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ARCHITECTURE FOR AUTOMATIC TEST EQUIPMENT 5 FIELD OF THE INVENTION  _ The
invention relates generally to automatic test equipment for testing 10
BACKGROUND OF THE INVENTION Manufacturers of semiconductor devices
routinely test their products at the wafer 15 semiconductor devices, and
more particularly a serial switch driver for use in a semiconductor tester
to test logic devices. and packaged-device levels. The testing is usually
carried out by a sophisticated system commonly referred to as automatic
test equipment. The equipment generally drives waveforms to and detects
outputs from one or more devices-under-test (DUT). The detected outputs are
then compared to expected values to determine whether the device functioned
properly. Many logic devices include I/O pins that require three distinct
voltage levels. 20 Consequently, in order to test the full capabilities of
such a device, semiconductor manufacturers often require the test equipment
to have the capability of driving tristate waveforms to simulate the
voltage levels. This capability) when provided, resides in the driver
architecture for each channel that corresponds to a particular pin of the
DUT. Conventional driver architectures employed in automatic test equipment
are  25 usually designed on application specific integrated circuits
(ASICs) that form part of the pin electronics for coupling to the DUT pins.
The ASICs typically utilize bipolar, MOS, or GaAs technologies due to the
high device densities achievable. One conventional driver architecture that
employs bipolar technology, illustrated 30 in Figure 1, is employed in the
J973 Magnum tester, manufactured by Teradyne Inc., of Agoura Hills,
California. The conventional architecture comprises a Class A switch
configuration that pulls a variable current out of a buffer amplifier 10 to
change the voltage level at the output VouT. The buffer amplifier includes
internal circuitry for generating a "high" voltage level Vh and an output
resistance represented by resistor R 1 (typically 50 ohms). A parallel
network of differential pair switches 12 and 16 are coupled to the output
and include respective programmable current sources (sinks) 14 and 18 to
selectively draw current out of the buffer amplifier. The switches include
respective   1 c J l! L 2003 _ WO 00/49715 PCT/US00104454 _ _ pairs of
complementary transistors Q1, Q2, and Q3, Q4 that activate in response to
complementary logic signals A*, A, and B*, B. 



An operational characteristic of a Class A driver is the constant operation
of the programmable current sources I1 and I2. Typically, the current
sources are programmed 5 to sink specific currents to effect a desired
voltage drop across R 1, and achieve the desired voltage at VOUT. For the
architecture illustrated in Figure 1, the relationship for programming I1
is often (Vh-Vl)/R1, and for I2 the relationship is (Vh-Vt)/Rl . Operating
with the following parameters: Vh = 2V, Vt = 1 V, Vl = OV, R1 = 50 ohms,
VCC = 7 volts and VEE = -6 volts, the respective currents for I1 and I2
correspond to 40 . 10 milliamps and 20 milliamps, respectively. In
operation, the parallel network of switches 12 and 16 responds to the timed
logic signals A, A* and B, B* to activate and deactivate the proper
transistors to produce the desired tristate waveform at the output VOUT.
Figure 2 illustrates a timing diagram regarding the sequencing of the
transistors Q1-Q4 to achieve the tristate waveform 20. TQ 15 set the output
to Vh (2 volts), transistors Q2 and Q4 are deactivated while Q 1 and Q3 are
activated by the complementary logic signals A* and B*. As a result, the
current out of the buffer 10 is minimized with little voltage drop across
R1, placing VOUT at Vh (2 volts). Activating Q4 with logic signal B, and
deactivating Q3 with signal B *, causes the second switch 16 to draw 20
milliamps of current out of the buffer 10 corresponding to 2 0 the
programmed level of current source I2. As a result, the output voltage
drops to Vt ( 1 volt). To achieve the third voltage level Vl at the output
VOUT, Q4 is switched off while Q2 simultaneously switches on, causing I2 to
draw 40 mA across R 1, and dropping V OUT to 0 volts. While the
conventional parallel switch driver architecture works well for its 25
intended purposes, those skilled in the art have observed inaccuracies
during the output transition of VOUT from Vt to Vl. The reason for the
inaccuracy lies in the difficulty in simultaneously deactivating Q4 while
activating Q2. Should Q4 turn off before Q2 rums on, as shown in Figure 2,
a "preshoot" 22 occurs that creates a ringing disturbance in the signal
channel, requiring time to allow the disturbance to return to a steady
state. This 3 0 undesirably affects the accuracy of the tristate wavefotm,
and indirectly reduces the effective speed of the tester. Another problem
with the conventional parallel architecture described above involves the
power consumed during operation. As noted above, Class A drivers
continuously maintain operation of the current sources I1 and I2. In the
example above, - 2    WO 00/497l5 ~ r ~ ~ ~ 2003 PCT/C1S00/04454 __ -~~
current is always drawn by the sources, whether from the VCC rail
(typically 7 volts), or the buffer amplifier 10. Consequently, the
continuous total current sums to 60 milliamps, with a corresponding power
consumption of 60mA * 13 V = 780 milliwatts. In some circumstances, tester
users set Vl to Vt. As a result, the respective programmed currents 5 drawn
by I 1 and I2 out of the buffer are both relatively high (often about 40
milliamps each), and consuming power on the level of about 80mA * 13V =
1040mW. These levels of power consumption are undesirable in many
applications. What is needed and heretofore unavailable is a tristate
driver architecture for automatic test equipment having the capability of
minimizing any preshoot transients 1 o during state transitions. Moreover,
the need exists for a driver architecture that consumes minimal power
during operation. The serial switch driver architecture of the present
invention satisfies these needs.  - 3    1 ~ ~lll~. 2003  WO 00/497l5
SUMMARY OF THE INVENTION 



