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20. RELIABILITY MEASUREMENTS  

20.1 Background:  

 

Throughout this course, we have been discussing about different reliability 

issues, their origins, and physical models of Nanoelectronic devices. Sometimes we may 

not appreciate that measurements play a key role in the process of understanding and 

modeling of different phenomenon. We must know how to properly design a 

measurement, conduct the measurements, extract proper information from the 

measurements. We also must know about the scope and limitations of different 

measurements. All of these may not always be trivial and thoughtful attention is required 

to deal with this. We will discuss about these in much detail later in this course. Today 

we will introduce about how we conduct some simple but typical measurements in a 

laboratory.     

 

20.2 Measurement Setup  

 

If we look back to previous lectures, we will see that the most common 

reliability measurements involve monitoring some parameters which contain some 

signature of degradation (e.g., ∆VT, IG, ISUB, etc.) as a function of time (Fig. 1). These 

measurements are typically done at different accelerated test conditions (different 

voltages, temperatures) and also on different samples (varying geometry, process, etc.). 

We have also seen that these measurements can be done in two ways: (i) On-the-fly, and 

(ii) SMS (Stress-measure-Stress) as shown in Fig. 2. In an On-the-fly measurement, we 

monitor the desired parameter continuously without interrupting the stress condition, 

whereas in the SMS measurements we interrupt the stress for a short time and measure 
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the desired parameter. Both of them have their advantages and disadvantages for a 

particular case and we have to set the measurement accordingly.   

 

Fig. 20.1 Fig. 1: Typical reliability measurements 

   

 

 

 

 

Fig. 20.2    Fig. 2: On-the-fly and SMS measurements 
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Fig. 20.3   Fig. 3: Circuit schematic for an ID-VG measurement 

 

We will now discuss the measurement setup with the help of an example. Let us 

assume that we want to measure the threshold voltage degradation (remember NBTI 

lectures) as a function of time. In an On-the-fly setup, we monitor the drain current as a 

function of time. From the degradation of the drain current we later calculate (post-

process) the VT degradation. In an SMS setup, we measure an ID-VG sweep each time 

during the interruption of the stress. From the ID-VG curve, we determine the VT at each 

interruption point and hence the shift in VT. In either case, the circuit schematic of the 

measurement setup is same (Fig. 3). For a measurement like this, the main components 

we need are: 
1. Device 
2. Probe Station 
3. a) Source Unit (Voltage/Current source) 

 b) Measure Unit (Voltage/Current meter) 

 

The source and measure units come integrated and called SMU. For our current 

example, we can see (Fig. 3) that the device (MOSFET) is connected to an SMU at the 

gate (for gate voltage sweeping) and a separate SMU at the drain (for drain current 

measurement). We will now discuss the above mentioned components separately.   
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Device: 

The devices are packed (in thousands) in a wafer, most commonly 150-300mm 

in diameter. Each wafer usually contains a number of identical dies. Each die contains 

lots of similar or different devices according to the fabrication. The wafer is accompanied 

with a wafer map which shows the device maps of each die. One such map for a 

particular set of devices is shown in Fig. 4. A device is highlighted in the map and the 

information about the device (e.g, gate, source, drain, substrate pads, channel length, 

width of the device and other information) are tabulated in a separate list corresponding 

to the map. 

 

 

 

Fig. 20.4  Fig. 4: Wafer and wafer map 

  

 

 

The Probe Station: 

This is the platform which contains the wafer during the measurement. It 

provides the probe pins (Fig. 5) to make contact with different pads of the devices and 

makes these contacts available to the external circuit. To facilitate the probing, there is 

microscope and other required accessories. It is designed to isolate vibrations and 

external noises from the measurement. It also provides required environment, i.e., certain 

constant temperature for the measurement. A modern probe station can isolate noise to a 
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level as low as a fA. Due to all these precise control, the probe station can be the most 

costly equipment in the lab.  

 

 

 

 

Fig. 20.5  Fig. 5: Probe station at the center of a measurement lab 

  

 

 

Source Measure Unit (SMU): 

The SMUs provide the required voltage or current to the circuit and at the same 

time can measure those from the circuit. The user can program the SMUs according to 

the measurement steps. The SMUs now-a-days come as an add-on card in a PC (Fig. 6). 

