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(6.2
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-2 -18 -1.6 -14 -1.2 -1 -0.8 -0.6 -0.4 -0.2 0
" 0.00E+00
— /J// -5.00E-11
] $ _1.00E-10
-1.50E-10
-2.00E-10
z
-2.50E-10
-3.00E-10
-3.50E-10
-4,00E-10
-450E-10
-5.00E-10
W)
(63) SAMPLE2 pn )
(6.3) (6.2)
1.0E-12(A)
1.00E+00
1.00E-01
1.00E-02
1.00E-03
1.00E-04
= 1.00E-05
1.00E-06
[
1.00E-07 —
,/_/——_—
100E-08 [
——
100E-09
1.00E-10 r~”""_'
1.00E-11
1.00E-12 *
0 5 10 15 20 25 30 35 40 45
W)
(64) SAMPLE2 pn )
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2-2
2-4
—2-5
2-6




1.00E-06

9.00E-07

8.00E-07

7.00E-07

6.00E-07

5.00E-07

4.00E-07

3.00E-07

2.00E-07

1.00E-07

2-1 2-6

. pn

0.00E+00 ===

(65) SAMPLE2 pn
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1.00E+00
1.00E-01
1.00E-02
1.00E-03
1.00E-04
1.00E-05
< 1.00E-06
1.00E-07
1.00E-08

1.00E-09

1.00E-10

pn

1.00E—ll/
1.00E-12
0 0.05 0.1 0.15 02 0.25
V)
(66) SAMPLE2 pn (
6.3.3
31 3-6
-45 -40 -35 -30 -25 -20 -15 -10 -5
. ..._,_,_._._..,.,44._.,.,%—0#*‘*""""“""‘

03

0
¥ 0.00E+00

-1.00E-08

-2.00E-08

-3.00E-08

-4.00E-08

-5.00E-08

-6.00E-08

-7.00E-08

-8.00E-08

-9.00E-08

(6.7) SAMPLE3 pn

V)
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6. pn
V)
-0.2 -0.18 -0.16 -0.14 -0.12 -01 -0.08 -0.06 -0.04 -0.02 0
i i i | | i i IM 4 0.00E+00
41*“—4 i / -1.00E-10
— — / -2.00E-10
/ / -3.00E-10
- -4.00E-10 [——5—7
= —— 3-2
-5.00E-10 |—+3-3
3-4
—— 3-5
/ [ -6.00E-10 16
/ / -7.00E-10
/ ’ -8.00E-10
l -9.00E-10
/ -1.00E-09
(68) SAMPLE3 pn ( )
1.00E+00
1.00E-01
1.00E-02
1.00E-03
1.00E-04
= 1.00E-05 —2-1
< — 3-2
1.00E-06 —3-3
3-4
1.00E-07 o
]
1.00E-08 p==—r]
.--""_"_’—/_'_'_
1.00E-09
[ I E—
100E-10 p==——
100E-11
L1.00E-12 |
0 5 10 15 20 25 30 35 40 45
V)
(6.9) SAMPLE3 pn ( )
(6.9)

2-1

2-2
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1.00E+00

1.00E-01

1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

1.00E-07

1.00E-08

1.00E-09 d

1.00E-10

1.00E-11

1.00E-12

1.00E-13

1.00E-14

1.00E-06

9.00E-07

8.00E-07

7.00E-07

6.00E-07

(A)

5.00E-07
4.00E-07
3.00E-07
2.00E-07
1.00E-07

0.00E+00

6.4.

6.4.1 SAMPLE2(n-type Ref)

. pn

\

0 0.05

(6.10) SAMPLE3 pn

02
V)

0.25

03

0 0.05

(611) SAMPLE3 pn

SAMPLE (n-type Fe
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——3-3
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6. pn

SAMPLE2 SAMPLE Fe
2.3E13cm-3
SAMPLE2-1 SAMPLE3-1 -5V
SAMPLE2-1 SAMPLES3-1
Fe
Fe Ev
0.4eV  0.55eV ( )
6.4.2 SAMPLEZ2-1 SAMPLE
SAMPLE2-1 (SAMPLE3 ) SAMPLE
SAMPLE2-1 (6.12) (6.13) YA
SAMPLE 2-1 pn -LEAK
I é 0.00E+00
» - -5.00E-08
W
g ¥ - -1.00E-07
w»o“"‘"‘waw
.dv"“ - -1.50E-07
t*"wH
»(". - -2.00E-07
r«J
e
,/ T Y Y I Y S
]
,‘ -3.00E-07
’f -350E-07
Ry
-1 -4.00E-07
| Y Y Y Y T Y Y A A A |
LT L 45007
-45 -40 -35 -30 -25 -20 -15 -10 -5 0