PCT/US00/04454 - -- The serial switch driver architecture of the present
invention provides the capability of delivering a tristate waveform to a
pin of a device-under-test with high accuracy while minimizing the power
consumed during operation. Such advantages 5 improve the reliability and
throughput of a tester to substantially reduce the costs in testing
semiconductor devices. To realize the foregoing advantages, the invention
in one form comprises a tristate circuit for driving three signal levels to
a pin of a device-under-test. The tristate circuit includes a driver having
an output at a first signal level and adapted for coupling to the 10 pin. A
first switching unit couples to the output and responds to a programmed
signal. The first switching unit operates to selectively alter the first
signal level to a second signal level. A second switching unit connects
serially to the first switch. The second switching unit responds to a
second programmed signal and operates to cooperate with the first switch to
alter the second signal level to a third signal level. 15 In another form,
the invention comprises a tristate circuit for use in an integrated circuit
to drive three voltage levels to a pin of a device-under-test. The tristate
circuit includes a driver comprising a buffer amplifier powered by a
voltage source and having an output resistance. The voltage source operates
at a programmable voltage defining a high voltage level and has an output
adapted for coupling to the pin. A first switching 2 0 unit couples to the
output and comprises a first current pulling network. The network defines a
f rst current path and responds to a programmed signal to selectively alter
the high voltage level to a mid-voltage level by drawing a first
predetermined current out of the driver along the first current path. A
second switching unit couples serially to the first switching unit and
comprises a second current pulling network defining a second current 2 5
path. The second current pulling network responds to a programmed signal to
selectively alter the mid-voltage level by drawing a second predetermined
current out of the driver along the first current path, and continuing
along the second current path. In yet another form, the invention comprises
a method of switching the output signal level from a driver according to a
predetermined tristate waveform to minimize 3 0 transition transients. The
method includes the steps of: utilizing the first signal level as a first
state for the tristate waveform; drawing a predetermined first current from
the driver along a first current path to reduce the output to a second
signal level defining a second state for the tristate waveform; and pulling
a predetermined second current from the driver along the first current path
and through a second current path disposed serially with - 4    1 ~ J U L
2003 WO 00I49715 PCT/US00/04454 - the first path to reduce the output to a
third signal level defining a third state for the tristate waveform. Other
features and advantages of the present invention will be apparent from the
following detailed description when read in conjunction with the
accompanying 5 drawings.    ~ ~ ~ l! 1_ ?003 WO 00/497l5 PCTNS00/04454 _ _
_ - BRIEF DESCRIPTION OF THE DRAWINGS 



