DHBK Tp HCM-Khoa B-DT
BMDT

GVPT: H6 Trung My
Mén hoc: Dung cu ban dan

Ch’u’o’ng 4
Chuyen tiep PN
(PN Junction)



NOI dung chwong 4

10. C4ac loai diode ban dan khac
11. Gidi thiéu cac irng dung cla diode ban dan



4.10 Cac diode ban dan khac

* Diode chinh Iwu (rectifier)

« Diode 6n ap

- Diode bién dung

« Diode phat quang (LED)

* Diode quang (Photodiode=PD)
* Diode Schottky

 Diode Tunnel (dw&ng ham)



preferred

N

L
AN

Cac ky hiéu diode

other

/

VAR AN

!a!%¥!!

ordinary diode (diode thworng)

zener (diode 6n ap)

(unidirectional

breakdown)

Schottky (diode Schottky)
bidirectional : . , 3
breakdown (diode danh thung 2 chiéu)
varicap (diode bién dung = varactor)

light emitting (diode phat quang)
diode



4.10.1 Diode chinh lwu (Rectifier)

- Diode chinh lwu la dung cu 2 cwc cho dién tro rat thap
véi dong dién theo 1 chiéu va dién tré rat cao & chiéu
nguoec lai. nghta la cho chi 1 cho phép dong dién chay
theo 1 chiéu (dac tinh chinh lwu).

. Dién tr®& thuan va ngwoc cla diode chinh lwu c6 thé
dwoc suy tr quan hé dong-ap cua diode that:

] = I{,[Exp(;%) _ 1}

« Voil,la dong bdo hda ngwoc va nla hé so ly twong,
tbng quat co gia tri tr 1 (vé&i dong khuéch tan) dén 2 (voi

dong tai hop)



bPién tré thuan va nguoc

« Dién tré thuan DC (hay tinh) R:va dién tr¢ tin hiéu nho
(hay dong) re:
Ve Vi

Rp= E ~ E—exp(

o)

dVp nkT
."'FE = .
dly  qlp
« Dién tré ngwoc DC Rk va dién tro ngwoc tin hiéu nho

s ) Ve Vg

_ Vg _ nkT 4|Vl
rR=:fE = c}'fﬂ ﬁKp( ?}kT)



« Cac diode PN chinh Iwu vé tdng quat co toc dd chuyén mach
cham; nghia la nd can thi gian tri hoan dé co dwoc tong trd
cao sau khi chuyén mach tir trang thai dan thuan sang trang
thai tat. Tri hoan nay ti 1& véi thdi gian sdng cua hat dan thiéu
sO, v&i tan so thap thi nd khdng anh hwéng nhiéu. Tuy nhién
& nhi*rng ng dung tan s6 cao né anh hudng dén hiéu suat
chinh lwu.

« Phan I&n cac diode chinh lwu co tiéu tan cdng suat tr 0.1W
dén 10W, dién ap danh thang tr 50 dén 2500V(v&i cac diode
chinh lwu cao ap, ngudi ta mac ndi tiép tlr 2 chuyén tiép P-N
tré 1&n), va thdi gian chuyén mach tlr 50ns (v&i diode céng
suat thap) dén khoang 500ns (v&i diode cong suat cao) .

- Diode chinh Iwu ¢6 nhiéu &ng dung:

— Bién ddi tin hiéu AC thanh dang séng dac biét. TD: chinh lwu
ban ky, toan song, mach xén, mach kep, mach tach séng dinh
(gidi didu ché).

— Mach bao vé tinh dién 7

— Khoa dién tr . . .



Diode specification sheets

Data about a diode 15 presented nmformly for many different diodes. This makes
cross-matching ot diodes for replacement or design easier.

1. V. forward voltage at a specific current and temperature

-2

I, maxinmum forward current at a specific temperature

3 I, maximuimn reverse cutrent at a specific temperature

4. PIV or PRV or V(3p), maxinum reverse voltage at a specific temperature
5. Power Dissipation, maximum power dissipated at a specific temperature
0. C, Capacitance levels in reverse bias

trr, reverse recovery time

S. Temperatures, operating and storage temperature ranges



Philips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

FEATURES

« Hermetically sealed leaded glass
S0D27 (DO-35) package

High switching speed: max. 4 ns

General application

Continuous reverse voltage:
max. 75V

Repetitive peak reverse voltage:
max. 100 vV

Repetitive peak forward current:
max. 450 mA.

APPLICATIONS
« High-speed switching.

DESCRIPTION

The TN4148 and 1N4448 are high-speed switching diodes fabricated in planar
technology, and encapsulated in hermetically sealed leaded glass SOD27
(DO-35) packages.

