值。为了调整阈值，首先需要调节

一点，然后是另外一个点。第二次的调整将要改变第一

次调整的点等，对于标准的窗体比较器电路，阈值的微

调是一个插值过程。

通过目前的激励原理，只有两个固定电阻或者是两个点

需要设置，即RLOW低阈值和高阈值RDELTA来设置窗体的

宽。通过调整RDELTA而不改变低阈值，调整低阈值不改

变两个阈值之间的电势差，这样的调整方式是最简单的

方式。

环境噪声需要小数量的正反馈来阻止在比较器开关端子

上的跳动，通过模拟板和测试的过程中，调整这个电路

的满足条件，主要是为了满足实际的应用需要。



Safe Harbor Statement: 
This publication may contain forward-looking statements that involve a number of risks and uncertainties. These “forward-
looking statements” are intended to qualify for the safe harbor from liability established by the Private Securities Litigation 
Reform Act of 1995. These forward-looking statements generally can be identified by phrases such as TI or its management 
“believes,” “expects,” “anticipates,” “foresees,” “forecasts,” “estimates” or other words or phrases of similar import. 
Similarly, such statements herein that describe the company’s products, business strategy, outlook, objectives, plans, 
intentions or goals also are forward-looking statements. All such forward-looking statements are subject to certain risks and 
uncertainties that could cause actual results to differ materially from those in forward-looking statements. Please refer to TI’
s most recent Form 10-K for more information on the risks and uncertainties that could materially affect future results of 
operations. We disclaim any intention or obligation to update any forward-looking statements as a result of developments 
occurring after the date of this publication.

Trademarks: 
The platform bar is a trademark of Texas Instruments. All other trademarks are 
the property of their respective owners.

Real World Signal Processing, the balck/red banner, C2000, C24x, C28x, Code 
Composer Studio, Excalibur, Just Plug It In graphic, MicroStar BGA, MicroStar 
Junior, OHCI-Lynx, Power+ Logic, PowerPAD, SWIFT, TMS320, TMS320C2000, 
TMS320C24x, TMS320C28x, TMS320C6000, TPS40K, XDS510 and XDS560 
are trademarks of Texas Instruments. All other trademarks are the property of 
their respective owners.

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements, and 
other changes to its products and services at any time and to discontinue any product or service without notice. Customers should obtain the 
latest relevant information before placing orders and should verify that such information is current and complete. All products are sold subject 
to TI’s terms and conditions of sale supplied at the time of order acknowledgment.
TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard warranty. 
Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where mandated by 
government requirements, testing of all parameters of each product is not necessarily performed.
TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and applications 
using TI components. To minimize the risks associated with customer products and applications, customers should provide adequate design 
and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right, 
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information 
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a warranty or 
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the 
third party, or a license from TI under the patents or other intellectual property of TI.
Reproduction of TI information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied 
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive 
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional 
restrictions.
Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all 
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not responsible 
or liable for any such statements.
TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably 
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing such 
use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and acknowledge 
and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any use of 
TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be provided by TI. 
Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in such safety-critical 
applications.
TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are specifically 
designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military specifications. Buyers 
acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at the Buyer's risk, and that they 
are solely responsible for compliance with all legal and regulatory requirements in connection with such use.
TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are designated 
by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated products in 
automotive applications, TI will not be responsible for any failure to meet such requirements.

IMPORTANT NOTICE

相关产品链接:

DSP - 数字信号处理器 http://www.ti.com.cn/dsp

电源管理 http://www.ti.com.cn/power

放大器和线性器件 http://www.ti.com.cn/amplifiers

接口 http://www.ti.com.cn/interface

模拟开关和多路复用器 http://www.ti.com.cn/analogswitches

逻辑 http://www.ti.com.cn/logic

RF/IF 和 ZigBee® 解决方案 www.ti.com.cn/radiofre

RFID 系统 http://www.ti.com.cn/rfidsys

数据转换器 http://www.ti.com.cn/dataconverters

时钟和计时器 http://www.ti.com.cn/clockandtimers

标准线性器件 http://www.ti.com.cn/standardlinearde

温度传感器和监控器 http://www.ti.com.cn/temperaturesensors

微控制器 (MCU) http://www.ti.com.cn/microcontrollers

相关应用链接:
安防应用 http://www.ti.com.cn/security

工业应用 http://www.ti.com.cn/industrial

计算机及周边 http://www.ti.com.cn/computer

宽带网络 http://www.ti.com.cn/broadband

汽车电子 http://www.ti.com.cn/automotive

视频和影像 http://www.ti.com.cn/video

数字音频 http://www.ti.com.cn/audio

通信与电信 http://www.ti.com.cn/telecom

无线通信 http://www.ti.com.cn/wireless

消费电子 http://www.ti.com.cn/consumer

医疗电子 http://www.ti.com.cn/medical
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Following are URLs where you can obtain information 
on other Texas Instruments products and application 
solutions:

