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APPENDIX: PETE - PURDUE EXPLORATORY

TECHNOLOGY EVALUATOR

A.1 Introduction

High performance and low power hardware systems are a result of efficient design

methodologies at all levels of hierarchy, namely, devices, circuits and systems. As new

devices are exploratory and research has started in the earnest to provide alternative

device solutions at the end of Silicon and beyond Silicon roadmap, it is prudent to

evaluate these devices from a circuit/system perspective at an early stage of incep-

tion. This necessitates providing a closed loop feedback system between device and

system design. PETE (Purdue Exploratory Technology Evaluator) has been designed

such that theoretical and experimental device engineers can quickly access any new

device from a circuit/system perspective without having to perform detailed circuit

simulations. The entire design flow has been illustrated in A.1

A.2 The device models

A.2.1 The MOSFET Model

The simulator can simulate any given transistor technology with the following set

of parameters. These parameters include:

1. Sub-threshold slope

2. Mobility

3. Lambda

4. Threshold voltage
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Fig. A.1. An unified approach towards system design

5. DIBL

6. Oxide Thickness

7. Transistor length

8. Off current

9. Saturation velocity

10. Doping Concentration

11. Flat Band voltage

for both the PMOS and NMOS transistors. These parameters have been used

to capture the essentials of a MOSFET like device characteristics. The MOSFET

models that have ben used here are:
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Fig. A.2. A screen-shot of the MOSFET input parameters

Vth = Vth vdd + DIBL · (Vdd − Vds) (A.1)

In the Subthreshold region of operation

I = Ioff · 10
Vgs

s · (1 − e
−Vds
mVt ) (A.2)

In the Superthreshold region of operation

I = Io(Vgs · Vmin − 0.5 · V 2
min)(1 + λ · Vds) (A.3)

Vmin = min(Vgst, Vds, Vds sat) (A.4)

The I-V characteristics have been smoothed around VTH to prevent any numerical

singularities.
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Fig. A.3. A screen-shot of the I-V and C-V parameters of an experimental device

A.2.2 Any arbitrary device

This simulator can also accept I-V and C-V characteristics of any novel device

in the form of a table. One can simulate benchmark circuits with the given device

characteristics. This will be of help to any device engineer to get a first order estimate

of device performance from a circuit point of view and also provide opportunities to

compare any new device against a more traditional 45nm or 65nm technology node.

A.2.3 Circuit parameters

The simulation environment also includes an additional set of circuit level param-

eters , namely

1. Supply voltage

2. Fix Interconnect capacitance

3. Extrinsic capacitance
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Fig. A.4. Screenshot showing different input parameters

4. Minimum device width

5. Constant load

To make the simulation faster we have chosen a set of library cells which will

capture essential parameters of any general purpose computing system with combi-

national logic. The chosen library includes inverter, 2 input NAND, 2 input NOR

and 2 input XOR. Inverter and bigger circuits have been synthesized based on these

logic gates.

A.3 Generating the ouput

A.3.1 Solving Inverter DC characteristics

The transfer characteristic is derived by equating the PMOS and NMOS for dif-

ferent Vin values and finding out the corresponding output voltage. Other values like
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Fig. A.5. VTCs geenerated by PETE and SPICE show close match

Fig. A.6. The voltage grid for the transient analysis

Gain (Av), Noise Nargins (NML, NMH) are calculated from the transfer characteris-

tics and reported in the simulator output list.

A.3.2 Solving Transient Characteristics for the cell library

The simulator solves the transient equations in the voltage domain with small

increments of voltage values. And the accuracy level-1 and accuracy level-2 differ in

the voltage resolution taken for solving the transient equation. The equations below

show our delay calculation procedure.
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Fig. A.7. Delay of standard cells generated by PETE and SPICE show close match

Transient Characteristics

∆T =
Ci+1Vi+1 − CiVi

(Ii+1+Ii)
2

(A.5)

Ii = net(Idis − Ichar) (A.6)

Tdelay =

0.9Vdd∑

Vi=0

∆T (A.7)

The figure indicates that our transient calculations also are in agreement with

SPICE simulation with BSIM models.

The output of the simulator includes DC characteristics of the inverter and Tran-

sient characteristics of the inverter and complex circuits (8 bit Ripple Carry Adder).

A.4 Results

A.4.1 Inverter DC characteristics

The following are the different simulation results reporterd by PETE.
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Fig. A.8. VTC of an inverter

1. Voltage transfer characteristics of Inverter: This indicates how good is the cmos

architecture we can have with a given complementary logic gates. A sharper

transition indicates higher noise immunity.

2. B-ratio, input noise margin and maximum gain of the inverter.

A.4.2 Transient Analysis of Benchmark circuits

These results capture the performance of novel device more in depth. The output

is categorized into different sections.

1. Inverter transient characteristics (Inverter driving another inverter) The results

include charging delay, discharging delay, leakage power and total power

2. Inverter transient characteristics (Inverter driving constant load)

• Using a single inverter
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• Using chain of inverters

The results include delay, leakage power, switching energy.

3. 2inp NOR, NAND and XOR The results include charging delay, discharging

delay, leakage power and switching energy

4. Power performance of chains of logic gates

• 5 stage Ring Oscillator (using inverter gates)

• 10 stage NOR gate

• 10 stage NAND gate

The results include delay, leakage power and dynamic power

5. Transient analysis of 8 bit Ripple carry adder The results include critical path

delay, dynamic power, leakage power and total power.

Ripple carry adder is commonly used adder architecture in digital signal processing

applications. The circuit has 16 2-inp XOR gates, 12 2-inp NAND gates. The critical

path delay is determined from the delay of carry propagation. The dynamic power

calculation involves calculating the signal activity at the input of each gate in the

circuit.

8 bit RCA can be made by 8 identical Full Adders.

InputsA, B,Ci : Signalactivity =
1

2
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A.5 Conclusions

PETE can provide fast yet reasonably accurate estimation of DC as well as AC

characteristics of any novel device. It removes the need for developing compact mod-

els at an early stage of a device inception and can help experimentalists as well as

theoreticians to obtain an early understanding of the circuit/system level performance

of new device technologies.
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