Ifﬂ:l - :-'-—I"]_J;I — —]4—

MAMZLE

The dicdes are type branded.

Fig.1 Simplified outline (SODZ7, DO-35) and symbol.




1N41438

LIMITING VALUES

In accordance with the Absolute Maximum Rating System {IEC 60134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VERM repetitive peak reverse voltage - 100 W
VR continuous reverse voltage - 75 W
l= continuous forward current see Fig.2; note 1 - 200 mA
lERmM repetitive peak forward current — 450 méA
lesm non-repetitive peak forward current | square wave; T; = 25 °C prior to
surge; see Fig.4

t=1ps - 4 A

t=1ms - 1 A

t=1s - 0.5 A
Piat total power dissipation Tamb = 29 °C; note 1 - 500 m
Tsig storage temperature —B5 +200 "C
T; junction temperature - 200 °C
Note

1. Device mounted on an FR4 printed circuit-board; lead length 10 mm.

10




ELECTRICAL CHARACTERISTICS
T; =25 “C unless otherwise specified.

1N41438

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VE forward voltage see Fig.3
1N4148 Il =10 mA - 1 '
1N4448 lr =3 mA 0.62 0.72 '
Il = 100 mA - 1 '
g reverse current Ve =20V, see Fig.5 25 na
Vr=20V;T;=150"°C; see Fig.5 |- 50 HA
g reverse current; 1N4448 V=20V, T;=100°C; see Fig.5 |- 3 HA
Ca diode capacitance f=1MHz; Vg =0; see Fig.t - 4 pF
trr reverse recovery time when switched from I = 10 mAto | - 4 ns
Ir =60 mA; R =100
measured at lg = 1 mA; see Fig.7
Vi forward recovery voltage when switched from I = 50 mA; |- 25 '
t, =20 ns; see Fig.8
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rin j-tp thermal resistance from junction to tie-point | lead length 10 mm 240 KW
Rth j-a thermal resistance from junction to ambient | lead length 10 mm; note 1 350 KA
Note

1. Device mounted on a printed circuit-board without metallization pad.




1N41438

GRAPHICAL DATA

MBGAST

200

200
~N

100 ~

~

[

N

0 100 TEIT'IIJ i M

Fig.2 Maximum permissible continuous forward
current as a function of ambient
temperature.

Device mounted on an FR4 printed-circuit board; lead length 10 mm.

MEG454

B00
Il
(M)
T 1/
400
S / x'f
(1} IE/ZE'- /[3]
AW
200 d / /
v |/
N
Ry
0 A A
0 1 VE (V) 2

(1) T,=175 °C; typical values.
(2} T)=25"C; typical values.
(3] T)=25°C; maximum valuss.

Fig.3 Forward current as a function of forward
voltage.
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Diode

* A diode is formed
by joining an n-type

Metallurgical junction

§ p : § semiconductor with
Anode p,= Ny n,= Np Cathode
e N N a p-type
\ e | ens R semiconductor.
\ | « A pn junction is
. ) the interface
K Cathode between nand p
Diode symbol regions.
Slides From Microelectronic Circuit Design 13

Jaeger/Blalock McGraw-Hill



Phwong trinh diode

_— qvVp _ VD I\l
in=1¢ ex —1|=1d ex —1 -
b S{ p( nij } S{ p(nVT] } w P

VOi Is = dong bao hoa nguoc (A)
v, = dién ap dat trén diode (V) >
qg = dién tich diént (1.60 x 10-19 C)
k = hang sb Boltzmann (1.38 x 1023 J/K)
T = nhiét do tuyét ddi Kelvin
n = hé sb khong ly twéng
V: = KT/q = dién ap nhiét (V) (25 mV nhiét d6 phong [T=300K])

Is ¢ trj tiéu biéu trong tam tir 1018 dén 10-° A, va phu thudc
nhiéu nhiét do do nd phu thuég vao n?. Hé so khéng ly twéng
co tri tieu biéu gan 1, nhwng gan voi 2 véi dung co mat do

dong cao. y



 Phan cuc nguoc:

 Phan cuwc Zero: (khéong phé( CuJQj
—1

Dong diode voi cac cach phan cuc

i, =1 exp

Phan cwc thuan:

Vb
nVv.

McGraw-Hill

)
I.|ex D -1
; p(nVTj

i, =1 exp(n‘}; )—1
T

Microelectronic Circuit Design

15



Giai tich mach diode: Co s&

V va R c6 thé biéu dién twong
dwong Thévenin cia 1 mang 2 cuc
phirc tap hon. Déi twong cla giai
tich mach diode 1a tim diém [lam
viéc] tinh (quiescent operating
point) Q cua diode, nghia dong va
ap DC & diode.

