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Before using B1505A

WARNING

There are potentially hazardous voltages (3000 V for HYSMU, and 200 V
for HPSMU) present at the Force, Sense, and Guard terminals of Agilent
B1505A. To prevent electrical shock, the following safety precautions

must be observed during the use of B1505A.

® Use a three-conductor AC power cable to connect the cabinet (if
used) and B1505A to an electrical ground (safety ground).

® You must connect an interlock cable between B1505A and the test
fixture.

Confirm periodically that the interlock function is functional.

Do not modify the interlock circuit.

Do not use extension cables for connecting the DUT the outside of the
test fixture.

@ Before touching the connections on the Force, Guard, and Sense ter-
minals, turn the B1505A off and discharge any capacitors. If you do
not wish to turn the B1505A off, complete all of the following items,
regardless of the B1505A settings.

- Press the Stop key to turn the module output off.
- Confirm that the High Voltage indicator is not lit.
- Open the shielding box access door.

- Discharge any capacitors connected to an SMU.



Instruments and Accessories used in this DEMO

® Agilent B1505A Power Device Analyzer / Curve Tracer

1 XHVSMU (B1513A)  High Voltage SMU

1 XHCSMU (B1512A)  High Current SMU

2 X HPSMU (B1510A)  High Power SMU

1 XMFCMU (B1520A)  Multi-Frequency CMU

« HPSMU L@@ e © Agilent N1259A High Power Test Fixture

B1505A Modules

Agilent N1259A

16493T HV Triax

16493T HCSMU Cable

Opt 020 High Voltage Biass Tee

Opt 300 Module Selector

Opt 010 Inline package socket module (3 pin)

Opt 022 100 kOhm R-Box

Opt 033 1 kOhm R-Box

(10 X Test leads, 2 X SHV cables and SHV-Banana adapt-
ers are including in the N1259A)

® Cables

1X16493S HCSMU Cable

1 X 16493T HV Triax Cable

4 X 16494A Triax Cable
1X16493L GNDU Cable

1 X N1300A CMU Cable

1 X 16493J Interlock Cable

1 X 16493G Digital 1/0 Cable

16493J Interlock Cable 16493G Digital 1/0 Cable



Demo Devices

The following devices are used in this document;

Power MOS FET

2SK3745LS
® BVdss: >1500V (ID=1TmA, Vgs=0V)
® ldss: <100 A (Vds=1200V, Vgs=0V)
® Igss: <10 puA (Vgs=10V, Vds=0V)
® Vgs(off): 2.5-35V (Vds=10V, Id=1mA)

’ ® |yfs|: >07S,typ.1.4S (Vds=20V, Id=1A)
y// ® Rds(on): <12Q typ.10Q (ld=1A, Vgs=10V)

® Ciss: typ. 380 pF (Vds=30V, f=1 MHz)
® Coss: typ. 70 pF (Vds=30V, f=1 MHz)
® Crss: typ. 40 pF (Vds=30V, f=1 MHz)

Power Bipolar Junction Transistor

MJL4281AG

® Vce(sus): 350V (le=60 mA, Ib=0A)

® Iceo: 100 pA (Vce=200V, Ib=0A)

® Icho: 50 pA (Veb=350V, le=0A)

® lebo: 5 pA (Veb=bV, Ic=0A)

e hFE: 80 -250 (le=0.1-5A, Vce=bV)

® Vce(sat): <1V (lc=8 A, Ib=0.8 A)

® \Vbe(sat): <14V (lc=8 A, Ib=0.8 A)

® \Vbe(on): <15V (lc=8 A, Vce=bV)

e Cob: typ. 600 pF (Veb=10V, le=0, f=1MHz)



Agilent B1505A Power Device Analyzer / Curve Tracer

Agilent B1505A Power Device/Curve Tracer
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Agilent B1505A Power Device Analyzer /

Curve Tracer is designed for measuring pre-

sent power devices. B1505A uses the EasyEX-

PERT software, a specially-designed Microsoft

Windows application program.

B1505A has 10 module slots, which supports

the following modules.

B1510A
B1512A
B1513A
B1520A

High Power SMU
High Current SMU
High Voltage SMU
Multi Frequency CMU

Output and measurement range of each mod-

ule are described in the figures on this page.

For more information, refer to the B1505A

User’'s Guide.

HVSMU Output and Measurement Ranges
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Agilet N1259A Power Device Test Fixture

N1259A Opt 020, 022 and 300

Module Selector B1505A
HPSMU
ope! Force
— e’ Sense
Circuit Common ===
HVSMU
— 0O Force
Cireuit Common |4
HCSMU
High Force () S~0 High Force
High Sense (> S~~0 High Sense
Low Force (O) Low Force
Low Sense C Low Sense
Circuit Common —4
GNDU
Force
Sense
Circuit Common —4
Digital 10 cable v
(For control SWs)

Block Diagram of the Module Selector

Agilent N1259A Power Device Test Fixture is
used to perform the present power packaged
device measurement.

N1259A is capable of handling 3000 V maxi-
mum voltage and 20 A maximum current. It
uses internal guarded wiring for improving low

current measurement capability.

For this demo, we will use N1259A with op-
tions 022, 033, 020 and 300.

Options 022, 033 are resistors, which is used
for suppressing device self-oscillation of the
DUT.

Option 020 is a High Voltage Bias-Tee, for high
voltage C-V measurements. HV C-V measure-
ment up to 3000 VDC (frequency range of 10
kHz to 1 MHz) can be achieved by using this
MFCMU, HVSMU and the bias-Tee.

Option 300 is a module selector, which is used
to switch the measurement resource (HPSMU,
HVSMU and HCSMU) automatically connected
to the device under test (DUT). The left figure
shows a block diagram of the module selector.
It also provides a GNDU connection, with a re-
turn path for the HCSMU.

IMPORTANT: The Force output of the HVSMU
is connected to High Sense output of the Mod-
ule selector (NOT to High Force).



Connections for the Demo

K Back side of the B1505A

Back side of the N1259A

Total connection setup for the demo.

Before starting the demo, connect the cables between the B1505A and

the N1259A. These connections will be used for all demos, and will not

need to be changed.

Procedure:
1. Using a 16493G Digital 1/0 Cable, connect the Digital I/0 connec-

tor on the B1505A to the Digital 1/0 connector on the N1259A

test fixture.