The invention will be better understood by reference to the following more
detailed description and accompanying drawings in which FIG. 1 is a
schematic of a tristate driver of conventional construction; 5 FIG. 2 is a
timing diagram illustrating the sequencing of the conventional tristate
driver of Figure 1; FIG. 3 is a schematic of a tristate driver according to
one embodiment of the present invention; FIG. 4 is a timing diagram
illustrating a programmed sequence for the tristate l0 driver shown in
Figure 3.   - 6    ~1 '~ JUL 2003 WO 00/497I5 PCT/US00/04454 _ _ DETAILED
DESCRIPTION OF THE INVENTION Referring now to Figure 3, the serial switch
driver architecture of the present invention, generally designated 30,
includes a driver 32 and a pair of serially connected switching units 34
and 36. The serial switch construction minimizes any "preshoots" 5 during
output state transitions and consumes minimal power during operation.
Further referring to Figure 3, the driver 32 comprises a buffer amplifier
of known construction that includes circuitry to programmably generate a
"high" voltage level V3. The buffer includes an output resistance
represented by resistor Rl, usually 50 ohms. The first switching unit 34
shunts the output VOUT to form a first selectable l0 current path, at 35.
In a preferred embodiment, the first switching unit is configured with an
electronic switch comprising a differential pair and includes a
complementary pair of bipolar junction-transistors (BJTs) Q 1 and Q2 with
respective emitters joined at node N 1, and respective bases far receiving
complementary inputs A and A*. The collector of Q2 forms the shunt to the
output VOUT. A first programmable current source I1 couples to 15 node N1
to draw a first programmed current through the differential pair (either
through Q 1 and out of the power rail Vcc, or through Q2 and out of the
buffer 32). The current drawn by the first current source is programmed
according to the relationship (V3V2)/Rl, where V2 represents a mid-level
voltage. With continued reference to Figure 3, the second switching unit 36
couples to the 2 0 first node N 1 to establish a second current path, at 3
7, and placing the second switching unit in a series relationship with the
first switching unit 34. Like the first switching unit, the second
switching unit preferably includes an electronic switch comprising a
differential pair of transistors Q3 and Q4 constructed similarly to Q 1 and
Q2. The inputs to Q3 and Q4 respond to logic signals B and B * applied at
the respective bases. The 25 commonly joined emitters of Q3 and Q4 form a
second node N2. A second programmable current source I2 couples to node N2.
The second current source is programmed to draw current according to the
relationship (V2-V 1 )/R1 that, when summed with the current from the first
source I1, pulls the output VOUT to a low level V1. 3 0 The serial switch
driver 30 of the present invention is adapted to couple to the pin of a
device-under-test (DUT) (not shown). Prior to testing the DUT, the high
voltage level V3 is programmed, along with the respective current sources
I1 and I2 to draw current levels out of the buffer in order to change the
output from V 3 to the other desired levels fox V2 and V 1. The user also
programs the timing of logic signals A. A*, and B,    ,~ ~ a ~J ~. 20fl~ 



