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So, welcome to the course on Neural Science for Engineers. I am Sreenivas Bhaskara one 

of the TAs of this course. And we have been looking at the Brain Stimulation. And we 

have seen, what is brain stimulation? Why brain stimulation? How brain stimulation can 

be done? What are the different criteria for choosing a material? Then we have always also 

seen some overview of how a fabrication process flow looks like. 

So, now we are looking at electronic systems that are required for stimulation. And we 

have also seen why wired systems are not preferred over wireless systems. And now we 

have discussed because we are talking about you know movement related stuff if you put 

a wire on top of the head then the rat may not walk with the natural movements. 

So, there is always a pull from the wire. So, that is the reason to go for a wireless, but the 

problem with the wireless is the rat has to carry all those things. So, you have to make sure 

that the weight of this particular electronics module should be as tiny or as small as 

possible so that the rat cannot feel that there is an overweight on the head, so that is how 

it is. 

And with the wired channels there are wired. So, wired means there is a connector that is 

coming from here and then the wire will go to the electronics bow, I mean to the computer 

wherever the supply is coming from. You have no problem with the bandwidth or 

electricity and all those things, that is advantage, but the disadvantage is natural movement 

will be affected. 

With the wireless natural movement is achieved but the problem is the battery and all that 

you have to use that should be carefully chosen, otherwise the electronic systems will take 

off all the battery that is required. 
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So, look at the slides now. We have seen all these things in the previous lectures. 

(Refer Slide Time: 02:30) 
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Now, we are talking about this electronic systems part. And we have also seen these are 

the different requirements and we need current mirror blocks, BLE, these are I told you, 

but why we need it?  
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So, now whatever this part is there in this. Now, look at this I just gave some random 

examples, you need to have a battery, yes of course, and that battery also should have low 

weight and it should have a stability, so many requirements are there. 

And you need to have a charge pump because of the current requirements, you cannot just 

work with the 3.6 volts, you may need to work with 10 volts, -10 volts so that you can 

have a lot of supply of currents, wide range of currents that can be possible right. 

And there is something called PSoC microcontroller, there is a reason for choosing this 

PSoC microcontroller. In this work finally, you need to supply current. I can also say 

current stimulation. 

So, these microcontrollers have something called as IDAC blocks, current digital to analog 

converter blocks. They will supply constant current. This PSoC microcontroller have the 

blocks that can supply constant currents I1, I2, I3 and I4 and these can be programmed. 

So, I can say that they are programmable current sources. 

So, if you want 100 microamperes, you want 200 microamperes, you have -100 

microamperes, you have -200 microamperes, so there is a range. Generally, for this you 

can go up to 0 to 2.04 milliamperes because we are talking about PSoC 5 family series. 

PSoC 5 family can support up to 0 to 2.04 milli amperes ok. 
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Now, how many such things are there? These only 4 are there, 4 current sources. These 4 

currents and you have let us say 32 electrodes for example, your requirement is 32 and you 

have only 4 and that is a maximum available. So, you cannot connect these 4 to the 32. So, 

what will you do? We do something called as current mirroring. 

So, what current mirroring blocks will do is you have 4 this; 4 I can make it as 32 outputs 

like this and this is one of the IC’s that we are using here. So, you are doing the same thing 

current mirroring same 100 micro amperes can be converted to 100, 100, 100, 100, 32 to 

100s something like that. 

So, that is the job of the current mirror block. So, it is not that only 100 you need, you may 

need -100 also at the same time and you may need some other different current 200 you 

may need, this is -200 you may need. So, these 4, the requirement why we chose only 4 is 

because we have to stimulate the surface target and we have to stimulate the deep brain 

target. 

So, surface target needs different current, deep brain target is different current. So, that is 

the reason why we are going for current mirror blocks, because see if you have only 4 

electrodes for example, you have only 4 electrodes then you these 4 you can connect to 

those 4 and then you can program and then do that kind of thing, but now it is not the case.  

And this SPST analog switch, do not worry about these numbers and all those things. This 

switch is for making sure that whether you are going for a stimulation or a recording; when 

it is in stimulation this switch is connected to this guy and if it is not stimulation, the switch 

is off so that this electrode is always in this contact. So, that it will go to the sensing board. 

This is for recording. So, just let me iterate this point not to confuse you. 
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So, there is this switch, this is one of the requirements of our design. So, this is a switch 

here, you can program the switch from the microcontroller only if you close it, then you 

can go for stimulation if you open this then it is automatically into recording. So, what is 

this guy, open BCI Cyton-Daisy biosensing board, it will sense the potentials here and 

wirelessly transmits the signal to the GUI provided by the BCI. 