Phwong trinh vong cua mach
bén:
V=I,R+V,

N6 cling dwoc goi la dwdng tai
(load line) cua diode (DCLL=DC
Load Line). Nghiém cua phwong
trinh nay c6 thé tim bang:

- Giai tich d6 thj dung phuwong
phap dwdng tai.

« Giai tich v&@i md hinh toan cua
diode.

« Giai tich don gian héa véi mé
hinh diode ly twdng.

« Giai tich don gian héa véi mé
hinh sut 4p hang.

16



Giai tich duwong tai (thi du)

B Van dé: Tim diém Q
1800 x 107 | Cho truwoc: V=10 V, R=10kQ.
o oy | Giai tich: 1 = 1D104 +V,
o Pé dinh nghia duog tai, ta dung,
1.200 x 107 ” Q-point ' VD: 0 ]D = (1OV/10kQ) = IlmA
; /
L0010 B — _ V=35V, I,=0.5mA
g.00 % 1074 . /L‘U ridies
— | Giao cua 2 duong nay cho
) —e—1— nghi¢m:
200 107 | Piém Q = (0.95 mA, 0.6 V)
L] —d

Diode voliage (V)

17



Puwong tai DC (DC Load Line)

I (mA)

Diode characteristic
DC load line

Phwong trinh dwdng tai:

18



Giai tich dung mé hinh toan cho Diode

Vin dé: Tim diémQ véi dic tuyén diode Béng cach doan cac gia tri 1ap lai cho
cho truoec. V,, va tang hay giam ¥, cho dén khi
Dir li¢u: I, =103 A, n=1, ¥,=0.025V vé phai cia phuong trinh bang 10:
Giai tich:

Piém Q= (0.943 mA, 0.574 V)
10=1,10"+V,

thudng thi 2 hay 3 so6 c6 nghia cho V),
v, » vilgn, VvaR hiém khi ¢6 do chinh
I, =1 exp ~1{=10"[exp(407,)~1] y4c tét hon.

nl,

~.10=10"10"[exp(407, ) - 1]+V,, , ,
Ta s€ SPICE n€u ta muon dung mo

S . hinh toan day du.
Muon giai hé nay ta phai dung phuong T todt Cay GU

phap tinh so.

19



Newton's lteration Method for f (v;) =0

Make initial guess V/°

Evaluate fand its derivative f’ for this value of V,

Calculate new guess for V using v | " . f(VDO)
D — I/ =

AU

Repeat steps 2 and 3 till convergence

f

fVp) | f(VD)

20



Solution from a Spreadsheet

lteration# | V_D[V] f f |_DI[A]
0 0.8000 _7.895E+04 | -3.159E+06 | 7.896E+00
1 0.7750 _2.904E+04 | -1.162E+06 | 2.905E+00
2 0.7500 1.068E+04 | -4.276E+05 | 1.069E+00
3 0.7250 -3.927E+03 | -1.575E+05 | 3.936E-01
4 0.7001 1.442E+03 | -5.806E+04 | 1.452E-01
5 0.6753 5.281E+02 | -2.150E+04 | 5.374E-02
6 0.6507 1.918E+02 | -8.048E+03 | 2.012E-02
7 0.6269 6.817E+01 | -3.103E+03 | 7.754E-03
8 0.6049 2281E+01 | -1.289E+03 | 3.220E-03
9 0.5872 6.455E+00 | -6.357E+02 | 1.587E-03
10 0.5770 1.148E+00 | -4.238E+02 | 1.057E-03
11 0.5743 5.980E-02 | -3.804E+02 | 9.486E-04
12 0.5742 1.876E-04 | -3.780E+02 | 9.426E-04
13 0.5742 1.858E-09 | -3.780E+02 | 9.426E-04

+«— Q-point

21



Giai tich dung mé hinh diode ly twdng

DPic tuyén
diode ly twéng

ip
Un
T -
Ky hiéu diode ly twé'ng

f“
2l

* vp =

On Oft
A O AO o \1
SZ ___ Ngan Ho
mach mach
C O CoO oC

Néu diode duoc phan cuc thuan, sut ap trén
diode 1a zero. Néu diode dugc phan cuc
nguoc,dong qua diode la zero.

vp=0v01 i,>0vai,=0 vo1v,<0

Nhu vay diode dugc gia sir 1a dan (ON)
hay tat (OFF).

Giai1 tich mach diode theo cac budc sau:

 Poan mién hoat dong cua diode tu mach.
 (iai tich mach dung mo6 hinh diode thich
hop voi mién hoat dong duoc gia su.

» Kiém tra xem két qua tinh c6 nhat quan
v6i gia thiét hay khong.