2. Using a 16493J Interlock Cable, connect the Interlock on the
B1505A and the Interlock on the N1259A.

3. Using a 16493L GNDU Cable, connect the GNDU on the B1505A
to the GNDU2 (Module selector Input) on the N1259A.

4. Using two 16494A Triax Cables, connect the Force and Sense
connectors on the lower B1510A HPSMU (SMUT) to the respec-
tive connectors on the HPSMU3 (Module selector input) of the
N1259A.

5. Using two 16494A Triax Cables, connect the upper B1510A
HPSMU (SMU2) to the HPSMU2 on the N1259A.
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6. Using a N1300A CMU Cable, connect the B1520A CMU to the MF
CMU Input (Heur, Hpot, Lcur, Lpot) on the N1259A.

ety N

7. Using a 16493S HCSMU Cable, connect the Force and Sense con-
nectors on the B1512A HCSMU to the HCSMU3 Input on the
N1259A.

(T

: ~®
. ]mnmuwnwnmnwnw |
o0 it B 1480448 1 1R o iR

8. Using a 16493T HV Triax Cable, connect the Force connector on
the B1513A HVSMU to the HVSMU2 (Module selector input) of
the N1259A.
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Start B1505A

After connecting the cables, power on the B1505A. And then start the
EasyEXPERT software.

© easyexeert OB

File  Option

Start EasyEXPERT

If you have any problems, please refer to the manuals (B1505A User's
Guide, EasyEXPERT Software User's Guide, EasyEXPERT Application Li-
brary Reference, etc.) for more details on the EasyEXPERT software.

Before starting the demo, check the settings for the module selector. You
IMPORTANT can view and change the configuration of the module selector as follows.
1. Click the configuration button on the right side of the
screen.
2. Select the Module selector tab.

The correct settings are shown below.

Gonfiguration
Main Frame | Modules Madule Selector | smu utput Setting Limits | Event Log |
N1258A/N1259A-300 Module Selector

¥ Enable Module Selector
Input Output

HVSMU:  [SpudiHy -

Enable Series Resistor
(100k ohm) for HVSMU Default: |guuLHP -

HCSMU:  [guauziHc =
HPSMU:  [SMULIHP =

Diagnosis

Status: Communication Established Start Diagnosis |

Status: —-

¥ Auto Detection

Apply

_ o= |

11



Objective B1505A has a Tracer Test Mode, designed for a simpler, more intuitive,

and easier operation than on the traditional curve tracers. It is also much
easier to use and it offers more functions than traditional curve tracers.

This section explains the usage and functions of the Tracer Test Mode.

Point Usability of the Trace Test mode
Sample setup

DC mode / Pulse Mode
Reference Trace

Trace Recorder

High Voltage Measurement

Module Selector

Device MOS FET (2SK3745LS)

Setup Open the N1259A test fixture cover, and connect the test leads as follows.
Refer to the drawing on the next page. The numbers on the drawing corre-
spond to the procedure steps.

1. Insert the device (2SK3745LS) into the socket on the N1259A.

2. Connect the HPSMU?2 Force to the terminal 1 on the 1 kQ2 resis-
tor.

3. Connect the terminal 2 on the 1 kQ resistor to the terminal 1
Force (Gate) on the Inline Package Socket .

!
’ \

Test Lead for the N1259A Test Fixture

12



4. Connect the High Force of the Module Selector Output to the ter-
minal 2 Force (Drain) on the Inline Package Socket .

5. Connect the High Sense of the Module Selector Output to the
terminal 2 Sense (Drain) on the Inline Package Socket .

6. Connect the Low Force of the Module Selector Output to the ter-
minal 3 Force (Source) on the Inline Package Socket .

7. Connect the Low Sense of the Module Selector Output to the ter-
minal 3 Sense (Source) on the Inline Package Socket .

Close the N1259A fixture cover.

mHig
SMedule Selector Duty

/P Wigh Voltage Bias —Tee

13




Procedure Id-Vds Measurement

Click the (wrench and screw driver) icon E’ on bottom right of the
window.

ID{off)-VDS

1w B 2. Selectthe sample setup for the MOSFET — ID-VDS.
i 3. Change the Mode of the SMU3:HC (VAR1) from VPULSE to V.
Mode: —_ Unit: ¥ Name: I Name: Mode: Function:
LIN-SGL = . SMUZ:HP ¥ES E8 I B8 Y - VARZ -
Stop: o & |SMUAHC = |fvDs = |ID g|§PULSE| £J|\MR1 Rd
NOS:

11 B I _—
i e e
YAR2 ¥ .

— 4. Change the VART (ID) compliance to T A.
S50 8
o N © 5 Change the VAR2 START voltage (VG) to 35 V.
SW
B 6. Change the VAR2 STOP voltage (VG)to 5 V.
NOS:
5 8 7. Confirm that the settings are as shown in the following picture.
8. Click the REPEAT button. &I

m

il Data Display Help

i @|1/V Trace Setup Name: |ID-VDS =
g VAR1 ¥
v Mode:
3 LIN-SGL
—t Stop:
% ov W
T NOS:
% nm
jw] Compliance:
% 14 W
/7 VAR2 ¥
E Start:
=) 35Y B
E}’ Stop:
(=
o7 sv |
= Step:
é 375 m¥
NOS:
S W
CONST ¥
B - Fa S ERE RS =M - e
-} o . o A i o g B 7 - x] L
Unit: ¥V Name: I Name: Mode: Function: Meas. Time:
SMUZHP w VGS m G = V- VARZ | Add 2us B
S SMU3HC w ¥DS = 0 = Vo VARL Step Time:
[ =t

14



VAR1 ¥ | 9. Click (Select) the VAR1 (VD) stop voltage.
Mode:

un-sa. | 10. Rotate the rotary knob on the front

Stop: panel of the B1505A in the clockwise
a B direction.

| High Voltage

« g 11. The stop voltage increases, and its | ":
graph is shown on the screen.

12. Set the stop voltage to18 V.

13. Click the Capture button B . You can capture the (reference) traces
using this button. The captured traces are shown with blue lines.

14. The graph will drift due to the self heating effect.

= 15. You can save multiple traces by clicking the Capture button. i

116. The reference traces window (shown left) pops up when the Refer-

Time Trace
- e
2009/05/201 1D -YD5 . . .

2003/06/2017.43.25 0 YDS ence trace button ﬂ is clicked. You can enable / disable the traces
2009/05/2017.49.24 1D -%D5

2003/05/2017:4315 1D -%D5 H
2003/05/2017:4%:11 1D -%D5 fDI’ the graph dISp|a\,!.

17. Click the STOP button to stop the stimulus and meas-
urement.

18. Click the VART1 title bar to see the details of the set-

tings (Full mode).

