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Welcome back. So, previous lecture we have shown a live demo of digital voltage mode

control. In this lecture, we are going to show the Step for FPGA Implementation of Mixed

Signal Current Mode Control with the live demo.

(Refer Slide Time: 00:37)

So, here we will show a harder setup prototype of a digital control buck converter. Step for

FPGA implementation of mixed-signal current mode control and followed by a live demo of

load and reference transient performance.



(Refer Slide Time: 00:49)

So, we have discussed mixed signal current mode control in lecture numbers 75, 76, 77, and

78 all 4 lectures we have discussed in sufficient detail. These are test prototypes of the buck

converter and there is a prototype of the power converter, and buck converter signal

conditioning board, and below we will be using FPGA.

(Refer Slide Time: 01:12)

And these are the buck converter then we will be using the signal conditioning board and the

Xilinx FPGA. And you can see this interface and this interface we are plugged in because this



interface and this interface we are just plugging in onto that. So, that is why that board is not

visible.

(Refer Slide Time: 01:31)

So, this is the FPGA kit, that we have demonstrated and this is connected to the signal

conditioning board on the top. Just a board-to-board connector and this is a picture of the live

demo picture of the hardware setup we will be going to a live demo shortly, but I just want to

give you a glimpse. So, through a computer, we are programming this FPGA, and then

running the whole converter.

(Refer Slide Time: 01:57)



So, this is the load transient performance using current mode control, and mixed-signal

current mode control. And the first channel is our 3.3 volt input which you know is the input

to the buck converter, which is these two probe these two supply is connected is the ground

resupply. Then this second supply of 10 volt is used to power a dc dse through the regulator

and the op-amps and so on.

And this is the voltage probe to demonstrate in this channel 2 and the current probe is used in

channel 4.

(Refer Slide Time: 02:38)

We have in the mixed signal current mode control, what we want to implement inside this

logic, inside this. So, you have a dc DAC here, because in mix signal we require both ADC

and DAC, but after this interface when you go to the bottom side of the board it is an FPGA

where we are going to consider this algorithm ok. And this thing we have discussed in

sufficient detail.



(Refer Slide Time: 03:00)

And the step for implementation is presented in lecture number 57. So, if one can refer for

more detail and in today also we are going to demonstrate this thing you know this step we

will demonstrate in an actual hardware prototype.

(Refer Slide Time: 03:15)

And the code is the main code mixed signal current mode control. This Verilog code has been

explained I mean we have explained this Verilog code I think lecture number 76 in detail.



And we have considered different submodules for this 1 clock, 1 digital PI controller, 1

current reference, 1 PWM with dead time, and 1 with the UCF file which is to define the i o

pins.

(Refer Slide Time: 03:44)

(Refer Slide Time: 03:48)

So, the main code is divided into 3 pages, because it’s a long code, and then we have. So, this

code of this main code of mixed-signal current mode control is explained already in lecture

number 77, I believe 76.



(Refer Slide Time: 04:02)
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And then the clock generator circuit we have presented both for digital and current mode and

voltage mode control for both in lecture numbers 72 and 76. So, I am not going to discuss this

again. Digital pi controller I think we have demonstrated in lecture number 77 we discussed.

So, we are not going to discuss this, but this is just the screenshot and then the current

reference generator generation we have discussed in lecture number I think it is lecture

number 76 that we have discussed.



(Refer Slide Time: 04:37)

And what is the block then PWM dead time circuit we have discussed in lecture number 76,

yeah?

(Refer Slide Time: 04:47)

Now, this is the user constant file. So; that means, this user constant file is 2 you can see all

these addresses are given. So, this ADC vector 10-bit ADC, 12-bit DSC then it will also have

a load Q load address and then transient type through a switch and we will also consider a

comparator here. This is a clock and I think this comparator should be enabled. So, I do not

know if it should be enabled here.



(Refer Slide Time: 05:19)

And then yeah. So, this is enabled sorry this is a write file. I think the earlier one was not the

written file. So, this is the right file programmable file, because only what was disabled is

now enabled for this con.

(Refer Slide Time: 05:36)

And next this is what we are going to demonstrate now; that means, this is a picture of the

prototype that we are going to consider. So, now, we are going to the live demonstration. So,

now, we are going to demonstrate mixed signal current mode control. This is a part of this

lecture that we have already shown using a screenshot of what are the steps you know, first of



all, we discuss in detail the Verilog code for implementing mixed signal current mode control

in 8th the ek, and in this lecture, we have demonstrated what is the step that user constant

file? The main module sub module how to instantiate. Then we have shown how to dump this

code into our FPGA.

(Refer Slide Time: 06:21)

So, I am not going to repeat that it has already been in the dump. Now, we are going directly

to the hardware. So, this code is running. Now, we are turning on the power supply 3.3 volt is

the input and we are making first let us say we are making load transient. So, this is a load

transient where again we are changing the load current from, yeah.

So, the load current was initially the resistance was 13.5 ohm now we have to make a load

step transient. How? We have added the parallel resistance is 0.33 ohm with the 13.5 ohm.

So, effectively it was becoming like 0.32 ohm. So, this has created a load step of roughly 3

ampere. So, it is going you can see the current load step happening and because of the load

step of the transient there is a voltage undershoot, and if you just stop it you can see the

voltage undershoot at 3.3 volt input.

And then there is a followed load step-down transient. So, we got a reasonably good transient

response, but we are going to design the current mode control in the subsequent lecture in the

11th week, but here we have considered some reasons I think good parameters of the KP and

ki, which we have presented in the class, but we will show the step for design in the 11th

week the lecture in the 11th week.



So, now, this is the load step-up transient load step transient.

(Refer Slide Time: 07:56)
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Now, we have a switch provision we have discussed. If you change this switch position it is

making a reference transient. So, in the reference transient if you trigger it I want to show that

this is for first it is going to step up reference transient where it is changing from 11 volt,

because 1, 2, 3, 4, 5, 1 volt so; that means, the 5 division 1 division is for 0.2, you can see 0.2

volts.



So, 1 volt to 1.1 volts step-up transient followed by the step-down transient and this is the

current overshoot during step-up and current undershoot during the step-down transient. So,

this is the response of the current mode control since the reference is generated from the

inside. So, this has I mean there is no excess delay. So, it responds almost immediately, and

because of this, you know finite output impedance, because we cannot make the closed loop

faster than one-fifth or one-sixth of the switching frequency closed-loop bandwidth because

we also discussed the small signal validity.

So, this is what about the mixed signal current mode control, now we are going back to our

class.

(Refer Slide Time: 09:07)

So, just now we have completed we have shown the live demo of the mixed signal current

mode control. Where we have discussed the harder setup prototype of a digitally controlled

converter, we have demonstrated steps for FPGA implementation through a live

demonstration and we have seen the load and reference transient performance. That is it for

today.

Thank you very much.


