
DUAL CHANNEL SOURCE MEASUREMENT UNIT FOR SEMICONDUCTOR
DEVICE TESTING BACKGROUND OF THE INVENTION [0001] This
invention relates generally to semiconductor device
testing, and more particularly the invention relates
to a dual channel source measurement unit (SMU) for
testing semiconductor device reliability. [0002] A SMU
as used for semiconductor reliability testing provides
a voltage stress stimulus to a device under test (DUT)
and monitors degradation to the DUT caused by the
stress stimulus. Fig. 1 is a block diagram of a SMU
which includes a digital to analog converter (DAC) 10,
gain or amplification block 12, and a resistor network
or RNET 14 for measuring current flow to or from the
DUT 16 through switch 17. The voltage source DAC 10
and gain unit 12 provide the stress stimulus to DUT
16, while RNET 14 provides monitoring capabilities.
[0003] A semiconductor reliability test typically
requires the capability to perform the stress and
monitor procedures on more than one DUT. This is
necessary because calculating reliability information
requires statistical analysis with sample sizes large
enough that valid conclusions can be drawn. The most
practical method of testing many DUTs at one time is
to have a multiple output SMU. For example, a single
SMU with n outputs can be used instead of n single
output SMUs thus decreasing required equipment and
cost. It is possible to replace the single output SMUs
with one multiple output SMU because some of the
required resources on the SMU can be shared among the
DUTs. A SMU that fulfills the requirement of multiple
outputs is shown in Fig. 2 which includes a DAC 10,
gain unit 12, and a plurality of buffers 18 and toggle
switches 20, 22 which connect buffers 18 to DUTs 16
and RNET 14 to individual buffers and DUTs. [0004] hi
this Single Channel Multiple Output SMU configuration
the output of the programmable voltage source is
connected to buffered sources, which "follow" the
output and provide the required voltage to each DUT.
The RNET is used to measure current and can be
connected to any of the buffered sources to perform
measurements on the connected DUTs. This configuration
allows resources such as the programmable voltage
source and the RNET to be shared among the DUTs. 



[0005] While the Single Channel Multiple Output SMU
configuration does allow multiple DUTs to be tested
using a single SMU, it has limitations that
imposepenalties on certain types of testing. One of
the main limitations is the requirement of all
connected DUTs to have the same voltage potential
applied. This limitation is imposed by having a single
programmable voltage source, which all the buffered
sources follow. Practically, this means that all the
DUTs connected to a SMU must be in their stress or
monitor phase at the same time. It would therefore
take n times the single DUT measurement time where n
is the number of DUTs being tested. Another limitation
is that the output power available to each DUT is
restricted to that of the buffered sources.
Practically, this means the stress and monitor phase
of a test are limited to the same power conditions.
Finally, in order to make low current measurements
(<lnA) this SMU configuration requires the use of low
current leakage buffers which have limitations that
would not be present if buffer current leakage was not
a factor. [0006] The present invention overcomes these
limitations. SUMMARY OF THE INVENTION [0007] A dual
channel source measurement unit (SMU) in accordance
with the invention decouples the stress and monitor
portions of a SMU so that the requirements of each can
be optimized. Thus, the SMU now has the capability of
sourcing a different voltage to one DUT while other
DUTs are at another voltage condition. This is needed
in tests where the amount of time between stress and
monitor phases must be kept to a minimum. [0008] The
invention and objects and features thereof will be
more readily apparent from the following detailed
description and appended claims when taken with the
drawings. BRIEF DESCRIPTION OF THE DRAWINGS Fig. l is
a functional block diagram of a single output SMU in
accordance with prior art. Fig. 2 is a function block
diagram of a single channel multiple output SMU in
accordance with prior art. Fig. 3 is a functional
block diagram of a dual channel multiple output SMU in
accordance with an embodiment of the invention. 