1M py

Pwr Comp. :

3 = 19. Set the Power compliance to 3W. (Select Pwr Comp. then input 3.)

20. Wait for the DUT to cool.

21. Start the measurement again. (Click the repeat button ﬁ )

22. You will now see the graph on the next page, which is limited to 3W,
with a smaller drift.

23. Click the STOP button to stop the stimulus and meas-
urement.

24. Wait for the DUT to cool.
15



Pwr Comp. :
DFF &

Mode: Fur
= YWoow

m[VRULSE ~|lva

W

;LPULSE o =

IPULSE

e T 4T AT T

16

Now we measured the DUT under the DC mode, which is a common op-

eration on the traditional curve tracers. Traditional curve tracers have a

pulse mode, but the function cannot work with knob sweep. On the other

hand, the pulse mode on B1505A works even while using knob sweep.

25.
. Change the Mode of the SMU3:HC (VAR1) from V to VPULSE.

. Start the measurement again. (Click the REPEAT button % )

31.

Change the Power Compliance to OFF.

. The graph is shown on the screen.
. Self-heating effect becomes smaller than under the DC mode.

. You can use the knob to change the stop voltage, etc. (Before chang-

ing voltage with the knob, you must click and select the stop voltage
field.)

Click the STOP button [ B to stop the stimulus and meas-
urement.



Procedure BVdss Measurement

Next we will manually configure the setups for a breakdown measurement
(BVdss), and then, measure the device. Setups for the SMUs are on the

bottom of the graph window. Change these settings as a follows.

Unit: Y Mame: I Name: Mode: Function: K
(+ SMUZ:HP f WS B I E" - ywapz Pe
&0d
- SMUZHC - YOS B8 I B= YPULSE - YAR1 -
Delete
Function: 1. Change the Function of the SMU2:HP from VAR2 to CONST.

:l Eiii jv 2. Change the lower selected unit (SMU3:HC) to SMU4:HV.
VARZ / Now, we changed the measurement unit from the HCSMU to the HVSMU.

_COMST -
—————— But the connection is automatically changed by the module selector. So
Unit: ' we do not need to change the connection manually.
- SMUZIHP
« [eMugHc |
SMUT:HP
—smuzHe | 3. Change the Mode of the SMU4:HV from VPULSE to V.
=5MU3:HC/ I _
@SMM:HV | 4. Setthe compliance of the VAR1 (VDS) to 1 mA.

Mode: I 5. Change the display area. (Horizontal 0 to 3000 V, Vertical 0 to 1 mA).
The present horizontal maximum voltage of the graph should be

| L
i ~||
]U—F[ 200 V. Click the displayed voltage (200 V), and a window will pop-up.

=) . Next, input 3000. If the vertical maximum current is not 1 mA, change
|WPULSE i . ..
|1PuLsE itin a similar manner.
Compliance:
im & g|| Next, we will setup the trace recorder. The trace recorder is a waveform

recorder function similar to the segment memory of an infiniilum oscillo-

= scope. It is commonly used for recording and reviewing the state before

Horizontal Max. the breakdown.

2000| B

17
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Al
T

[ uick Test | Tracer Test classic Test | application Test !

Data Dizplay  Help
@O|I/V Trace

Set the stop region. While the stop region is effective, the measure-
ment is automatically stopped if the measurement data is in the re-

gion. Click the signal button £ , at the bottom of the graph. The but-

2 after clicking the button. (If the

-

ton’s signal changes to yellow
original signal color is not green, click the button a few times during
the color change to yellow) You can now set the stop region.

Click and drag on the graph, The selected grids will turn red, indicat-
ing the stop area.

Confirm the settings are as shown below.

Click the REPEAT button [RRG I -

Setup Name: [EVDSS =

YAR1 *

Mode:
LIN-5GL -

Start:

oy @
Stop:

oy &
Step:

oY
NOS:

101 @
Interlacing:

1 B

Compliance:

ima B
Pwr Comp. :

OFF B

YARZ ¥

CONST ¥
Unit:

SMUZIHP
Source:
ov B
Compliance:
100us B

D3 -

Meas. Time:
tous B
Step Time:
S00us B

Function:
COMST add

WARLT -

Mode:
WG5S B 1 B Vo
VDS B8 I B Vo

¥ Name: I Name:
SMUZIHP

SMUdHY -




YAR1

o
W

Mode:

LIM-5GL

Stop:
0 x B

Ston | High Voltage
B3 Measurament

10.
11.

12.
13.

14.

15.

Click (Select) the VAR1 (Vd) Stop voltage .

Rotate the rotary knob on the front panel of the B1505A in the clock-
wise direction.

The stop voltage increases, and its graph is shown on the screen.

The DUT break down voltage is around 1600 V. The knob can be ro-
tated at a fast speed up to 1400 V, but will slow down past 1400 V.

At around 1600 V, the breakdown will occur. At this time, the drain
current will also becomes large enough to hit the stop region. After
the trace hits the red area, the measurement stops automatically.

If you rotate the knob too fast, the Vds will be set larger than the
break down voltage.

16.

17.

Review the measured data. Click the film icon Ei (record and replay
button).

The following window will pops up. You can view the previous traces
using the position indicator and the play back & forward buttons.

%)
Bion =)
1 jooj100

4 14 ki [ 1

Replay Interval:

100ms [

Maximum Records:
100 B

Recording Interval:
0s H

19



Lab 2

Objective

Point

Device

Setup 1

20

Application Test Mode

- Easy setups for Id-Vds, Id(off)-Vds, Id-Vgs and Cgd
measurements.

EasyEXPERT has general device measurement settings as applications.
Using that, you can measure the device without detail knowledge ahout
the measurement. In this section, you can experience the easy-to-use con-
cept of the EasyEXPERT.

Usability of the Application Test
Low current measurement capability of the HYSMU.

Automatic analysis

High Voltage C-V measurement.

MOS FET (2SK3745LS)

This first procedure is exactly the same as for Lab1. If you are continuing
from the Lab 1, you can skip this procedure.

Open the N1259A test fixture cover, and connect the test leads as follows.
Refer to the drawing on the next page. The numbers on the drawing corre-
spond to the procedure steps.

1. Insert the device (2SK3745LS) into the socket on the N1259A.

2. Connect the HPSMU?2 Force to the terminal 1 on the 1 kQ resis-
tor.

3. Connect the terminal 2 on the 1 kQ resistor to the terminal 1

V4
7 Q

Test Lead for the N1259A Test Fixture



Force (Gate) on the Inline Package Socket .