22



Giai tich dung mé hinh diode ly twdng (thi du)

10 kQ 10 kQ
M A

O ¥ Ow Y]

10 kQ

|
AAA
+
+
10V C) In Vb

Gia str diode ON (vi n6 giéng nhur

Anode co dién thé cao hon Cathode).

I, = OOV _1ma
10kQ
1,20
(gia thiét dung)
Piém Q 1a (1 mA, 0V)

ﬁ) a %} Al

10 k2 10 k2

10 kL2

10V é) Ip=0 Vi
| O
| i

Gia st diode OFF. Tu d6 7, =O0.
Phuong trinh vong la:

10+V, +10°1, =0
-V, =-10V (gia thiét dung).
Piém Q 1a (0,-10 V)

23



Giai tich dung mé hinh sut &p hang cho diode

o o

Vip [deal diode +
source

37 SZ characteristic

i

vp=V, vO1i,>0 va
vp=0 véiv, <V .

Giai tich:
AAA
10 kL2 + —
& SZ eyl 6 hin
v 10V Cﬁ) s sgl\tné:héhng
o (? 0.6V
Gi1a st diode ON.
mkn (10 B Von )V
’” 10kQ
? (10 0.6)V = 0.949mA
10kQ

(c)

Mo hinh 1y tuéng 1a mé hinh sut 4p hang véi V, = OV.

24



Giai tich mach 2 diode
Giai tich: M0 hinh diode 1y tuong duoc

& S g . sia » Chon. Vi nguén 15V dang cép dong dién
HSV ov duong qua D, va D, va nguon -10V dang
O A cap dong dién duong qua D,, ta gia st ca 2
— diodes déu ON.
c 10kQ p E 5k F
EOT"’W_'—D}_"”‘M'—EEV Tu dién thé tai nat D 1a zero do ngén mach
VAR cua diode 1y tudng D;,
=t 15-0)V (-
c 10k h-” I, E SKQ F I, = ( 10k§§ =1.5mA [D2:O gkg))vzz mA
- " U r=n 41, 1,=15-2=—05mA

DY Iy

Cac diém Q(-0.5 mA, 0 V) va (2.0 mA, 0 V)

Nhung, I, < 0 thi khong dung véi gia thiét
la D; ON, do do thur lai. 25



Giai tich mach 2 diode (2)

c 10k I, D Ips E 5K F

O—AAA—= ———MA—0
+15V . D -0V Vi dong trong D, 1a zero, I, =1,
nlv-,;j; 15-10kZ,—5kI,,,—(—10)=0
. 1=V —1.67mA
15kQ

V,, =15-10kl,=15-16.7=-1.67V
Giai tich: Tt d6 dong trong
D, thi dang nhung dong L 3R X . .
trong D, thi khong ding, ta Cac diem Q 1a D, : (0 mA, -1.67 V): OFF

gid st tiép D, OFF va D, D, :(1.67mA, 0V): ON
ON.

26



4.10.2 Diode 6n ap (Zener)

» Diode 6n ap duoc ché tao dwa theo co ché danh thiing
(& mién phan cwc nguoc) thac G va/hoac dwdng ham
(hay Zener).(V, =2 - 1000V)

r

-V; v
%
T ----------------- IZmln
;, ------------------- IZmax
Q
(a) (b) ()

Diode Zener: (a) Ky hiéu so d6 mach; (b) Ky hiéu khac; (c)
dac tuyén Volt-Ampere (I-V).

27



Reverse Breakdown Mechanisms

a) Zener breakdown occurs when the electric field is
sufficiently high to pull an electron out of a covalent bond (to
generate an electron-hole pair).

b) Avalanche breakdown occurs when electrons and holes
gain sufficient kinetic energy (due to acceleration by the E-
field) in-between scattering events to cause electron-hole
pair generation upon colliding with the lattice.

n__ _E... . n__ _E... .
SI\\ P N //Si% z_ 5 S
ST D= B N ST R P et~
si ¢ sil si Si ee_“/i ¢ &
M [ M [
| Il
Vr Vr



Zener Diodes — Regulation Ranges

The zener diode’s
breakdown characteristics
are determined by the
doping process. Low
voltage zeners (>5V),
operate in the zener
breakdown range. Those
designed to operate <5V
operate mostly in
avalanche breakdown
range. Zeners are
available with voltage
breakdowns of 1.8 V to
200 V.

Diode zone

VR"‘

Avalanche

G

z0one

5V.

I7 (zener knee current)

I, (zener test current)

7y (zener maximum current)

Y

Ir

This curve illustrates the minimum and
maximum ranges of current operation that the
zener can effectively maintain its voltage.

