


INTRODUCTION 

Process engineers and process design engineers have long 
wanted an inexpensive, easy-to-use, automatic measuring 
system capable of quick and accurate characterization of 
semiconductor devices, particularly field effect and bipolar 
transistors. They have especially wanted a system capable 
of measuring DC parameters at ultra-low current levels, 
in the picoampere range. 

This application note describes two applications for the 
Model 41408 pA Meter/DC Voltage Source, configured 
into just such an automatic measuring system. The first 
application describes the measurement of the hFE-Ic 
characteristics of a bipolar transistor; the second 
describes the measurement of a field effect transistor’s 
(FET) transconductance, g,. In both applications, 
measurement is made down to the 10-“A range. 

Systems presently used for characterization of semi- 
conductor devices are not only expensive but also difficult 
to use, requiring a great deal of time, effort, and expertise 
on the part of process engineers and process design 
engineers to set-up and maintain. 

The measuring system used in both applications consists 
of the 4140B and an HP desktop computer (the Model 
9845T or the inexpensive Model 85A). Both computers 
have a graphics CRT for quick evaluation of device charac- 
teristics, and both are equipped with a built-in thermal 
printer for accurate, inexpensive hard-copies of charac- 
teristics plots. 

:ig. 1 Automatic Semiconductor DC Parameter 
Measurement System 

(Note : The photograph on the front-cover shows the 
system with the HP85A Desktop Computer) 
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ABOUT THE SYSTEM 

In order to realize a truly automatic system for measuring 
the low current (10-l ‘A) DC parameters of semiconductor 
devices such as bipolar and field effect transistors, a digital 
picoammeter with the following capabilities is required: 

(1) Measurement resolution of 0.001 pA. 

(2) HP-IB compatible. 

(3) Two programmable voltage sources. 

(4) Rejection of externally generated noise, and preven- 
tion of undersired leakage current from flowing into 
the meter. 

(5) Timing control between applied voltage changes and 
the actual measurement. 

Until recently, though, no picoammeter had all of these 
capabilities. Thus, a costly, complicated multi-instrument 
system had to be configured, presenting engineers with a 
multitude of interfacing, timing, and noise problems. 
Also, resolution and accuracy were insufficient. 

The HP Model 4140B pA Meter/DC Voltage Source, 
minimally systemized with either the Model 9845T 
Desktop Computer or the 85A Personal Computer, provides 
a complete solution. 

Figure 2 shows a block diagram of the system. Although 
simple, this system has some really powerful1 capabilities: 
I-V characteristics measurements over the current range 
of lo-“A to 10-‘A, calculation of essential parameters 
for semiconductor evaluation, CRT and hard-copy plots 
of measured characteristics, and more. 

The system can be used to evaluate the semiconductor 
manufacturing process, as well as the semiconductor 
itself. Device characteristics are plotted on the controller’s 
CRT for quick evaluation, and, if desired, clear and 
accurate hard-copies of the displayed plot can be made. 
Also, multi-color, high resolution plots are possible by 
simply connecting an HP plotter. 
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Fig. 2 System Block Diagram 
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APPLICATION : hFE-IC Characteristics Measurement 

In many applications of bipolar transistors, it is important 
not only that hFE (DC current gain) be large but also that 
it not vary with changes in current levels. It is evident that 
in the absence of recombination within the emitter-base 
space-charge region, the current gain is independent of the 
collector current. The larger the recombination rate, the 
more the current gain drops at low current levels. 

Such recombination can also cause noise current inside 
the transistor, so that the measurement of very low level 
current is useful in the development of low noise transistors. 
In measuring hFE with the 4140B system, the V, voltage 
source supplies the voltage between collector and base, 
which is set to zero for making the collector voltage equal 
to base voltage. The other voltage source VA ( / ) of 
the 4140B is used to drive the voltage between emitter and 
base (same potential as collector). Because the pA meter of 
the 4140B is floating, it can be inserted either between the 
collector and the collector voltage supply or between the 
base and ground. Consequently, by making only one 
connection change, both ~-VBE and Ig-VBE character- 
istics measurements can be made using -the same program. 
The sample’s hFE is then calculated from these measured 
values as: 

h 
1, 

FE = - 
IB VBE 

Sample plots are shown in Figures 5 and 6. 
The connection used for the hFE measurement is shown in 
Figure 3. The program listing is given in Appendix A. 