4. Connect the High Force of the Module Selector Output to the ter-
minal 2 Force (Drain) on the Inline Package Socket .

5. Connect the High Sense of the Module Selector Output to the
terminal 2 Sense (Drain) on the Inline Package Socket .

6. Connect the Low Force of the Module Selector Qutput to the ter-
minal 3 Force (Source) on the Inline Package Socket .

7. Connect the Low Sense of the Module Selector Output to the ter-
minal 3 Sense (Source) on the Inline Package Socket .

Close the N1259A fixture cover.

mHig

SMedule Selector Ot  Inlin in /P Wigh Voltage Bias —Tee

21




Procedure Id - Vds Measurement

=~ - 1. Click the Application Test tab.
g E gory _vl_ 2. Check the PowerMOSFET category.
£
.D L d
I | S 3. Select Id-Vds (Click the 1d-Vds then click Select [__select %)
[l =
i v Eﬁ -1 4. Confirm that the test parameters as shown in the picture below.
Elosc L _
E Stucture w/| D, Start the measurement. (Click the Single button J)
6. The graph window pops up and the measurement starts.
= Sel »; 7. You can see the Id-Vd graph (See top left of next page).
Id-Vds: Id-WNetF 13
; 8. Since the gate voltage settings are not so good, change the gate volt-
age settings (VgStart =3V, VgStop =5V, VgStep =250 mV)
Secondary Sweep 9. Measure again. (Click the Single button | 1)

YgStart:

22

YgStop:

Gate: |SMU2:HF‘ I

v¥gStep: 230

Ié 10. You can see more details on the graph (See top right of next page).

3.00
’_A EasyEXPERT has many default applications for basic measurements. You
5.00 ,_;E

—j can measure the device easily, by simply selecting the desired application.
With an illustrative user interface, you can intuitively modify the parame-

ters to suit your DUT.

Next, we will perform another measurement, again by simply selecting an

application.
Test Parameters Extended Setup __~
Memo: [
Scale: [LINESR = Primary Sweep
Drain: m
o % vdstart: [0V B
G I E‘? vdstop: 00V &
Secondary Sweep L YdLinearStep: [200mY B
Gate: [SMUZHP <] 2 Idiimit: [LO0A 8]
vgstart: [L0OV &) [(A PdLimit: [200W ]
vgStop: [100v & ;

vgStep: [1.00V W |::| PulsePeriodMode: [AUTO il

ManualPulsePeriod: [S0.0ms @
Source: |GNDU;GNE v[% PulseWidth: |500 us =]



i Agilent

:
=
= Wim
E
g 80m
F00m
600 m
500 m
400 m
2 0m
=
£ Wm
100 m
[}
0 2
Wekain (V) =
= mm
F00
B0
S00
00 m
= 300m
£
£ 20m
100 m
0 .
1] 2 4 E g 10 12 14 16 13 20
Wdrain (A 200 fdiv

Procedure Id(off) - Vds Measurement

Select an application test of Id(off)-Vds.

Change Drain SMU to SMU4:HV

Change IntegTime to MEDIUM.

Open Extended Setup. (Click the Extended setup button

Drain: [SMUZHD - . .
SMUl'HPl Extended setun___~| . The extended setup window will pops up.

vdStart: |z e
SPALIHC
vdStop: [SMULHY

5. Change IgMinRange and IdMinRange to 1 nA.
6. Close Extended Setup. (Click the Close button)

(The settings may be changed for the production version.)
IntegTime: MEDIUM  ~
SHORT

L
Gate: B »

(Exlended Setup |

||Extended Test Parameter
HoldTime: ID s B DelayTime: |D 3 j_] IgLimit: il.lIl ]
IgMinRange: |[1n& x IdZero: |1.DD na il IdMinRange: ilnAl b

23



Test Parameters

D
IntegTime: [MEDIUM ~| G
Gate: [sMUziHP ~|
vd@ldss: [2000v 8 ’
1d@Bvdss: [100uA & |-
vag: m % o

v

Source: |[GNDULGNC "1

Extended Setup

SMU4HY ~

vdstart: 0V |
vdStop: [200.0 V il
YdStep: 200 mV i|
IdLimit: |100 nA E|

7. Confirm that the settings are as shown in the picture above.

8. Start the measurement. (Click the Single button )

9. The graph window pops up and the measurement starts.

10. Since the vertical range of the graph is too large, change it by clicking

the auto scale icon ‘T4 .

5 Agilent

200 u fdiv

Tiran ()
e
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Procedure Id - Vgs Measurement

= 1. Select the application test of Id-Vgs.

G
— Select >> . . . .
& 2. Confirm that the settings are as shown in the picture below.

Id-vgs: Id-vgsth
1d@BYC 3 Start the measurement. (Click the Single button |

4. The graph window pops up and measurement starts.

5. After the measurement is completed, automatic analysis calculates
the Vth and gfsMax.

Test Parameters Extended Setup 2
Memo:

Secondary Sweep
o Drain: [SMU3HC -
Primary Sweep G vdstart: [100V @]
Gate: [SMUZHP +| 2 ydstop: [100V &
vgstart: [0V i X vdpoint: [1 ]
vgStop: 100V | IdLimit: 1004 @
vgstep: [0V ] |

PulsePeriodMode: |&UTO 7]

ManualPulsePeriod: |[30.0ms B

Source: JGNDU!GNE v] 6 PulseWidth: |S00 us #

X-¥ Graph Plot Properties... | | Parameters |
‘i~ Agilent
' MERKER(  4,4000000000E+000 % 3 SEF3S00000E-001 S G 6299900000E-001 £ 1 Ta e
1 1
Intercept: Intercept: wmlm gfsiax 555.?35 ms
-364199 5 EEEETTE
Gradient: Gradient: =
0.9557783 0.9567350 #00 m §‘ ¥th E.81154 W
mm =
600 m
a0 m
annm
) nnm
& mm =2
3
mm =
im cept 38115 0 =
0 1 2 3 4 5 ] 7 b q 10
Yoate (V) 00 jdv < M |[i&]

25



Setup2

Open the N1259A test fixture cover, and connect the test leads and SHV
cables as follows. Refer to the drawing on this page. The numbers on the
drawing correspond to the procedure steps.

1.
2.

Insert the device (2SK3745LS) into the socket on the N1259A.

Using test lead, connect the AUX2 outer shield (GND) to the ter-
minal 3 Force (Source) of the Inline Package Socket.

Using test lead, connect the High Force of the Module Selector
Output to the DC Bias Input Force.

