ROBlHALe &0 B R IR
(MS_ 41160)

(Sensor Materials and Practices in Energy Conservation Applications)

f e
Yijia Chen Ph.D.

Materials Science and Engineering, NDHU

Engineering Building 11, C109 and
Stone & Resource Industry R&D Center

9:10-12:00
Fall, 2019



Faiti&Ee T H1



| ek

it T iy m’l‘#lg =2 el
11 W BB 'gﬁ mZ] =X "Ea fézkxF\
1.2 7 S fenid 5t

1.3 % & 1

2.4 ’%@”frﬁ‘:;‘

2.5 F w4 50

T op K8 A }3:? 1

31 EL Be %ﬁm' fﬁ i—'\ “B_ L
3#%@@52@

3.4 % %%@(CC)ze i

3.5a P~y 2 BFebd

3.6% S g id

}“

R ém#§?1}3§F§ %

=1

B

o1

h B ,gﬁ
W, BB
G R
41 % & Wamct A pEd
42 2 BRIt B0
T e T2 R iT R
51 7% HHEMOL AL
52 % db %EF#F&% ﬁxrﬂfh ﬁ?l/';— 2
53 i L B M T EBE > fpfrehs

1
=



Fieldize € HTH
https://www.youtube.com/watch?v

=upelT1023yo&list=PLI6p)ZaOCtF3
BGm_02f4Xy2La0zJ4-4l)

1. %’&E'Ii?, B ﬁg EﬁJf#fé
2. Wiz 1 iTRIE
3. Tt ELRGA

4, 7T HA2_ Tk (TR

5. %o ABz F A T

= BRDAER BEF-E2 | Unit 4 1 B {EER
e RS I K 4 PART A 1080 0511
https://www.youtube.com/watch?v=upe
1T1023yo&list=PLI6pJZaOCtF3BGm_02f4
Xy2La0zJ4-41)&index=1

= BEDAER BEF-E2 | Unit 4 1 EEfRMEER
f AR AR s K2 45 PART B 1080 0511

https://www.youtube.com/watch?v=2-
50X1vwmPI&Ilist=PLI6pJZaOCtF3BGm_02

,’6 - v.‘- I
7 BB "E B /ntl

f4Xy2La0z)4-41)&index=2

mR T E

https://www.youtube.com/watch?v=v
O05MUfRPWz4&list=PLI6pJZaOCtF380

WwFNujVyF2MRUYaJTrz
1. 1 ivgs
2. r]?;fx%fi v B
3. W TR
4 /”\@ R TR

5 PRDAEE 5722 | Unit 5 2 [&]7E fm R
ZE & PART A 1080 0512
https://www.youtube.com/watch?v=GG
WRUDQMSRc&list=PLI6pJZaOCtF380WwF
NujVyF2MRUYaJTrz&index=5

= BRCAER B2 | Unit 53 1 B [e]
FZ{mEREE RS PART A 1080 0511
https://www.youtube.com/watch?v=gXE

7JSY__ z4&Iist=PLI6pJZaOCtF380WWFNuj
VyF2MRUYaJTrz&index=8

5 BRDAER 85722 | Unit 5 3 1 5ffii[a]
PR EREERS PART B 1080 0511
https://www.youtube.com/watch?v=cW9
T9ptFzYY&list=PLI6pJZaOCtF380WwWFNuj
VyF2MRUYaJTrz&index=9

= PR PAER 88722 | Unit 5 3 2 £
P2 = BEE 1% PART A 1080 0511
https://www.youtube.com/watch?v=9JD)J
16dJLvI&Iist=PLI6pJZaOCtF380WwWFNujVy
F2MRUYalTrz&index=11

h B T L sh
Tt T
https://www.youtube.com/watch?v

=7AXftiXHofs&list=PLI6pJZaOCtFlat
mje9dshKLYw7AZz8VNw

h

<h B 27
W aagﬁg (S
N

.aF: 2] ’g ‘/”-. S5
}

1

B R

T 0 4o g H

O~ WN R

\\-\: \\-\: \\
’ré?‘ré?
Fid
A~ /\~

Eh =3 =3 4 3R

= L BRDAEE B8 F-E2 BB L ES IO BRI I
BT R EE R PART A 1080 0206
https://www.youtube.com/watch?v=10xCPI