T”, FI”,“,. Iam5A 

(a) Ic-VBE measurement 

TW FIIW. 16055A 

(b) IB-VBE measurement 

Fig. 3 Connection for Ic, IB-VBE and 

hFE-lC Characteristics Measurements 

APPLICATION : Transconductance Measurement of FET 

The gate impedance, i.e., the input impedance of an FET 
(field-effect transistor) is very high. This high input / 
impedance is one of the distinguishing characteristics of 
field-effect transistors as compared to junction transistors. 
At room-temperature, leakage currents of a reverse biased 
silicon p-n junction prior to breakdown are of the order 
of picoamps to nanoamps. However, surface effects can 
lead to drastic increases in junction leakage currents, and, 
thus, degrade the high input impedance of the transistor. 
Therefore, subthreshold characteristics measurements are 
useful for evaluation of the diffusion or ion doping process 
where impurity contamination may occur, producing 
leakage current via the surface or through the depletion 
region. 

Transconductance, g,, is one of the essential parameters 
to evaluate the manufacturing process of J-FETs or MOS 
FETs. The g, value at some change of gate voltage or 
g,-VGs characteristics can be derived from ID-VGS 
(drain current vs gate voltage). 

This ID-VGS characteristic must be measured in the 
subthreshold region (down to lo-” A) of drain current 
to the current (up to lo-* A) where the FET is completely 
turned on. For such a wide (11 decade) range, the g, 
value is calculated as follows: 

8 ID AID d 

gm= -= 
avGS AVGS ‘,s 

The system using the HP 4140B measures current from the 
subthreshold region to turn-on (see Figure 7) and calcu- 
lates the gm-VGS characteristics as shown in Figure 8. 
Figure 4 is the connection for measurement of ID-VGS 
characteristics. The program listing is given in Appendix B. 

Fig. 4 Connection for ID-VGS and 

g,-VGS Characteristics Measurements 
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Ic,Ib-Vbe CHRRACTERISTICS 
Vcb= 0.00 V 

Vbe (V) 

Fig. 5 

Hfe-Ic CHARRCTERISTICS 
lE+03 - Hfe 

lE+02 . 

lE+01 

lE+00 /- 

Fig. 6 

u (Refer the program listings in Appendix A and B) 

SUMMARY : The 4140B System Contribution 

The system described in this application note is useful: 

o To measure model parameters for circuit simulation 
in semiconductor device development/Integrated Circuit 
design, 

0 To measure device DC parameters for process control 
and evaluate other control parameters for maintaining 
high reliability. 

And because the system is based on a pA Meter capable 
of measuring current-voltage characteristics down to 
10-l ’ A region, it is well suited for quality control applica- 
tions, such as gate leakage current measurements essential 
in failure analysis of the semiconductor process. 

Id-Vgs CHARACTERISTICS 
Vds= 5.00 V 
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Fig. 7 
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Gm-Vgs CHARACTERISTICS 

E-03 
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vgs (V) 

Fig. 8 

Note) lE?N= 1 x 10kN 
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4140B SPECIFICATIONS 
MEASUREMENT FUNCTIONS: ‘I, I-V and C-V 
CURRENT RANGE: 0.001 x IO-“A - 1.999 x lo-‘A 
DISPLAYS: 3-l/2 digits 
BASIC ACCURACY: 0.5% 

MEASUREMENT TIME: Approx. 4ms - 2.56s 

~I: 

CALCULATED CAPACITANCE RANGE: O.lpF-1999pF RAMP RATE: O.OOlV/s - l.OOOV/s 
VOLTAGE SOURCE (VA and V,): 0.00 to +lOO.OV SWEEP MODE: Auto/Manual (Pause) 
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