WO 00/49715 rcT~rsoo~oaasa w -  B * to activate the specific transistors Q
1-Q4 at precise times, thereby defining the tristate waveform transitions,
or edges. The accuracy of the actual edge placement versus the programmed
placement is an important factor in successfully carrying out a test on a
logic device. 5 The voltage level conventions associated with the serial
switch architecture of the present invention follow the relationship
V3>V2>V 1. In a majority of applications, V3 is programmed to a "high"
level (Vh), V2 set to a "mid" level (Vt) and V 1 mapped to a "low" level
(VI}. Under certain circumstances, however, users require the flexibility
to set Vt>Vh or Vt<Vl. In such circumstances, a formatter (not shown)
recognizes the 10 proper mapping to ensure that V3 is set to the highest
level, V2 is set to the mid-level) and V 1 set to the low voltage level.
Operation of the tristate circuit, in one example, proceeds according to
the timing diagram shown in Figure 4. In this example, V3 is programmed to
2 volts, with the desired voltage levels for V2 and V 1 corresponding to 1
volt and 0 volts, respectively. In 15 order to pull VOUT to the desired
levels for V2 and V 1, the respective current sources I1 and I2 are
programmed to each draw 20 milliamps of current out of the buffer 32. For
example, current source I1 is programmed to draw a first current out of the
buffer according to the relationship (V3-V2)/50 = 20 milliamps. Likewise,
current source I2 is programmed to pull a second current out of the buffer
amplifier, summed with the first 2 o current, according to the relationship
(V2-V 1 )/50 = 20 milliamps. Further referring to Figure 4, at time tl,
transistor Q2 is activated by the application of logic signal A at its
base, while transistor Q1 simultaneously deactivates. As a result, the
first current path to the buffer 32 is established, resulting in a 20 mA
current being pulled out of the buffer 32. This drops voltage V3 (2 volts)
across load Rl 2 5 (50 ohms) to the mid-level voltage V2 (1 volt). At time
t2, transistor Q2 turns off, eliminating any conduction along the first
current path, and Q1 activates, causing source I1 to draw current from the
power rail Vcc. Assuming a high input impedance at the DUT pin (not shown),
minimal current flows through Rl, such that the output VOUT follows the
high level voltage V3. At t3, transistors Q1 and Q2 again switch states as
3 0 described above to reduce the circuit output VOUT to V2. With continued
reference to Figure 4, at time t4, transistor Q2 remains in an operative
state, while transistor Q4 turns on. The additional current (20 mA)
conducting through Q4 and drawn by the current source I2 sums with the 20
mA current from I1 to draw a total of 40 mA from the buffer amplifier 32,
and to correspondingly pull the    ~~ 1 JUL 2003 WO 00I49715 PCT/US00/04454
'  output VOUT to V 1 (0 volts). Because of the pre-activation of the first
current path established by Q2, the transition from V2 to V 1 occurs
without any preshoot problem. By eliminating any preshoot disturbances, the
resulting transitioning edge is highly accurate. Turning Q4 off, at time
t5, returns the circuit output VOUT to the V2 state. 5 In certain
circumstances, users may need to program the tristate waveform to
transition from V3 to V 1. An additional feature of the present invention
is the ability of carrying out such a transition at high accuracy without
the necessity of activating both transistors Q2 and Q4 simultaneously. This
is because any conduction along the second current path defined by
transistor Q4 necessarily relies on the conduction of current 1 o through
the first current path. Thus, in one case, transistor Q4 may be programmed
to turn on before transistor Q2 activates, without any affect on VOUT until
Q2 activates. In this example) any transient effects from Q4 would be
negligible since the current through Q4 would have settled by the time Q2
activates. Additionally, the relative timing for Q2 and Q4 may be less
precise, but resulting in greater timing accuracy. 15 Those skilled in the
art will appreciate that in addition to the desirable highaccuracy features
described above) the serial switch architecture consumes substantially less
power during operation than previously achieved by conventional parallel
architectures. While the respective first and second current sources always
consume power, consistent with the requirement of a Class A driver, the
programmed currents 2 o from the current sources I1 and I2 are individually
minimized and configured to cooperatively draw a combined current, when
possible. As a result, the total power consumed during operation for the
specific example above amounts to about 40 mA * I 3 V = 520 MW, an
approximately 33% reduction in power consumption as compared to -)
conventional parallel switch architectures. This allows valuable power
resources to be 2 5 directed to other circuits in the tester, thereby
maximizing power efficiency overall. Moreover, the serial switch
architecture of the present invention lends itself well to implementation
in an application specific integrated circuit (ASIC), and will be
recognized by those skilled in the art as a unique construction of a Class
A switch driver. 



While the invention has been particularly shown and described with
reference to 3 0 the preferred embodiments thereof, it will be understood
by those skilled in the art that various changes in form and detail may be
made therein without departing from the spirit and scope of the invention.
For example, while bipolar technology is described in detail herein as a
preferred embodiment, it should be understood that other transistor _ g _
,~ ~ J U L 2003   WO 00I49715 PCT1US00/04454 - -- technologies are within
the scope of the present invention. including but not limited to MOS-type
and GaAs-type technologies. - to    - WO 00I49715   1 Z J U L 2003
PCTIUS00/04454 -_ -~~ WHAT IS CLAIMED IS: 1 1. A tristate circuit for
driving three signal levels to a pin of a device-under2 test, said tristate
circuit including: 3 a driver having an output at a first signal level,
said output adapted for 4 coupling to said pin; 5 a first switching unit
coupled to said output, said first switching unit 6 responsive to a
programmed signal and operative to selectively alter said first signal
level 7 to a second signal level; and a a second switching unit connected
serially to said first switch, said second 9 switch responsive to a second
programmed signal and operative to cooperate with said 10 first switch to
alter said second signal level to a third signal level. 1 2. A tristate
circuit according to claim 1 wherein: 2 said driver comprises a buffer
amplifier having circuitry operative to 3 establish a programmable voltage
defining said first signal level. 1 3. A tristate circuit according to
claim 1 wherein said first switching unit 2 comprises a first
current-pulling network to draw a first predetermined current out of said 3
driver along a first current path. 



