Проектирование ЛБП

https://www.youtube.com/watch?v=CIGjActDeoM
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Типовая схема стабилизатора тока на LM317 доработана. На вход Vr (регулировка) подано напряжение с сумматора на ОУ. Коэф ус сумматора =2 тк на входе сумматора - делитель 2х10КОмчерез который на неинв вход подаётся и напряжение с датчика тока 1R (1 Ом) и с повторителя на ОУ, задающего напряжение 0-1В, чтобы получить выходной ток 0-1А Vs - это напряжение, подаваемое на вход сумматора, для балансировки схемы. Если на контакте Vo=10V а Vs=0V то на входе сумматора - 5В, а на выходе сумматора = 10В - тоже, что и на входе Vr и на левом выводе датчика тока. Если напряжение на левом и правом выводе татчика тока равно 10В, то ток через датчbк равен нулю. Это возможно при Vs=0V
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При напряжении на выходе повторителя =1В и напряжении в точке Vo=10В, на точке соединения резисторов сумматора будет 5,5В, а на выходе сумматора -в два раза больше - Vr=11В/ Это же напряжение +1В будет приложено к левому выводу датчика тока. Падение напряжения на датчике тока составит 1В, при этом, ток через датчик составит 1А
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Теперь выкинем ОУ Сумматора и поставим делитель на 2 из 2х резисторов 10КОм в цепь ООС аналога LM317. Функционирование схемы не изменится! ОУ Датчика тока может быть - К157УД2. 
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	Дальнейшее развитие этой схемы - выкидываем LM317 - Регулятор тока и заменяем его датчиком тока с ОУ. Мы можем поставить его ПЕРЕД регулятором напряжения тк ток управляющего вывода LT3080 крайне мал. Два резистора по 1 К образуют управляемый делитель с транзистором NPN,открываемым компаратором - задатчиком тока. Конденсатор у управляющего электрода LT3080 гасит ВЧ возбуд. При этом, выходной конденсатор должен иметь минимальное значение. Резистор на выходе LT3080 предназначен для обеспечения нулевого напряжения на выходе, когда управляющий сигнал установлен на нулевое значение. Обычно, Uвых= 0,1 - 0,8В см график  Residual Output Voltage with Less Than Minimum Load
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Но, выходной резистор увеличивает холостой ток стабилизатора и уменьшает точность работы входной, токоограничительной, схемы, внося лишнего потребителя, не связанного с нагрузкой. Гораздо лучше, поставить на выходе источник ("пожиратель") тока на LM334 с током потребления всего 1мА. 

Важно учесть, что источник тока 10мкА в задатчике напряжения LT3080 вызывает падение на двух резисторах 1Ком в на коллекторе Т1 и выходе ОУ повторителя напряжения, падение в 20мВ - это 2% ошибки от управляющего напряжения 1В - Много! Чтобы компенсировать это падение напряжения, подключим ООС повторителя напряжения прямо к выходу установки напряжения LT3080. При этом, Vset можно сделать постоянным, опорным, а уровень напряжения на выходе задавать делителем на неинвертирующем входе этого ОУ.

При этом, несколько LT3080 можно ставить в параллель (с симметрирующими резисторами на выходе - см Даташит), для увеличения выходного тока. 
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Финальная схема ЛБП такова
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Подключение светодиода, даже через резистор, к выходу ОУ управляющего ограничением тока, может ухудшать стабилизацию тока.

Для решения проблемы используем ОУ 2B, работающий как компаратор. Делитель на инвертирующем входе 10К/470К слегка уменьшает напряжение на этом входе, по сравнению с тем, что задаёт переменник Current adj на инв входе ОУ 1B
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Практическая схема:

https://modwiggler.com/forum/viewtopic.php?t=126744
DIY Bench Power Supply
I'm currently working on a bench PSU for myself and I thought this might be interesting for some of you. My goal was to build a linear supply that gives me +/- 0-20V with current limiting from 0-1A.

I took a lot of inspiration from Dave Jones of EEVBlog (the other electronics wizard Dave Jones :hihi: ) who did a series of youtube videos about designing a battery powered lab PSU a while back (mine is not gonna be battery powered btw).Here's the current schematic (I'm also attaching a better resolution PDF)

As I wanted it to be bipolar I used the good old LM317/337 combination instead of the LT3080 (couldn't find a good negative equivalent to this).

The most difficult part was to let it go down to 0V. I achieved that by referencing the adjust pin to -1.25V instead of 0V as the output is always adj + 1.25V. Works pretty good now (in simulation) but there were a lot of traps on that way.

For current limiting I'm using a 1R 0.1% 50W power resistor at the input of the LM317. The voltage drop across this resistor is measured by an instrumetation amplifier (1V drop = 1A) and then compared to a voltage that is dialed in by the current limit pot.

If the current limit voltage is lower than the measured voltage drop, a transitors pulls the adjust pin of the LM317/337 low until the consumed current is under the limit again.

Voltages can be dialed in by 10-turn pots, whereas I'm only using normal 1-turn pots for the current. We'll see if that will work ok.

As both parameters are voltage controlled, it'd be also pretty easy to add digital control later, I might do that.

The voltages will be read by a microcontoller on another board which will drive a LCD to show the parameters. I wanted to keep these two things apart from each other because I want to build and test the power supply part first.
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________________________________________________________________________________

Обрати внимание на ОУ - повторитель в датчике тока. ОУ Датчика тока может быть - К157УД2.
Разберись - зачем он нужен.
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	Конденсатор 22 мкФ на выводе 2 LT3080 

Зелёным - напряжение на выходе ОУ2а, жёлтым - напряжение на выходе ЛБП.
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	Конденсатор 0,1 мкФ на выводе 2 LT3080 

Зелёным - напряжение на выходе ОУ2а, жёлтым - напряжение на выходе ЛБП.
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По факту, этот конденсатор, в момент включения, разряжен, и LT3080 думает, что к выводу установки напряжения подключён низкоомный резистор, который задаёт НИЗКОЕ выходное напряжение. Поэтому напряжение на выходе нарастает плавно, пока включается ОУ. Если ёмкость этого конденсатора снизить - на выходе ОУ возникает звон, а на выходе ЛБП незначительные колебания напряжения. 

