Hardware Lab: Mirrors and Mismatch

Prelab

I have designed 3 circuits to test the effects of process variation on current mirrors. To begin, please look at the layout of the circuits so that you may understand why you see the different char​acteristics 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/mirrors.cif 
· Make a new library for the cif file and attach the AMI 0.6u C5N technology file to it.

· Read in the cif files into the appropriate library.

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

input file: mirrors.cif

top cell name: mirrors2

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

· In the appropriate library, open up the top level cell: mirrors - you should see the entire design with pads (you may have to set the number of levels to be seen to around 5).

· The first experiment will test the I-V relationship of several identical transistors on opposite sides of the chip. These transistors may be found at the top (transistors A) and bottom (transis​tors B) of the layout. There should be two nFETs and two pFETs with a common gate at the top and and the same at the bottom.

· Find the W/L ratios of the two nFETs and the two pFETs on the same side of the chip. what do you expect the relative currents to be? Expalin your answer.

· If Vgs=Vdd/2, what do you expect the relative currents for the pFETs and nFETs to be? Explain your answer.

· How do you think the channel length modulation will compare between each of the FETs? Explain your answer.

· The second set of circuits you will test is found on the upper right-hand corner of the pad​frame- observe the layout and rank the circuits in the order in which you believe that the input and output currents will match (4=best matched, 1=worst matched). Please give an explaina​tion for your ranking.

· find the nFET current mirror sink (input called NmirIn, output called NmirOut)

rank:

· find the current mirror with transistors of different orientation (output called NmirSW)

rank:

· find the current mirror source driven by the current mirror sink (output called NmirPout)

rank:

· find the pFET current mirror (input called PmirIn, output called PmirOut)

rank:

· The third set of circuits you will test is found on the lower right-hand side of the padframe - observe the two methods of scaling the output current.

· Find the nFET current mirror where the current is scaled by modifying the W/L ratio.

If the input current is 1uA, what should the output current be?

· Find the nFET current mirror where the current is scaled by added parallel transistors.

Which circuit do you think will provide the more ideal output?

· The forth set of circuits you will test is found on the left-hand side of the padframe - observe the 3 mirror arrays and rank the circuits in the order in which you believe that the outputs will provide the least amount of deviation from one another and from the input (3=best matched 1=worst matched. Explain your answer.

· find the standard current mirror array with 1 input and 4 outputs

rank:

· find the mirror array layed out using the common centroid method

rank:

· find the mirror array layed out using the common centroid method with dummy lines

rank:

Hardware Lab

Connect Board

· connect a 5V power supply between the Vdd 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 in series with the picoammeter which is in series with the desired input (start with VGA)

· 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
· connect a 2.5V power supply in series with the second picoammeter which is in series with the desired output (start with IN3/2A)

· plug circuitA 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!!!

Test Individual Transistor Mismatch

This set of tests is used to observe mismatch among identical transistors sitting on opposite sides of the chip, among transistors of similar W/L ratio but different sizes, and to compare the K val​ues and channel length modulation of pFETs and nFETs. There are two sets of transistors. One set is sitting at the top of the chip (labeled by the subscript A) and the other is sitting at the bottom of the chip (labeled by the subscript B). All gate voltages are tied together for each of the FETs in a group (VGA for the A group and VGB for the B group). Your job is to measure the output currents for each of the FETs and compare the results. 

· connect the input voltage source to the gates of the transistors in group A (VGA)

· connect the output voltage source to the outputs of the transistors in group A (IN3/2A is the output for the nFET transistor with a W/L=3/2 in the A group. IP27/18A is the output for the pFET transistor with a W/L=27/18 in the A group. etc.)

· read the output current from the output picoammeter

· record the output currents for all transistors in the A group in Table 1

· move the input voltage source to the gates of the transistors in group B (VGB)

· record the same set of measurements for all the output currents in group B in Table 1

· change the output voltage to 3V and repeat all measurements for Table 2

Table 1:  Vout=2.5V

	IN3/2A

	
	IN3/2B
	

	IN27/18A

	
	IN27/18B
	

	IP3/2A

	
	IP3/2B
	

	IP27/18A

	
	IP27/18B
	


Table 1:  Vout=3V

	IN3/2A

	
	IN3/2B
	

	IN27/18A

	
	IN27/18B
	

	IP3/2A

	
	IP3/2B
	

	IP27/18A

	
	IP27/18B
	


1.  Compare the output currents for identical transistors on opposite sides of the chip. What is the percent deviation for each pair? What does this say about small versus large transistors?