7LeaU&list=PLI6pJZaOCtFlatmje9dshKLYw
7AZz8VNw&index=5

= L PR DAEE 88 722 BRSO B 3
EEHRT A EE RS PART A 1080 0206

https://www.youtube.com/watch?v=KHAP
a_QXkkc&list=PLI6pJZaOCtFlatmje9dshKLY
w7AZz8VNw&index=13



https://www.youtube.com/watch?v=upe1T1023yo&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ
https://www.youtube.com/watch?v=upe1T1023yo&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ
https://www.youtube.com/watch?v=upe1T1023yo&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ
https://www.youtube.com/watch?v=upe1T1023yo&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ
https://www.youtube.com/watch?v=upe1T1023yo&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ
https://www.youtube.com/watch?v=upe1T1023yo&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ
https://www.youtube.com/watch?v=Z-5OX1vwmPI&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=2
https://www.youtube.com/watch?v=Z-5OX1vwmPI&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=2
https://www.youtube.com/watch?v=Z-5OX1vwmPI&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=2
https://www.youtube.com/watch?v=Z-5OX1vwmPI&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=2
https://www.youtube.com/watch?v=Z-5OX1vwmPI&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=2
https://www.youtube.com/watch?v=Z-5OX1vwmPI&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=2
https://www.youtube.com/watch?v=Z-5OX1vwmPI&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=2
https://www.youtube.com/watch?v=upe1T1023yo&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=1
https://www.youtube.com/watch?v=upe1T1023yo&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=1
https://www.youtube.com/watch?v=upe1T1023yo&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=1
https://www.youtube.com/watch?v=upe1T1023yo&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=1
https://www.youtube.com/watch?v=upe1T1023yo&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=1
https://www.youtube.com/watch?v=upe1T1023yo&list=PLI6pJZaOCtF3BGm_O2f4Xy2La0zJ4-4lJ&index=1
https://www.youtube.com/watch?v=v05MUfRPWz4&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz
https://www.youtube.com/watch?v=v05MUfRPWz4&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz
https://www.youtube.com/watch?v=v05MUfRPWz4&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz
https://www.youtube.com/watch?v=gXE7JSY__z4&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=8
https://www.youtube.com/watch?v=gXE7JSY__z4&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=8
https://www.youtube.com/watch?v=gXE7JSY__z4&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=8
https://www.youtube.com/watch?v=gXE7JSY__z4&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=8
https://www.youtube.com/watch?v=cW9T9ptFzYY&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=9
https://www.youtube.com/watch?v=cW9T9ptFzYY&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=9
https://www.youtube.com/watch?v=cW9T9ptFzYY&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=9
https://www.youtube.com/watch?v=cW9T9ptFzYY&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=9
https://www.youtube.com/watch?v=9JDJI6dJLvI&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=11
https://www.youtube.com/watch?v=9JDJI6dJLvI&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=11
https://www.youtube.com/watch?v=9JDJI6dJLvI&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=11
https://www.youtube.com/watch?v=9JDJI6dJLvI&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=11
https://www.youtube.com/watch?v=GGwRuDQMSRc&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=5
https://www.youtube.com/watch?v=GGwRuDQMSRc&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=5
https://www.youtube.com/watch?v=GGwRuDQMSRc&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=5
https://www.youtube.com/watch?v=GGwRuDQMSRc&list=PLI6pJZaOCtF380WwFNujVyF2MRUYaJTrz&index=5
https://www.youtube.com/watch?v=7AXftiXHofs&list=PLI6pJZaOCtF1atmje9dshKLYw7AZz8VNw
https://www.youtube.com/watch?v=7AXftiXHofs&list=PLI6pJZaOCtF1atmje9dshKLYw7AZz8VNw
https://www.youtube.com/watch?v=7AXftiXHofs&list=PLI6pJZaOCtF1atmje9dshKLYw7AZz8VNw
https://www.youtube.com/watch?v=I0xCPI7LeaU&list=PLI6pJZaOCtF1atmje9dshKLYw7AZz8VNw&index=5
https://www.youtube.com/watch?v=I0xCPI7LeaU&list=PLI6pJZaOCtF1atmje9dshKLYw7AZz8VNw&index=5
https://www.youtube.com/watch?v=I0xCPI7LeaU&list=PLI6pJZaOCtF1atmje9dshKLYw7AZz8VNw&index=5
https://www.youtube.com/watch?v=I0xCPI7LeaU&list=PLI6pJZaOCtF1atmje9dshKLYw7AZz8VNw&index=5
https://www.youtube.com/watch?v=KHAPa_QXkkc&list=PLI6pJZaOCtF1atmje9dshKLYw7AZz8VNw&index=13
https://www.youtube.com/watch?v=KHAPa_QXkkc&list=PLI6pJZaOCtF1atmje9dshKLYw7AZz8VNw&index=13
https://www.youtube.com/watch?v=KHAPa_QXkkc&list=PLI6pJZaOCtF1atmje9dshKLYw7AZz8VNw&index=13

Silicon bandgap = 1.1 eV

E.

p A
1.1eV \ qV,
EFP : | ; EC” EFn




Silicon bandgap = 1.1 eV

p =%
11eV  \ |Q(Vo'0-2)| =
E; ¢ cr

E

E T Fn
vp O.2eVT\ 0.2V

EV

n

q(V,-0.2) = 0.7 eV



Silicon bandgap = 1.1 eV

ECp
A A V_O.4
1.1eV AN 004 i‘/ E.,
EFP_' ; ' e¢ Ep,

E
LV EVAN

q(V,-0.4) =0.5eV



2 VW i Ef"’f#-l% g st









418 1
(E) (C)
Emitter Collector



ELiH
(F= )









NPN Egris

511 B S
s LN @ N (C) 7 (W_Q

=8 5
(B)




NPN %EIEI .'a PNP %EIEI E.