So, for stimulation also we have a module here called BLE, integrated BLE module. So, 

the microcontroller that we are using does not have the inbuilt BLE, so BLE stands for 

Bluetooth Low Energy. So, this BLE, work on low Bluetooth Low Energy and this we are 

wirelessly connecting to the LabVIEW. 

So, LabVIEW is a software where you can build your GUI. You can create your own GUI 

and you can start stimulating whatever the currents and different requirements that you 

have. This is just a rough understanding or just a brief understanding about the kind of 

things that are involved in designing electronic systems. Battery is required for powering 

up and again this battery is required for this open BCI Cyton-Daisy board and these are 

the things. 
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I will just show you how does it look like. So, if you look at this is a BLE module, like a 

transceiver. And this is a PSoC development board where we are using IDAC, I told you 

already right constant current to digital to analog current. 

I do not want to confuse you with the terminologies and all. Then this goes for an open 

BCI Cyton-Daisy board and this is a FPC connector. After the operation is done these 

connectors will come here, there is a big connector, from that connector the wire will come 

like this. 

So, that is an FPC connector now you understand, now you can correlate the things. So, 

this guy is wirelessly controlled by using this guy and this guy we are supplying the inputs 

using LabVIEW GUI. So, based on the programming, the microcontroller decodes and 

everything these are ALD 1105 you can see this here, by using this we have built current 

mirrors. 

So, this is a basic prototype. So, we have 10 electrodes support, there are 4 more additional 

electrodes that it can support. So, this is how overall it looks like. It took a lot of time to 

understand and study various things that are available and then come up with this and this 

we know already we have done, we have talked about fabrication.  

In the fabrication you know after once you have enough idea about fabrication you can 

fabricate the devices, then the devices are connected. Now I talked about wired. If you 
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look at this system this is so big and heavy weight also. This thing has to be translated like 

this.  

So, we have to do a research more on this kind of components that are available, many 

things are there to optimize such that I can go for this. So, this is also one of the research 

exposure area. 

(Refer Slide Time: 13:07) 

 

So, now for our understanding or for our discussion we talk something called current 

mirrors. This is utmost important for electronics engineers. So, first what we do is we will 

see what a transistor is, I mean basics of a transistor how does it conducts and all those 

things or current to voltage relation from there we can see how we can achieve current 

mirroring and from there we can also see how the current multiple out, you know multiple 

current outputs are generated by taking care of one by using one current source. So, for 

understanding we will take a basic transistor. 
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So, we all know there is something called NMOS, PMOS. So, this is a NMOS transistor, 

so you can say this is a drain gate source. So, here we will not derive all the current 

equations, voltage equations, how the transport happens and all those things. We will 

assume that you know the current relation, current to voltage relations, all those things and 

then we will try to use that relation and then see how the mirroring can be achieved. 

So, I am not going to derive all those basic equations. So, let us look at the slide what 

happens. So, this is the general relation or you might have seen this plot there is a current 

that is flowing through this IDS, I assume that there is external circuit and all is there. This 

is VDS, if I plot the graph of ID versus VDS, generally it looks like this. This is in the ideal 

scenario, there are exceptions to this. 

Now, initially till some point current seems that increasing linearly with respect to VDS 

and it will saturate here, saturation, means even though whatever the VDS value you are 

increasing your current will be remain constant.  

So, under ideal conditions what happens is your IDS if you write it is nothing but, 

𝐼𝐷𝑆 = 𝜇𝑛𝐶𝑜𝑥
𝑊

𝐿
(𝑉𝐺𝑆 − 𝑉𝑡)𝑉𝐷𝑆 

it is when it is in linear region. There are so many other exemptions, I just mentioned as 

ideal conditions. 
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So, the other one is  

𝐼𝐷𝑆 = 𝜇𝑛𝐶𝑜𝑥
𝑊

𝐿

(𝑉𝐺𝑆 − 𝑉𝑡)
2

2
 

let’s understand these terms and what they represent. So, this is the current flowing from 

drain to source, this is a mobility. Now, NMOS the majority of the carriers are like 

electrons. 

So, mobility of an electron in that particular transistor from drain to source. This is gate 

capacitance per unit area and you have width of this transistor and you have a length of 

the transistor and V GS is voltage applied between the gate and source and t is nothing but 

the threshold voltage and V DS is the voltage that is applied between drain and source. 