Using test lead, connect the High Sense of the Module Selector
Output to the DC Bias Input Force.

Using test lead, connect the High Guard of the Module Selector
Output to the DC Bias Input Guard.

Using a SHV cable and an adaptor, connect the MFCMU Low out-
put to the terminal 1 Force (Gate) of the Inline Package Socket.

Using a SHV cable and an adaptor, connect the MFCMU High out-
put to the terminal 2 Force (Drain) of the Inline Package Socket.

SyMedule Selector Dutput

- ; WIF A1 U
Ay intine Fu:lu!q-: Socket (1 Pin) M Wigh Voltnge Bins-Te=
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Close the N1259A fixture cover.

’ "

Test Lead for the N1259A Test Fixture SHV cable and SHV-Banana Adaptor

Procedure = Cgd Measurement

anrag s

ﬁ 1. Select the application test of the Cgd.

Confirm that the settings are as shown in the picture bellow.

Start the measurement. (Click the Single button &

The graph window pops up and the measurement starts.

A

If the vertical range of the graph is too large, change it by clicking the

auto scale icon ‘11 .

H [He High | 2/ Scale: [LINEAR vl
Yoltage
Bias-T Drain: |
n e Dx: Biss = G
L] e YdBias:

vdStart:

vdStop: 5000V @)
IntegTime: ISHORT B 6 VdlLinearStep: [1.000V &
Frequency: |1.00MHz | AG Guard IdLimit: [+00ma &)
OscLevel: |30 my W ‘¥%- Agilent
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4
4

Easy Expert has a flexible test environment, Classic Test mode, which of-

fers an interface similar to that of Agilent 4155/56. In this section, we
measure the high-Voltage C-V, which is difficult to measure with the con-

ventional system.

@ Usability of the Classic Test mode
e Highvoltage C-V

@ Flexible measurement setup change

MOS FET (2SK3745LS)

Open the N1259A test fixture cover, and connect the test leads and SHV
cables as follows. Refer to the drawing on the next page. The numbers on
the drawing correspond to the procedure steps.

1. Insert the device (2SK3745LS) into the socket of the N1259A.

2. Using a test lead, connect the terminal 1 Force (Gate) on the
Inline Package Socket to the terminal 3 Sense (Source) on the
Inline Package Socket .

3. Using a test lead, connect the High Force of the Module Selector

y 7

Test Lead for the N1259A Test Fixture SHV cable and SHV-Banana Adaptor



Output to the DC Bias Input Force.

4. Using a test lead, connect the High Force of the Module Selector
Output to the DC Bias Input Force.

5. Using a test lead, connect the High Guard of the Module Selector
Output to the DC Bias Input Guard.

6. Using a SHV cable and an adaptor, connect the MFCMU Low out-
put to the terminal 3 Force (Source) on the Inline Package Socket.

7. Using a SHV cable and an adaptor, connect the MFCMU High out-
put to the terminal 2 Force (Drain) on the Inline Package Socket.

Close the N1259A fixture cover.

/P Wigh Voltage Bias —Tee
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Procedure Coss Measurement

30

E 1. Click the Classic Test tab.
= 2. Select the C-V Sweep.
L
g Multi 3. Configure the Channel definitions as shown below, by selecting re-
fl 5 g y g
g L sources and clicking Delete button (or by using the Add SMU button).
"H'E' E i Channel Setup | Measurement Setup | Function Setup | Auto Analysis Setup | Display Setup |
= Sl e Channel Definition |
IS Sel addsmu | Delete | U | oo |
Sarrpling elect
2 T ¥ Name: I Name: Mode: A Function:
ﬁ Select r‘ iSMUl:HP 1 11 =V ] [consT ~|
C/ e
C-Y Swieep i — o |aMuziep M =2 = |\ |fconsT =l
o |sMuzHC eI =3 = |V _|fconsT |
MUY e [l G =|jconsT | ’
o |ausnE v ||veias = = |fvar1 ~| E:
Channel Defiﬁitiun
addsmu | pekte | o | Down |
Unit: ¥ Name: I Name: Mode: Function:
[sh4:Hy | fds 8 I | v |jwar1 |
[crau:mr | fvBias = = - ||consT |

4. Select the Measurement Setup tab and change settings as shown
below.

Channel Setup  Measurement Setup |Function Setup | Auto Analysis Setup | Display Setup |

C-¥ (VAR1) Signal Source |
. Range
¥ Name: IVdS Q FVEEUtE"CV Add | Delete | Up | Do |
ist: I E—

C -3
Kﬂ il o fime 8 4Dc /
€ Narf: [Coss Q 5

G Name: m F Mame: IFreq g Ad-
vanced

Direction: ISingIe vl AL Level: |3D T EI
Linear ILINEAR I
E& ID Y I

15 k‘u"
S
Compliance: Im Integration Time |
Mo of Step: Iﬁ Mode: [8UTO | Factor: |2 B

Timing

Hold: 05 8| Demv"—_,: 10me g *Gweep |COMTINUE AT &MY _+|status




5. Select the Display Setup tab and change the settings as shown below.

Channel Setup ] Measurement Setup ] Function Setup ] Auto Analysis Setuw

¥-¥ Graph \

rd| | | |

Name: Sharing: g Scale: Mir: Max:
A || | |irear  +] Jov B 15k ]
¥l |Coss j |(N0ne) j |L0g ﬂ |1D pF E |3 nF 5]

List Disply Parameters
ol |\.fds / ﬂ
 |coss -

To add a pararmeter, press the [Add]
button in this area.

6. Start the measurement. (Click the Single button |

7. The graph window pops up and the measurement starts.

8. The graph shows a stable high voltage C-V measurement up to
1500 V.

T Agilent
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Classic Test Mode 2

- Calculate Re from Ib-Vce measurement results.

In this section, we make a classic test mode setup for measuring the Ib-
Vce, using the HCSMU. Auto analysis is then used to calculate the emitter

resistance (Re) .

® Low voltage measurement performance of the HCSMU
® Measurement function

® Analysis Function

Power Bipolar Transistor (MJL4281AG)

Open the N1259A test fixture cover, and connect the test leads as follows.
Refer to the drawing on the next page. The numbers on the drawing corre-
spond to the procedure steps.

1. Insert the device (MJL4281AG) into the socket on the N1259A.

2. Connect the HPSMU2 Force to terminal 1 Force (Base) on the
Inline Package Socket.

3. Connect the HPSMU2 Sense to terminal 1 Sense (Base) on the
Inline Package Socket.

4. Connect the High Force of the Module Selector Output to the ter-

4

¥

’ Q¢

Test Lead for the N1259A Test Fixture



minal 2 Force (Collector) on the Inline Package Socket.