(6.12) SAMPLE2-1 pn
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SAMPLE2-1 pn

0.E+00

M’ 5E-08
e 1E-07

fﬂ‘ 2E-07

<
/J}‘r 2E-07 §
7 3E-07 %
fi 3E-07
f 4E-07
1 4E-07
5E-07
(6.13) SAMPLE2-1 pn ( )
(6.12) 2
2
pn
(3.34)
Iz t1,=2l, enge LS g*éin,f 25 t, +V)
KT o 2 t, YaN, (334)
pn
SAMPLE2-1
SAMPLE3-2
Fe
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MOS
CV (PSC-V )

7.1.

711

PSC-V

(7.1) PSCV

(GCD)

(GCD)

GCD

GCD

C-vVv
CV (PSCV )

C-v

Zelbst

(7.1) PSCV CcVv
! tm !
¢
VIY >y, \ t
I I
I r\d
I I
! 1 \b
I I
I I
a | | o
| | "
I I
(7.2) PSC-V

-56-

(7.2) PSC-V



(7.0)

7. (GCD)
(7.2)
c-v
(7.2) a-c
(7.2) (7Dc
(7)) AV
Q=N>q=C,, DV =_etie° DV
N: tox € ox:
712 PSC-V
Imos tm
I — mS
MOsS™ T,
tm
tm (7.2
pn Ipn GCD
_ _DQ
|GCD_IMOS+Ipn_ S-'-Ipn
tm
PSC-V
7.2. GCD
(7.0 GCD
)
SAMPLE 2-12 4-12
GCD GCD
MOS 8.86E-3cm”2 | 8.86E-3cm”2
PN 25E-7cm™-2 | 25E-7cm™-2
n n
10Q cm 10Q cm
4.0E14cm”-3 | 4.0E14cm”-3
Fe
2.3E11cm”-3
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7. (GCD)

721 GCD
(7.3)
G
T HASLISISSS SIS
ntype
(7.3) GCI;
7.3.
GCD
GCD
5.2.
YHP4141B
MOS
a) ( )
b) -3V +4V
©) STEP 0.1V
d)HOLD TIME STEP DELAY TIME 100s 2s
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7.4.
74.1

(GCD)

5.2.
GCD

742 SAMPLE2-12

0.000000001

9E-10

8E-10

7E-10

6E-10

®

5E-10

4E-10

3E-10

2E-10

1E-10

0

—e—PNJ -1
= PNJ -2
PNJ -3

2-12
SAMPLE 2-12
",,V”"'M
e . »‘y).’l’ =
..‘Al”Lv ot
*‘~"¢‘*¢{,4"""
| aterooaroatettr™]
-4 -3 -2 -1 0 1 2 3
GATE (V)

(7.4) SAMPLE2-12 GCD
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7. (GCD)

SAMPLE 2-12 GCD PN JUNCTION LEAK CURRENT

-40 -35 -30 -25 -20 -15 -10 -5 0

E 0.00E+00

}- -5.00E-10

at -L100E-09

.W'M

[ -150E-09

- -2.00E-09

/'.“',r -2.50E-09
»¥

-3.00E-09

"d“" -3.50E-09

-4.00E-09

(75) SAMPLE2-12 GCD pn

SAMPLE2-12 GCD MOS C-V CHARACTERISTICS

LeakCurrent(A)

il

—— SAMPLE= 2-12 N-type
Cox=255.306(pF) /

C/Cox

08

07

06

05

04

03

02

01

Dope=Ref

GATE(Volt)

(7.6) SAMPLE2-12 GCD MOS -
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7. (GCD)

¢ #12,N-Ref,Vg=-3to3v

14

12

L J

L 3

08 -

v;x8.0E11/cm”2)
®

06 +

04 2

02 S

O 1 1 1 1
0 500 1000 1500 2000

2500

3000

(7.7) PSC-V

743 SAMPLEA4-12

SAMPLE4-12

0.000000005

4.5E-09

0.000000004

3.5E-09

< 0.000000003

N\'h

2.5E-09

0.000000002

1.5E-09

0.000000001 [———f"stasasas S B

5E-10

0

-4 -3 -2 -1 0 1 2

(7.8) SAMPLE4-13 GCD
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(GCD)