29



Pac tuyén danh thing cda diode Zener

Chud y dong ngugc rat nho - Diode zone

(truGc “knee” [dau g6i]). \
V, @I,
Vi, '

i , , R F B
Panh thung xay ra @ knee.

[
»

I
o i/ , ) - it i I7x (dong gbi Zener)
bac tinh danh thung: r
e Vz gilf gan nhu la hang s6 ,:A‘valanchgl‘
e Vz cung cap: Zone

-bién ap chuin, @200 YY" l71 (dong thir Zener)

-On dinh dién ap
Iz tang nhanh
Izmax dat dugc nhanh chong

NEu tang dong vuot qua Izpax
thi diode Zener bi hu

____________ I, (dong Zener cwe dai)

SU



Hé sb nhiét TC

 Dinh nghia: Hé sb nhiét cla dai lwong X 1a TCX (don vi
la 1/°C hay ppm/°C [ppm=10-9])

1 dX
X dT

TCX =

« TCV, co gia tri:
< 0 khi Zener c6 V, < 4V (danh thung Zener)
> 0 khi Zener c6 V, > 6V (danh thung thac Iu)
<0, >0, hoac =0 khi Zenerc6 4V <V, <6V

31



Mach 6n ap Zener

I.= (5-1)
5 Rj
BRIDGE A
RECTIFIER V\N-—l
WITH *
CAPACITOR- |Vs
INPUT -
FILTER —
(&) (b} _ (c)

Mach 6n ap zener. (a) Mach co ban; (b) c6 ndi dat; (c) nguf“)n cap dién lai

mach 6 ap
Chuy:
> Izmin < IS < IZmax

» Thuwong chon lg = (Lin + Limax)/2




M6 hinh diode zener ly twdng

Mb hinh diode zener ly tP&’NQ khi & phan cwe nguoc > V,

33



Xap xi bac 2 cua diode Zener

Reverse I, Forward
bias bias

Zener
break down ™' 7 e N ¥ %
o
|
V ES S I
- l Ideal |
%_ = Vp — v diodes |
i = A
| >,r r z Reverse biased and
—— =, e | neglected in zener
Siops : circuits
| X
+ R, Mach twong dwong
J —
1 - +
_—V;

0 | 34



Mach 6n ap Zener co tai
Hoat ddng danh thung va&i dién ap Thévenin dat & Zener la:
Vin = VsRU/(Rs+R|)
Dong dién ndi tiép |g
Dong tai |, = V /R, =V,/R,

Dong Zener |, = I — I, (cha y diéu kién dé Zener van con on ap!)

V.- W
=== (5-3)
Rs
1+ pOWER [+ YWV
SUPPLY i
HL 3’1 ‘:5 Vz HI'.
T

Mach 6n ap c6 tai (a) Mach co ban; (b) Mach thuc té



Xap xi bac 2 cua diode Zener

<

|

(b) Hiéu trng trén dién ap tai:
V,=V,+ IR, > AVL = |,R,

Vi R, thwdng nho = AVL nhdl.

R,

t
+
VL

[

36



>
n r

Piém r&i khdi mién 6n a

POWER
SUPPLY R,
0V 1KQ
- V in
Rﬂmﬁx} = ( S:: - l)RL{min}
Z
VS{ in) = V
Rstmm = }nn £
: L{mix)
R, .
Iz ~ 0 Limin)

— ’ — —
—

Trwdng hop xau nhat

(5-9)

(5-10)
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Poc bang di¥ liéu (Data Sheet)

Céng suat toi da P,y P,=V,l, < P,

Giam dinh mdc: Hé 6 giam dinh mrc (mW/°C) cho
biét sy thay doi cua P, theo nhiét d6

Déng toi da lyy,: | = Py/Vy

Dung sai x%: V, = x%

Dién tré Zener (tcx)ng‘trc’)’ Zener) Ryt hay Z,+: dién tro
ddng cua Zener & mién Zener

Chd y: Cac so liéu khac co thé suy ra tir sb tay

* Tinh I, = Py/V,
* Chc_)n IZmin = IZmax/10
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4.10.3 Diode bién dung (varactor=varicap)

; |
Nl C L

MDA I D o 1
_l*_“i l} CID A
(c)

- | (a)

DEFLETION LAYER

— e —'—l—-"" (b)
| (d) |

(a) J_
G
CT (27 2
(d)

(D)
Cac ky hiéu
(a) va (b) thwdng dung & My
o—Ppit 0 . . (c) va (d) thwdng diing & Anh
(o) Dac diem:

Dua trén su thay déi dién dung clia mién
ngheo khi dwgc phan cwc nguoc 39



Diode bién dung — Thi du (2)

VR B | |
-15 -10 -5
Pic tuyén

MacF] thi du

40



Diode bién dung (3)

Diode bién dung dugdc dung trong cac mach loc lam dung
cu chinh dudc cho chon Iua tan s6 cong hudng.