Обратно включённый диод, защищает LT3080 от повреждения, если к выходу подключена заряжаемая батарея, а сетевое напряжение пропало.

[image: image13.png]reverse-bias protection

Occasionally, the input voltage to the regulator can collapse faster than the output voltage. This can occur, for
example, when the input supply is crowbarred during an output overvoltage condition. If the output voltage is
greater than approximately 7 V, the emitter-base junction of the series-pass element (internal or external) could
break down and be damaged. To prevent this, a Jiode shunt can be used as shown in Figure 7.
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Figure 7. Reverse-Bias-Protection Circuit




Диод Шотки - SB540, защищает выход ЛБП от подачи отрицательного напряжения, например, с заряжаемой АКБ, при переполюсовке.

Обрати внимание на финальную коррекцию номиналов схемы. R11 R12 C2 C3, R1 - R10
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LT3083 Adjustable 3A Single Resistor Low Dropout Regulator

U вых=0...+10В Проверить!
Замена LT3080 на рассыпуху.

AMPSTRIKE – BATTERY POWERED BENCH POWER SUPPLY

http://www.electronics-lab.com/project/ampstrike-battery-powered-bench-power-supply/
INTRODUCTION

This is a small bench power supply that is powered by two lithium-ion batteries. The project was inspired by Dave Jones from EEVblog but the design is completely mine. The voltage range is 0-20V regulated in 10mV steps and maximum current is 1A with current limit set in 1mA steps.
LINEAR VOLTAGE REGULATOR

The power supply runs on a linear voltage regulator built on discrete components. The design of the linear regulator was inspired by the user Amspire from the EEVblog forum. The basic idea is that the Q1 pass transistor and U5A op amp act in a classic voltage regulating loop. U5A gets feedback from the output voltage and acts on Q1 in such a way that the output voltage equals the reference voltage on the inverting input. U5D acts as a comparator and switches the base of Q1 low to set the output voltage to 0V. It acts as a current limiter which is quickly switching on and off the output to maintain the set current limit. The current drawn by the load is measured by a MAX4080 current sense amplifier using a shunt resistor which is made up of 10 smaller resistors to get better power dissipation and current capability. U5B and U5C combined with the adjacent resistors and capacitors act as filters to smooth out the PWM signal from the microcontroller. The output contains two 10uF ceramic capacitors, a protecting diode and a small current source that acts as a small load to make the power supply more stable.reg
Это небольшой настольный блок питания, который питается от двух литий-ионных батарей. Проект был вдохновлен Дэйвом Джонсом из EEVblog, но дизайн полностью мой. Диапазон напряжения составляет 0-20 В, регулируется с шагом 10 мВ, а максимальный ток составляет 1 А с ограничением тока, установленным с шагом 1 мА.

ЛИНЕЙНЫЙ РЕГУЛЯТОР НАПРЯЖЕНИЯ

Источник питания работает на линейном стабилизаторе напряжения, построенном на дискретных компонентах. Дизайн линейного регулятора был вдохновлен пользователем Amspire с форума EEVblog. Основная идея заключается в том, что транзистор Q1 pass и операционный усилитель U5A действуют в классическом контуре регулирования напряжения. U5A получает обратную связь от выходного напряжения и воздействует на Q1 таким образом, что выходное напряжение равно опорному напряжению на инвертирующем входе. U5D действует как компаратор и переключает базу Q1 на низкий уровень, чтобы установить выходное напряжение на 0 В. Он действует как ограничитель тока, который быстро включает и выключает выход для поддержания установленного ограничения тока. Ток, потребляемый нагрузкой, измеряется усилителем считывания тока MAX4080 с использованием шунтирующего резистора, который состоит из 10 резисторов меньшего размера, чтобы улучшить рассеиваемую мощность и ток. U5B и U5C в сочетании с соседними резисторами и конденсаторами действуют как фильтры для сглаживания сигнала ШИМ от микроконтроллера. Выход содержит два керамических конденсатора 10 мкФ, защитный диод и небольшой источник тока, который действует как небольшая нагрузка, чтобы сделать источник питания более стабильным. Reg
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MICROCONTROLLER

The entire voltage and current limit is controlled by a STM32F103 microcontroller. It might seem as a bit of an overkill for such a project, but actually these microcontrollers are quite cheap and they have the 12 bit PWM required for this project. The STM32 controls pretty much the entire power supply, including the switching pre-regulator, the output voltage and current limit and the front panel with an LCD, swtches and a rotary encoder used to set the desired values.  Some USB capability can be added in the future. The user can also make use of the UART connector to plug in some bluetooth or Ethernet modules (with some additional code).micro

PRE-REGULATOR

Since two batteries in series give only 8.4V maximum, the power supply needs a boost converter to get the 20V output, and it obviously has one. The MIC2253 with a couple of adjacent components provides the required voltage. The idea is that the DC-DC converter boosts the voltage and the linear regulator provides a smooth output.  The bonus is, that with a small digital pot, the microcontroller can keep the input voltage just at the required level (about 2V above desired output) which minimises losses of energy from the battery and the heating of MTB3055 pass transistor.The STM32 can even switch the pre-regulator off if required and just rely on the batteries powering the linear regulator directly.pre-regYou can find in the design two 3V rails. One, denoted on the schematic as 3VREF is a precise voltage reference for the microcontroller’s PWM and ADC, and also for the external ADC. The other is normal 3V line used to power the peripherals.
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INPUT AND BATTERY CHARGER