SAMPLE 4-12 pn -LEAK

0.00E+00

-1.00E-09

-2.00E-09

-3.00E-09

-4.00E-09

-5.00E-09

LEAK Current(A)

-6.00E-09

-

-7.00E-09

-8.00E-09

-45

0.2

0.1

-40 -35 -30 -25 -20

(79) SAMPLE4-13 GCD pn

-9.00E-09
-15 -10 -5 0

SAMPLE 4-12 C-V CHARACTERISTICS

—— SAMPLE= 4-12 N-type

Cox=267(pF)

Dope=Fe 2.3E11cm-3

[oas st dadaf o daaaariiy
il

/‘

AAAAAAAAA

-2 -1 0
BIAS(VOLT)

(710) SAMPLE4-13 GCD
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7. (GCD)
7.5.
(7.11)
MOS
MOS
| |
| |
:f A Nl :
< ' s
N — 4
L k\x?
| - PNJ= -3V
i i
£ N PNJE -2V
= : 3
O |
------- R PNJ= -1V
¥ . .
- | | ! genpn
| |
P Gate (V)
(7.11) GCD (pn )
(7.11)
PSC-V
@ )
PSC-V
E-12(A)
E-10(A) GCD MOS
MOS
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7. (GCD)

(7.12)

(712) pn GCD

(7.12) MOS n

32) ( )
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1.0E-12(A)

WAIT

pn

GCD MOS
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10.

10.

1) SM. " " (1987)
2) .
" (1992)
3) " " (1995)
2) 2 ! (1985)
5) " " (1986)
6) A.S.Grove M
" (1995)
7 " " (1992)
8) B.G.Streetman
(1991)
9 " " (1997)
10) . " (1988)
11) SKawazu,T.Matsukawa and H.Nakata "Pulse Scanning C-V Technique for The Analysis of
Carrier Generation in Silicon",Electro-chamical Society Spring Meeting Extended Abstract
pp622-633
12) M.Zelbst,"Relaxation Effects at Semiconductor-Insulator Interfaces’,Z.angew.Phys.,Vol.22
(May 1966),pp30-36
13) W.shockley:"The Theory of p-nJunctionin Semiconductorsandp-nJunctionTransistors"
14) Siegfried Selberher:"Anaysis and Simulation of Semiconductor Device' Springer-Verlay
WienNewY ork.
15) Adgilent Technologies -
MOSFET "AgilentTechnol ogi es(2000)
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(11.1)

WAIT
5
|
ENTER
HP4141B—AS
|
R AS
RBinaly—ASCIl
HPA141B )0 8 2
|
Zr A4 ANEE
DATA.TXT
e
DATATXT
oTruUT
EEMNR Compl
A—72
NEp% z

A—TF]

HARE Vi)
Vi=J-1

11.

oOuU™™uUT
Vé0 LOCAL
I BCHSmu(K) WATT
Smr=K 10e
| I
OUTPUT nN—F
AR vd z

(11.1)

-68-



11.

11.2. HPA141B SELF TEST

10

20

30

40

50

60

70

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300

HP4141B

|
| YHP4141BSELF TEST PROGRAM
!
CLEAR SCREEN

DIM AS$[30]

INTEGER Hp4141

Hp4141=723

OUTPUT Hp4141;"CL" | HP4141ALLCLEAR

PRINT "PLEASE WAIT!"

OUTPUT Hp4141;"TS" | HP4141 SELFTESTSTART

WAIT 12

OUTPUT Hp4141;"TR" | HP4141TESTRESULTTO BUFFER
ENTER Hp4141,A$

CLEAR SCREEN

PRINT "HP4141B TEST RESULT =":A$[1,15];

PRINT " "

PRINT " Format: S1(status) S2(status) S3(status) S4(status) "
PRINT " S1 to S4correspondto SMU1to4,respectively "
PRINT " Status: 0: No error "

PRINT " 1. V offset error "

PRINT " 2: | offset error "

PRINT " 3: | lesk error "

PRINT " 4; V range error

PRINT " 5: | range error

PRINT " 6: I-in offset error "

PRINT " 7: Loop change detector error "

PRINT " 9: Communicationerror"

OUTPUT Hp4141;"CL" | HP4141ALLCLEAR

LOCAL Hp4141
END
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11.

