VLSI Lab 08 Layout
Technology Scaling Effects in CMOS

1. Introduction

Integrated circuits fabrication technology is continuously improving. As a result, the internal dimensions of semiconductor devices are steadily decreasing. At the same time, the size of circuits that can be fabricated economically continues to increase. Besides increasing the number of devices per IC, scaling has a profound effect on the performance of a circuit in term of speed and power. In this lab, we will demonstrate these effects using the layout edit tool Microwind.  This lab will demonstrate the influence of technology scaling on area, delay and power. The first part (section 2) is about device scaling. The second part (section 3) is about interconnect scaling. Please note -- Some of the formulas used in this lab are explained in detail in the text book book
2. Device Scaling
The following table-1 and table-2 are to  show the ideal scaling effect. This can be used to do scaling effect estimation as is needed later (S is the scaling factor. S>1. U is the voltage scaling factor, and 1<U<S). Full scaling means that the supply voltage is scaled in the same ratio as device size. Fixed-voltage scaling means that the supply voltage is kept the same while the size is scaled down. General scaling means that the supply voltage is scaled while the size is scaled down, but not as much as the size scaling ratio.

Table-1 Scaling relation for long-channel devices
[image: ]
Table-2 Scaling relation for short-channel devices
(the parameters not listed here are the same as in table-1)
[image: ]


2.1 Area Scaling
· Open Microwind. Open an example named “ram44”. Select the 1.2um foundry. Here, the “1.2um” means the feature size (or minimum gate length of the transistor. Please note that in 0.35 um foundry and 0.25um foundry the minimum gate lengths are 0.4um and 0.3um respectively. So their scaling factor should be calculated according to 0.4um and 0.3um). Use ‘view->statistics’ to get the size of this full-adder. Fill in the following table. Then choose foundry of 0.8um, 0.6um, 0.35um and 0.25um, and check their area respectively. Verify that the area scaled as predicted.

Table-3 Area scaling effect
[image: ]

2.2 Vertical Size Scaling
It should be mentioned that the device’s vertical dimension is not scaled in the same degree as thelateral. Normally the vertical size is less scaled than the lateral size. This is particularly apparent in deep sub-micron process. The following figure shows this phenomenon:
[image: ]

Open the “ram44” again with 1.2um foundry. Choose any Metal-1 line, use “process view” to check the thickness of metal-1. Fill in table-4. Then choose foundry of 0.8um, 0.6um, 0.35um and 0.25um and perform the same checking. Note that with scaled technology, the same metal wire looks ‘thicker’.
Table-4 Metal-1 thickness
[image: ]

Question: Why the thickness does not scaled down as the process does?
2.3 Propagation Delay Scaling
Scaling from 1.2um to 0.8um and 0.6um can be treated as fixed-voltage long channel scaling because the supply voltages for them are all fixed at 5V. From 0.6um to 0.35um and 0.25um can be treated as short channel full scaling because the supply voltage is 5V for 0.6um and 2.5V for 0.35um and 0.25um processes.
Open Microwind. Choose 1.2um foundry, and draw two same inverters as shown in the following diagram (the second one works as the load of the first one). You can find a demonstration of inverter layout by selecting “file->open”, and selecting “inv3.msk”.
[image: ]

· Set the size (width/length) of both NMOS transistors to be 3um/1.2um and both PMOS transistor to be 9um/1.2um. Set the input to be a clock signal that has 1ns high and low periods, 0.01ns rising and falling edges (the edges are set to be very sharp to measure the propagation accurately). 2.3.4 Simulate the inverters for 20ns and set the simulation step to be 1ps. 

· Check the propagation time of inverter1 (from input to out1). The propagation time should be the average of the rising time and falling time. Fill in table-5. Save the design with the name “buffer1”. 2.3.5 Open the design “buffer1” with foundry of 0.8, 0.6, 0.35 and 0.25um respectively. Repeat step 2.3.4.
Table-5 Propagation Delay
[image: ]

Question: Does the measured propagation scaling factor meets your estimation? It should be mentioned that the deviation could be quite large. There are two main reasons causing this deviation. The first is that many assumptions used to deduce the relationships in table-1, table-2 do not hold in practice. The second is that the process parameters are different from company to company, so the scaling factor can also be quite different in different companies.

