VI and CV Tests
EDIT 2018

Goals:
· Characterize device leakage current
· Measure depletion voltage

Devices
· 300 micron diodes (Hamamatsu Dzero) n-type
· 200 micron deep diffused diodes (CMS high granularity calorimeter) n-type
· 500 micron diodes (Novati) p-type
· 200 micron SOI diodes (Novati) p-type
· 100 micron NIU wafer bonded sensors n-type

Test suite:
· Labview software package
· Voltage source/measure unit (2410)
· LCR meter (HP4284)
· VI  diode
· CV for diodes (map depletion voltage)

Device Geometry:
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Silicon on Insulator		Full Wafer (D0)		Deep diffused (HGC)

Diode VI
Labview Test Software

[bookmark: _GoBack]The tests will be performed using a Labview-based program that can be used for both IV and CV tests. The front panel is shown in figure 1. The tests can be configured to vary the maximum voltage and voltage step, the compliance (maximum current), the LCR frequency and voltage, and the equipment used in the setup. An n-type sensor must have positive voltage applied to the back side, p-type use negative backside bias. You should choose several test structures that illustrate differences among sensor types.
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Figure 1Labview Front Panel
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Figure 2 CV-IV test setup
Connections
For these tests we will use packaged test diodes. The packaged diodes can be contacted with jumpers from stake connectors to connections on the test box. The parts are packaged on test boards with:
· The sensor bottom contact (red) uses conducting epoxy on the board to connect to the bottom of the diode.
· The sensor charge collection node is wirebonded (black)
· The sensor guard ring (green) is usually also wirebonded
Connect the three wires to your test board and close the lid of the black box.
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Figure 3 Test diode assembly with a number of diode test structures.
CV Test
Connect the LCR meter, bias supply, probe and chuck as shown in Fig. 5, with external bias adapter. The LCR is connected through a bias box to protect the LCR from high voltage.

Measure and record the capacitance in 10V steps up to 300V with a 1 second delay between voltage increments. Use 10kHz with the LCR meter with 0.5 V amplitude. 
In order to determine the full depletion voltage (FDV), the data is plotted as 1/C2 versus bias voltage. 
· Determine the full depletion voltage as the intersection between the lines drawn on the rising edge and the plateau.  This may not be well defined for some samples. Why?
· Calculate the thickness of your samples using an assumption of a parallel plate capacitor. We will provide values for the active areas.
· Compare your results to the Silvaco models of the devices.  The Silvaco model assumes a 1 micron thickness in Z. Can you calculate the resistivity (or dopant density) of the material?



IV Test
The test requires a power supply with an internal pico-ammeter. The best choice is a sensitive source measurement unit (SMU) with high voltage isolation and current limitation such as a Keithley-487/237 or 2010. Connect the test structure and SMU as shown in Fig. 6. 
Measure the total leakage current between the bias rail and the sensor backside in 10V steps up to 400V with a 1 second delay between voltage increments. A current limit of 5μA must be imposed throughout the measurement. The temperature of the probe station environment should be recorded as well. 


1) Connect substrate to voltage source (2410) high. 
2) Connect probe to inner (bulk) contact (2) to voltage source low
3) Connect probe to guard ring contact (3) to voltage source low


Figure 4 Test diode structure
backside
guard
diode




[image: ]
Figure 5 CV Setup
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Figure 6 IV Setup

image4.png




image5.tiff




image6.tiff
RAERF

[FTH

X6.

I Kad way

RIS . e





image7.png




image60.png




image8.emf
CV Setup (F2)

Stake Connector

DetH
Det L

i

Det,Gnd B, B, H

- -

c,p

Bias

Bias|L

A 00T

Apuf

Black — external cables and jumpers
Grey — Internal box wiring

Hc
Hp

C KE2410
P

HP4284










KE2410

HP4284

guard

diode

Back	bias

CV	Setup	(FZ)

Hc

Hp

Lc

Lp

DetH

DetL

Stake	Connector

B

L

B

H

H

c,p

Gnd

1

0

0

k

Bias	H

Bias	L

Det

L

Black	–external	cables	and	jumpers

Grey	–Internal	box	wiring

.1

µ

f


image9.emf
IV Setup (FZ)
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FZ silicon

Handle wafer
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