11.3. HPA4141B

0 !
20 I This program use YHP4141B
40 ! HP4141B 05V Vias add system
50 !
60 ! HP4141 SET UP
70  CLEAR SCREEN
80 DIM V(100)

90 DIM A3$[30]

100 INTEGER Hp4141
110 INTEGER Smu
120 Hp4141=723

130 OUTPUT Hp4141;"CL" ! HP4141ALLCLEAR

140 OUTPUT Hp4141;"1T1" IINTERGRATION TIME : SHORT

150 OUTPUT Hp4141;"BDO" ! DATA FORMAT : ASCII

160 OUTPUT Hp4141;"DZ0" ! ALLCHOUTPUTVOLTAGE 0

190 OUTPUT Hp4141;"RI10" I SMU1 CURRENTMONITORRANGE:AUTO
200 OUTPUT Hp4141;"RI20" I SMU2 CURRENTMONITORRANGE:AUTO
210 OUTPUT Hp4141;"RI30" I SMU3 CURRENTMONITORRANGE:AUTO
220 OUTPUT Hp4141;"RI40" I SMU4 CURRENTMONITORRANGE:AUTO
230 Compl=1.0E-6 I CURRENT RIMITTER

240 !

250 !'MeasurementPROGRAM!

260 !

270 FORZ=1TO1 I NUMBER OF REPEAT

290 Vout=5 I OUTPUT VOLTAGE FUNCTION

300 FORK=1TO4 I MEASUREMENT SMU NUMBER

310 Smu=K

320 OUTPUT Hp4141;"DV";Smu;",0,";Vout;",";Compl;"" | OUTPUT VOLTAGE HP4141
330 WAIT 15

340 OUTPUT Hp4141;"TI";Smu ! TRIGGER | MEASUREMENT ( Triggers a single CH
current measurement )

350 OUTPUT Hp4141,"TM1" I TRIGGER MODE:INTERNAL

360 ENTER Hp4141;A$

370 !

380 'HANDLE THEENTERDATA

390 !
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11.

400 PRINT "OUTPUT DATA Vout=";Vout;"(V) SMU";Smu;"=";A$;"" ! PRINT OUTPUT
DATA

410 |IFA$[11]="N" THEN530

420 PRINT "SMU";Smu;"I SERROR STATUS: ";A$[1;1];""

430 OUTPUT Hp4141;"DZz0" I ALLCHOUTPUTVOLTAGE O

440  PRINT "STATUS T : Anocther (not assigned to measure) channel has reached
compliance" ! error messege

450 PRINT " C : This channel has reached compliance " I error
messege

460 PRINT " X : This channdl is oscillating " I error
messege

470 PRINT " V : AD converter is saturated in voltage measurement.” ! error messege
480 PRINT " The <value> is +149.99E+00 or -149.99E+00. " 1 error
messege

490 PRINT " D : SMU shutdown (SMU will not output during a sweep)." ! error
messege

500 PRINT " W : Sweep source data. "1 error
messege

510 PRINT " E : Last sweep source data. "1 error
messege

520 GOTO 650

530 Cur(K)=VAL(A$[4,14]) ICURRENTSAVEBUFFER

540 NEXT K

550  PRINT "Vout=";Vout;" SMU1=";Cur(1),"(A) SMU2=";Cur(2)"(A) SMU3=";Cur
G)"(A) SMU4="Cur(4)" (A)"

560 NEXT zZ

570 PRINT" "

580 PRINT "t ATTENTION e

590 PRINT"HP4141ADDCHARGINGVOLTAGENOW!"

600 PRINT " PLEASE DON'TTOUCH HP4141B NOW

610 PRINT " PLESSENTERTOEND"

620 INPUT W

630 OUTPUT Hp4141,"DZ0" ' ALLCHOUTPUTVOLTAGE O
640 PRINT"ALLCHANNEL VOLTAGEO!"

650 END
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11.

11.4.

0 !

