VLSI Lab 11
Chip Design

1. Objectives

This lab consists of designing a complete chip with a buffered 8-bit barrel shifter on layout level (Lab4) and I/O pads. I/O pad ring consists of 32 pads which are 16 input pads, 8 output pads, 4 VDD pads and 4 VSS pads, respectively. Each basic bonding pad size is 100 x 100 m2.

Note: This lab is VERY time consuming and the only way to be able to finish the lab in time is to prepare the homework tasks carefully.

2. Pre-study and preparation

You must carefully read Appendix to know how the chip can be generated. Meanwhile you must finish the lab3 since the lab4 is based on the lab3. If you have not finished the lab3, don’t do this lab4 first.

3.MicroWind manual

Study the MicroWind manual thoroughly, so that You are very familiar with the features of the programme.

4. Lab instructions

Select the cmos0.25 foundry.

4.1 ESD pad protections

Electrostatic discharge (ESD) exists in input and output pads. In order to protect the chip, ESD protections are required. One of the most simple ESD protection is made up of a set of two diodes and a resistance (Appendix Fig.5). One diode handles the negative voltage Vss flowing inside the circuit (N+/Psubstrate), the other diode (P+/N well) handles the positive voltage Vdd. The layout of ESD protection pad with the N+/P substrate diode and P+/N well) diode is shown in Fig1.

[image: ]
Fig 1.Create a diode for I/O pad protections

One simple way to add a diode in the layout is to click on the cell library icon, then click on the Contacts menu and to assert the options: <Diff P + Metal1> and <Diff N+ on Nwell>. This creates a P+/ Nwell diode with its appropriate contacts (Fig. 2). To select <Diff N+ to Metal1> and <Diff P+ on Psubstrate> generate N+/P substrate diode.
[image: ]

Fig. 2.
Note that to change Rows and Columns with any more than 1 numbers can enlarge the diode size. Save your design as ESDprotections.msk in your directory.

4.2 Design the I/O pad ring
To generate the pad ring: Edit -> Generate -> I/O Pads.
A windows similar to Fig. 3 pops up. The <Pad ring> option should be selected. The values <Pads in X: 8>, <Pads in Y: 8>, <Ring Width: 15 µm> and <Vdd, Vss pairs: 4> should be filled in. 

[image: ]
Fig. 3
A pad ring similar (not exactly the same) to Fig. 4 in the lab instruction is generated.You can now inspect the generated pad ring. It has four pairs of Vdd-Vss pads,correctly connected. Make sure that the supply voltage is correct, 2.5 V. You can also see that the ESD protection circuits already exist in the generated pad ring.

[image: ]
Fig. 4

The pads and the inner ring (Vdd) have all six metal layers. We only need two in this lab. Extra metal layers require more masks, resulting in a higher cost. Therefore, we remove the unnecessary metal layers.

1. From Edit -> Protect all.

2. Select M 6, M 5, M 4 and M 3 on the Palette, and remove all these layers in the
layout (pads and pad ring).

3. Select M 2 on the Palette and remove the Metal 2 on the left side of the inner ring.

4. After removing the metal layers, make sure that the power supply pads are still
correctly connected, the 4 Vdd pads should be connected to the inner ring and the

4 Vss pads to the outer.

5. Just as in the lab instruction, besides that the power supply pads are now already
properly connected. You only need to distribute the pads to the signals (A0-A7, Sh0-Sh7 and the outputs s0-s7).

4.3 Assembling the chip

1. Open lab4.msk from File.

2. Click File -> Insert ->open your ESDprotections.msk file. It appears on the right corner of the pad ring window. Put it in each I/O pad. The connection way can be referred Fig.1.

3. Click File -> Insert ->open your lab3 msk file. The barrel shifter is on the right corner of the pad ring window. Moving it into the centre of the pad ring.

4. Connecting all I/O,Vdd and Vss of lab 3 cell to the relative pads with Metal 1 and Metal 2. Please refer to Path between Pads and Cells in appendix. The Width Metal can be filled in any more than 10 lamda in order to visible on the whole chip.
Note that the work need you careful and patient. It consumes lots of time.

Hint: repeating using <Zoom in>, <all> to enlarge the part of chip.

Steps for connection between Pads and Cells.

1. Click the stretch icon;

2. Stretch some path edge with mouse;

3. Hold down one of arrow keys or move Mouse to needed direction;

4. put the VIA to make M1/M2 contacted as need two metal wires;

5. Check node if identified between pads and cells;

6. Do Design Rule Check. If errors, correct them;

7. If right, save your design;

4.4 I/O stimuli

· Name Pad the same with Lab4.

· Name the inputs to the barrel shifter A7 through A0 in the order displayed in figure 4. Use the Visible node in the palette for this and select the properties to Vdd or Vss so that You set a clever selection of fixed input values to enable Your investigation on how the output is depending on the control signals. 

· Name the control inputs to the barrel shifter Sh0 through Sh7 in the order displayed in figure 6. Use the Visible node in the palette for this and select the property to pulse in order to apply interesting control signals. Let one and only one control signal be high at each instant. The pulse should have a rise and fall time of 0.5ns. The pulse width should stay high for at least 2ns

· Name Your buffer outputs s7 through s0 in such manner that the index corresponds to that of the barrel shifters input signals. Use the Visible node in the palette for this and select the property to variable. Apply Vdd and Vss voltages to the buffer, using Vdd supply and Ground from the palette.

5. Simulate

5.1 Simulate functionality

Check that Your design is working properly.

Study maximum time delay.

Maximum time delay: ____________________

Check the average wire length, by doing:

File -> Statistics -> Interconnects.

Average length: _______________________

Check the capacitance on the following nodes:

A7: ______ F
A6: ______ F
A5: ______ F
A4: ______ F
A3: ______ F
A2: ______ F
A1: ______ F
A0: ______ F

Also check the capacitance, on the barrel shifters output before the buffer:

B7: ______ F
B6: ______ F
B5: ______ F
B4: ______ F
B3: ______ F
B2: ______ F
B1: ______ F
B0: ______ F

6. Discussion

Explain the difference between Lab4 and Lab5.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________

Explain the simulation You have carried out.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________

Motivate Your time delay result.
__________________________________________________________________
__________________________________________________________________

Motivate why the obtained capacitance values on A7 through A0 are not equal.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________

Explain the obtained results regarding the capacitance values on B7 through B0.
__________________________________________________________________
__________________________________________________________________You can now call an assistant and demonstrate results and discuss Your conclusions.
Appendix

ESD Protections

The input pad includes some voltage boosting and under voltage protections linked with problems of electrostatic discharge (ESD). Such protections are required as the oxide of the gate connected to the input could be destroyed by over voltage. One of the most simple ESD protection is made up of a set of two diodes and a resistance (Fig. 5). One diode handles the negative voltage flowing inside the circuit (N+/P substrate), the other diode (P+/N well) handles the positive voltage. An example of ESD in a real case circuit is shown in Fig. 6.
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Fig. 5: Diodes for electrostatic discharge protection
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Fig. 6 Supply network in a real case circuit
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