5. Connect the High Sense of the Module Selector Output to the
terminal 2 Sense (Collector) on the Inline Package Socket.

6. Connect the Low Force of the Module Selector Qutput to the ter-
minal 3 Force (Emitter) on the Inline Package Socket.

7. Connect the Low Sense of the Module Selector Output to the ter-
minal 3 Sense (Emitter) on the Inline Package Socket.

Close the N1259A fixture cover.

/P Wigh Voltage Bias —Tee
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Procedure Re Measurement
i saect 3 1 Click the Classic Test tab.
é MeasLr
I 2. Select the I/V Sweep.
=
& .
. 3. Configure the Channel Setup as shown below.
8
" Unit V Name | Name Mode Function
SMU2:HP Vb Ib | VAR1
SMU3:HC  Vce Ice | CONST
Channel Setup ]Measurement setup | Function Setup | Auto Analysis Setup | Display Setup |
|Ehannel Definition
add SMU | Delete | Up | |
Unit: ¥ Name: I Name: Mode: Function:
r o [sMuziHe = |jvb = [h R = |jvar1 |
& |sMuziHC x|z = [lce = w|omst] -]
4. Configure the Measurement Setup as follows.
VART (Ib sweep) Start 1 mA, Stop 100 mA, Step 1 mA
Constants SMU3:HC Source:1 pA, Compliance: 2V
Channel Setup  Measurernent Setup lFunctiDn Setup ] Luta Analysis Setup ] Display Setup
VAR1 |
F.ange
Unit: [SMUZ:HP z]
Mame: |Ib EH ADC [
Direction: |Single - /‘ =g
Linear/Log: |LINEAR - ad |
vanced
Start:
Stop: p
Step:
No of Step: !
Compliance:
Pwsr Comp:
Timing | 1
Hold: |0 = B Delay: 0s B * Sweep |CONTINUE AT AMY j status
Constants | ]
Unit: ¥ Name: I Name: Mode: Source: Dumpw:
SMUZ:HC B|jvce = [lce |l |1 ua Bljzv B :
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5. Click the ADC/Integ button on the Measurement setup. Then config-
ure the A/D converter as follows.
SMU3:HC HSADC
Hi Speed ADC Mode = PLC, Factor =1

A/D Converter & Integration Time Setup
A/D Converter

Unit: Name: ADC: 2 Measurement:
[gmuz:np EB =5 |HR ADC | [compliance side ~|
|EMU3:HC ﬂl\lce §|HS ADC - |Fnrce and Cormpliance Sides j

Integration Time

Mode: Factor: Auto Zero:
High Resolution ADC: [AUTO A3 EIOFF -]
High Speed ADC: |PLCl - [Z]
Close

6. Next, Configure the Display setup as follows.

Name Sharing Scale Min Max
X:  Vce Linear oV 10 mV
Y1: Ib (None) Linear 0A 100 mA
Channel Setup | Measurement Setup | Function Setup | Auto Analysis Setup  Display Setup |
%-Y Graph
)| oakial] iRl \oun|
Name: Sharing:  Scale: i Max:
¥V X |‘ufce j | J ILinear _ﬂ ID\I ﬂ |1EI my !J

© i |Ib Ll |(None) j ILinear _:] IDA ﬂ |1III ma !] —
P
g
£
G
List Display Parameters H

add | Delets up | wwn | Add Delete ' o |
4
C IIb j =
(]
c |vee | 3

To add a parameter, press the [Add]
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Condition
First _
Point Ib=0.04
Second |, _
Point Ib=01

36

7. Start the measurement. (Click the Single button )

8. The graph window pops up, and the Ib - Vce trace is shown in the low

Vce region. -
© 17V Sweep - Acilent EasyEXPERT mE x|
File Edit View Marker Cusor Line Text Pointer Window Help
== [ [T S 3 e =
B-aaf@- BoERYs E-F-EElls
Setup Name:  [[¥ Sweep] b 4
%-¥ Graph Plot Properties...
i Agilent
2 100 m
=
= 9m
S ®m
70m
&0 m
Sm
40m
= 30m
= Am
10m
0
] im Zm im 4m sm om 7m gm 9m 0m
Yee (V) 1.00 m fdiv
List Display Properties...
Index | | e | [
1 1.00000 m# 4,154 m\/ |
2 2,0000 mA 3,164 mv
3 303 m 2774 5

Next we will use Auto analysis to calculate the Re (ohm).

lated from the gradient of the Ib— Vce curve. In this case,

The Re is calcu-

the curve of the

Ib from 40 mA to 100 mA is almost straight, so use the data of that area

and make a regression line,

9. Click the Auto Analysis Setup tab.
10. Check Enable for Line 1.

11.
12.
13.

Select the type of the Regression.

Set the conditions as shown below.

Charnel Setup | Measurement Setup | Furction Setup  Auto Analysis Setup |Displav Setup |

Select the Data Condition for the First Point and the Second Point.

Apply |

4 I~ Interpolation Mode
Line { l |
7 P —
v Enable Type (’ Bz
I Fi  Mormal ¢ Gradj " Tangent Regression I‘f'l 'l
—First Paint
7 % Coordinate Date}ondition
= 004 = [ after = =
econd Point y :
% Coordinate * [ata Condition
= - 01 r = =] = | |
(




14.
15.

Select the Function Setup tab.

Write an Analysis Function (NOT a User Function) as follows.

16.

17.
18.

Name Unit Definition
Re ohm 1/@L1G
add_ | | | | 1=
Unit: Definition:
o |re ‘& [ohm ~l|veLic E| &

Click the Display Setup tab, and add a Parameter of Re.

Parameters /

add { Delete | DI | (0] |

r" |Re / j

Start the measurement. (Click the Single button )

The graph window pops up. After finishing the measurement, two cur-
sors and a regression line are automatically drawn. Then the Parame-
ter of Re is calculated.