Now, this is in linear region, this is in saturation region. Do not get confused here your 

𝐼𝐷𝑆 = 𝜇𝑛𝐶𝑜𝑥
𝑊

𝐿

(𝑉𝐺𝑆 − 𝑉𝑡)
2

2
. 

Now, this is VDS not VGS, you look at this IDS versus VDS means at constant VGS, IDS is 

independent, you know independent of VDS. 

If you maintain your VGS constant, your IDS depends only upon this VGS and VGS is constant 

more or less IDS independent. If you look at this curve, this is always constant, but that is 

not the truth, but I am just discussing about the case so that you understand the current 

mirrors. So,  

𝐼𝐷𝑆 = 𝜇𝑛𝐶𝑜𝑥
𝑊

𝐿

(𝑉𝐺𝑆 − 𝑉𝑡)
2

2
. 

Now, the same concept I can use it for the current mirror. 

So, the only requirement is you have to maintain constant VGS and that should be in 

saturation, these are the two requirements. As long as you maintain this your IDS, again I 

remind you we are having an ideal discussion. There are variations, saturation effects and 

all will be there, but we are just excusing them right now. We are not discussing much 

about that. 
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So, now, first you have to keep the transistor in saturation region. So, if you look at this 

guy. So, there is a point here, this point is nothing, but where your VDS = VGS -Vt, this is 

VDS > VGS -Vt and this is VDS < VGS -Vt. 

So, whenever VDS ≥VGS -Vt, if you can maintain this much of voltage across the drain and 

the source, you are pushing the transistor in the saturation region otherwise it is in the 

linear region. Our requirement is it should be in the saturation nature. 

So, the basic requirement is it should be in the saturation region. So, if you maintain 

constant VDS your IDS is going to be constant. First, we will generate this constant current 

then we will just discuss about saturation, then we will go for current mirroring, how it 

happens? So, you let me take the transistor here, so let me call this as M1. 

I put a resistor here, VDD some RD this is a drain, this is the source, this is the gate and 

whatever is the current flowing through is going to be IDS. So, the current entering this 

terminal through the gate, nothing can enter. So, this IG is 0 means this current is 0, so 

whatever is the current flowing here that should be the same current. 

So, I can write like this IDS = VDD - VDS, because this is a voltage developed here divided 

by RD. So, one can use this condition just to find out IDS, there is one more condition for 

IDS. What we do for this kind of cases, you see this is very simple thing. Now, let us check 
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whether it is in saturation or not condition is what VDS ≥ VGS - Vt, if this condition is 

satisfied this is in saturation. 

So, what is VDS, the voltage difference between drain and source means VD - VS ≥ VG - VS 

- Vt. So, Vt for example, I will take 0.7 ohms right. So, here if you see drain and gate are 

connected. So, means VD = VG. So, VD, VD gets canceled VS is at 0 so 0 here 0 here they 

are canceled. Now, 0 is on the left-hand side ≥ - 0.7 ohms, this holds good. 

So, means this transistor you are always pushing it into saturation. By default, if you 

connect the circuit like this. So, you are pushing it by default into saturation. Now, here 

you are just supplying the voltage VDD and RD. What other way is you are using a voltage 

source constant, voltage source I can use a constant current source also. This could be any 

way, anything else. Some external circuit, some current I. 

For this current source this is in series, this transistor M1 is in series. So, same current has 

to flow in the series; obviously, enough VGS will be developed such that this current 

𝐼 = 𝜇𝑛𝐶𝑜𝑥
𝑊

𝐿

(𝑉𝐺𝑆 − 𝑉𝑡)
2

2
. 

So, the VGS will be developed such that this entire thing is balanced to I. 

So, here what you are doing in the case 1, you are applying some constant voltage based 

on that you are generating a current I. Here you are pumping the current such that it will 

generate a constant voltage here. So, now, this is very nice, and this is the fundamental 

thing for our results. 

Now, how to do current mirroring? I have to generate one more source like this. What do 

I do is, I will put one more transistor let us say this is M2, I will connect the sources, I will 

short the sources, so this is VGS1, this is VGS2. Now, from looking at this VGS1 = VGS2 and 

you take the resistor and you give a voltage supply VDD or whatever it is and this is a load 

of transistor 2. 

If proper choice of VDD and R2 is chosen such that if M2 is also in saturation, if there is a 

condition if and only if this M2 is also in saturation. What is I2?  

𝐼 = 𝜇𝑛𝐶𝑜𝑥
𝑊

𝐿

(𝑉𝐺𝑆2 − 𝑉𝑡)
2

2
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and we already know that VGS2 = VGS1, means whatever is the current that is flowing here 

I1 and the same current will flow here also your I2 that I2 = I1. 