The batteries can be charged from DC input only, since the USB has too low a voltage to be able to charge batteries at 8.4V. However, when you plug the USB, the STM32 switches the batteries off and the entire power supply can be powered from USB (with power limited to 2.5W obviously). So in theory the AmpStrike can operate just on USB, without the batteries. The disadvantage of my design is that the USB is in no way isolated from the rest of the circuit. But provided that the microcontroller continously prevents the circuit from drawing more than 2.5W it shouldn’t be a huge problem especially since USB, DC input and batteries are all protected with resettable fuses.input + chargerThe schematic also contains an external TS7001 12 bit ADC for measuring the output voltage, but I probably will end up measuring the output with the internal ADC in STM32. I am not sure yet, since I’m not really that familliar with the internal ADCs in these microcontrollers.The PCB is designed with a front panel, which is v-scored to break it off and to mount it at a right angle on the main board. The power supply will be encased in a small aluminium enclousure.I realise that the ideology and some parts are the same that Dave Jones used in his design, but I actually went through the entire design proccess myself and made decisions that made the most sense for me.

[image: image17.png]



NOTE

The project is far from finished. Next step is making a prototype, trying to make the regulator stable and most importantly, writing the software. All sugestions are welcome, I’ll be sure to take them into consideration. I should also point out that I hope to be able to sell this power supply in the near future.
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Op Amp-based CV LM317 power supply
https://electronics.stackexchange.com/questions/427578/op-amp-based-cv-lm317-power-supply?rq=1
As many others before, I'm aiming to build my own simple CC CV lab bench PSU based on the LM317 regulator. Now, I've defined most of the circuitry, but I'm stuck with a particular design choice regarding the Adj pin of the LM317.

Since I wanted to use an Op Amp to drive the Adj pin, I wanted to know what are the pros and cons when:

using the output voltage of the Op Amp at the Adj pin as negative feedback

vs.

using the output-voltage regulated by the LM317 as negative feedback.

In my mind the latter would be able to account for the voltage reference fluctuations of the LM317, but I assume that on the other hand it might be somehow unstable. If this is the case, how can I compensate for these instabilities?

Added the schematic for the Adjust-Pin driven LM317 circuit
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3

What is the point of driving the adj. pin with an op-amp? The whole point of the LM317 is that it is simple. – TimWescott Mar 16 at 21:44

2

You should include a schematic of what you want to do. The LM317 already has a build-in error amplifier, adding an external one sounds pointless to me but you can maybe convince me otherwise by showing a schematic. Explain why the LM317 voltage reference fluctuations are an issue. You investigate stability by doing a stability analysis. There are many Lab supply designs to be found, explain why you need to design your own. If you intend to design your own then I think that you should be able to answer your questions by yourself. – Bimpelrekkie Mar 16 at 21:53 

you can use an opamp for cc. however, in my experience, the time and effort spent in adapting the lm317 may not be worth it. You may be better off using a TIP122 and designing both the CC and CV. True, there will not be thermal shutdown, so if you really require it, you will have to implement it yourself at the heatsink. If this is your first power supply, use two LM317, the 1st one does CC (with an additional BD139 as variable resistor), and second one does CV. – Indraneel Mar 16 at 22:10

I was using the LM317 over forty years ago when it was relatively new. It's not new anymore and it is as inefficient now as it was then. I recommend that you use a modern device and a modern design - unless you are trying to gain first-hand understand of why using the LM317 for a CV+CC PSU is such a bad idea. – Transistor Mar 16 at 23:37

1

Added Schematic. I'm aware that it's not the most elegant design as well that other people have alredy done similar (better working) circuits, but that was never my point. I'm trying to design my own PSU to learn some of the basic design and working principles. I'm using a LM317 because I have even less experience with discrete BJT o MOSFET linear regulator circuits. I'm using an external Op Amp to add CC CV which could (it isn't right know) digitally driven by an Arduino. The whole intention behind this post is to question one of my design choices, as described in the question above. – C. Daniel Mar 17 at 10:56
exactly what is the benefit of the lm317 over a TIP122 in your circuit? – Indraneel Mar 17 at 22:11

@Indraneel none, if not that I have a LM317 on hand. I see how TIP122 would make my life easier, thank you for pointing me in that direction, i'll very likely consider it for my final design. But I'd still love to understand the pros and cons for certain feedback loop choices as asked in question above. – C. Daniel Mar 18 at 7:41
	FEATURES 

OutputsMay be Paralleled for Higher Current and Heat Spreading

Output Current: 3A 

Single Resistor Programs Output Voltage 

50μA Set Pin Current: 1% Initial Accuracy 

Output Adjustable to 0V 

Low Output Noise: 40μVRMS (10Hz to 100kHz) 

Wide Input Voltage Range: 1.2V to 23V (DD-Pak and TO-220 Packages) 

Low Dropout Voltage: 310mV 
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Figure 1. Basic Adjustable Regulator






APPLICATIONS INFORMATION The LT3083 regulator is easy to use and has all the protection features expected in high performance regulators. Included are short-circuit protection and safe operating area protection, as well as thermal shutdown with hysteresis. The LT3083 fi ts well in applications needing multiple rails. This new architecture adjusts down to zero with a single resistor, handling modern low voltage digital IC’s as well as allowing easy parallel operation and thermal management without heat sinks. Adjusting to zero output allows shutting off the powered circuitry. When the input is pre-regulated, such as with a 5V or 3.3V input supply, external resistors can help spread the heat. A precision “0” TC 50μA reference current source connects to the noninverting input of a power operational amplifi er. The power operational amplifi er provides a low impedance buffered output to the voltage on the noninverting input. A single resistor from the noninverting input to ground sets the output voltage. If this resistor is set to 0Ω, zero output voltage results. Therefore, any output voltage can be obtained between zero and the maximum defi ned by the input power supply. The benefi t of using a true internal current source as the reference, as opposed to a bootstrapped reference in older regulators, is not so obvious in this architecture. A true reference current source allows the regulator to have gain and frequency response independent of the impedance on the positive input. On older adjustable regulators, such as the LT1086, loop gain changes with output voltage and bandwidth changes if the adjustment pin is bypassed to ground. For the LT3083, the loop gain is unchanged with output voltage changes or bypassing. Output regulation is not a fi xed percentage of output voltage, but is a fi xed fraction of millivolts. Use of a true current source allows all of the gain in the buffer amplifi er to provide regulation, and none of that gain is needed to amplify up the reference to a higher output voltage.