Parallel resonant filter

£

R, G
[ oV,,

2 Varactor bias
I K
W

R
/ ’ g 3 __+
* = Vhias

Vi, © }

-

Varactor Py / Z Rs

L Bias adjust _L 1 41
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Varactor Diodes

Capacitance Tolerance Range
- This is the equivalent of the value tolerance range of a resistor.

ie: 1IN5148 — Nominal value = 47pF

- Tolerance range is 42.3pF to 51.7pF
Tuning Ratio (TR) or (Capacitance Ratio)
- Refers to Rangeability (value @ Bias Vmax VS Bias Vmin)
- Vmin is 4V bias (C4) (for the 1N5139, C4 = 6.8pF)
- Vmax iS 60V bias (Cegg) (for the 1n5139, C60 = 2.3pF)

For the 1N5139, TR = 2.9

Quality Factor (Q) describes energy loss in the device. High Q
desireable)

Temperature Coefficient - ACapacitance vs ATemp
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4.10.4 LED (Light Emitting Diode =Diode phat quang)

Nguyén tac hoat déng

» LED cha yéu la chuyén tiép PN duoc lam tir ban dan hon hop cé khe nang luong
trwee tiép (TD: GaAs), trong do sw tai hop cap dién tir-16 (EHP) lam phat xa photon.
Khi d6 photon dwoc sinh ra c6 buwdc song

A [nm] = 1240/E[eV]

e Gian q’é nang lwgng sau mi‘nh hoa sw siph ra énh sang trong LEI?, trong dc:) phl’a‘N
pha néng dcf,) n* vi mudén mién nghéo phan I&n nam ‘bén P va mudn cung cap nhiéu
dién t&r khuéch tan tir N vao P va né duwoc duy tri bang phan cwc thuan cho LED..

Electron energy V0=thé noi [khUéCh tén]
_ | -
T E, p . | n
(?I-"OJ \\|
E, T | E,
@ Epf|l-t---mmmrmmm E, [ - ()

—> Distance into device

® Electronin CB
O Hole in VB
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Vat liéu ché tao LED

« Phan I&n LED swr dung ban dan hdn hop co khe nang
lwong trwe tiép, hinh sau cho thay bwédc séng anh sang
dwoc sinh ra A voi vat liéu twong wng

1 =
Indirect — o o
e a 5
bandgap | .= o & S
~ ~| 7 <_ f <,
zZ%< Z| & o % * 3 =
—_ ‘r-r-' ':.J L~-_'-‘I~‘ '\J — : . [-u_ '-..:.-‘
| = = =
I = = =
| P GaAs P 1 l |
: x=043 Iny_Ga As,Py_, g
: Al Ga, As
I
! —+Ing oAl Ga, 5, P
>
— T 1 T T 1T T T T T T T 1 A
04 05 06 07 08 09 10 11 | 15 16 17
= L =z = )
= 2 22 £ Infrared —>
= B S5TE
> UxS o hole - p-type
-—— active region
e electron ~— nype
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Cac vat liéu ban dan thwérng dung cho LED

Ban dan Nén/Pé DI A (mm)  Nyema (%)  Chuthich
GaAs GaAs D 870 - 900 10 Infrared LEDs
Al Ga, As GaAs D 640 - 870 5-20 Red to IR LEDs. DH
O<x <04

In, Ga,As,Py InP D I-1.6 um =10 LEDs in communications
(v=220x,0<x<047)

InGaN alloys GaN or SiC D 430 - 460 2 Blue LED

Saphire 500-530 3 Green LED

SiC Si; SiC [ 460 - 470 0.02 Blue LED. Low efficiency
In, Al Gay5, P GaAs D 590 - 630 1-10 Amber, green red LEDs
GaAs, P, (v <0.45) GaAs D 630 - 870 <1 Red - IR

GaAs,,P, (v > 045) GaP | 560 - 700 <1 Red, orange, yellow LEDs
(N or Zn, O doping)

GaP (Zn-0) GaP I 700 2-3 Red LED

GaP (N) GaP I 565 <1 Green LED

Mo = ‘%Hf(?ﬁﬁcan «100%

D=trwc tiép; |=gian tiép; DH= cAu truc di thé Kép; Nema=hi€U suat lwong t&r ngoai
Cac kénh truyén théng quang st dung budc séng 850 nm (mang cuc bd) 45

va 1.3 va 1.55 ym (khoang cach xa).