© /v Sweep - Agilent EasyEXPERT = = E
File Edit Wiew Marker Cursor Line Text Pointer MWindow Help
= = = = [ - e =
D-aqQ - MeERYEs @-FA-BHEly
Setup Name: |IN SweEEn b4
X-¥ Graph Plot Properties... | | Parameters ‘
75 Agilent CURSCR[ 3.2840000000E-002 WV 3.9610000000E-002 & —— )
Re 40,4020 mohm
1om
Intercept: Intercept:
2 416237 mA
E Gradient: Gradient:
= am
= 2473066
nm
Gm
s0m
Aam
= Wm
=
= wm
om
0 ept: 1.68196 my
0 im 2m am 4m 5m am im am am m
Wi (V) 100m fdv
List Display Properties... | ‘
Index | h| vee | [/
l
1 1.00000 mA 3772 mv e
2 1.9900 mA 3.010 my
3 2.9800 ma 2.680 My [ne
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Convert the Tracer Test Mode setups to the
Classic Test Mode setups
- Seamless setup conversion.

Tracer test mode is an easy, intuitive, and interactive environment for de-
vice measurement, and is useful to tuning the measurement conditions.
B1505A has the function of convert the Tracer test settings to the Classic
test settings. In this section, we use the Tracer test mode to decide the
test condition, and use the Classic test mode for a more detailed measure-

ment and analysis.

® Seamless conversion from the Tracer test mode to the Classic test
mode

@ Store setups to the My Favorite
High Current measurement capability of the HCSMU

Power Bipolar Transistor (MJL4281AG)

The connection of the DUT is exactly the same as for Lab 4. If you are con-
tinuing from Lab 4, you can skip the procedure.

Open the N1259A test fixture cover, and connect the test leads as follows.
Refer to the drawing on the next page. The numbers on the drawing corre-
spond to the procedure steps.

1. Insert the device (MJL4281AG) into the socket on the N1259A.

2. Connect the HPSMU2 Force to terminal 1 Force (Base) on the

V4
7 Q

Test Lead for the N1259A Test Fixture



Inline Package Socket.

3. Connect the HPSMU2 Sense to terminal 1 Sense (Base) on the
Inline Package Socket.

4. Connect the High Force of the Module Selector Output to the ter-
minal 2 Force (Collector) on the Inline Package Socket.

5. Connect the High Sense of the Module Selector Output to the
terminal 2 Sense (Collector) on the Inline Package Socket.

6. Connect the Low Force of the Module Selector Qutput to the ter-
minal 3 Force (Emitter) on the Inline Package Socket.

7. Connect the Low Sense of the Module Selector Output to the ter-
minal 3 Sense (Emitter) on the Inline Package Socket.

Close the N1259A fixture cover.

A\ Wigh Volenge Bins —Tee
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Procedure Save and Recall

1. Click the Tracer Test tab.
2. Click the Sample setup icon and select the BJT - IC-VCE.

3. Click on the VART, VAR2, and CONST title bar to open the detail set-

tings (Full mode). Click on the setting window. e, —_

The mouse cursor changes to a hand icon. You fjj e Click

J can scroll by dragging the mouse. and o0v B
Pulle
s 4. Change setting as shown in the bottom pic- Drag s B
fevese Pulse Width:

BYCED ture.

IC-vCEOQ

—--= 11 b, Start the measurement. (Click the Repeat button ﬁ )

—— -

un
wn
a
o|®
]
=7

Select Stop voltage of the VART and change it to 20 V using the knob
e or the keyboard.

Finish the measurement. (Click the STOP button )

Click the Save to My favorite button. You will see a new icon appear
in the My Favorite Setup.

T

Data Display  Help

B @|1/V Trace Setup Name: [IC-VCE =]
g YAR1 3
E Maode:
= LIN-SGL
E Start:
*E}' ov B
: Stop:
& oy i@
o Step:
= ov YARZ2 %
E NOS: Start:
o u e nma B
g Interlacing: Stop:
2z 10 B 2z0ms B
.Ei Compliance: Step:
'_g 20A W 20 rd
.8 Pwr Comp. : NOS:
L2 OFF B 1A
Pulse Base: o Compliance:
sy B
Pulse Delay: vt Pwr Comp. :
5
Pulsﬂth 8 [
So0us
VARZ ®
B | Start:

i i 8 i <]

Function: Meas.‘e:

Unit: ¥ Name: I Name: Mode:

Pulse Period:

Add
o] [T me

|: e SMUZHP VBE m B m 1w VARZ
e SMUBHC » VCE mm 1 m VPULSE = VARL w
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1
= -
h Pl
i@ Channel 1.,
L il
G| i
v Liet
y
»
T4

We have now saved the Tracer Test mode setup as IC-VCE. You can recall
it under the Tracer Test mode, as well as under the Classic Test mode.
Next we will do that.

(Note that you cannot recall Classic Test setups under the Tracer Test
mode).

9. Click the Classic Test tab.

10. Select the saved setup (IC-VCE) and click the Recall My favorite but-
ton.

11. You will see the setup recalled as a classic test of a Multi Channel 1/V
Sweep.

12. Start the measurement. (Click the Single button s

13. The graph window pops up and the measurement starts.

@| Multi Channel I/ Sweep Setup Name: [IC-VCE =
Channel Setup ]Measurement Setup 1 Function Setup ] Auto Analysis Setup 1 Display Setup ]
Channel Definition |

add sy | | | |
Unit: ¥ Name: I Name: Mode: Function:
¢ |euzae ~|fvee =E = v |[werz B
o fsMuzHC =|fuce = IC E||vPuLsE = |jwer1 =
»
€ IG-VGE - Agilent EasyEXPERT %
File  Edit Wiew Marker Curgor Line Text Paointer Window Help
BEEE  D-aaxXid- &=
Setup Mame:  [IG-VCE|
X-¥ Graph Plot Properties... | |
tx Agilent
20
=
= 18
g
= s
14
12
10
8
= &
24
2
0
0 ) 4 & 8 10 12 14 16 18 20
VCE (V) 200 fdiv
List Display Properties... | |
Index | YCE ic | ol
1 60 LY -25.70 m#, i
2 200,00 my 141408 A
3 399.94 my 1.69824 A
4 500,98 my 1.78990 A
3 799,98 my 1.86654 A el
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Objective Desktop EasyEXPERT is a software for PCs. It offers almost the same envi-
ronment as EasyEXPERT on B1505A. Using Desktop EasyEXPERT, you can
control B1505A from your PC. And more, you can check and analyze data,
collected with B1505A.