1 4. A tristate circuit according to claim 3 wherein said first current
pulling 2 network includes: 3 a first electronic switch; and 4 a first
current source coupled to said first electronic switch in a sink 5
configuration. 6 1 5. A tristate circuit according to claim 4 wherein: 2
said first current source is programmable to draw a selectable current 3
along said first current path and out of said buffer to drop said output
signal level to a 4 second signal level. 5 1 6. A tristate circuit
according to claim 4 wherein: 2 said first electronic switch comprises a
pair of bipolar transistors disposed 3 as a differential pair. - 11    ,1 ~
JUL 2003 . WO 00/49715  J PCT/US00/04454 _ _ _  1 7. A tristate circuit
according to claim 1 wherein said second switching unit 2 comprises a
second current pulling network to draw a second predetermined current out 3
of said driver. 4 1 8. A tristate circuit according to claim 7 wherein said
second current pulling 2 network includes: 3 a second electronic switch;
and 4 a second current source coupled to said second electronic switch in a
sink 5 configuration. 1 9. A tristate circuit according to claim 8 wherein:
2 said second current source is programmable to draw a selectable second 3
current along said first current path to sum with said first current and
drop said output 4 signal level to a third signal level. 5 1 10. A tristate
circuit according to claim 8 wherein: 2 said second electronic switch
comprises a pair of bipolar transistors 3 disposed as a differential pair.
4 1 11. A Class-A switch driver circuit for use in an integrated circuit to
drive 2 three voltage levels to a pin of a device-under-test, said tristate
circuit including: 3 a driver comprising a buffer amplifier having an
output resistance, said 4 buffer having circuitry operative to generate a
programmable voltage defining a high 5 voltage level and having an output
adapted for coupling to said pin; 6 a first switching unit coupled to said
output, said first switching unit 



7 comprising a first current pulling network defining a first current path
and responsive to a 8 programmed signal to selectively alter said high
voltage level to a mid-voltage level by 9 drawing a first predetermined
current out of said driver along said first current path; and 10 a second
switching unit coupled serially to said first switching unit. said 11
second switching unit comprising a second current pulling network defining
a second 12 current path and responsive to a programmed signal to
selectively alter said mid-voltage - 12    1 7 JUL 2003 WO 00/49715
PCT/US00/04454 _ _ -- 13 level by drawing a second predetermined current
out of said driver to sum with said first 14 current along said first
current path, and continuing along said second current path. 15 1 12. A
Class-A switch driver circuit according to claim 11 wherein said first 2
current pulling network includes: 3 a first differential pair of bipolar
junction transistors, and 4 a first current source coupled to said emitters
5 ~ 1 13. A Class-A switch driver circuit according to claim 12 wherein: 2
said first current source is programmable to draw a selectable current 3
along said first current path and out of said buffer to drop said output
signal level to a 4 second signal level. 5 1 14. A Class-A switch driver
circuit according to claim 11 wherein said second 2 current pulling network
includes: 3 a second differential pair of bipolar junction transistors; and
4 a second current source coupled to said emitters. 1 15. A Class-A switch
driver circuit according to claim 14 wherein: 2 said second current source
is programmable to draw a selectable second 3 current along said first
current path to sum with said first current and drop said output 4 signal
level to a third signal level. 5 1 16. A method of switching the output
signal level from a driver according to a 2 predetermined tristate waveform
to minimize transition transients, said driver having 3 circuitry to
generate a first signal level, said method including the steps of: 4
utilizing said first signal level as a first state for said tristate
wavefonn; 5 drawing a predetermined first current from said driver along a
first current 6 path to reduce said output to a second signal level
defining a second state for said tristate wavefonm; and - 13    ~ Z JUL
2003  