There are lots of built-in programs for many typical measurements and it has become 

much easier to manage the measurement from a single interface (Fig. 7).  
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Fig. 20.6  Fig. 7: Built in Program for typical measurements 

 

 

 

 

Fig. 20.7   Fig. 6: Source Measure Unit (SMU) 
 

 

 

The quality of an SMU is determined by its resolution. As shown in Fig. 8, 

different models have different capabilities. Note that the resolution of a particular model 

also depends on the measurement time. The more resolution we want, the more time we 

have to allow for the measurement. For example, we can see that Keithley-4200PA with a 

Pre-Amplifier can measure a fA current. However, it requires around a second for this 

measurement which may be good for a slow/DC measurement. If we need a very fast 
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transient measurement, we can use 4225-RPM, which can measure as fast as 100ns. The 

resolution, however in this case, will be less than a micro-Ampere. The reason of this 

time dependency of the resolution can be understood if we consider the number of 

electron for a given current in a given time. Let us assume that we want a resolution of 

1pA in a transient measurement with 1µs step. In this case, the number of electron 

passing through the SMU is:  

 Δ� � � ����	

�


�
, 20.1 

 

n= I∆t/q 

     = 10-12×10-6/(1.6×10-19) 

     ~ 6. 

Due to the presence of statistical fluctuations (Thermal noise etc.), measurement 

at this level is fundamentally limited. Hence for an accurate measurement, we have to 

increase either current level (lower resolution) or measurement time.  

 

 

 

 

Fig. 20.8    Fig. 8: Resolution of SMUs 
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20.3 Example Codes  

 

Although we have lots of built-in programs for different typical measurements, 

we may need to write codes for special measurements. In this section we will show the 

basic steps of writing code for two such measurements which are extensively used in 

reliability characterization. 

 

SMS measurement for ∆VT(t): 

 

The measurement setup, and sequence are shown in Fig. 9. We will apply the 

stress voltage and interrupt the stress time to time and perform the ID-VG sweep during 

the intervals. A set of ID-VG curve will result at each interval time which will be used 

later to extract ∆VT. The flow chart is shown in Fig. 10 and the basic code which is 

written in C is shown in Fig. 11.  

 

 

 

Fig. 20.9   Fig. 9: SMS measurement setup for ∆VT 
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In the code, the first part is to initialize 

different instruments, change different 

default settings if necessary. Some time 

we may want to limit the maximum 

allowable current through the device for 

protection. We can see that limiti and 

limitv command is used for this purpose. 

The next step is to connect different 

SMUs to different probe pins. For 

example, we have connected SMU-1 to 

the gate pin and SMU-2 to the drain pin. 

Next proper stress voltage is applied to the gate and continues to some time. Finally, the 

stress is interrupted, and in a loop, a series of gate voltage is applied and corresponding 

drain current is measured. Note that we have to repeat the stress and the ID-VG measure 

part again and again as in Fig. 9-10 and store the data to a file in the usual way of C 

program to complete the measurement. 

 

 

Fig. 20.10   Fig. 10: Flow chart for the 
SMS measurement of Fig. 9 

Stress for

time Δt

Initial

ID-VG Sweep

ID-VG Sweep

End
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Fig. 20.11   Fig. 11: Code for the SMS measurement of Fig. 9 

 

 

Charge pumping measurement: 

 

As we have seen in previous lecture that charge pumping (CP) is extensively 

used to measure defect density within oxide. In CP, a gate pulse is applied with the 

source, drain and the substrate grounded. For NMOS device, electrons coming from the 

source and drain are captured by the oxide defects and during accumulation those 

electrons are emitted to the substrate. As a result a net flow of electrons occurs from 

source/drain to substrate, which is proportional to the defect density (Fig 12).     