样片及品质信息

免费样片索取

您是否正没日没夜的忙于工作而又急需一块免费的 TI 产品
样片？那就请立刻登录 TI 样片中心，马上申请吧！

数千种器件，极短的递送时间，高效的反馈速度：

8000多种器件及各种封装类型任君选择

一周 7*24 小时网上随时申请

两个工作日内得到反馈

已经有成千上万的客户通过申请样片，优质高效地完成
了产品设计。

立即注册my.TI会员，申请免费样片，只需短短几天，样片
将直接寄到您所指定的地址。

http://www.ti.com.cn/freesample

电话支持——如果您需要帮助如何选择样片器件，敬请致
电中国产品信息中心 800-820-8682 或访问
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www.ti.com.cn/support www.ti.com.cn/quality

品质保证

持续不断的专注于品质及可靠性是TI 对

客户承诺的一部分。1995 年，TI的半导

体群品质系统计划开始实施。该全面的品

质系统的使用可满足并超越全球客户及业

界的需求。

TI 深愔促进业界标准的重要性，并一直致力于美国(U.S)
及国际性自发标准的调整。作为活跃于诸多全球性的业界

协会的一员，以及TI 对环境保护负有强烈的使命感，TI引
领其无铅(lead[Pb]-free)计划，并逐渐成为了该方向的领

导者。该计划始于上世纪80年代，旨在寻求产品的可替代

原料，时至今日，绝大多数的TI产品均可提供无铅及绿色

(Green)的封装。

如果您对“无铅”抱有任何疑问，敬请访问：

ZHCA06�



重重要要声声明明

德州仪器 (TI) 及其下属子公司有权在不事先通知的情况下，随时对所提供的产品和服务进行更正、修改、增强、改进或其它更改，
并有权随时中止提供任何产品和服务。 客户在下订单前应获取最新的相关信息，并验证这些信息是否完整且是最新的。 所有产品的
销售都遵循在订单确认时所提供的 TI 销售条款与条件。

TI 保证其所销售的硬件产品的性能符合 TI 标准保修的适用规范。 仅在 TI 保修的范围内，且 TI 认为有必要时才会使用测试或其它质
量控制技术。 除非政府做出了硬性规定，否则没有必要对每种产品的所有参数进行测试。

TI 对应用帮助或客户产品设计不承担任何义务。 客户应对其使用 TI 组件的产品和应用自行负责。 为尽量减小与客户产品和应用相关
的风险，客户应提供充分的设计与操作安全措施。

TI 不对任何 TI 专利权、版权、屏蔽作品权或其它与使用了 TI 产品或服务的组合设备、机器、流程相关的 TI 知识产权中授予的直接
或隐含权限作出任何保证或解释。 TI 所发布的与第三方产品或服务有关的信息，不能构成从 TI 获得使用这些产品或服务的许可、授
权、或认可。 使用此类信息可能需要获得第三方的专利权或其它知识产权方面的许可，或是 TI 的专利权或其它知识产权方面的许
可。

对于 TI 的数据手册或数据表，仅在没有对内容进行任何篡改且带有相关授权、条件、限制和声明的情况下才允许进行复制。 在复制
信息的过程中对内容的篡改属于非法的、欺诈性商业行为。 TI 对此类篡改过的文件不承担任何责任。

在转售 TI 产品或服务时，如果存在对产品或服务参数的虚假陈述，则会失去相关 TI 产品或服务的明示或暗示授权，且这是非法的、
欺诈性商业行为。 TI 对此类虚假陈述不承担任何责任。

可访问以下 URL 地址以获取有关其它 TI 产品和应用解决方案的信息：

产产品品

放大器 http://www.ti.com.cn/amplifiers

数据转换器 http://www.ti.com.cn/dataconverters

DSP http://www.ti.com.cn/dsp

接口 http://www.ti.com.cn/interface

逻辑 http://www.ti.com.cn/logic

电源管理 http://www.ti.com.cn/power

微控制器 http://www.ti.com.cn/microcontrollers

应应用用

音频 http://www.ti.com.cn/audio

汽车 http://www.ti.com.cn/automotive

宽带 http://www.ti.com.cn/broadband

数字控制 http://www.ti.com.cn/control

光纤网络 http://www.ti.com.cn/opticalnetwork

安全 http://www.ti.com.cn/security

电话 http://www.ti.com.cn/telecom

视频与成像 http://www.ti.com.cn/video

无线 http://www.ti.com.cn/wireless

邮寄地址：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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