SR o, 551
(E) @ (C)
2 filk
(B)




E






PNP E&Hs

% 5 Hilk




=EHSEE . S (E) > B (B) > &fi(C)

1

SHERERSNRE | 57 BIRBHRENE
EERERENRE | AT EIRSHHAEE

£
Xl

\
N



e=—0.1501i |n—>a
0. 001 in




My

<t [E
B [E

EERARIR

&5

=l

aax/|\BI R

w-NE_I

w-Ng -

AZ/)\ : E45(C) > SHE(E) > EHE(B)

RES VRV ES
SRV RS2






ERE

h #IHE T | T Epst (et | R EhEat
Z 3

PRI | | e | AR | 6
CBIEDE | yopey mE | 1 5 | IR IR | B (5 0 2

(Je)




W 7+ B (F T )

r
N

_|_

N

P

5B

N

3

_/
/

AN
AN




£l L 152 T

Ao

FRE

TOF : Bl B B




3

n' D N
T B
______/ \\
[N\=




R
b

(3¥[a
- |1v
)BV
EB
E<
0
Vi
(\3/
;
B>(
0
el
(3@
o ) V.
B
E
V.
54
B
(28
o
(0]
aj)




+ FIRET

(B) . (C)
‘/BEL__ -?ﬁIB

FELR
#

(E)

A : FIRMK




3




NN, EHE

= E = ===
8[a) Ve Ve (@)  (I8E) Vae Ve (2E)
VBe>0 Ves>0 VBe<Q) VceB<(

(



VBe=+0.7V

Vee> 0V

Vce=Vee+VBe> 0.7V




B A1 I

o= 3 BB 5 Vae(san | . Vee(san
=3 AX BB O e
*

(&) Ve Ve (IBm@)

ThF : FHEI*EES




ﬁ?‘ff”f&-‘\‘ Ak :r’l' ﬁ]

r
N

N

_|_

3




|+ IB+

(VN

|f—4

Aa)) Vge

VBe>0 Vee<(

It
Ves (IE

a])

(I

'm P 1%

+—|B |+

A1) Ve Ves (IR

VBe<(Q Ves>(

a))



VCB_('C) VBE(sat)= +0.7V
o+ P
I \‘m VCE VCB —— 0-5 V(ﬂ]A%E:_x)

Ve Vceisan =0.2V

(E)




2 [5) £ EN1R T

§ = :_@]*ﬁ_t

Vs :JIE @ {7 EE

R

VBE : 5 {7 E ]
Vs (i a R B

VBE ;35 FFJ




1. K18z FFE
2. BFEINE PR

1#578) Ve Vs (IE@)

*iEgkiE T |

C 13 71 E 183 2 33 {58 FH:




ToefHELY A



Ee pr A= AV = PR A Bk
1.2ZE B (Common Base : CB)E!

2. H 5¥48(Common Emitter : CE)E!
3.3 £ 1 (Common Collector : CC)E!







$515(CE) AL




= 50 8



£8 Ar e AY — FE N X 4H Ak

 —PB AR (B R CB) S ATHBEY(CE S22 (CC)

T [5] il Hif(B) | S (E) | 45 (C)
SR A | HHB(E) | BMEB) | EME(B) » X
(SSREL | &M (C) | &£ (C) | HHR(E) =» K




Eaais = ENAHRERE !
1. RN SBHRIEENEE

2. m W —IEERE - FEIRBA—EAE
TR M L

- BRE L —EAE

R, IEMILE



HE B (CB)4H Rs

(LIPNPE iz A 51)

B Ic EENT AN =T =

N cm——

A i — Iﬁﬁljﬁ — Ii
7 Ie

=






o =1+1,

B3y A\ B8 0 AR : 0°



(E) ald

B3 Ic EE T i AN =
|54 IB







. =15+ 1.

i A B D AR ;- 180°



e

E7

=7






o =1, + 1,

iy A B i LB AR - 0°




85 |1t 24570 (CB) | - 5IHBEY(CE) | H £ (CC)
HER | BM@B) | FHE(E) | 5FiB(C)
= c _Ic _dE
BniEm | 0= IE ﬂ = F V= I5
S sk AR 11 00 1 800 00










gflY . A—EE AR =0.96 - K% E
SERHB(E - YEHRIAS D ?

