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Abstract

] ; This research is to develop a industry measure device to a tool
to measure and analyze the basic semiconductor devices including
diodes, bipolar and MOSFET transistors with both the measurement of
the basic current and voltage characteristics and the analyzing of the
key parameters such as, the current gain in bipolar transistors. This
instrument is developed for teaching and research. It composes of
industry measurement instrument and a developed controlling specific
program for device and analysis in the measurement of semiconductor
devices. It can also be developed for other applications. From the
Istudies of instrumentation, It can measure the current and voltage

characteristics and can analyze the parameters of the device correctly.

This tool is very useful in the study of semiconductor devices.
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¢ 16 analog inputs (16-bit, 250 kS/s)
o 2 analog outputs (16-bit, 250 kS/s); 4 digital

inputs; 4 digital outputs; 32-bit counters

e Bus-powered USB for high mobility; built-in

signal connectivity

e NI signal streaming for sustained high-speed

data streams over USB; OEM version available

¢ Compatible with LabVIEW,
LabWindows™/CVI

Measurement Studio

e NI-DAQmx driver software and NI
LabVIEW

SignalExpress LE interactive data-logging

Defa ult NI-DAdmx_ Countcr. Terminals

[counter/Timer signal| Default Pin Number|Signal Name

CTRG'SRC 7 (gt PFI'O
CTR G'GATE 2 PFIA.
CTR 0 AUX 1 PFLIO -
CTR.0-OUT 1e PFL 4
CTR0 A L PFL.0
CTR.OZ 3 PEIZ
CTROB 2 PFL Y
CTR 1 5RC 4 ‘PRI
GTR 1 GATE 2 PFL:2
CTR 1 AUX 3 PRI
'CTR 1 OUT 17 PFL 5
CTR 1 A |4 PFIL 3
CTR 112 2 PFI-1

letrR 18 e PFI2

|FREQ.OUT I8 . PEL6

Pin out Lﬂ?ﬂdﬁﬂ%ﬂ National Instruments j:u NI USB-6211
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1\:IATIONAL INSTRUMENTS USB-6211

NI USB-6211

16 analog inputs (16-bit, 250 kS/s)

2 analog outputs (16-bit, 250 kS/s); 4 digital inputs; 4 digital outputs; 2 32-bit counters
Bus-powered USB for high mobility; built-in signal connectivity

NI signal streaming for sustained high-speed data streams over USB; OEM version available
Compatible with LabVIEW, LabWindows™/CVI, and Measurement Studio for Visual Studio
NET |

NI-DAme driver software and NI LabVIEW SignalExpress LE interactive data-logging

|
software

Data Acquisition Tuihillszaaulaanunuienienlfendyanuludnyug
Analog 1ffueglugilues digital signal iilerlsz Tonilumsinumneuaz 14lumsaiunu
{ < U as . o
n11#189 DAQ boards 91992111UN1581UN YY1 analog (A/D Conversion) msadn I

- 1 .73 A & 1 o/
auUUaen (D/A conversion) RiguLaL eIy Y (oo NABNY Transducer
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N ﬂ'l'iﬁlﬂﬂ’e)iwﬂ’)'Nﬂ?JIJW'JLW’)iLLﬁu transducer %anJms'a [l wiy 'lﬂ'i“lJﬂ’e)ilW'Jlﬂ'ﬂiIﬂﬂ

ﬂfiauﬁ’a ansafizAndedomsfuginsalmensn’ld Tngn13s1u Input/Output Board (VO

Y

£ 4 1 1]
Board) 110 board Hsinmeuuunduuuiidwauazannsaifoude Tasdnsds

=

494 LabVIEW &% uf

uvasdayanama ih indsduliadyananlseinnusesdu TS ond1 Voltage Sorce

o d‘ v 9 9 o [ 1 ')
dludyanaiitzgniadledioginsel DAQ Taudmygmluy NI USB-6211 azuviailudayg

