Turn Positive Buck/Boost Circuits Negative

http://electronicdesign.com/boards/turn-positive-buckboost-circuits-negative
Most common dc-dc power application circuits are designed for a positive buck or a boost circuit. However, certain designs may require a negative buck or boost topology. The problem usually arises because most board designers aren't accustomed to thinking in terms of negative voltages.

The transfer function for a positive buck is VOUT/VIN = D, and interestingly, the transfer function for a negative buck is –VOUT/ –VIN = D. Similarly, the transfer function for a positive boost is VOUT/VIN = 1/(1 D), and for a negative boost it's –VOUT/ –VIN = 1/(1–D).

A negative buck regulator can easily be configured by starting with a standard positive buck-regulator circuit and flipping the polarity of all the voltage rails and power switches (Fig. 1).
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1. A positive buck regulator (ajcan be converted to a negative buck-regulator circuit by flipping the
polarity of all voltage rails and power switches (b).



 The circuit in Figure 2 is an actual negative buck regulator that converts a 7-V input to a –5.2-V output at 500 mA.

[image: image9.png]=1y

2. Based on an MIC2288 PWM boost regulatorthis negative buck circuit
converts an input of 27 V to 25.2 V at 500 mA.




The purpose of the small-signal transistor (Q1) is to level-shift the feedback voltage so that the output is regulated at –5.2 V. The MIC2288 is a 1.2-MHz pulse-width-modulation (PWM) boost regulator in an SOT23-5 package with an internal 1.2-A peak current switch between the SW and the GND pins. So, there's no need to connect an external npn power transistor Q2 as shown in Figure 1b.

The chip GND is sitting on –7 V (VIN), and feedback on the MIC2288 will be 1.24-V higher than GND, so R3 will program 100 µA in the collector lead. This current will produce approximately –4.6 V on the emitter, and the base will go down to approximately –5.2 V (assuming Q1 s VBE = 0.6 V). R1 and C1 program an enable delay on the MIC2288 to make sure that input supply is fully stable before the negative buck converter starts switching.

The maximum load current is limited by the switch handling capability on the MIC2288. For higher load current applications, one can certainly employ a boost controller that uses an external MOSFET or a bipolar switch. This circuit's efficiency at 500 mA was just over 87%.

A negative boost converter can easily be configured by following the same steps as for a negative buck converter. Figures 3a, 3b, 
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3. The polarity-flipping technique of Figure 1 can also be used to turn a posi
a negative boost converter (b).

/e boost converter (a)into



and 4 show the positive boost, negative boost after source and switch transformation, and an actual circuit for a –5.2-VIN to –7-VOUT, 500-mA application. The MIC4690 is a 500-kHz PWM non-synchronous buck regulator in an SO-8 package, with an internal 1.3-A peak current switch between the VIN and the SW pins on the regulator. Thus, there s no need to connect an external npn power transistor Q3 as shown in Figure 3b.
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4. Using an MIC4690 PWM buck regulator,this negative boost circuit
converts 25.2 V to 27 V at 500 mA.




The output voltage is programmed when 124 µA (1.24 V/10 kΩ) flows through R1 and R2. Therefore, VOUT = –1.24 V + (46.4 kΩ X 124 µA) = –7 V. The MIC4690 is enabled by pulling the SHDN pin to the lowest potential voltage.

Again, the maximum load current is limited by the switch handling capability of the MIC4690. For higher load-current applications, one can use a buck controller that uses an external MOSFET or a bipolar switch. The efficiency of this circuit at 500 mA was about 75%.

Negative Buck Regulator Employs Step-Up Controller

http://www.datasheetarchive.com/files/maxim/0002/appno027.htm

The circuit of Figure 1 adopts a step-up (boost) dc-dc controller for use in a negative buck-regulator application. It was developed to power the laser diode in an optical amplifier/booster unit, a job for which no commercial IC was available at the time. The anode of the laser diode connects to ground, so the supply voltage must be negative, and it must deliver 160mA to 750mA.
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Figure 1. With an external op amp to invert its voltage feedback, this boost-mode dc-dc controller derives a regulated -3V from the -5.2V ECL supply.
Although the boost-regulator IC operates in a buck-regulator circuit, its standard connections enable proper control of Q1. The output voltage, however, must be inverted by an op amp for proper voltage feedback: the load is referred to the most positive supply rail instead of IC1's ground terminal, so the controller must increase its duty cycle as VOUT (referred to that terminal) increases. The op amp therefore inverts the feedback signal and shifts it to match the 1.5V threshold internal to IC1.
IC1 is configured in its non-bootstrapped mode, which provides an adequate gate-drive signal (ground to -5.2V) for the external MOSFET Q1. With VOUT set to -3V and the output current ranging from 160mA to above 700mA, the circuit's conversion efficiency ranges from 84% to as high as 87.5% (Figure 2).
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Figure 2. Efficiency for the Figure 1 circuit ranges from 84% to as high as 87.5%.
Practical implementation of negative-input, negative-output step-down switching converters

