Notes On Laboratory Practice
(Voltage to Current Transducer)
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Figure 1: Schematic of the VCT

 

 

You will be required to produce a layout of the physical layers for the CMOS transistors, which are connected electrically as above. You will be using CMOS14TB (CMOSIS5) technological process (n-well, p-substrate process) for the physical layers and VIRTUOSO, ANALOG ARTIST, HSPICE and AWAVES tools that are supported by the Cadence CAD system of the VLSI design laboratory. The laboratory room is at  H 915.

 

After successful creation of the layout, you will extract the netlist which you will use for HSPICE simulations. The measurements to be done are noted below. You can use AWAVES for obtaining the plots. Minimum suggested dimensions (L and/or W) for the transistor is 2.5 microns.

	

	
	 



I. DC Measurements:
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DC measurement system set up
Carry out the necessary calculations to derive the dimensions of the transistors in the VCT. Show some sample calculations. Use Vc1, Vc2 in the range of 2 or 3 volts DC, Vss =-3 volts and R=1 ohm.  Do not use Vc1 = Vc2.

Use HSPICE (level=13) simulations to obtain the following.

 

Iout vs. V1 plot (V2=0), for V1=0 to 3 volts DC.

Iout vs. V2 plot (V1=0), for V2=0 to 3 volts DC.
Discuss and justify your results in relation to the theoretical work in step 1 above.

II AC measurements: 
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  Use Vc1=3V DC, Vc2=2.7V DC , Vss=-3V DC and R=1 ohm. Obtain the following results using HSPICE simulation (level=13).

 

1. Frequency response of the transconductance Iout / Vs over the frequency range of 100Hz to 10MHz. Find both magnitude and phase responses. Vs is applied as in the above block diagram.

2. Repeat the above with Vs and ground terminals interchanged.

3. Use the first order ac equivalent circuit of the VCT and derive the theoretical expression of the ac output (short circuit) current as a function of the input ac voltage signal.
4. Using the output listing of the HSPICE simulation, pick up the pertinent ac parameter values which would fit into the theoretical relation derived in step 3 above.
5. Discuss and justify your results in steps 1 and 2 using the theoretical work carried out in steps 3 and 4 above.
 

III. Component Implementation:

 

From the measurements that you have done, ascertain that an ac equivalent symbol for the VCT could be like: 
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Figure 2: OTA symbol for the VCT

 

The gm is the ac transconductance that you found out in the AC measurement experiment. The above is the symbol for an OTA (Operational Transconductance Amplifier). Two OTAs can be connected in a special way and loaded with a capacitor to implement the equivalent of an inductor, as shown in the following diagram.
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Figure 3: System diagram for a grounded inductor implemented using two VCTs.

 

1.Verify the above relationship for Zin by analysis.

2. Implement (build) an inductor of your choice and characterize it for DC and AC signals.

 

 

 

PLEASE NOTE

 

Tutorial notes on how to use VIRTUOSO (for lay out), ANALOG ARTIST (for schematic entry and analysis), HSPICE (stand alone analysis with netlist created using unix editor) have posted in the copy center.

Use the above notes to obtain a guideline only. Do not start copying the example cases for your lab work. Thus use the guidelines to lay out the transistors in an inverter to lay out the transistors of the VCT. The VCT layout is part of your lab assignment, the layout of the inverter is not.

In case of any problem or inquiry regarding the use of the VLSI CAD tools, please send e-mail to helpdesk@encs.concordia.ca with a copy to rabinr@ece.concordia.ca.
Note that your quota for laser printer pages is very limited (only 50). So do not use laser printed pages until you are ready to submit your lab report. Use the line printer instead.

Deadline of submission of the lab report: August 9, 2006
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