20 I This program use YHP4141B

30 I Leak currentmeasurementsystem for S wafer
40 ! Trigger Mode : Selects internal or external trigger
50 !

60 ! SETPUP HP4141
70  CLEAR SCREEN
80  DIM V(100)

9  DIM AS$[30]

100 INTEGER Hp4141
110 INTEGER Smu
120 Hp4141=723

130 OUTPUT Hp4141;"CL" ! HP4141ALLCLEAR

135 OUTPUT Hp4141;,"CM1" I HP4141AUTO CALIBRATION

140 OUTPUT Hp4141;"IT3" IINTERGRATION TIME : LONG

150 OUTPUT Hp4141;"BDO" ! DATA FORMAT : ASCII

160 OUTPUT Hp4141;"DZz0" ' ALLCHOUTPUTVOLTAGE O

170 CREATE "DATA.TXT",512

180 ASSIGN@X TO "DATA.TXT";FORMAT ON ! CREATE FILE

190 OUTPUT Hp4141;"RI10" I SMU1 CURRENTMONITORRANGE:AUTO
200 OUTPUT Hp4141;"RI20" I SMU2 CURRENTMONITORRANGE:AUTO
210 OUTPUT Hp4141;"RI30" I SMU3 CURRENTMONITORRANGE:AUTO
220 OUTPUT Hp4141;"RI40" I SMU4 CURRENTMONITORRANGE:AUTO
230 Compl=1.0E-6 I CURRENT RIMITTER

240 !

250 !'MeasurementPROGRAM!

260 !

270 FORZ=1TO1 I NUMBER OF REPEAT

280 FOR X1 TO 10 IMEASUREMENT FUNCTION

290 Vout=(J}1) I OUTPUT VOLTAGE FUNCTION

300 FORK=3TO3 I MEASUREMENT SMU NUMBER

310 Smu=K

320 OUTPUT Hp4141;"DV";Smu;",0,";Vout;",";Compl;"" ! OUTPUT VOLTAGE HP4141
330 WAITS

340 OUTPUT Hp4141;"TI";Smu ! TRIGGER | MEASUREMENT ( Triggers a single CH
current measurement )
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350 OUTPUT Hp4141;,"TM1" I TRIGGER MODE:INTERNAL

360 ENTER Hp4141,A%

370 !

380 !'HANDLE THEENTERDATA

390 !

400 PRINT "OUTPUT DATA Vout=";Vout;"(V) SMU";Smu;"=";A$;"" ! PRINT OUTPUT
DATA

410 |IFAS$[11]="N" THEN440

420 PRINT "SMU";Smu;"I SERROR STATUS: ";A$[1;1];""

421 OUTPUT Hp4141;"DZz0" I ALLCHOUTPUTVOLTAGE O

422  PRINT "STATUS T : Ancther (not assigned to measure) channel has reached
compliance" ! error messege

423  PRINT " C : This channel has reached compliance " I error
messege

424 PRINT " X : This channdl is oscillating " I error
messege

425 PRINT " V : AD converter is saturated in voltage measurement.” ! error messege
426  PRINT " The <value> is +149.99E+00 or -149.99E+00. " 1 error
messege

427 PRINT " D : SMU shutdown (SMU will not output during a sweep)." ! error
messege

428 PRINT " W : Sweep source data. "1 error
messege

429  PRINT " E : Last sweep source data "1 error
messege

430 GOTO 540

440 Cur(K)=VAL(A9%[4,14]) ICURRENTSAVEBUFFER

450 NEXT K

460  PRINT "Vout=";Vout SMUI=";Cur(1)"(A) SMU2=";Cur(2);"(A) SMU3=";Cur
()" (A) SMU4=";Cur(4)" (A)"

470 OUTPUT @X;Vout,Cur(1),Cur(2),Cur(3),Cur(4) ! OUTPUTDATAFILE

480 NEXT J

490 WAITO
500 OUTPUT Hp4141;"DZ0" ! ALLCHOUTPUTVOLTAGE O
510 WAITO
520 OUTPUT Hp4141;,"DZ0" ! ALLCHOUTPUTVOLTAGE O
530 NEXTZ

540 LOCAL Hp4141
550 BEEP 1000,.5
560 WAIT.5
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570
575
576
577
580
590

BEEP 1000,.5
WAIT.5
BEEP 1000,.5
WAIT.5
BEEP 2000,2
END
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11.5. GCD

10

20

30

40

50

60

70

80

90

100
110
120
125
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350

GCD

11.