Q

T @ as iy 11 d
uMae U UUUADNT1NA (Grounded Source) - AuLaAIERyY I lFianT19A

NT0LUUa0Y(Flaoting Source)

mseenuuyludnues USB-DAQ ninguInsee 1dien1d N1 USB-6/ Faouiu
DAQ Taedi$1131909 Analog Input ﬁww%’v"ﬁ'ﬂuﬁﬁuﬁagi“lwﬁw +-10 Taad 91424 16
Foadayar fina1as s Sampling Rats 250kS/s, Analog Output 2 T84deyey 104, Digital 1/0 12
T4 Fayauat 1ag 32-bit Counter A1MTUMSH 1 A3 Tl WiEsannans USB 3elidesde
mmwmaﬂwmmﬂ wionsesmemedyainuuuduan lud sunadagunsoth 1418

1ua1uv11q 1

0 { o 4 Y 4 o o (4
NI USB 6211 fimthiisudeyasinndesyaiamsnedivesgunsaims
ig ¢ o v Y @ ¢ ¢d o
Biannseiingy wimsvsznianadaeTusunsy LabVIEW udamndaganiunuenianng aauilu
‘sv an » = 9 Y ) ) ' [ A o o <
Faanauuudtaen luvaziRvaiumsdudeyanduludindesyaiamsndnhuecginsel

A =Y s a & yd
medannseding deeldreesutasdyaaeuinoniuddnea (A/D) ¥ NI USB 6211 iy

ol o Y o) s an
gunsaifensouasdyanamsedu = 10 v dudygatiaonld
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Uszinnvesdayasives USB-6211 iudayaaiiy Differential w3 DIFF iiiums

Sadanaviuan vau e lilddeTadugad1ede Tasszdeviuindesdayan CHx+ LAz

aufives CHx- 1nefl AIGND (Analog input ground) 1 unI1IRVRIsZULR

sondedinant

Fravesmtigiynte,

w&ywwaw:ﬁsha{ﬁﬁm' :

AE oo,

i
24
2

¥l

T KU——
T

L e 41 i
LA i »d"

FET - % S

ARG

snpaizveamsialnshifsunugadieas

et
=
=h.
(9,

1/0 Connector Signal Descriptions

k4
9

a ] ' o a Y R
AIGND nsnﬁauwmmuuausﬁeﬂmﬂmﬂmmﬁLﬂugﬂéﬁammmu Single-ended

1
i
'
1
I
{
H
|
i

4' 9 a

E4
. o o ¢ as
Al luTnun RSE uazms ludanseuaignd1489ueimsia gan313aea1— Al GND, GND

i 1

i .

i 4 .

612 uaz D GND Fuilu Fousreginsal
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1 a < 'y Y o . o 1
Al<0...31> FRIBUNALLULBUADA 0-31 — AIMTUMITAUUY single-ended Teygyraaua
3 I P v a ] o Yy a &
avflugesniefusiudunauuuneusaon Tulnua RSE, Al GND (Hugadidevasdaanu
Trium NRSE 9a81383duquang Al<0...31> daygaifio Al SENSE dmfudaniuananavedns

o a v 1 { T ]
INAIOUDS AL 8 ﬁ'ﬁ]u‘i’!ﬂu’lﬂ llazﬂ‘U‘Uﬂ\i"ﬂﬂ\iﬂau‘{l’ﬂgaﬁﬁuﬁu@lﬂﬂ’]ﬂllﬂutl@ug’;ﬁﬂﬂ 0

¥oITYYIUDTUNN

i <AI 1, AI 9>, <AI2, Al 10>, <Al 3, Al 11>, <Al 4, Al 12>, <Al 5, A 13>, <Al 6, Al

14>,
<AL 7, Al 15>, <Al 16, Al 24>, <Al 17, Al 25>, <Al 18, Al 26>, <AL 19, AI 27>,