http://www.eetimes.com/document.asp?doc_id=1272382
High-efficiency step-down switching regulators for positive voltages are very common, however negative step-down switching regulators (negative voltage in, negative voltage out, common ground) are not as well known, even though they are often needed. Although they are not difficult to set up, literature on how to build them is rather scarce. This article analyzes the architecture and detailed operation of the negative buck topology. It will also discuss actual circuit implementations for the topology, from a system perspective down to the building of the neededcircuit blocks, and include examples on how to build a voltagetranslator circuit, a key block in implementing a negative buck regulator using readily available boost ICs. 
Negative Buck Topology 
Figure 1 shows the basic architecture of a negative buck switching converter.
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Figure 1: Negative buck topology 
(Click to enlarge image)
(Note: In the figure, while it is common to draw positive rails at the bottom of circuits in schematic diagrams and, based on it, negative buck topologies show ground (most positive rail) on the top in many cases. Here, ground was drawn at the bottom with the circuit's Vin and Vout at the top on purpose, to reflect the simplicity and similarity of this topology compare to the positive buck.) 
Like a positive buck design, it has a high-side pass device between input and output, an LC output filter, and a catch diode. The two big differences are the gate drive needed in the control IC and the feedback circuitry. 
In a positive buck, a typical NFET used as a high-side pass device requires a gate-drive voltage higher (more positive) than the systems input voltage (Vin) in order to be turned on. Since the input voltage is the most positive voltage in the system already, special circuitry is needed to generate an even higher voltage. Positive buck ICs have usually this function built in. In a negative buck, an NFET used as a high-side pass device also requires a gate-drive voltage more positive than the system's input (-Vin). In this case, since this input voltage is the most negative voltage in the system, though no special circuitry is needed. All other voltages, including the output, are "higher" (more positive), with the converter ground being the most positive voltage in the system. Under these circumstances, a low-side FET PWM control IC (such as a boost/flyback regulator or controller) can be used to implement the converter. 
A variety of ICs may be used to implement negative buck converters, including controllers and integrated monolithic regulators with low side NFETs. Monolithic ICs provide simplicity, ease of implementation and lower component count. Controllers offer greater flexibility, particularly when larger output currents are needed, as well as when there's the need to optimize for efficiency and thermal dissipation, than can be achieved by choosing a FET with optimal Rdson, packaging, turn-on and turn-off times, and other factors for the requirements. 
Figure 2 shows a simplified diagram of an LM5001 boost/flyback regulator in a negative buck topology. 
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Figure 2: Negative buck regulator implementation using a wide input-voltage range, 1 A monolithic boost-regulator IC 
(Click to enlarge image)
It is a 3.1 to 75 volt input-voltage-range device from National Semiconductor that has a built-in 75 V, 1 A NFET. In a regular boost application, the LM5001 will put out a gate-drive voltage to its built-in pass NMOSFET a few volts above ground in order to turn it on. In a negative buck application, the gate drive will still put out a gate voltage a few volts above the IC's ground pin, which in this case is tied to the system's input voltage (-Vin) and will yield the results needed. 
Different from a regular boost, but the same as a regular buck, peak IC-switch current in Figure 2 is the same as peak inductor/output current, thus allowing a 1 A boost IC to be used for output currents up to 1 A. Other regulators with different ratings would be used for higher or lower switch currents. If a controller is preferred, it would be used in a similar configuration to the one in the figure. 
Voltage Translators 
The other special consideration in a negative buck architecture using an off-the-shelf boost IC is the signal conditioning needed for the feedback path. Most ICs require a voltage around 1.25 V (relative to their ground) at their feedback (FB) pin to maintain regulation. This voltage is usually obtained from the output (Vout) and simply scaled down through a voltage-divider resistor network. This technique easily allows the voltage applied to the FB pin to go up as the output goes up and to go down as the output goes down, which is needed to maintain proper regulation. 
When this approach is taken in a positive buck, both the FB voltage and the output voltage are naturally referenced to the system ground and the IC ground pin, so no conditioning or translation is needed. In a negative-buck application implemented through the use of a low-side FET boost IC, the output (-Vout) and any voltage-divided sample of it are still referenced to the system ground. However, since the IC ground pin is connected to -Vin and not to the system ground, the IC will not read the FB voltage correctly (nor will keep regulation correctly) and thus this voltage needs to be translated so it is referenced to the IC ground pin. 
This voltage translation is represented through the small box in Figure 1 and Figure 2 labeled "Level shift". There are multiple ways of getting this implemented in hardware. 
Figure 3 shows one of the simplest, most common, and possibly less expensive ways. 