J 8 9 l0 11 1 2 3 1 2 3 4 WO 00/49715 PCT/US00/04454 - -- pulling a
predetermined second current summed with said first current from said
driver along said first current path and through a second current path
disposed serially with said first path to reduce said output to a third
signal level defining a third state for said tristate waveform. 17. A
method according to claim 16 and further including the step of deactivating
said second current path to return said output to said second signal level.
18. . A method according to claim 17 and further including the step of:
deactivating said first current path to return said output to said first
signal level. - 14  .Al%.Ay2.A(fl.A,S2.A(.Ay.A@2.A.AyY.ASY2.AY.AY.A@;SY.A,2
<Y[rsu.1cfZ]*,8GIK|wrmga\V]c^a]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]c^a]ca]ca]caU]ca]c^a]ca]c^a]c^a]cRaU]ca]c<a Ku & (8?+
)BQW{#H$k&t&v&{vqlgb]W]U]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca
U]c^aU]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca
v&&&&&`'a'b''''''(***$*'*3*N*S*y**+,,-u-
0_0c33~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]caU]ca]caU]ca]ca]ca]ca]ca
U]c^a]caU]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca
355#515=5R5j668<P=>>0?2@6@9@D@P@_@c@A
BHIIJoKxK{KKK}xsnic^Y]c]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]caU]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca
KKKKKL)L3L5LALBLCLRLaLhLOPQQRR&S0S3S@SLSMSOS^SfSTTU|wrlgb]X]]ca]ca]ca]caU]c
a]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca]ca]
caU]caU]ca]ca U=U
VVVVZZZZZZZ[[\\]]s^__aaaaaaaaaaaa~ytoje`ZU]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca!aaa
acc;
dBdIdZZ[[\\]]s^__aaaaaaaaaaaa~ytoje`ZU]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca
<YrcE9G10% U&'()-9-10% U&'()-  10% U&'()-10% 



U&'()- S10%`U`U&'()- `l)10%mUmU&'()-ru.1iK,10% U&'()-S3f 10% U&'()-310%
U&'()-sF10% U&'()- 3l 10% U&'()-10% U&'()- @#f10% &'()-cfdE,10% U&'y*10%
U&'()-3&10% U&'()-`!!10% U&'()-3`$ 10% U&'()- f10% U&'()-!10%
U&'()-Z]dYNC10% U 10 U 10 U 10 U-Z"10% U&'()- 3@2 10% U&'()-y,10% 



U&'()-F(!10% U&'()-3F+ 10% U&'()-*8Ku &^<YNC10! `$10%&'()-!` $10%gg&'()-T!
$10%%%&'()-Tf#lf10%G&'()-  10%G&'()-&$y10%G&'()- &UnxyW6YNC
`!$10%O&'()-!s`!$10%&'()-!!$10%&'()-!`l:'10%00&'()- !`l:'10%??&'()-
l:'10%&'()-   wXMB7  10G 10G
10GY910%G&'()-!`)&10%}}&'()-!n`)&10%&'()-!x`)&10%&'()-!)&10%&'()- ?+}[9MB7
!$10%jj&'()-f!`YsM$10%&'()- !`YsM$10%//&'()- !YsM$10%//&'()-
"ff10%/&'()-l10%/&'()-+ uj_@  !&$S10%&'()-  10/ 10/ 10/910%/&'()-*10%/&'()-
!,T&10%55&'()-,`$10%/&'()-f)BWIa?j_@  !!``3"10%&'()-f!`3"10%&'()-f 10%&'()-
,#lT10%&'()- 10%&'()-Y10%&'()-{5!"}[9j_@
!hx`,&10%<<&'()-3!l,&10%@@&'()-3fM$10%&'()-!{x`,%10%OO&'()-`!,%10%bb&'()-`9
10%&'()-"#H$$k&q&r&s&t&z[PE:  ! 10 



10 10F910%&'()-!i`0 %10%oo&'()-!0
%10%tt&'()-sf/10%&'()-!hn`,&10%<<&'()-3t&&&&'`'a'aBPE:  ! 10Y10%
h&'()-F!``!10%hh&'()-`!10% 4&'()-#@10% h&'()- Yl10% h&'()-$'10%
h&'()-3a'b'''''''(~\=  ! 1fZ10%&'()- !y@)10%&'()- 10 h 10 h 10 h3910%
h&'()-! S 10% h h&'()-f) 10% h&'()-3(((L))**wU6~\=L10%&'()-G!S`F
M$10%--&'()-!`F M$10%  &'()-! `F M$10%&'()-!f`F M$10%((&'()-!F
M$10%''&'()-**!*"*#*$*3*y**_=!#`39$10%&'()-m!R39$10%||&'()-m$10%&'()- 10 10
10Y910%&'()-y&*10%&'()- *w++,,-u-aB_=!l}$10%&'()-9@10%&'()-`9!10%&'()-g9
10%&'()-`@#10%&'()-!@#10%&'()-u-. 0_02c33zX9_=@2s$10%&'()-!0@`$%10%&'()-3
!@`$%10%&'()-3 &"10%&'()-!`S@&10%&'()- !S@&10%&'()- 35555515=5R5bCS#10% 