 

#include "keithley.h“

… … 

//----------------------------------------------------------------------------------

//1. Settings

devint(); 

limiti(SMU1, 1e-1);  limitv(SMU1, 10);

// 2. Connect pins to SMUs, GND,..

conpin(SMU1, gate_pin, 0);       conpin(SMU2, drain_pin, 0); 

//----------------------------------------------------------------------------------

// 3. Apply stress

forcev(SMU1, Vg_stress); forcev(SMU2, 0);  

delay(t);  devclr();

//----------------------------------------------------------------------------------

//4. Measure Id-Vg

// Apply drain Voltage

forcev(SMU2, V_drain);

for (ct=1; ct<Vg_length; ct++)       

{ // Apply Gate Voltage

forcev(SMU1, V_gate(ct));

// Measure Drain Current

measi(SMU2, &i_meas(ct));     

}                              

//----------------------------------------------------------------------------------
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Fig. 20.12   Fig. 12: Charge pumping setup 
 

 

The code for the CP measurement is shown in Fig. 13. Here also we can see that 

there is some initial setup and then we connect the pins to proper terminals. The 

additional equipment here is the function generator which is used to generate the required 

gate pulse. In order to apply a particular gate pulse, we need a series of code just to tell 

the function generator about the gate pulse (e.g., frequency, pulse level etc.). Once we 

apply the gate pulse, we need to measure either the current at the source/drain or at the 

substrate. Ideally, both should be equal and represent the charge pumping current.  
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Fig. 20.13   Fig. 13: Basic steps of a charge pumping measurement 

 

 

 

#include "keithley.h“

… … 

//----------------------------------------------------------------------------------

//1. Settings

devint();   limiti(SMU1, 1e-1);  limitv(SMU1, 10);

sprintf(cmd, "*RST\n"); fcnstat = kibsnd(  fg,  -1, GPIBTIMO, strlen(cmd), cmd);

….

// 2. Connect pins to SMUs, GND, Pulse Generator

conpin(SMU1, drain_pin, source_pin, 0); conpin(SMU2, bulk_pin, 0); 

conpin(GPI_fg, gate_pin, 0);

//----------------------------------------------------------------------------------

//3. Apply Voltage

forcev(SMU1, 0);   forcev(SMU2, 0);  `

// Pulse Generator
sprintf(cmd, ":VOLT %fV\n", ampl);             fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);

sprintf(cmd, ":VOLT:OFFS %fV\n", offset);  fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);

sprintf(cmd, ":FREQ %f\n", freq_CP);          fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);

sprintf(cmd, ":FUNC:PULS:DCYC %f\n", 50); fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);

sprintf(cmd, ":FUNC:PULS:TRAN %le\n", 1e-7);  fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);

sprintf(cmd, ":OUTP ON\n");                       fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);

//----------------------------------------------------------------------------------

//4. Measure CP current

measi(SMU1, &icp1);

measi(SMU2, &icp2);

//----------------------------------------------------------------------------------

//5. Reset Instruments

sprintf(cmd, ":OUTP OFF\n");      fcnstat = kibsnd(fg, -1, GPIBTIMO, strlen(cmd), cmd);

clrcon(); 

//6. Save data

fprintf(fp_out, “icp1= %e A, icp2= %e A”, icp1, icp2);
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20.4 Post Processing  

Once the measurement is done, we may need some additional post-processing 

steps to extract the required information from the raw data. For example, Fig. 14 shows 

how the ID-VG data from previous section can be used to extract threshold voltage 

(method of max gm, etc.) at some given time. Sometimes we need to do careful statistical 

analysis form the data. The curve fitting, error analysis, confidence level etc. are also 

some important part of the post-processing step. We will discuss about this in detail later 

in this course and we will postpone it for now. 

 

 

Fig. 20.14 Fig. 14: Post processing 

   

 

20.5 Conclusion:  

In this lecture, we have discussed about the importance of measurements and showed 

different key steps of measurement in a laboratory. We have identified different 

components, their scopes and limitations during measurements. With some examples, we 

have shown how to write a code for any given measurement. Finally, we have discussed 

that both the measurement and the post processing steps require thoughtful design and 

careful analysis in order to extract most information to understand the physical process 

involved in the device operation.    
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REFERENCES: 

 

For useful information about different state-of-the-art measurement equipment, 

visit http://www.keithley.com/knowledgecenter and also 

http://www.keithley.com/products/  

 

 

 

QUESTION AND ANSWER: 

 

(Q) Why we cannot measure small current in very short time?  

(A) One reason is that, the statistical fluctuations of current due to random thermal 

motion of elections cannot be averaged out in very short period for small current (only 

few electrons are passing). However, for larger current, these fluctuations are inherently 

averaged out as the number of electrons passing through is large. 

   