Figure 3: Voltage translator circuit using a matched PNP-transistor current mirror 
(Click to enlarge image)
It uses a current mirror built with a couple of inexpensive PNP transistors. For best performance and tighter regulation accuracy, a matched pair is recommended. Matched pairs can be found in single packages; a good example is the DMMT3906 from Diodes Inc. In Figure 3, Rf1 and Rf2 scale down the mirrored voltage and are thus used to set the regulator's output voltage (just like the case of any adjustable regulator). In other words, feedback gain is |Vref/vout| and |vout|is Vref x Rf1/Rf2, where Vref is the IC feedback pin (reference) voltage. 
A variation of the current-mirror circuit is shown in Figure 4. 



Figure 4: Voltage translator circuit using a single PNP transistor and discrete-diode current mirror 
(Click to enlarge image)
In this circuit, a single PNP transistor is used. D1 provides output voltage temperature compensation by canceling out the effects of the temperature drift of Q1's PNP emitter-base voltage. D2 & D3provide some pre-regulation for the biasing current needed for D1, thus improving both line regulation and ripple rejection by a factor of two. Additional performance improvement is possible by replacing the two series-connected diodes with a voltage reference such as National's LM385-1.2 or LM4040-2.5. 
To simplify the circuit, or if the input voltage is relatively constant and has very little ripple on it, D2 and D3 could be eliminated and the biasing resistors combined. Also, eliminating D1 will provide a negative temperature coefficient of the output voltage. 
Figure 5 shows an alternative for the voltage translating circuit using an op amp, for designers who prefer the benefits and simplicity of operational amplifiers compared to designing with discrete components. 



Figure 5: Voltage translator circuit using an op amp in a differential input-amplifier configuration 
(Click to enlarge image)
By connecting the op amp in a very similar configuration to the one used when sensing and amplifying differential voltages, it can be used in the negative buck configuration to jointly scale-down the output voltage. This makes it suitable for the FB pin (thus setting the regulator's output voltage) and, at the same time, shifts the reference for this voltage from the system ground to the -Vin rail. 
The specific op amp used depends on application requirements but, in general, a general-purpose op amp may be adequate. Low offset voltage is important for voltage accuracy of the regulator and. Obviously. the op amp needs to have a common mode voltage range (CMVR) greater than the application's Voutmagnitude. 
Conclusion 
A variety of boost/flyback regulators can be used for implementing negative buck converters. Regulators and controllers with wide input-voltage range were used as examples, due to their flexibility in a broad range of applications. Even though boost ICs are the most readily available, off-the-shelf solution to implement negative buck converters, it is important to reiterate we are in fact not boosting a negative voltage, Instead, we are bucking it, so all the design parameters and criteria for selecting external components (inductor, MOSFET, compensation, etc.) need to be those for a buck, not a boost design. The switch current is the converter's output current, like a buck. Inductor value should also be chosen using ripple current, like a buck. Like a regular positive buck, thetopology doesn't have a right-half-plane (rhp) zero either. Actually, if a voltage translation circuit is used, like the ones in Figures 3 or 4, it's evident that compensation can get extremely flexible, since adding a pole or a zero is as easy as just adding a cap in parallel with either Rf1 (zero) or Rf2 (pole). 
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Импульсные стабилизаторы отрицательного напряжения

http://nauchebe.net/2010/06/impulsnye-stabilizatory-otricatelnogo-napryazheniya/ 
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Хотя стабилизатор типа ZAfl05 предназначен для работы с положитель​ным выходным напряжением, его можно приспособить для получения отрицательных напряжений. Но все же лучшие результаты и более про​стой реализации можно добиться используя ИС, специально разрабо​танные для получения отрицательных выходных напряжений. Примером такого стабилизатора напряжения является ИС LAfl04, показанная на рис. 17.2.