Fig. 4 is a schematic of a deglitcher timed switch
circuit useful in the SMU of Fig.3. Fig. 5 is a
schematic of the deglitcher timed switch circuit of
Fig. 4 as modified to clamp current.DETAILED
DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS [0009] As
noted above, the source measurement unit has two
programmable voltage sources which are referred to as
the stress source and the monitor source. While the
stress source has no other function than outputting a
set voltage, the monitor voltage and its connected
circuitry provide several other capabilities including
measuring current flowing through the source, source
and current while measuring the output voltage at the
source, and the capability to limit either voltage or
current to a programmed compliance level. Along with
the stress and monitor sources, the SMU has several
voltage following buffers each of which can be
connected to the device under test (DUT). The buffers
are configured so that they follow the output of the
stress source, and their outputs can be switched so
that the monitor source makes connection with the DUT.
[0010] Fig.3 is a functional block diagram of a dual
channel SMU in accordance with an embodiment of the
invention which decouples the stress and monitor
portions of the SMU so that the requirements of each
be optimized. The monitor source includes DAC 10 and
gain amplifier 12 which are serially connected with
RNET 14 and selectively through toggle switches 24 to
one of the DUTs 16. The stress source includes DAC 10'
and gain amplifier 12' can be serially connected
through buffers 18 to one or more of the DUT 16
through toggle switches 24. [0011] A major change in
the dual channel multiple output SMU is the addition
of a second programmable voltage source and the
transfer of the RNET from the buffered sources to one
of the programmable voltage sources, referred to as
the "monitor" source. The other programmable voltage
source is connected to voltage followers or buffers,
which are referred to as "stress" sources. [0012] At
any time, a DUT can be connected to either the monitor
source or a stress source. This allows more flexible
testing to be performed on the DUTs while still
maintaining high capacity tests. For example, a common
test might require multiple DUTs to be stressed for a
set time interval (stress phase) followed by a set of 



measurements on these same DUTs (monitor phase) in
order to meet these requirements, the dual channel
multiple output SMU is configured so that all DUTs are
connected to stress sources during the stress phase.
Then, during the monitor phase, the monitor source is
connected to each DUT sequentially and the necessary
measurements are made for each DUT while the other
connected DUTs remain in their stressed condition. In
this configuration, the time required for the monitor
phaseof each DUT is limited to the time it takes to
measure the single DUT, while with the single channel
multiple output SMU, it would take n times the single
DUT measurement time where n is the number of DUTs
being tested. This minimizing of the monitor phase
time is important in testing DUTs where the
undesirable effects of relaxation or recovery occur
whenever the DUT is removed from its stress stimulus.
[0013] The decoupling of the monitor and stress
circuitry also provides the capability of adjusting
the sources to have different output power
restrictions. The most practical application of this
characteristic would be a test with the monitor power
requirements were significantly greater than the
stress power requirements. Since the power handling of
the source is generally directly proportional to its
required physical space, is much simpler to provide a
single high power monitor source than to increase the
power of all sources, which would be required in the
single channel multiple output SMU if the same monitor
power capability were required. [0014] Additionally,
the separation of the stress and monitor circuitry
removes the need for low leakage buffers since the
stress sources, where the buffers are used, are not
connected when a current measurement is performed, and
therefore have no impact on the minimum current
measurement threshold. By not being limited to this
requirement, other characteristics can be optimized.
Further, low voltage offset buffers can be used which
can increase voltage accuracy of the stress source
outputs significantly. Additionally, more common parts
can be utilized for the buffers which help alleviate
cost and availability problems. [0015] In order to
facilitate a clean transition between the buffered
voltage sources at the stress voltage level and the
monitor source, deglitcher circuitry can be placed
between the monitor source and a toggle switch 24 and
between the stress sources and toggle switches 24. A
deglitcher circuit acts as a timed switch in
connecting or disconnecting at a specified rate so
that the sources can react to the switching without 



causing a glitch. [0016] Figs. 4 and 5 are schematics
of deglitcher timed switch circuits which can be used
with the dual channel SMU of the invention. In Fig. 4
a monitor or stress voltage source is connected to
input 30 and a toggle switch is connected to output
32, thereby connecting the deglitcher serially between
the voltage source and the toggle switch. A digital
signal at 34 activates or deactivates the deglitcher
circuit whereby if the digital signal is high, a
current will flow through the photovoltaic isolator
(PVI) 36 which creates an isolated voltage potential
across its output. This voltage potentialbiases two
MOSFET transistors 38 and 40 to switch on and allow
current to flow in either direction through the
transistors. The switch timing is determined by a
resistor 42 and capacitor 44 in parallel with the
gates and drains of the transistors. When the digital
signal transitions to a low level, PVI 36 will no
longer provide a biasing voltage and the charge stored
in capacitor 44 will dissipate into the resistor 42,
causing the transistors to turn off at a rate
determined by the resistor and capacitor value. Once
the capacitor is completely discharged, the
transistors will be switched off and current will no
longer flow through them. [0017] Fig. 5 is a modified
version of the deglitcher circuit of Fig.4 which
includes the ability to clamp current to a specified
level when the deglitcher circuit is activated. Like
components in Figs. 4 and 5 have the same reference
numerals. Here, two resistors 46, 48 are connected in
series between the source pins of the two transistors
with the negative terminal of PVI 36 connected to the
common node of the two resistors. Assuming the digital
signal is high (i.e. the deglitcher is activated) the
two resistors will develop a voltage across them when
current flows through the transistors. As this voltage
increases, it will decrease the biasing of one of the
transistors depending on the direction of current
flow. Eventually, when a certain threshold is reached,
the transistor will restrict the flow of current and
clamping will occur. The threshold is determined by
the value of the resistors 46, 48. The current clamp
is necessary to provide protection to other portions
of the circuitry in the event of an overcurrent
situation. [0018] A dual channel source measurement
unit in accordance with the invention achieves a
number of advantages over a single channel unit by
decoupling the stress and monitor portions of the SMU
so that the requirements of each can be optimized. 