Pac tinh cua LED (thi du)

Relative @) ®) ©
111t§1131t}: 6550m Relative light intensity Ik
1.0- 5
05 7 l —
0 > 0 — 11711 [(mA) 0 T T T 1 I (mA)

(a) Phd anh sang ra tiéu biéu (cworng dd sang twong dbi véi bude séng) tir
LED dé GaAsP.

(b) CAng suat anh sang phat ra tiéu biéu theo dong dién thuan.
(c) P&c tuyén /-V tiéu biéu cha LED, dién ap ON lIkhoang 1.5 V.

» Péc tuyen I-V: twong tw diode thuworng, nhuwng Vo> 0.7V
(tr 1.2V dén 4.5V tuy theo loai LED v&i vat liéu gi, tiéu
biéu 1& 2V v&i LED anh sang thay dwoc), dién ap danh
thung nho (Vgg ~ 3 2 5V)

- Anh sang phat ra ti 16 thuan v&i dong qua LED (néu dong
qua LED chwa dén bao hoa)



LED — Spectral Curves

1.0 i 1.0
0.9 0.9
5 08 \ \ \ 5 0.8 / \
\ \ / \
g 07 \ | 7 1 \
E 0.6 \ E 0.6 / \
= 05 = 0.5
E o \ E o / \
g | \ [ ] 8 / \
5 I A W Y S
L/ / / B}
0.1 0.1 / \
0 / .// < | >-< \ e —
420 460 500 540 580 620 660 700 740 880 900 920 940 960 980 1000
A. wavelength (nm) A, wavelength (nm)
(a) Visible light [ (b) Infrared (IR)

Note the wavelengths of the various
colors and infrared.

Note lead designations to the right. Cathode Anode Anode

(lead on right (longer lead) (lead near tab)
looking from front)



LED

* An Optoelectronic Device

— Polarity Important n N )

e Short — Cathode (-)

Long — Anode (+)

* Brighter as Current

Increases

% E 4 3 2 4 3
Applied voltage

« Junction Voltage ~1.78 V

(Red LED)
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Mach lai LED don gian

Rs
POWER [3 p
SUPPLY +
Ve vy ”
(a) (b)

Mach chi thi dung LED: (a) Mach co ban; (b) mach thuc té
DPién tréd han dong RS dwoc tinh nhu sau:

Rs = (Vs-Vp) /ls
V@i cac gia tri tiéu biéu cta LED la: V=2V, I;=10mA
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Hién thi LED 7 doan
TD: loai CA (Common Anode)

) +

F[G[s Al lawlzala iz
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Optical Diodes

The seven segment display is an example of LEDs use
for display of decimal digits.

LI
E' D 'f‘ Decimal

B point

(a) LED segment arrangement and typical device

E E
W 10 G O 10 G
D2 D)
ol ®r
Anodes (3) Cathodes (3)
@ Anodes @. Cathodes
c@ C@
(7 A (7)A
Decimal 9 Decimal a
(6)B (6)B
(b) Common anode {¢) Common cathode
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Some Types of LEDs

>

ﬂ".g:{-‘” ﬁ
o e £
Bargraph 7-segment Starburst Dot matrix

CIE
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4.10.5 Photodiode (diode [thu] quang) (PD)

Cau tao: tiép xuc PN

Nguyén tac hoat dong: dwra trén sinh cap dién tp-10 1am
thay doi sy dan dién

Dac tuyén I-V: goc phan tw 11l (rng dung thu quang, gdc
phan tuw IV [am pin mat troi (solar cell)

I
\}‘ hv> E,
- @B +
Bop =10
81
82
g3 d
A iif 83 = 82 = 8

g=cdng suat quang 53



Photodiode (2)

Reverse Bias

chwra ¢6 anh séng chiéu vao

Breakdown Voltage

S

I

Forward Bias

P _’/
0 —
I R hF I
P .
! /‘chiéu tang
P, ‘ ' pr— ‘ cuong dé sang
/vung photodiode R Ving solar cell
| v - -
VCC
O
lo
— Ey ~ <
l= - \ ~ (Z__g l
E o 14 \'
T, @_3 E'-_g -"cl_.— R, g : VouT

Vour=—1.Re

+
Re
2 —AM\—
-

Vour
—
OP—AMP
COLLECTION SMOKE +
CHAMEBER PARTICLES T+
=
COMPARATOR |ALARM

FHOTODIODE

Smoke Detector



p-i-n Photodiodes s

*Only electron-hole pairs E“ 1 'j X

generated in depletion region b— >

(or near depletion region) A1 E.
contribute to current \ } } J N
«Only light absorbed in )
depletion region contributes to ['_L"—'H'lh_l”__'{
generation %[ P e W % W v e

—Stretch depletion region Wik e W Y T

—Can also operate near
avalanche to amplify signal

' %hv l
Insulator ——_ Z/ "

Antireflection N
coating : i p

7707777727700
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short circuit

Solar Cells

N

P I Isc

EvJ

Solar Cells

A
Dark IV\.yf
II
)
I
0.7V
6 SR X %
Solar Cell
v M7
Maximum

(b)

power-output

Also known as photovoltaic cells, solar cells can
convert sunlight to electricity with 15-30% energy

efficiency
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Solar cell: Example of simple PN junction

« What is a solar cell?