So, if you can have right choice of I1 and I2. So, you can have, I mean if you have a right 

choice. What are the things that are matched here is, I have just broadly categorized this 

and then I just over simplified this. I wrote 𝜇𝑛 as same 𝐶𝑜𝑥 as same 
𝑊

𝐿
 as same, if you 

maintain all these things 𝜇𝑛, 𝜇𝑛1 = 𝜇𝑛2,  𝐶𝑜𝑥1 = 𝐶𝑜𝑥2, (
𝑊

𝐿
)
1
= (

𝑊

𝐿
)
2
, then only you can 

achieve this and also you have to maintain the saturation. 

If you maintain all these things, this is also called transistor matching 𝜇𝑛1 = 𝜇𝑛2, 𝐶𝑜𝑥1 = 

𝐶𝑜𝑥2, why do we think that we just chose 1105 that is because of that reason. 

(Refer Slide Time: 27:26) 

 

So, you have taken this transistor connected like this by pumping the current right you 

have generate you have generated the VGS1 that VGS1 you reflected on the another transistor 

ok that is nothing but VGS2 source are shorted and you have chosen R and D; R and VDD in 

such a way that it is in also in saturation M1 is by default saturation M2 is also in saturation. 

Then you can take one more transistor, do the same thing this is VGS3 this is R3 this is VDD3 

chose your R3 and VDD3 such that this transistor M3 is also in saturation. Now, what else 

also I can do? Again, one more transistor I can take I can give the supply like this is M4 

now this is VGS4. And again, I am shorting this because whatever the potential that is 
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available at the gate I am giving to this gate also ok get G4 right and again I will choose 

R4 and VDD4. 

Similarly, I can have one more transistor VDD5 correct, this is VDD2 VDD3 this is coming 

from PSoC output that is it one of the IDAC outputs. So, one of the IDAC output terminal 

supplies the current that current will flow through this transistor creates VGS1 that VGS1 is 

replicated to VG another transistor then same current will flow. 

If you are pumping 100 microamperes you will get 100 micro amperes, you will get 100 

micro amperes, you will get 100 micro amperes, you will get 100 micro amperes here you 

have get like that you can have whatever you want, but all this happens ideally. Exceptions 

are like this what are the exceptions first problem is maintaining these many stable voltage 

sources and to exactly see how much resistance and all. 

And we are talking about the brain we do not know exactly what kind of resistors will be 

there, that is also one of the criteria. These are all design challenges, there are so many 

design challenges I am talking about right. And there is something called saturation effect 

nothing but a channel length modulation. What do you mean by channel length 

modulation? I wrote  

𝐼𝐷𝑆 = 𝜇𝑛𝐶𝑜𝑥
𝑊

𝐿

(𝑉𝐺𝑆 − 𝑉𝑡)
2

2
 

but this is not the case, the real equation is (1 + 𝜆𝑉𝐷𝑆). 

This I have neglected; I have considered 𝜆 = 0 and I explained everything. Now, when 

this comes into play now what happens is you are pumping 100, here it could be 120, here 

it could be 108, here it could be 109, here it could be 115 because 𝜇𝑛’s are not exactly 

even though you take a match transistor 𝜇𝑛’s cannot be exactly same 𝐶𝑜𝑥 may not be 

exactly same 
𝑊

𝐿
 some variation will be there and VDD variations are there. 

These are all several design challenges that we have, but to understand let me conclude. 

This is how a basic current mirror designs can be done, there are lot of challenges that are 

involved. So, this is the brain stimulation, it is not that easy. This is one of the concepts of 

generating different from few current sources, you are generating many current sources. 
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But I told you about lot of challenges that are involved in that, so many techniques that 

people use h bridge, z bridge, so many things are there. So, this is one of the challenge and 

we have seen so many challenges that in the current mirrors. So, this is from pure 

electronics point of view. 

So, if at all I have to conclude this, for brain stimulation first of all you are starting with 

the fabrication, choosing the materials, materials have lot of challenges and we have to 

satisfy all the criteria. Then we have gone for characterization techniques, then we have to 

come for electronics, then wireless communication, then this electronic signaling part, 

signal processing part. 

So, many things are there, so that is why this is a trend in biomedical electronics field that 

you have huge challenges to solve. So, this is about the brain stimulation and different 

perspectives in terms of engineering we looked at, how brain stimulation can be done, 

what are the challenges that one can solve in this process and next things will be covered 

by our colleagues in the next lecture. 

Thank you. 
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