U&'()-3l10% U&'()-$910% U&'()-3 10 10 10 910%&'()-93!10%&'()--R5j66889S;
^<bC!`9'10%&'()-!`9'10%UU&'()-!9'10%&'()-l"10% U&'()--$10% U&'()-F"10%
U&'()-@S;;<P=>>0?|]>bC!310% U&'()-210% U&'()-,Z"10%
&'()--!1`9'10%>q>q&'()-!`9'10%yy&'()-
6`9'10%CC&'()-0?2@3@4@5@6@D@P@c@bC!,#g10%&'()-Y10%&'()-&$10%c&'()-  10 U 10
U 10 UlF:10% U&'()-S5!10% U&'()-c@A
BkCEFH}[9bC!}`y@&10%&'()-`!`y@&10%&'()-`!`y@&10%&'()-`! y@&10%&'()-`L
"10%&'()- 10%&'()-@HHIIJoKuKvKaB7C 10
910%&'()-!2$10%&'()--L010%&'()-s-!10%&'()-yLy,10%&'()-`y@&10%&'()-`vKwKxKKK
KKKLmN/&!10%&'()-,#g10%&'()-310%&'()-S&*10%&'()- L10%&'()-4L$Y'10%&'()- 10
10L)L0L1L2L3LALBLCLbC&!10%*310% h&'()- L 10% h&'()-4y10% h&'()- 10 10
109910%&'()-,M10%&'()-mCLRLhL|LL]MM~\:bC!`$10%&'()-!`$10%&'()-!`$10%hh&'()-
$10%&'()-,# g10% h&'()- $10% h&'()-4M'NONOO+PP}^?bC!0ly$10% h&'()-@`ly$10%
&'()-@`ly$10% &'()-@ly$10% &'()-@!`$10% h
h&'()-!`$10%hh&'()-PQ3QQQQRdEbC!`Y-"10% h&'()-`Y-"10% &'()-``Y&$"10%
&'()-`Y&$"10% &'()-0Y&$"10% &'()-Y&$"10% h&'()-RRR&S-S.S/S0S@SxmbC!&$
10%4|&'()-4 10 h 10 h 



10 h9M10% h&'()-`Y4#10% h&'()-Y4#10% &'()-`Y-"10%  &'()-`@SLSMSOSfS
TTaBmbC!`#10%4|&'()-M#10%4|&'()-M#F@10%4|&'()- 9*10%4|&'()- `10%4|&'()-F!
10%||&'()-TTU=U VVCVdEmbC! !10%4&'()-`#10%4!&'()- `#10%47&'()- `#10%4 &'()-
`#10%4|&'()- #10%4&'()-
CVVVYWBXXGY}[9mbC!`3&$10%||&'()-Z!`3&$10%&'()-Z!`3&$10%&'()-Z!3&$10%,,&'()-
Z` !10%4&'()-0 !10%4|&'()-GYZZZZZZZZ~_@!"3f10%&'()- 10%&'()-9$S`10%&'()-
104| 104|
104|Y9:10%4|&'()-!`3&$10%4$4$&'()-ZZ[[\\\\dE~_@!@$10%&'()-``FL#10%
&'()-t`FL#10%&'()-tFL#10%&'()-t`M$10%d!&'()-M$10%&'()-\]]]s^^_~\:~_@!!`y&$1
0%&'()-`!y&$10%&'()-`03 &$10%&'()-3 &$10%&'()- `@$10%1
&'()-`)!0@$10%&'()-`__0```aaacD9@
10910%&'()-`3@/$10%&'()-``3@/$10%a&'()-``3@/$10%&'()-`3@/$10%&'()-` `y&$10%
&'()-`aaaaaaaajK@ 10` 10%&'()-! 10%hh&'()-S&*10%&'()-
,910%&'()-GL$t10%&'()-m 10 10aaaaacca?K@
10!V`!10%oo&'()-!!10%&'()-@#Y,10%&'()- 310%&'()-l910%&'()-@ 10%&'()-cc;
dBdIda?K@
10!V`!10%oo&'()-!!10%&'()9&10%&'()-sF10%&'()-!MLl10%&'()-gLm10%&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font s#$#'25=wH2I/PW^Iafhjlnprtvxz|~Kv&3KUaIdABCDEFGr&
+"t&a'(**u-3R5S;
0?c@HvKLCLMPR@STCVGYZ\_aacIdHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmno6Times
New RomanArialCourier New"h Root EntryWordDocument(
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqr 