i g0 __ 09 _
b= "7 006 ~ %4

Y= B+1=24+1=25



[ & A4S HERAR ] [ %6 b 45 14 R AR ]

li ‘ Vo1 Vo2
Vo3




[ 5 A 4514 BHAR
(UICEEIR f5I)

VcEs li = Is (C)
(B)@ Vo =VcE
Vi=VBE =

VBE (E)




[ %8 ok 45 15 B AR ]

(LLICEEL & 131))

VcE



[ 0 A %514 B4R ]

[Eaul':l:'.fi-: 14E HH%X ]

s

IB3
VcE

THIFE

& : Vce<0.2V
:ﬁﬂﬁ . VCe1E MIcA &
(= IcEE4A0







() Alc _1960/0 — 98%
Ale 4% - 2%

=49




FRECH | RS HBRE [ R/NEMEE




E8 Am e HY DA B T 1F (& 15k

(LICEZ! A fi










Bl ZIAIEAZE "E£811 BV M5 -

Samne ZFABFARMAE "E L HEEEN . B
NSERK




g LE =T

PANPNZE G2 RS 4 f5l)

e o] e B3




ERFIIE TV

PANPNZE G2 RS 4 f5l)

Eflﬁﬁd\ JC :_:.2 Eé’]‘ %
NN &
==
) — e
B s
i |

(&) Vise Vs (IB)

e e A2 B






i E £8 A He A 8 &2 B AV IR 15

1.FFAOFFIS - SEaRig W /BE L
2.FAFEONRS - Earis W /BRI




FEmiE LIENEIMEAIRG
Iex B =Ic

(EE s LIFIREFEAVFG -
IBx B = Ic(sat)

ea iz BB FIHYIR =
VBE = VBE(sat) =+ 0.7V
Vce = Vcesat) =+0.2V

(LUl

=
=







A—ERIEFAMAEENTNE - SAERRERY

B =100 - BKETIRIEFE EEFRYRBEPEEEE

VBE(sat)=0.7V
VCE(sat)=0.2V

+12V
2KQ




[ B4 )

%% : IexB=Ic(sat)
_ 12V - 07V
- Rs

12v - 02V
2KQ

Is

Ic(say =

IexB= Ic(sat)

12V - 0.7V x100 = 12V - 0.2V
Rs 2KQ

11.3V
Rs

Rs = 191.53KQ

X100 = 5.9mA




A—EmizFFAEREN FNE - SAERREHY

B =80 - Gl K{EFIFIEF ENEFRIRCEFHEE E]

VBE(sat)=0.8V
VCE(sat)=0.2V

100KQ 7
10V: '



I x B = Ic(sat)
10V - 08V <80 > 10V - 0.2V

100KQ B Rc

9.8V
92uA %80 =
B -~ Rc

Rc =1.33KQ




o =R BA S E A BB ARV T OA

Eﬂ*l]ﬂ“ﬁ: IBx B = Ic(sat)




	投影片編號 1
	投影片編號 2
	投影片編號 3
	投影片編號 4
	投影片編號 5
	投影片編號 6
	投影片編號 7
	投影片編號 8
	投影片編號 9
	投影片編號 10
	投影片編號 11
	投影片編號 12
	投影片編號 13
	投影片編號 14
	投影片編號 15
	投影片編號 16
	投影片編號 17
	投影片編號 18
	投影片編號 19
	投影片編號 20
	投影片編號 21
	投影片編號 22
	投影片編號 23
	投影片編號 24
	投影片編號 25
	投影片編號 26
	投影片編號 27
	投影片編號 28
	投影片編號 29
	投影片編號 30
	投影片編號 31
	投影片編號 32
	投影片編號 33
	投影片編號 34
	投影片編號 35
	投影片編號 36
	投影片編號 37
	投影片編號 38
	投影片編號 39
	投影片編號 40
	投影片編號 41
	投影片編號 42
	投影片編號 43
	投影片編號 44
	投影片編號 45
	投影片編號 46
	投影片編號 47
	投影片編號 48
	投影片編號 49
	投影片編號 50
	投影片編號 51
	投影片編號 52
	投影片編號 53
	投影片編號 54
	投影片編號 55
	投影片編號 56
	投影片編號 57
	投影片編號 58
	投影片編號 59
	投影片編號 60
	投影片編號 61
	投影片編號 62
	投影片編號 63
	投影片編號 64
	投影片編號 65
	投影片編號 66
	投影片編號 67
	投影片編號 68
	投影片編號 69
	投影片編號 70
	投影片編號 71
	投影片編號 72
	投影片編號 73
	投影片編號 74
	投影片編號 75
	投影片編號 76
	投影片編號 77
	投影片編號 78
	投影片編號 79
	投影片編號 80