<Al 20, A1 28>, <Al 21, Al 29>, <Al 22, A1 30>, <AI 23, A1 31

| AISENSE

Analog Input Sense 811 Tvua NRSE, 30818907 Al<0...31> flodaygal Al SENSE

AO <0..1>



Analog Output Channels 0 to 1 flodaveaundssreTaadioinn A0 0da1
[

{0

AO GND

Analog Output Ground 158 AO GND flayadaBsdmi A0 0-1 Meeuyndads Al
|

GND AO GND (ag D GND
1
|
|
|

D GND

Digital Ground 158 D GND 11y supplies 3a81389d1m5u PFI<0 g 15> /PO/P1

4
-

88

fiT2897 +10 Toavl feeugad 19839305194 AIGND A0 GND a2 D GND uaggaiounaved

Unsel

PFI

*
Qo

9
3
i
|
1
!
|
|
!
i
|
[
|
i
|
|
j

PFI gunsaseunaetienenon Iddmiy AL AO %38 counter/timer inputs
} 1

‘ 1

i

| e A
’ Programmable Function Interface or Static Digital Input 1hN WU 0 897 YIDUY) VDI
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! ; SPICE PARAMETERS
-
L SPICE Math Description Q
5 Name Symbol
i C
IS Is Saturation current.
' = - - C
: NF nf Forward-current emission coefficient.
+ |ISE Isg Base - emitter leakage saturation current.
i , - ,
| |BF B Ideal maximum forward current gain. (J
. |INE ng Base - emitter leakage emission
‘ ! . BliC]|E
‘ coefficient.
] VAF Va Forward Early voltage.
| IBR Br | Reverse current gain.
i |
PICE Equation Description
b = Ic Dc ratio of
DC Iy collector
? current and
: total base
; current.
. ‘_ ge Ve /MYe Collector
4 current to
base -
emitter
| voltage
f relation for
Vee=0V.
. ¥eg
=T 'T
S| =1 calculate Is.
! v Active
1 Ve /¥ BC -
c;=1 e "”(1 7:) mode
i collector
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Description

current to
base -
emitter
voltage
relation.

I

IB _ l_sevxlnrv‘r

B

Ideal base
current.

-

Ig = Ié!evuﬂkv: +lsgev""*v'

F

——

—

| Is['ev. Ve _ oV Ve Ve rl

IC - Is{(ev‘/v' _e(Vn-Vct”Vr 1_45\/ _VSE ‘i_E][;_‘e(Vm'VG|/V7 _1’]

Var

Ve — Vee |

1 (e’\vu =Vep 0 Vy

Var

Brieak

' mode.

B

Total base
current in
‘the active

'General
equation for
‘collector
current
versus
terminal
voltages of
the
common
emitter.

{
J
—— ——

' General
‘equation for
‘collector
‘current with
 base
leakage
'current and
an artificial

i Dc beta
versus
‘collector
‘current,
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Chan[l —out

%

l

; ChanU in
|

g L

I Circuit B1
|

-

Chan0_s out

- 1
§ ) IB RB C
1a‘nU in

|r'cuit B2

=

!

omponents

i

_ ChanQ _ outy, - ChanO _ ingq.
e - ==Ll

lEmax

hanD _OUt =10V

hant _inpa, =06 ¥

max *1 MA

g * PocmasRe  Pocmax =30

| IC = Ig —-IB
Ie

Iy
:;1/ |V -Slope)

Bnc

e
o

ope is from curve fit of In(Ic) vs. Vae
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BJT Output Characteristic Measurement

Chan0_out
Re Ie
Circuit B3
Chanl_in ChanU_in
RB %
O Chanl_out

I
It zi‘fm +It0 -Slope“Vc: +It°
ar

Ico Elc(Veg = 0) (active-region extrapolation)