I This program use YHP4141B and TR6150
I Leak currentmeasurementsystem for S wafer GCD

! Trigger Mode : Selects internal or external trigger

| HP4141 SET UP
CLEAR SCREEN

DIM V(100)

DIM AS$[30]

INTEGER Hp4141
INTEGER Smu
Hp4141=723
Tr6150=715

OUTPUT Hp4141;"CL"
OUTPUT Hp4141;"CM1"
OUTPUT Hp4141;"1T3"
OUTPUT Hp4141;"BD0"
OUTPUT Hp4141;"DZ0"
OUTPUT Hp4141;"RI10"
OUTPUT Hp4141;"RI20"
OUTPUT Hp4141;"RI30"
OUTPUT Hp4141;"RI40"
Compl=1.0E-6

!
IMeasurementPNJ-0.1V
|

FORZ=1TO 1

CREATE "GCD-01.TXT",512
ASSIGN@X TO "GCD-01.TXT";FORMAT ON
OUTPUT Tr6150;"HV5L0L4D-3.1E"

WAIT 100

FOR JF1TO 71
Vout=(F1)*.1-3
FORK=3TO3
Smu=K

OUTPUT Tr6150;"HV5L0L4D";Vout;"E"

I HP4141ALLCLEAR

I HP4141AUTO CALIBRATION
IINTERGRATION TIME : LONG

! DATA FORMAT : ASCII

! ALLCHOUTPUTVOLTAGE O
I SMU1 CURRENTMONITORRANGE:AUTO
I SMU2 CURRENTMONITORRANGE:AUTO
I SMU3 CURRENTMONITORRANGE:AUTO
I SMU4 CURRENTMONITORRANGE:AUTO

I CURRENT RIMITTER

I NUMBER OF REPEAT

I CREATE FILE
! GATE TR6150-3.1V CHARGE UP

IMEASUREMENT FUNCTION

I OUTPUT VOLTAGE FUNCTION

I MEASUREMENT SMU NUMBER

! GATETR6150-3TO3V
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360 WAIT1

370 OUTPUT Hp4141;"DV";Smu;",0,";-.1;",";Compl;"" I'PNJ SMU1 -0.1V

380 WAIT?2

390 OUTPUT Hp4141;"TI";Smu ! TRIGGER | MEASUREMENT ( Triggers a single CH
current measurement )

400 OUTPUT Hp4141;"TM1" I TRIGGER MODE:INTERNAL

410 ENTER Hp4141;,A$

420 !

430 'HANDLE THEENTERDATA

440 !

450 PRINT "OUTPUT DATA PNJ=-0.1(V) GATE=";Vout;"(V) SMU";Smu;"=";A$;"" !
PRINT OUTPUT DATA

460 |FAS$[11]="N" THEN580

470 PRINT "SMU";Smu;"I SERROR STATUS: ";A$[1;1];""

480 OUTPUT Hp4141;"DZz0" I ALLCHOUTPUTVOLTAGE O

490 PRINT "STATUS T : Ancther (not assigned to measure) channel has reached
compliance" ! error messege

500 PRINT " C : This channd has reached compliance " I error
messege

510 PRINT " X : This channel is oscillating " I error
messege

520 PRINT " V : AD converter is saturated in voltage measurement.” ! error messege
530 PRINT ™" The <value> is +149.99E+00 or -149.99E+00. " 1 error
messege

540 PRINT " D : SMU shutdown (SMU will not output during a sweep)." ! error
messege

550 PRINT " W : Sweep source data "1 error
messege

560 PRINT " E : Last sweep source data "1 error
messege

570 GOTO 1940

580 Cur(K)=VAL(A%[4,14]) ICURRENTSAVEBUFFER

590 NEXT K

600  PRINT "PNJ=-0.1(V) GATE=";Vout;"(V) SMU1=";Cur(1);"(A) SMU2=":Cur(2);"
(A) SMU3=";Cur(3)"(A) SMU4=";Cur(4)," (A)"

610 OUTPUT @X;Vout,Cur(1),Cur(2),Cur(3),Cur(4) ! OUTPUTDATAFILE

620 NEXTJ

630 OUTPUT Hp4141;"DZ0" | ALLCHOUTPUTVOLTAGE 0

640 NEXT Z

650 WAIT 1
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660 !

670 !MeasurementPNJ-1V

680 !

