Hardware Lab: OTAs and Substrate Noise

Prelab

I have designed 2 transconductance amps. To begin, please look at the layout of the circuits so that you may understand why you see the different characteristics that you observe in the lab. 

Observe the Layout

· copy the cif file from my public directory into your cadence directory


(cif files are the format many fabrication facilities use to create the masks for the chip)

· go into your cadence directory

· copy the file: cp /Users/faculty/hudson/Public/substrate.cif 
· make a new library for the cif file and attach the AMI 0.6u C5N technology file to it

· read in the cif file into the appropriate library

· in the icfb window, chose file->import->cif
· fill out the form as follows:

input file: substrate.cif

top cell name: mixedsig

library name: substrate (assuming this is what you called your library)

· in the appropriate library, open up substrate - you should see the entire design with pads (you may have to set the number of levels to be seen to around 5)

· from the layout, draw the schematic for the first transconductance amplifier (TA1) (the small circuit at the bottom of the padframe in the center) and TA2 (the small circuit to the left of the big circuit in the upper left hand corner). 

What are the differences between TA1 and TA2? What impact will these differences have upon the circuit operation?

· Look again at TA2. 

What impact do you think the chain of inverters will have on the operation of the circuit?

· Look at the TA in the lower right hand corner (TA3).

How does TA3 differ from TA2? What impact will this difference have on the output of the circuit? 

Hardware Lab

Connect Board

· connect a 5V power supply between the Vdda and Gnd pins

· CHECK the polarity of the voltage with the multimeter!!!

· note: there are 2 ground pins to make it easier to connect all of the ground wires

· connect a 2.5V power supply to the positive input to the TA (in+)

· connect a 2.5V power supply to the negative input to the TA (in-)

· connect a 2V power supply to the bias voltage of the TA (bias)

· connect a 3V power supply in series with the picoammeter between the desired output (out​OTA initially) and Gnd pin

· CHECK the polarity of the voltage with the multimeter!!!

· connect the (+) terminal of the voltage source to the (+) terminal of the ammeter

· connect the (-) terminal of the ammeter to the input pin

· connect the (-) terminal of the voltage source to Gnd
· plug the circuit into the zif socket

· touch the ground terminal of the power supply BEFORE handling the chip!!

· place the chip into the board so that the semi-circle is closest to the latch for the zif socket (A small square indicates where pin1 is located. Pin1 should be on the upper-right-hand side of the chip.)

· look at your power supply - if it does not read 5V, you’ve probably put your chip in back​wards!!

· if the chip feels hot, you have probably put it in backwards!!

· if you have put your chip in backwards, quickly take it out, let it cool, and pray you haven’t fried the chip!!!

Compare the Characteristics of TA1 and TA2

This set of experiments will compare the current and voltage characteristics of the standard trans amp with a trans amp with a cascode bias and common centroid inputs.

· measure the output current of TA1 (output pin outTA)

· slowly sweep by hand in- from 0-5V

Does the transconductance amp demonstrate the expected I-V relationship? Find the follow​ing parameters.

Isat+=

V for Isat+=

Isat- =

V for Isat-=

approximate the gain by finding the slope of the curve where I=0A:
· measure the output current of TA2 (output pin outA)

· increase the voltage on the bias pin until Isat for TA2 = Isat for TA1 (why did we need to do this?)

· slowly sweep by hand in- from 0-5V

Does the transconductance amp demonstrate the expected I-V relationship? Find the follow​ing parameters.

Isat+=

V for Isat+=

Isat- =

V for Isat-=

approximate the gain by finding the slope of the curve where I=0A:
Compare the transconductance characteristics of the two trans amps and discuss why differ​ences exist.

· disconnect the current meter/voltage source from the output

· disconnect the voltage source from in+
· connect the function generator to in+
· use a triangle wave function

· set the frequency = 10kHz

· set the amplitude = 5V peak-to-peak

· set the offest = 2.5V

· measure the input voltage of TA1 (in+) using the analog probe of the oscilloscope

· measure the output voltage of TA1 (outOTA) using the analog probe of the oscilloscope

· you should see the standard voltage gain curve for the TA

· if noise appears on the output signal, touch the digitalIn input. Because this pin is not con​nected to anything, noise can be induced into the circuit from this pin.

· change the negative input to the TA (in-)

What happens to the knee of the voltage characteristic? Why?

At what voltage does the curve become distorted? Why does this happen?

· measure the output voltage of TA2 (outA)

At what voltage does the curve become distorted for this trans amp?

Compare the voltage characteristic of the two trans amps and discuss why differences exist.

Effects of Substrate Noise

This set of experiments tests the effects of a digital circuit in close proximity to the TA on the TA voltage characteristic. Two layouts are investigated: (i) a layout without any protection from the digital circuit (ii) a layout with guard rings surrounding the analog and digital circuit and a analog ground shield wire between the analog and digital circuit.

· connect the input of the inverter chain (digitalIn) to the second function generator

· use a square wave function

· set the frequency = 100kHz

· set the amplitude = 5V peak-to-peak

· set the offset = 2.5V

· measure the output voltage of TA2 on the scope (outA)

What impact does the digital signal have on the analog waveform?

· measure the output voltage of TA3 (outB)

What impact does the guard ring have on the circuit?