The LT3083 has the collector of the output transistor connected to a separate pin from the control input. Since the dropout on the collector (IN pin) is typically only 310mV, two supplies can be used to power the LT3083 to reduce dissipation: a higher voltage supply for the control circuitry and a lower voltage supply for the collector. This increases effi ciency and reduces dissipation. To further spread the heat, a resistor inserted in series with the collector moves some of the heat out of the IC to spread it on the PC board (see the section Reducing Power Dissipation). The LT3083 can be operated in two modes. Three terminal mode has the VCONTROL pin connected to the IN pin and gives a limitation of 1.25V dropout. Alternatively, the VCONTROL pin is separately tied to a higher voltage and the IN pin to a lower voltage giving 310mV dropout on the IN pin, minimizing total power dissipation. This allows for a 3A supply regulating from 2.5VIN to 1.8VOUT or 1.8VIN to 1.2VOUT with low power dissipation.

Programming Output Voltage The LT3083 sources a 50μA reference current that fl ows out of the SET pin. Connecting a resistor from SET to ground generates a voltage that becomes the reference point for the error amplifi er (see Figure 1). The reference voltage equals 50μA multiplied by the value of the SET pin resistor. Any voltage can be generated and there is no minimum output voltage for the regulator.

Table 1 lists many common output voltages and the closest standard 1% resistor values used to generate that output voltage. Regulation of the output voltage requires a minimum load current of 1mA. For a true zero voltage output operation, return this 1mA load current to a negative supply voltage. 

Table 1. 1% Resistors for Common Output Voltages

VOUT (V) RSET (k)

1 

20

1.2 

24.3

1.5 

30.1

1.8 

35.7

2.5 

49.9

3.3 

66.5

5 

100

LT3042 20V, 200mA, Ultralow Noise, Ultrahigh PSRR RF Linear Regulator
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LT3015 Series - 1.5A, Low Noise, Negative Linear Regulator with Precision Current Limit

[image: image23.png]APPLICATIONS INFORMATION

The LT3015 series are 1.5A negative low dropout linear
regulators featuring precision current limit and precision
bi-directional shutdown. The device supplies up to 1.5A
of output load current at a typical dropout voltage of
310mV. Moreover, the low 1.1mA operating quiescent
current drops to less than 1pA in shutdown. In addition
to low quiescent current, the LT3015 incorporates several
protection features that make it ideal for battery powered
applications. In dual supply applications where the regu-
lator’s load is returned to a positive supply, OUT can be
pulled above GND by 30V and still allow the LT3015 to
start up and operate.

Vour =-1.22V (n%)qlm. )R2)

Vaps =—1.22V AND 3o, =30nA AT 25°C
OUTPUT RANGE=~-1.22T0 ~29.5V

Figure 2. Adjustable Operation




LT3091 –36V, 1.5A Negative Linear Regulator with Programmable Current Limit

The LT3091 is a 1.5A, rail-to-rail output, negative low dropout linear regulator featuring very low output noise, high bandwidth, precision programmable current limit, precision positive or negative current monitor, and bidirectional shutdown. The LT3091 supplies 1.5A at a typical dropout voltage of 300mV. Unlike other devices, the LT3091 does not require a separate supply to achieve low dropout performance. The 1.2mA quiescent current drops to well below 1µA in shutdown. The LT3091 is easy to use and incorporates all of the protection features expected in high performance regulators. Included are short circuit protection, safe operating area protection, as well as thermal shutdown with hysteresis. In bipolar supply applications where the regulator’s load is returned to a positive supply, OUT can be pulled above GND up to 36V and still allow the LT3091 to safely startup.

Output Voltage

The LT3091 incorporates a zero TC 50µA reference current source that flows into the SET pin. The SET pin is the inverting input of the error amp. Connecting a resistor from SET to ground generates a voltage that becomes the reference point for the error amplifier (see Figure 1). The reference voltage is a straight multiplication of the SET pin current and the resistor value (Ohm’s Law, V = I • R). The rail-to-rail error amp’s unity gain configuration produces a low impedance voltage on its noninverting input, i.e. the OUT pin. 

	Output voltage is programmable from 0V (using zero Ω resistor) to VIN plus dropout. Table 1 lists many common output voltages and its corresponding 1% RSET resistance. Table 1. 1% Resistor for Common Output Voltages

VOUT (V) RSET (kΩ)

–2.5 

49.9

–3 

60.4

–3.3 

66.5

–5 

100

–12 

243

–15 

301
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The benefits of using a current reference, as opposed to a voltage reference as in conventional regulators such as the LT1185, LT1175, LT1964 and LT3015, is that the device always operates in a unity gain configuration, regardless of the programmed output voltage. This allows the LT3091 to have loop gain, frequency response, and bandwidth independent of the output voltage. Moreover, none of the error amp gain is needed to amplify the set pin voltage to a higher output voltage (in magnitude). As a result, output load regulation is specified in terms of millivolts and not a fixed percentage of the output voltage. Since the zero TC current source is very accurate, the SET pin resistor is the limiting factor in achieving high accuracy; hence, it must be a precision resistor. Moreover, any leakage paths to and from the SET pin create errors in the output voltage. If necessary, use high quality insulation (e.g. Teflon, Kel-F); moreover, cleaning of all insulating surfaces to remove fluxes and other residues may be required. High humidity environments may require a surface coating at the SET pin to provide a moisture barrier. 