690 FORZ=1TO1 I NUMBER OF REPEAT

700 CREATE "GCD-1.TXT",512

710 ASSIGN@Y TO "GCD-1.TXT";FORMAT ON | CREATE FILE

720 OUTPUT Tr6150;"HV5L0L4D-3.1E" ! GATE TR6150-3.1V CHARGE UP
730 WAIT 100

740 FORJF¥1TO 71 IMEASUREMENT FUNCTION

750 Vout=(J1)*.1-3 ' OUTPUT VOLTAGE FUNCTION

760 FORK=3TO3 I MEASUREMENT SMU NUMBER

770 Smu=K

780 OUTPUT Tr6150;"HV5L0L4D";Vout;"E" ! GATETR6150-3TO3V
790 WAIT1

800 OUTPUT Hp4141;"DV";Smu;",0,";-1;",";Compl;"" I'PNJ SMU1-1V
810 WAIT 2

820 OUTPUT Hp4141;"TI";Smu ! TRIGGER | MEASUREMENT ( Triggers a single CH
current measurement )

830 OUTPUT Hp4141;"TM1" I TRIGGER MODE:INTERNAL

840 ENTER Hp4l141;A%

850 !

860 !HANDLE THEENTERDATA

870 !

880 PRINT "OUTPUT DATA PNJ-1(V) GATE=";Vout;"(V) SMU";Smu;"=";A$;"" !
PRINT OUTPUT DATA

890 IFAS$[1;1]="N" THEN1010

900 PRINT "SMU";Smu;"ISERROR STATUS: ";A$[1;1];""

910 OUTPUT Hp4141;"DZ0" ! ALLCHOUTPUTVOLTAGE 0

920 PRINT "STATUS T : Ancother (not assigned to measure) channel has reached
compliance" ! error messege

930 PRINT " C : This channel has reached compliance " I error
messege
940 PRINT " X : This channel is oscillating " I error
messege
950 PRINT " V : AD converter is saturated in voltage measurement.” ! error messege
960 PRINT " The <value> is +149.99E+00 or -149.99E+00. "1 error
messege
970 PRINT " D : SMU shutdown (SMU will not output during a sweep)." ! error
messege
980 PRINT " W : Sweep source data. "1 error
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messege
990 PRINT " E : Last sweep source data "I error
messege

1000 GOTO 1940

1010 Cur(K)=VAL(A$[4,14]) I CURRENT SAVE BUFFER

1020 NEXT K

1030 PRINT "PNJ-1(V) GATE=";Vout;"(V) SMUL1=";Cur(1);"(A) SMU2=";Cur(2);"
(A) SMU3=";Cur(3);"(A) SMU4=";Cur(4)," (A)"

1040 OUTPUT @Y;Vout,Cur(1),Cur(2),Cur(3),Cur(4) ! OUTPUTDATAFILE

1050 NEXTJ

1060 OUTPUT Hp4141;"DZz0" ! ALLCHOUTPUTVOLTAGEO
1070 NEXT zZ

1080 WAIT 1

1090 !

1100 ! MeasurementPNJ-2V

1110 !

1120 FOR Z=1TO1 ! NUMBER OF REPEAT

1130 CREATE "GCD-2.TXT",512

1140 ASSIGN@Q TO "GCD-2.TXT";FORMAT ON | CREATE FILE

1150 OUTPUT Tr6150;"HV5L0L4D-3.1E" ! GATE TR6150-3.1V CHARGE UP
1160 WAIT 100

1170 FOR ¥*1TO 71 IMEASUREMENT FUNCTION

1180 Vout=(J1)*.1-3 ' OUTPUT VOLTAGE FUNCTION

1190 FOR K=3TO 3 I MEASUREMENT SMU NUMBER

1200 Smu=K

1210 OUTPUT Tr6150;"HV5L0L4D";Vout;"E" I GATETR6150-3TO3V
1220 WAIT 1

1230 OUTPUT Hp4141;"DV";Smu;",0,";-2;",";Compl;"" I'PNJ SMU1-2V
1240 WAIT 2

1250 OUTPUT Hp4141;"TI";Smu ! TRIGGER | MEASUREMENT ( Triggers a single CH
current measurement )

1260 OUTPUT Hp4141;,"TM1" I TRIGGER MODE:INTERNAL
1270 ENTER Hp4141,A%

1280 !

1290 'HANDLE THEENTERDATA

1300 !