Рис. 17.2. Принципиальная схема интегрального стабилизатора напря​жения LM104. Эта ИС аналогична ИС ZM105, но сделана так, чтобы пользователю было легко и просто стабилизировать отрицательное напряжение. National Semiconductor Corp.

Две схемы импульсных стабилизатора с отрицательным выходным напряжением приведены на рис. 17.3. Общая идеология и применение совпадают с ИС LAflOS.

В предназначенной для работы с большими токами схеме (рис. 17.3В), возможности расширены за счет введения нескольких изменений. И катушка индуктивности, и фиксирующий диод должны быть рассчита​ны на больший ток. Заметьте, что вывод источника опорного напряже​ния уже не подключен к нестабилизированному входу, а связан с базой выходного транзистора Q2.
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Рис. 17.3. Импульсные стабилизаторы отрицательного напряжения. (А) Схема с одним дополнительным транзистором, обеспечивающая на выходе отрицательное напряжение 5 В. (В) Схема с двумя допол​нительными транзисторами для увеличения выходного тока. National Semiconductor Corp.

Этот прием используется для того, чтобы предотвратить превышение положительного напряжения на выводе 5 относительно вывода 3 больше чем на 2 В, что неблагоприятно сказывается на работе ИС LM104. Хотя это изменение достигает своей цели, оно может в некоторых случаях да​вать нежелательный побочный эффект, потому что ухудшается стабилиза​ция из-за введения в источник опорного напряжения нестабилизированно​го входного напряжения. К счастью, это влияние можно устранить, включая последовательно с резистором положительной обратной связи R6 конденсатор емкостью 0,01мкФ. Емкость конденсатора достаточно велика, поэтому слабо изменяет гистерезис компаратора на частоте колебаний, но преграждает путь постоянной составляющей напряжения обратной связи.

Поскольку схема способна выдавать больший ток, необходимость в быстрой реакции полупроводниковых приборах становится более насто​ятельной. Мало того, что медленные компоненты выделяют большее количество тепла, при значительных токах быстро возрастает вероят​ность серьезных нарушений в схеме из-за больших значений максималь​ных токов и петлевых токов блока. В этом случае нельзя применять низ​кочастотные транзисторы и фиксирующие диоды. Накопление заряда в обычных выпрямительных диодах приводит не только к большому рас​сеянию мощности непосредственно в диоде, но и создает короткое за​мыкание для переключающего транзистора, когда он включается (в этом случае диод едва ли можно называть фиксирующим). Как подчер​кивалось в предыдущих главах, ИИП требует скоординированной рабо​ты соответствующих устройств и компонент. Сбой лишь в одном месте может пагубно отразиться на всей последовательности действий, необ​ходимых для достижения высокого к.п.д. и слаженной работы.

Регулируемый импульсный стабилизатор напряжения LM2576HV-ADJ 

http://rcl-radio.ru/?p=16274
(микросхема понижающего широтно-импульсного (ШИМ) регулируемого стабилизатора напряжения) имеет широкий диапазон регулируемого выходного напряжения от 1,2 до 50В с выходным максимальным током 3А. 

Так как стабилизатор работает в импульсном режиме, он имеет высокий КПД и как правило оснащается небольшим радиатором площадью не более 100 см2. Устройство имеет тепловую защиту и защиту по выходному току.
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Так же стабилизатор можно использовать для отрицательных напряжений.
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NEGATIVE BOOST REGULATOR Another variation on the buck-boost topology is the negative boost configuration. The circuit in Figure 11 accepts an input voltage ranging from −5V to −12V and provides a regulated −12V output. Input voltages greater than −12V will cause the output to rise above −12V, but will not damage the regulator. Because of the boosting function of this type of regulator, the switch current is relatively high, especially at low input voltages. Output load current limitations are a result of the maximum current rating of the switch. Also, boost regulators can not provide current limiting load protection in the event of a shorted load, so some other means (such as a fuse) may be necessary

http://img.hqew.com/file/Others/540000-549999/540651/ChinaChips/20111111175656160F1D01M.PDF
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Typical Load Current

400 mA for Vi = 5.2V

750 mA for Viy = =7V

Note: Heat sink may be required.
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Рис. 10. Импульсный стабилизатор отрицательного напряжения. Типовые характеристики: стабилизированное выходное напряжение -15 В, стабилизация по напряжению сети lAUg=20 В) 8 мВ, стабилизация по нагрузке