For more information www.linear.com/LT3091
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В качестве ОУ датчика тока можно использовать более точный ОУ, типа AD620

I know AD620 is an old part but it is available at my place. I intend to develop a Load Cell amplifier. Load cell is 2mV/V. I am planing to use AD620 for it. Following are my calculations:

· Excitation Voltage for Load Cell = 5V

· Full Scale for load of 140 kg = 2mV X 5V = 10mV

· Gain = Vout/Vin = 5000mV/10mv = 500

· From formula of Rg we calculate it to be 98.99 Ohm

I have worked on Following schematic:
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What is the problem?

1. If I leave the pin 5 open then Min Voltage is 1.9 and max is 4.2 volts. If pin5 is grounded then min voltage is 0.6 and max is 1.9 (strange)

2. the max voltage (4V) is reached at 6 mv Input. even gain calculation is done. But we have added 100 Ohm resistance instead of 98.99 Ohm.

3. Is there any difference between AD620AN, AD620AR and AD620ANZ ?

4. In some circuits i see that at sense + and sense - sometimes before feeding these to operational amplifiers some resistance is added. what is the purpose of adding these keeping in mind the voltage is already in mV

5. Can you suggest load cell amplifier other than INA125 because that is not available

· 1 Answers 
You need a bypass capacitor across the power-rails for your op-amp

As on any instrumentation amplifier (INA), of which the AD620 is an example, you can't just leave the REF pin (pin 5) floating. The output voltage is relative to REF, and you need to measure the difference in voltage between the two pins.

Also, although the AD620 can operate at low voltage (5V supply), it is not a rail-to-rail device, either on input or output. The +IN, –IN, REF and OUTPUT pins all need to be away from the supply rails by anywhere from 1.1 to 1.9 volts. In other words, you won't get a 5V output swing from a device powered with 5V.

Look at Figure 38 in the datasheet (I added a link to your question). It shows one recommended way to connect the output of the AD620 directly to an ADC. Note that the voltage divider establishes a 1V usable output range while using a power supply of 5V.
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https://e2e.ti.com/blogs_/archives/b/precisionhub/archive/2016/10/14/how-to-layout-a-pcb-for-an-instrumentation-amplifier

In Figure 1, a differential voltage is measured across RSHUNT, with R1, R2, C1, C2, and C3 providing input common-mode and differential-mode filtering. R3 and C4 provide output filtering for the INA, U1. U2 buffers the reference pin of the INA. R4 and C5 form a low pass filter that minimizes noise that the op amp introduces to the reference pin of the INA.

You might be thinking of some of the other TI parts with "INA" part numbers. If I recall correctly, they use this prefix for high-side current sense amplifiers as well as straight-ahead instrumentation amps. In that case, the resistors allow the sensed voltage to be outside the supply rails of the amplifier itself.

Here's an example application for the INA210:
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Issues with Classic High Side Sense Circuit using Dual Op Amps

https://www.oxgadgets.com/2014/05/issues-with-classic-high-side-sense-circuit-using-dual-op-amps.html

Analog measurements are just what you do as an electronics engineer, and current sensing is quite an important part of it. From knowing how much your battery is being squeezed, to knowing how well certain circuits are performing, to the simple matter of protection, current sensing is probably one of the most critical parts of analog circuit design.
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The circuit shown above is a classic example of the high side current sensor. By high side, we mean that the current is measured on the higher voltage rather than the lower voltage. While it is always better to measure current on the lower end, mainly because it is easier, it is just not practical sometimes, and the source is sometimes easier.

It is also an example of over the top measurement. Over the top means that your op-amp can actually measure voltages above what it is powered to. So for example, in the circuit above, you find that the op-amp is powered by a 3V rail, but the circuit can measure up to 44V, which is a characteristic of the op-amp. A lot of op-amps exist that can do that.

Linear Technology have published a very good applications note, which talks about all of this. Click the following link to read more, and learn a lot more!

http://cds.linear.com/docs/en/application-note/an105.pdf
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http://www.linear.com/product/LT6016

How do I design a high side current sensing using LM358?
Answer 1

The common mode voltage must be no higher than 2V below +V. Page 4 of the datasheet:
Page on ti.com

So this won't work with the LM358 unless +V for the LM358 is at least 2V higher (make that 3V for some headroom) than the voltage source being measured:
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So this must be taken into account. You don't say what supply voltages are going to the LM358, or what the voltage is of the source you are attempting to measure.
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This kind of high side sensing circuit keeps the Op Amp inputs at a fraction of the voltage being measured, but can only be used with an Op Amp that is stable with gain of a fraction of 

n this circuit, only 1/10th of the voltage source being measured is on the Op Amp's inputs, but the gain is 0.1. So the following amplifier multiplies that by -250.

However, this is so fraught with problems - the input offset voltages are multiplied, too. Any differences in resistors due to tolerance are multiplied drastically. Any error due to changes in temperature are multiplied drastically.

In the end, it is more realistic to use an IC designed for the purpose.

This website gives an excellent breakdown of the subject:
Understand low-side vs. high-side current sensing
SHORT HANDBOOK OF CURRENT SENSING IN POWER DC SUPPLY LINES

https://www.eenewspower.com/content/short-handbook-current-sensing-power-dc-supply-lines-part-one

In this short handbook Petre Petrov examines several simple circuits of current sensing in power supply lines because the current sensing is obligatory for monitoring procedures. &nbsp;

Introduction
 
The power supply is a vital part of every piece of electrical and electronic equipment. If it does not operate properly the entire piece of equipment or system will not operate or can be badly damaged. 
 
The components in the power supply are exposed systematically to high surge currents and all sorts of perturbations from the AC mains power supply, from inverters, DC/DC converters, uninterruptible power supplies, switching on/off reactive loads, etc. 
 
In order to obtain high reliability at acceptable cost we can use the paralleling of the components in the power supply. In order to evaluate the status of the components we should capture information about the currents, voltages and power dissipation of the most important parts in the power supply. 
  