VAF = Slope/lc,

BIC_VCEsubvi*

[fle E&t Qowste Took Browee Wedow Heb

(o] o] s

i [ 3 et

0 S48

RC(XD)  jC(ena) veras WE(V) Messued and SPICE o
8.1% 0.7 63
RE (0 0.6~ < ' o 9 1B(ma)
P os- § a7t
Plotting gt o‘o-“; 15(ma)
bl | 3.7E-10
0.2+ % I ima) at
01- VCE »VEE
0.0-* 0.608
- 'o.l-n . ' ) ' . ’ . ' i((m)
00 05 10 15 20 25 30 235 40
0.621
VMY - red  YEE(Y) Min ndex Active VROLY) VCCIV) sent

5 S1 2.17

=10 %
-
-
VEBE(V) vs. WE(V) —J
06~
/ reme
0S- 3
0.4-, ' ' ' '
00 00 0.1 110 100 a2
-
| o

VEELY)
§ss
]
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BIC_VCEvi® =101x|
Ele EGt Operste Tools Browse Window Hep =~~~ fic_
(D] @] @ [mn][146# Tshoma ~3o]z=~-{-] e
RB (KQ) 06 - e 2]
'} 510 0.5- f"’w“‘ B e ———
RC (k) ;
8.15 | s
ol - 0.3~
:}S_O ; 0-2"
Mm 0.1~ I
VCEomin For pourts 0.0~ LabVIEW . .
VAF extraction SPICE
:J’ 1.0 0.1 5 i ' ' ' e ' ' '
0005 10 15 20 2530 35 40
YCEmax(y)
4 goc : VAF(V)  IS(ma)
B - Set BR for 7
Ll 830 bR JIO 188 4SRN0 -
¢ \Prowectries\vdatapn O Gevrile Green @Maxindex ¢
£ B %
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Simulation of the Output Characteristic Measurement

SimIiC_VCE w1 * =10 %)
Fle E& Qpmate Jook frowse Window Heb 15
G BT = 3 = :

0.6~ 0.6- 2
aisd] presserssssosesessssscsssesnrsassesace "8 (xQ) R
' 05"’ 0.5- e
0.2~ e NP
o,o-t ‘V:‘v) - VBE(V) vs. VCE(V)
0.2- KA w. VORY) ' 00 01 10 S0

00 0% 10 15 20 25 30 35 40

1

0.5 { <8 8.7¢-3

o P e i i IS("\A)
0.4 l 4

{ f

g i 31€-10

ol B 1 ézn IC(ma) at
o,-; R VCE=VEE

1 WCEmn for

0.1 - W(m, 0419

i ] /7 1 (<wiEmar) VBE(Y) Active
0.0- Wy /7l \ 1 ’1-0 0.543
aid P 1 | veEmac (3060 vaEW)

o0 o | ¥ ‘ST, 2 sian | @30 151

4 |

NPN Common-Emitter Ampllfler

SPICE Equation ; - Description

s
Common Emltter Amphﬁer with R¢ (blas) Load
I S AT \"\ S
awp = —gmRc gn =1 /VT : n Base-to-collector gam
i i N, 4 . Yy
a, = -p Re ' Clrcult gain wnth large source resistor.
L 19 R‘
2. -a Rcro Precision base-to-collector gain.
vb m Rc + ro \ l
r =B Vy { Transistor input resistance. ‘
= = Pac T |
c | |
- — . ~
b o Vakn { Transistor output resistance.
on |
IC |

94
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Chan0_out
Re
<

CircuitC1

o
Chan0_in

Rg

Chanl_out Chanl_inv

Rg = (Vs — Ve Boc / Iemax Vee =055 V
Re=(Voc—Vee )/ Tomax Ve 32V

lemag 51 MA Ve =Vigg <9V

{3 SetVCE w1 * =10] x|
Fie Edt Qpecste Jooks. Brow:e
O[@] &[] [ 130 2opic
RCKQ) VCCIma) very)

§aro o |74 1

VCEM)

'2.08
IC(maA)
1.13

ndex T
VBBV 5 7.00 0.56 VBEN) 64

4 Ty