2.  Compare the output current for nFETs and pFETs of equal size (i.e. IN3/2A and IP3/2A) What do these differences say about the K values of the nFETs versus the pFETs?

3.  Using the data in chartA and chartB, compare the channel length modulation of nFETs versus pFETs (compare the slope of the saturation line). Does this match your expected results?

4.  Compare the channel length modulation of the long versus short FETs. Does this match your expected results?

Test Basic Current Mirror Mismatch

This set of experiments is meant to compare current mirror layouts. NmirIn is the input to a stan​dard nFET current mirror. NmirSW is the input to the current mirror whose output FET is turned sideways compared to the input FET. NmirPout is the output of the pFET current mirror whose input curernt has been set by an nFET current mirror. PmirIn is the input to a standard pFET cur​rent mirror.
· Change the output voltage source back to 2.5V

· place the input voltage source on NmirIn
· place the output voltage source on NmirOut
· record the input and output currents below and calculate the percent error due to mismatch in the mirror

input current=



percent error=

output current =

· move the output voltage source on NmirSW
· record the input and output currents below and calculate the percent error due to the mismatch due to the change in orientation

input current=



percent error=

output current =

· move the output voltage source on NmirPout
· record the input and output currents below and calculate the percent error due to mismatch in the nFET and pFET mirrors

input current=



percent error=

output current =

· move the input voltage source on PmirIn
· move the output voltage source on PmirOut
· record the input and output currents below and calculate the percent error due to mismatch in the mirror

input current=



percent error=

output current =

1.  Compare the % error of the pFET mirror versus the nFET mirror.

2.  How does the measured mismatch for each circuit compare to your expected ranking in the prelab? Explain discrepencies.

Test Current Mirror Scaling

This set of experiments tests the effects of scaling current by two methods: (i) by scaling the W/L value of the output FET (OutScale) and (ii) by using multiple copies of the input FET ( InScaleM=6).
· place the input voltage source on InScale
· place the output voltage source on OutScale
· record the input and output current below and calculate the percent error due to mismatch in the scaling of the W/L value

input current=

ideal output (6*Iin)=

output current =

percent error=

· move the input voltage source to InScaleM=6
· move the output voltage source to OutScaleM=6
· record the input and output current below and calculate the percent error due to mismatch in the parallel transistors

input current=

ideal output (6*Iin)=
output current =

percent error=

1.  What do these results suggest to you about designing scaled current mirrors?

Test Current Mirror Arrays

This set of experiments tests the mismatch among an array of current mirrors and the effects of layout techniques to minimize the mismatch. InMir is the input to the standard current mirror array. InCC is the input to a current mirror array with a common centroid layout. InCC&dum is the input to a current mirror array with a common centroid layout and dummy lines on the ends. 

· place the input voltage source on InMir
· place the output voltage source on each of the outputs: Mirror: outA, outB, outC, and outD
· record the input and output currents below and calculate the worst case % error and he worst case deviation among the outputs

input current=



outA =

outB =

outC =

outD =

worst case % error =

std deviation=

· place the input voltage source on InCC (note: the inputs to this circuit and the common cen​troid with dummy lines were accidentally tied together. Therefore, the input current shown is the input current for both circuits. To get an approximation of the input current, take the mea​sured current and divide by two).

· place the output voltage source on each of the common centroid outputs: CC: outA, outB, outC, and outD
· record the input and output currents below and calculate the worst case % error and he worst case deviation among the outputs

input current=


outA =

outB =

outC =

outD =

worst case % error =

std deviation=

· place the input voltage source on InCC&dum
· place the output voltage source on each of the common centroid with dummy line outputs: CC&dum: outA, outB, outC, and outD
· record the input and output currents below and calculate the worst case % error and he worst case deviation among the outputs

input current=



outA =

outB =

outC =

outD =

worst case % error =

std deviation=

1.  How does the experimental results match your expected ranking in the prelab? Explain any discrepencies.