The current sensing circuits are applicable when we wish to monitor the current for driving peripheral loads in the electronic systems.

This handbook consists of three separate parts. Each part resolves a practical group of cases for current sensing. Those parts are listed below: 
 

Part 1: Simple, low cost and robust high side sensing circuits for positive power supplies

Part 2: Simple circuits for sensing currents in negative and bipolar power supplies

Part 3: Simple circuits for sensing currents in paralleled rectifiers and capacitors 
  
Part 1: Simple, low cost and robust high side sensing circuits for positive power supplies 
 
Introduction
Frequently the MCU should have an idea about the power consumption from the positive DC power supplies in the embedded system. For example we should know approximately how the power consumption changes when: 
  
* we switch ON and OFF particular peripheral blocks or devices of the system

* we change the mode of operation of particular parts of the system

* and how the peripheral devices as DC motors react to changes in the loads/environment, etc. 
  
Usually the accuracy of these measurements is not very high and we

can accept +-5% and sometimes less than that. One of the problems of these applications is that we may have need of rail to rail input and rail to rail output (RIRO) operational amplifiers (OAs). But these OAs may not have the appropriate power supply range, availability or may have other drawbacks. For example, the RIRO are usually limited to around 16V and sometimes well below that voltage or may not have enough drive capabilities, etc.
That is why here we will use bipolar transistors and popular OAs such as LM358, LM324, TL06x, TL08x, RC4558, MC1458 and similar amplifiers which can offer good solutions in many cases. 
  
We will show several simple and low cost solutions for the DC positive power supplies because they are more frequently used. In fact the solution of the task consists of building an appropriate current to voltage converter (CVC) producing output voltage Vc proportional to the DC power supply current. 
  
The output voltage Vc can be made bipolar or with single polarity with additional circuits or by adding offset voltage to the operational amplifiers.

Description of the circuits 
  
Figure 1.1 shows probably the simplest non-isolated circuit for high side sensing in positive power supplies. The circuit uses, as a threshold detector, an amplifier with one PNP transistor without initial collector current. The capacitor C5 reduces the probability to have unwanted oscillation from the transistor in active mode.
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Figure 1.1: Simplest circuit for high side sensing of positive power supplies using a PNP transistor without initial collector current. 
   
The circuit has two ranges of the monitored current selectable with the switch SW1. The switch can be an electromagnetic relay or a manual switch. The voltage difference (Vin – Vout) is amplified by the transistor T1 and the amplified signal is available across the resistor R4. The signal can be used by an ADC after appropriate signal conditioning. 
  
Some of the advantages of the circuit are:
* The circuit is operational and we may use it for approximate evaluation of the low, middle and even high voltages and all sorts of power supply currents (after using appropriate components).

* The circuit is very simple and low cost.

* We may connect the resistor R4 to the ground or to the positive voltage below Vin or to negative voltages according to need.

* When properly designed the circuit is difficult to damage.

* Calibration is not always needed because sometimes we need only to know if the output current is above a predefined value or when the current rises or falls when we activate or deactivate particular modules or when we change the mode of operation, etc. 
  
Some of the disadvantages of the circuit are:

* The voltage drop over the current sensing resistors R1 and R2 can be significant, e.g. 0.5-1V depending of the transistor T1

* The circuit has a voltage threshold depending on temperature and the selected transistor T1.

The voltage threshold is changing with around -2.2mV/oC.

* The function between the load current and the voltage Vc is not linear.

* The reproducibility of the circuit is low; if we change the transistor we may need recalibration of the measuring circuit.

* If higher accuracy is needed we should do calibration procedure at several points (with several DC loads). 
  
We can improve the circuit from Figure 1.1, e.g. we can make it more linear and less dependent from the changes of transistor T1.

Figure 1.2 shows the improved circuit for high side sensing of positive power supplies with analog amplifier and NPN transistor T1. The resistor R2 stabilizes the gain of T1. The gain of the circuit is approximately equal to –R3/R2.
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Figure 1.2: Simplest circuit for high side sensing for positive power supplies with improved analog amplifier and NPN transistor with initial current.

The trimmer potentiometer P1 is used to adjust the initial current for the transistor T1.
If needed we can use the Zener diode D1 to limit the output voltage Vc. Vc is proportional to the current sensed by R1. 
  
If we are in need of higher accuracy of the CVC we should use operational amplifiers (OAs) to build a current to voltage converter circuit with higher complexity. We may need to use general purpose OAs as LM358 or LM324.

The inputs and the outputs of these ICs can go approximately to ground level but cannot go to the positive power supply of the OAs – the minimal difference in that case is around 1.5V to the positive rail.

Fortunately, we can reduce the input voltages of the OA appropriately and after that we can amplify the difference in order to make good use of the OAs.

Figure 1.3 presents probably the simplest circuit for high side sensing for positive power supplies with a single differential amplifier without using a RIRO operational amplifier.
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Figure 1.3: Simplest circuit for high side sensing for positive power supplies with single differential amplifier with not RIRO operational amplifier. 
   
The resistor R1 produces a voltage proportional to the current for the load, e.g. if we have 0.1 Ohm and the maximum output current is 1A we will have voltage drop over R1 around 0.1V.

The resistors R2, R3, R4 and R5 reduce the input voltages of the OAs by two times and produce voltages within the working range of the OA. 
  
OA works as differential amplifier with gain of ten (x10) and produces the voltage Vc which is proportional to the measured current of the load. 
  
We can use any appropriate values of the resistors R1 to R10. The capacitors C5 and C6 may be removed if low pass filtering of the circuit is not needed. 
  
Sometimes in equipment we have a low current DC/DC converter which can produce enough voltage and current for one additional LM358. The supply current of that IC is below 2mA at a power supply of 30V.
Figure 1.4 shows the circuit for high side sensing of positive power supplies with a single differential amplifier without a RIRO operational amplifier and with an additional DC/DC power supply using a 74C14.