[0019] While the invention has been described with
reference to specific embodiments, the description is
illustrative of the invention and is not to be
construed as limiting the invention. Various
modifications and applications may occur to those
skilled in the art without departing from the true
spirit and scope of the invention as defined by the
appended claims.CLAIMS What is claimed is: 1. A dual
channel source measurement unit for testing a
plurality of electrical devices comprising: a monitor
source unit for providing a programmable monitor
voltage, a stress source unit for providing a
programmable stress voltage, a plurality of switches
for selectively switching a plurality of electrical
devices under test in parallel to the stress source
unit and switching serially a device under test to the
monitor source unit, whereby a plurality of devices
under test can be stressed while test measurements are
made on another device under test. 2. The dual channel
source measurement unit as defined by claim 1 wherein
the monitor source unit includes means for measuring
current through the monitor source unit when connected
to an electrical device under test. 3. The dual
channel source measurement unit as defined by claim 2
wherein the means for measuring comprises a resistor
network. 4. The dual channel source measurement unit
as defined by claim 2 wherein the stress source
includes a plurality of buffers connected to the
plurality of switches. 5. The dual channel source
measurement unit as defined by claim 4 wherein the
plurality of switches comprises toggle switches for
switching devices under test between the monitor
source unit and the stress source unit. 6. The dual
channel source measurement unit as defined by claim 4
wherein the plurality of switches comprises a
plurality of toggle switches and a plurality of
deglitcher switches where each deglitcher switch is
serially connected with a toggle switch and can be
activated for a fixed period of time. 7. The dual
channel source measurement unit as defined by claim 6
wherein each deglitcher switch includes two serially
connected transistors and conduction biasing circuitry
for turning on the transistors. 



8. The dual channel source measurement unit as defined
by claim 7 wherein the conduction biasing circuitry
includes a resistor-capacitor network for effecting a
conduction time period for the transistor. 9. The dual
channel source measurement unit as defined by claim 7
wherein the conduction biasing circuitry is controlled
by a digital signal applied through a photovoltaic
isolator to the conduction biasing circuitry.10. The
dual channel source measurement unit as defined by
claim 8 wherein the conduction biasing circuitry
includes two resistors serially connecting the two
transistors with voltage at a common terminal of the
two resistors coupled to the resistor-capacitor
network to limit bias on one of the two transistors
and clamp current through the two transistors. 11. The
dual channel source measurement unit as defined by
claim 1 wherein the plurality of switches includes a
plurality of timed switches whereby conduction to the
devices under test can be for fixed periods of time.
12. The dual channel source measurement unit as
defined by claim 11 wherein the plurality of switches
comprise a plurality of deglitcher switches whereby
each deglitcher switch is coupled to a device under
test and can be activated for a fixed period of time.
13. The dual channel source measurement unit as
defined by claim 12 wherein each deglitcher switch
includes two serially connected transistors and
conduction biasing circuitry for turning on the
transistors. 14. The dual channel source measurement
unit as defined by claim 13 wherein the conduction
biasing circuitry includes a resistor-capacitor
network for effecting a conduction time period for the
transistor. 15. The dual channel source measurement
unit as defined by claim 13 wherein the conduction
biasing circuitry is controlled by a digital signal
applied through a photovoltaic isolator to the
conduction biasing circuitry. 16. The dual channel
source measurement unit as defined by claim 14 wherein
the conduction biasing circuitry includes two
resistors serially connecting the two transistors with
voltage at a common terminal of the two resistors
coupled to the resistor-capacitor network to limit
bias on one of the two transistors and clamp current
through the two transistors. 