1310 PRINT "OUTPUT DATA PNJ=-2(V) GATE=";Vout,"(V) SMU";Smu;"=";A$;"" !
PRINT OUTPUT DATA

1320 IFAS$[1;1]="N" THEN1440

1330 PRINT "SMU";Smu;"I SERROR STATUS: ";A$[1;1];""
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1340 OUTPUT Hp4141;"DZ0" ' ALLCHOUTPUTVOLTAGEO
1350 PRINT "STATUS T : Another (nhot assigned to measure) channel has reached
compliance" ! error messege

1360 PRINT " C : This channel has reached compliance " I error
messege

1370 PRINT " X : This channel is oscillating " I error
messege

1380 PRINT " V : AD converter is saturated in voltage measurement." ! error
messege

1390 PRINT " The <value> is +149.99E+00 or -149.99E+00. " 1 error
messege

1400 PRINT " D : SMU shutdown (SMU will not output during a sweep).” ! error
messege

1410 PRINT " W : Sweep source data. "1 error
messege

1420 PRINT " E : Last sweep source data " I error
messege

1430 GOTO 1940

1440 Cur(K)=VAL(A3[4,14]) ICURRENTSAVEBUFFER

1450 NEXT K

1460  PRINT "PNJ=-2(V) GATE=";Vout"(V) SMUI1=":;Cur(1)"(A) SMU2=";Cur(2);"
(A) SMU3=";Cur(3)"(A) SMU4=";Cur(4);" (A)"

1470 OUTPUT @Q;Vout,Cur(1),Cur(2),Cur(3),Cur(4) ! OUTPUTDATAFILE

1480 NEXT J

1490 OUTPUT Hp4141;"DZ0" ! ALLCHOUTPUTVOLTAGEO
1500 NEXT zZ

1510 WAIT 1

1520 !

1530 ! MeasurementPNJ-3V

1540 !

1550 FOR Z=1TO1 ! NUMBER OF REPEAT

1560 CREATE "GCD-3.TXT",512

1570 ASSIGN@W TO "GCD-3.TXT";FORMAT ON | CREATE FILE

1580 OUTPUT Tr6150;"HV5L0L4D-3.1E" ! GATE TR6150-3.1V CHARGE UP
1590 WAIT 100

1600 FOR F¥1TO 71 IMEASUREMENT FUNCTION

1610 Vout=(J1)*.1-3 I OUTPUT VOLTAGE FUNCTION

1620 FOR K=3 TO 3 I MEASUREMENT SMU NUMBER

1630 Smu=K

1640 OUTPUT Tr6150;"HV5L0L4D";Vout;"E" I GATETR6150-3TO3V
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1650 WAIT 1

1660 OUTPUT Hp4141;"DV";Smu;",0,";-3;",";Compl;""

1670 WAIT 2

11.

I'PNJ SMU1-3V

1680 OUTPUT Hp414L,"TI";Smu ! TRIGGER | MEASUREMENT ( Triggers a single CH

current measurement )
1690 OUTPUT Hp4141;"TM1"

I TRIGGER MODE:INTERNAL

1700 ENTER Hp4141,A$

1710 !

1720 'HANDLE THEENTERDATA

1730 !

1740  PRINT "OUTPUT DATA PNJ=-3(V) GATE=";Vout;"(V) SMU";Smu;"=";A$"" |

PRINT OUTPUT DATA

1750 IFA$[L11]="N" THEN1870
1760 PRINT "SMU";Smu;"ISERROR STATUS: ";A$[1;1];""

1770 OUTPUT Hp4141;"DZ0"
"STATUS T : Another (not assigned to measure) channel has reached

1780  PRINT

' ALLCHOUTPUTVOLTAGEO

compliance" ! error messege

1790 PRINT "
messege
1800 PRINT ™
messege
1810  PRINT *
messege
1820 PRINT "
messege
1830 PRINT *
messege
1840 PRINT "
messege
1850 PRINT "
messege

1860 GOTO 1940
1870  Cur(K)=VAL(A$[4,14])

1880 NEXT K

C : This channel has reached compliance " I error
X : This channel is oscillating " ! error
V : AD converter is saturated in voltage measurement.” ! error

The <value> is +149.99E+00 or -149.99E+00. " 1 error

D : SMU shutdown (SMU will not output during a sweep).” ! error

W : Sweep source data. "I error

E : Last sweep source data. "1 error

ICURRENTSAVEBUFFER

1890  PRINT "PNJ-3(V) GATE=":Vout"(V) SMU1=";Cur(1)"(A) SMU2=";Cur(2):"
(A) SMU3=";Cur(3)"(A) SMU4=";Cur(4)" (A)"
1900 OUTPUT @W;Vout,Cur(1),Cur(2),Cur(3),Cur(4) ! OUTPUT DATA FILE

1910 NEXTJ

1920 OUTPUT Hp4141;"DZ0"

1930 NEXT zZ

' ALLCHOUTPUTVOLTAGEO
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1940
1950
1960

LOCALHp4141
BEEP 1000,5
END
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