[image: image34.jpg]/2 LM358, 1/4 LM324, ... DCLOAD

Vin R1_ 0.10hm Vout
T
10
k2 }’,‘,;‘ Re we | :Eoon 00UF Gap
G 4
- oP1 I
- = ve
o o0k %
L 70k b ADC
" o
|Rs RS
(ke Iﬂf L

D1, D2, D3 = 1N5818/9 Dl N2 oo 2Vl
1C2 = 74C14 1
(N5 c9 GND
hvA) >4
B ® T00n =
——— 1 p
22 182 s
c7 D3
1 1 | N
™ bon [ | *frasy
Trooor 1
]
L ”
s




 

Figure 1.4: Simple circuit for high side sensing for positive power supplies with single differential amplifier with not RIRO operational amplifier and with additional DC/DC power supply with 74C14. 
   
The maximum input voltage +Vin is 15V and is limited by 74C14. The OA works as a differential amplifier with gain of ten. It amplifies the voltage drop across the current sensing resistor R1. 
  
In this case the presence of the input dividers with R2, R3, R4 and R5 are not always needed.

We should pay attention because if the input capacitors C1 and C2 are discharged and the output capacitors C3 and C4 are charged, the voltage polarity across the current sensing resistor R1 will be inverted. 
  
In the case when the input voltage +Vin is higher than 15V we may use a low power DC/DC converter with an operational amplifier and additional transistors or other appropriate DC/DC converter.

Figure 1.5 presents the circuit for high side current sensing for positive power supplies with a single differential amplifier without a RIRO operational amplifier and with an additional DC/DC power supply with an operational amplifier and bipolar transistors.
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Figure 1.5: Simple circuit for high side sensing for positive power supplies with single differential amplifier without RIRO operational amplifier and with additional DC/DC power supply, operational amplifier and bipolar transistors. 
ОУ Датчика тока может быть - К157УД2.
   
IC2.1 works as a differential amplifier with a gain of ten. If needed, the secondary power supply V1 can be limited with a Zener diode up to Vz. 

The switch S1shows two options for the power supply to the OA. The voltages V1 and Vz can be used also for other low power ICs in the equipment. We should note that both OAs IC1.1 and IC1.2 are parts from two different LM358 ICs. 
  
Also we should mention explicitly that if we use OAs for current sensing in power supplies, we should add all necessary protection components in order not to damage the OAs in all cases of usage of the equipment. The protection components such as diodes, resistors and capacitors are not shown on the proposed figures. 
  
Some current sensing circuits as the circuits in Figure 1.1 and Figure 1.2 may need additional buffering or amplifying in order to drive longer wires or low impedance signal condition circuits. 
  
Figure 1.6 shows several simple examples for that buffering.
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Figure 1.6:  Simple circuit for buffering and amplifying the sensed voltage Va. Figure 1.6a is a circuit from Figure 1.1 with an added emitter-follower with transistor T2 at the output; Figure 1.6b is an ADC amplifier for Va with bipolar transistor T2; Figure 1.6c is a buffer-follower for Va with an operational amplifier (OA) and protection of the input of the OA. 
      
Figure 1.6a is in fact Figure 1.1 with an added emitter follwer with T2 at the output. This can be useful to drive the inputs of some of the ADCs. 
  
Figure 1.6b shows a DC amplifier for the voltage Va with bipolar transistor T2. The gain of the stage is fixed with the resistors R5 and R6. C6 is preventing oscillation of the stage. We may use the operational amplifier to buffer, to amplify or to filter the signal from the current sensing transistor and that is the best solutions in most of the cases. 
  
Figure 1.6c shows an example of a buffer-follower for Va with an operational amplifier (OA).

In this case we may need protection for the input of the OA with resistor and diodes and in some cases a voltage divider to reduce the input voltage within the allowed range of the OA.
Conclusions
  
The Part 1 of this short handbook, we presented simple, low cost and efficient circuits for high side sensing in positive power supplies. The circuits are built around PNP transistors and operational amplifiers. The circuits can be adapted to a large variety of applications, especially to higher voltages. 
   
Some of the abbreviations in the text: 

ADC – analog to digital converter

AC – alternating current

CVCs - current to voltage converters

DA   - differential amplifiers

DC - direct current

OA – operational amplifier

pcb – printed circuit board

SW – switch

Vz – Zener voltage

T, VT – Transistor

D, VD – diode

R – resistor

RIRO - rail to rail input and rail to rail output

Vc – voltage proportional to the sensed current

PR - positive regulator

NR - negative regulator
Преобразователи ток — напряжение
http://www.kondratev-v.ru/izmereniya/mikrosxemy-dlya-izmereniya-toka.html

     Один из самых простых способов измерения тока в электрической цепи — это измерение падения напряжения на резисторе, включенном последовательно с нагрузкой. Но при прохождении тока через этот резистор, на нем выделяется бесполезная мощность в виде тепла, поэтому оно выбирается минимально возможной величины, что в свою очередь влечет за собой последующее усиление сигнала. Следует отметить, что приведенные ниже схемы позволяют контролировать не только постоянный, но и импульсный ток, правда, с соответствующими искажениями, определяемыми полосой пропускания усилительных элементов.

Измерение тока в отрицательном полюсе нагрузки.

Схема измерения тока нагрузки в отрицательном полюсе приведена на рисунке 1.
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Эта схема и часть информации заимствована из журнала «Компоненты и технологии» №10 за 2006г. Михаил Пушкарев pmm@midaus.com
Преимущества:
• низкое входное синфазное напряжение;
• входной и выходной сигнал имеют общую «землю»;
• простота реализации с одним источником питания.
Недостатки:
• нагрузка не имеет непосредственной связи с «землей»;
• отсутствует возможность коммутации нагрузки ключом в отрицательном полюсе;
• возможность выхода из строя измерительной схемы при коротком замыкании в нагрузке.