B1505A uses the Windows 0S environment. And has high affinity with
other windows software such as Microsoft Excel.
Point ® Desktop EasyEXPERT usability
® Compatibility
@ Export data for other software
Procedure = B1505A to Desktop EasyEXPERT and Excel.
1. Insert a USB memory into the B1505A.
2. Select the measurement data you want to export.
3. Right click and select Transport Data - Export As Test Result. (This is
for Desktop EasyEXPERT.)
4. Save the file onto the USB memory. (Specify the directory and file
name as you desire)
5. Repeat steps 2 though 4 to export the data in CSV format (this time,
selecting Export As CSV... instead of Export As Test Result)
Rds 1d 2009/05/13 19:06:32
¥ el oo/ 13 15511 e o
oy b | Zommens | DT e S
o f - - 57 |
and B mERas | o
Vih VgS(O 'FFL::rspnrt Data : Import... S i = N 'T"J\D.M?
Kiig VgS[O Edit b Export Az Test Result. > L * )
x? 382%8 Propertiss. Ezsg: :z g;G?rassed Test Result.. V w1 FE1Ab
Id(off)-vds e ooreas Sneet. S o
1d(off)-vdls - .
EEO%E?S Tor Fis Export Svie. A
Vﬁ’]o\fgs(ofsf) Folder Export T LB [ivgsaxtr | |
Id(off)vds futo Export Settine . T VOAESRT:  [EasyEXPERT Test Result Files ~] ﬂl@

1Al ~FF A
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i R g e A 1 e
11 S — N 2009/05/13 18:50:50
1 VQS( Tranzport Data ¥ Import.
14%gs(g  Edit ¥ Export fiz Test Result..
T Export Az Compresszed Test Result.
! VQS[: Froperties.. Export fz CEW. l
! VQS(O Expart #z XML Spread Sheet..
Off:l'VdS Expart in My Format.
A

6. Remove the USB memory from B1505A. (Important: Before removing
the USB memory, Please follow the safely remove procedure of the
Windows 0S.)

Safely remove USB Mass Storage Device - Drive(F:)
Safely remove Generic Marvell Yukon 88E8052 based Ethernet Controller
1 UE@Y = wmm

|

7. Turn on your PC and start Desktop EasyEXPERT.

8. Inserta USB memory into your PC.

9. Rightclick on a Results field.

10. Select Transport Data - Import.

11. Right click the transported data and select Display Data.
12. The graph window pops up.

’% = | K Feun Rovh Tmport =8
Import.. Frd AT [ TestReaits | -Bo R
-~ |F\a chup MName ! e £l
, SR ==
Gancel il
Faoke?
4 Pt
l Text File Export Setting.. & !—;J
 Tta-s
Filter ! , 2
Tranzport Data  *  Auto Export Setting . 1
o 3540-0
BT E e I g | o |
Praperties.. PrANOAT  [EayExPERT Compressed) Test Fesut Fies =) AT |
© 19-ves [0 2009/06/13 19020561 - Agilent LasyEXPERT
B B M Baer Grr e Tod Do kw0
I Fo I . I r. [ 110 - B
BEEEEZD-Qaf@- DEEEMN &
Sewp Nome 3G [(1) ] 2005/05/13 15:02°56] x ‘
Progedrties.,. Em&
5 Aailn
MASKEAL ARG Y VAT ST e A ) w B .
1 ) 1
g [ = afsMax s 738 ms | F|ag | Setup Mame
Gl prashy .
AT 9T " vth prtsav Id VQS
- Cancel
wom
a;m
'y wn Unzelect All
£ mn B
- E] 0
wm Dizplay Data
in | o
] 2 3 4 5 & 1 1 ¢ = Recall
Ve () e < s T — S
[FToey Proeren Fitter i’
ircox_| vekan | ko | wigit | lgats | gfel =
1 000 v £4 A oy 150 ua 120000000 ms
2 1000082 v 118 s 000 v S0 ua 0. DOOOO00 S
3 eTe2 v TTua 20,0 my 485 ma 55 0000000 usS -
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13. Start an Excel on your PC.
14. Load the saved CSV file.

15. Select the area for which you want to see a graph.

16. Click the graph button &l to plot the graph. (Select the graph type,
change graph properties, etc.)

|| Microsoft Excel - Id-Ves [(1) : 20090513 19 02 6561csv M=%

HE] SrLE) REE BRW HAC EFRO U@ Fo80) aubod aldH -8 x
§ S PTeh - -|B 7 U] =55 o o Eo S ACE
HENEA~ BERE IR RN NN R i SISl NN I i LI )
A1 it A
A I B | ¢ [ o [ e T ¢ [ & | H 1=
1

| 2 |SetupTitle | Id-Yes
| 3 |Application’ Ti-Yas Public
4 |TestParam Name e o HoldTime PulseBase PulseAug Gate WeStart
5 |TestParam “alue ol o] 1 SMUZ:HPH C
G |DutParame Name Polarity Temp hAxisgfah YAxisgfshax
|7 |DutPararme Value ] 25 0.00m 1]
| & |MetsData TestRecor true
9 |MetaData  TestRecor 0571372009 19:02.56
| 10 |MetaData | TestRecol

MetaData = TestRecol 1
MetaData = TestRecol true
MetaData  TestRecal

r\)|4

1

o

| 14 |MetaData | TestRecol ISOE L AU ISSEEe ) LU W s
15 |MetaData  TestRecoi 5e5521ef-5a8d-45c1 —aefa-c0260f41 dd32 siond 1 10 10 101 1019 101
16 |AnalysisSe: Analysis 5 true QA 1 1 1 1 1
ii:z:ﬁ:zgz ﬁ:z:ﬁ:z g‘ :-_, Igate Idrain Wdrain Ta afs g
| 19 |AnalysisSe Analysis S 1 0.0015 —640E-05 1000054 25 000182
| 20 lAnalysisSe! Analysis.St Vgate 1 SO00E-05 0000118 1000252 25 0.000705
O i @) o8 013 1800 - sif e 02 -000485 770E-05 899762 25 000086
Tk HLIM alue 03 -0.00985 4.70E-05 1000314 25 0.0001485
alue 04 -00148 000011 998532 25 000021
alue 05 001875 BH0E-05 1000594 25 000026
alue 08 -0.02475 58005 959952 25 -0.00055
alue 07 00287 —290E-05 959456 25 00005
alue 08 -00347 BH0E-05 0.5597 25 000021
alue 05 -003%75 1.30E-05 959578 25 -0.00034
alue 1 -0.04465 2410E-05  5.95852 25 —5.00E-06
alue 11 -004596 1.20E-05 959364 25 1.00E-05
alue 1.2 -0.08455 230E-05 955302 25 —5.00E-05
1.3 -0.08855 Z2.00E-05 1000458 25 0.000145
Id-vg 1.4 -0.06455 B20E-05 955732 25 0.000105
o -008§95 23002 1000136 25 —0.00081
1 E+00 1 -0.0745 —680E-02 989732 25 -000M 5
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