2.4 Power Scaling
2.4.1 Estimate the power scaling effect of this "buffer1" with hints in 2.3.2. Fill in the related row in table-6. Please note that here the power consumption means the power at their highest working frequency. To evaluate this highest-frequency-power, we first use a fixed frequencyinput, measure the power at this frequency, and divide this power by the propagation delay to normalize it. This is the same method as used in Table-1 to deduce the relation of Pav: CLV2/tp.

2.4.2 Choose different foundry (1.2um, 0.8um, 0.6um, 0.35um and 0.25um) and simulate
‘buffer1’ in Microwind. Note that the input signal frequency is kept the same (set in section 2.3.3) in different foundry simulations. In the simulation waveform window, choose "voltages and currents". There's average power consumption estimated. We should compare the relative values of power to see the scaling effect. Set the simulation time to 20ns (simulate 10 cycles to average the power consumption).

Please note – The power consumption P1 you get by this way corresponds to a specific working frequency -- frequency of 'input'. Power consumption of CMOS circuit is directly proportional to the working frequency. To evaluate the power consumption of their respective highest work frequency, we should divide this P1 by the propagation time tp (measured in section 2.3 in table-5) to normalize them. So, PN=P1/tp. Here, PN is not a real physical value. It is just a relative number.

Table-6 Power scaling factor
[image: ]

3. Interconnect Scaling

Interconnect scaling has a different aspect as device scaling. If a metal wire is scaled the same ratio in all dimensions, the resistance of the wire will increase to S*R and the capacitance will reduce to C/S. So the RC delay should keep the same. But the real case is that there’re a lot of long wires connecting internal modules, so the average wire length will not scaled down as the process does. If a wire is not scaled in length but scaled in the other two dimensions, the RC delay will be S2 times larger (as shown in figure-3)! This causes the phenomenon: the wire delay becomes larger than the gate delay.
[image: ]
Design Target: Design a two-stage buffer to drive a 1cm metal-1 wire (5-lambda width) using 1.2um foundry and 0.25 um foundry respectively. Compare the gate delay and the wire delay in both cases.

3.1.1 First, design the buffer in 1.2 um foundry according to step 3.1.2 to 3.1.7 and fill in table-7.

3.1.2 The first inverter of the two-stage buffer has a minimum size of 9um/1.2um for PMOS and 3um/1.2um for NMOS (these values are for 1.2um foundry. When open this design again in other foundries, the size will be scaled automatically, but the ratio will stay the same). It is the same size as the one we have designed in section 2.3. So we can open this design directly in 1.2um foundry. Double click the input gate of the first inverter. Find the input capacitance Ci and fill in table-7.

[image: ]

3.1.3 Calculate the resistance and capacitance of the metal-1 wire using Microwind. It is not easyto draw a 1cm long metal wire. So, in Microwind, draw a 5-lambda width, 500um long metal-1 wire. Double click it to get the capacitance and resistance. Multiply these values by 20 to get the respective Rwire and Cwire for 1cm wire. Fill them in tabel-7.

3.1.4 The RC delay of the wire is tp,wire = 0.38*Rwire*Cwire (Fill it in table-7)

3.1.5 Calculate the optimal size of the second inverter and fill it in table-7:
Uopt = X1/2 where Uopt = the optimal ratio of the second inverter size to the first one.
X = Cwire/Ci 
3.1.6 The propagation delay of the optimal buffer is tp,buffer = 2*tp*Uopt. Fill it in tabel-7. Here tp is the propagation delay of the minimum size inverter with a load of same size. This value was measured in section 2.3.

3.1.7 Compare the delay of wire and buffer: tp,wire and tp,buffer. Which one is larger?

3.1.8 Repeat step 3.1.2 to 3.1.7 with 0.25um foundry. Compare the delays again. Which one is larger now? Why?
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
Table-7 Propagation delay in wire and buffer
[image: ]
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