     Измерение тока в отрицательном полюсе нагрузки не представляет сложности. Для этой цели подходит много ОУ, предназначенных для работы с однополярным питанием. Схема измерения тока с применением операционного уси¬лителя приведена на рис. 1. Выбор конкретного типа усилителя определяется требуемой точностью, на которую в основном влияет смещение нуля усилителя, его температурный дрейф и погрешность установки усиления, и необходимым быстродействием схемы. В начале шкалы неизбежна значительная погрешность преобразования, вызванная ненулевым значением минимального выходного напряжения усилителя, что для большинства практических применений несущественно. Для исключения этого недостатка требуется двухполярное питание усилителя.

Измерение тока в положительном полюсе нагрузки

[image: image38.jpg]| +Us=03.449 8

23904

2N3904

R2
2x




Достоинства:
• нагрузка заземлена;
• обнаруживается короткое замыкание в нагрузке.
Недостатки:
• высокое синфазное входное напряжение (зачастую очень высокое);
• необходимость смещения выходного сигнала до уровня, приемлемого для последующей обработки в системе (привязка к «земле»).
Рассмотрим схемы измерения тока в положительном полюсе нагрузки с использованием операционных усилителей.

     В схеме на рис. 2 можно применить любой из подходящих по допустимому напряжению питания операционный усилитель, предназначенный для работы с однополярным питанием и максимальным входным синфазным напряжением, достигающим напряжения питания, например AD8603. Максимальное напряжение питания схемы не может превышать максимально допустимого напряжения питания усилителя.

     Но есть ОУ, которые способны работать при входном синфазном напряжении, значительно превышающем напряжение питания. В схеме с применением ОУ LT1637, изображенной на рис. 3, напряжение питания нагрузки может достигать 44 В при напряжении питания ОУ, равном 3 В. Для измерения тока в положительном полюсе нагрузки с весьма малой погрешностью подходят такие инструментальные усилители, как LTC2053, LTC6800 от Linear Technology, INA337 от Texas Instruments. Для измерения тока в положительном полюсе есть и специализированные микросхемы, например — INA138 и INA168.

INA138 и INA168

 — высоковольтные, униполярные мониторы тока. Широкий диапазон входных напряжений, низкий потребляемый ток и малые габариты — SOT23, позволяют использовать эту микросхему во многих схемах. Напряжение источника питания от 2.7 В до 36 В для INA138 и от 2.7 В до 60 В для INA168. Входной ток — не более 25мкA, что позволяет производить измерение падения напряжения на шунте с минимальной ошибкой. Микросхемы являются преобразователями ток — напряжение с коэффициентом преобразования от1 до 100 и более. INA138 и INA168 в корпусах SOT23-5 имеют диапазон рабочих температур -40°C к +125°C.
Типовая схема включения взята из документации на эти микросхемы и показана на рисунке 4.
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OPA454

 — новый недорогой высоковольтный операционный усилитель компании Texas Instruments с выходным током более 50 мА и полосой пропускания 2,5 МГц. Одно из преимуществ — высокая стабильность OPA454 при единичном коэффициенте усиления.
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     Внутри ОУ организована защита от превышения температуры и перегрузки по току. Работоспособность ИС сохраняется в широком диапазоне напряжений питания от ±5 до ±50 В или, в случае однополярного питания, от 10 до 100 В (максимум 120 В). У OPA454 существует дополнительный вывод «Status Flag» — статусный выход ОУ с открытым стоком, — что позволяет работать с логикой любого уровня. Этот высоковольтный операционный усилитель обладает высокой точностью, широким диапазоном выходных напряжений, не вызывает проблем при инвертировании фазы, которые часто встречаются при работе с простыми усилителями.
Технические особенности OPA454:
Широкий диапазон питающих напряжений от ±5 В (10 В) до ±50 В (100 В)
(предельно до 120 В)
Большой максимальный выходной ток > ±50 мА
Широкий диапазон рабочих температур от -40 до 85°С (предельно от -55 до 125°С)
Корпусное исполнение SOIC или HSOP (PowerPADTM)
Данные на микросхему приведены в «Новости электроники» №7 за 2008г. Сергей Пичугин

Усилитель сигнала токового шунта на основной шине питания.

     В радиолюбительской практике для схем, параметры которых не столь жесткие, подойдут дешевые сдвоенные ОУ LM358, допускающие работу с входными напряжениями до 32В. На рисунке 5 показана одна из многих типовых схем включения микросхемы LM358 в качестве монитора тока нагрузки. Кстати не во всех «даташитах» имеются схемы ее включения. По всей вероятности эта схема явилась прототипом схемы, приведенной в журнале «Радио» И. Нечаевым и о которой я упоминал в статье «Индикатор предельного тока».
     Приведенные схемы очень удобно применять в самодельных БП для контроля, телеметрии и измерения тока нагрузки, для построения схем защиты от коротких замыканий. Датчик тока в этих схемах может иметь очень маленькое сопротивление и отпадает необходимость подгонки этого резистора, как это делается в случае обычного амперметра. Например, напряжение на резисторе R3, в схеме на рисунке 5 равно: Vo = R3∙R1∙IL / R2 т.е. Vo = 1000∙0,1∙1A / 100 = 1В. Одному амперу тока, протекающему через датчик, соответствует один вольт падения напряжения на резисторе R3. Величина этого соотношения зависит от величины всех резисторов входящих в схему преобразователя. Отсюда следует, что сделав резистор R2 подстроечным, можно спокойно им компенсировать разброс сопротивления резистора R1. Это относится и к схемам, показанным на рисунках 2 и 3. В схеме, представленной на рис. 4, можно изменять сопротивление нагрузочного резистора RL. Для уменьшения провала выходного напряжения блока питания, сопротивление датчика тока – резистор R1 в схеме на рис.5 вообще лучше взять равным 0,01 Ом, изменив при этом номинал резистора R2 на 10 Ом или увеличив номинал резистора R3 до 10кОм.