— Device that converts
sunlight into electricity

« How does it work?

— In simple configuration, it is a
diode made of PN junction

— Incident light is absorbed by
material

— Creates electron-hole pairs that
transport through the material
through

« Diffusion (concentration gradient) D eers Soicon
« Drift (due to electric field)

PN Junction Diode



Photovoltaic (Solar) Cell

[, =1 (™" —1)—1

optical

in the dark
N

Vp (V)

with incident light
Operating poin
The load line a simple resistor.



4.10.6 Diode (rao thé) Schottky

1.00 % 1072
Ohmic
Metal contact 8.00 % 10~
v * R SB
7 77 < pn
% v, = 6.00x 107
¥
Anode Z n-tvpe A Cathode = J
/ ype + // 0 [
O /,x semiconductor " ///’ O ﬁ 4.00 % 102
//;-‘ | /. 5 I
“ ffl 2.00 x 107 / ]
‘\"“Rcclif}'in‘g RS /
contact / /
0 —
0.0 02 0.4 0.6 0.8

One semiconductor region of the pn
junction diode 1s replaced by a non-
ohmic rectifying metal contact.A
Schottky contact is easily added to
n-type silicon,metal region becomes
anode. n" region is added to ensure
that cathode contact is ohmic.

Diode voltage (V)

Schottky diode turns on at lower
voltage than pn junction diode, has
significantly reduced internal
charge storage under forward bias.

Dic diém: tiép xic M-S (kim loai-ban dan), Vo thap, chuyén mach nhanh o



Chuyén tiep M-S

Anode Cathode

Kim loai Ban dan loai N
(vang, bac, platinum) (nhw Si hoac GaAs)

Diode Schottky con duwoc goi la diode “hat dan néng” (‘hot-carrier’ diode).
Hoat ddng & phan cwc thuan.

Dong nguwoc trong diode chinh Iwu dwoe sinh ra b&i hat dan thiéu sé

Dong nguwoc trong diode Schottky dwoc sinh ra béi dién tir.

Dé& dang dan hon do Vgy nhd, chuyén mach nhanh hon = (ng dung trong
mach cé tan sb hoat ddng cao

[t Tn

rectitving diode schottky diode

r T }VF 7 NF

60
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Schottky Barrier: Current Flow

 Electrons can flow from the metal to the semiconductor
and vice-versa.

« When external bias is applied, current flows in the device
which occurs by the following mechanisms:

. electrons with energy greater
than the barrier height e(V,-V) can overcome the
barrier and pass across the junction. As the bias
changes the barrier to be overcome by electrons
changes and the electron current injected changes.

. electrons can tunnel through the barrier.

« The saturation current in the Schottky barrier is much
higher than the p-n junction. This results in a turn-on
voltage for a forward-bias conducting state at a very low
bias, but also results in a high reverse current.
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P-N vs Schottky Diode

Reverse current due to
minority carriers diffusing to
the depletion layer — strong
temperature dependence

Reverse current due to
majority carriers that overcome
the barrier — less temperature
dependence

Forward current due to
minority carrier injection from
n- and p- sides

Forward current due to
maijority injection from the
semiconductor

Forward bias needed to
make the device conducting
(the cut-in voltage) is large

The cut-in voltage is quite
small

Switching speed controlled
by recombination of minority
charge carriers

Switching speed controlled by
thermalisation of “hot” injected
electrons across the barrier ,
~ps (majority carrier device).




Metal-Semiconductor Contact

Vacuum level

T electron{f T work barrier
WDH.( e affinity_‘L “)s function % ———————
function | E,
| e
Ep m = — — - e Ep;
E,
(a)
Schottky barrier: @z =@, — ¥

built-in potentia Ifr{;;‘ = '@Bu _.@H = .@m —Z—-Gbﬁ‘ = .@m _.@s = Gb

T b built-in
ri.f". T
edgo | f{m potential
| | E,
o= —'l’—— e
1
[
I ed,
\ |
|
Depletion |
<—  Tegion —4-:
x, =W

s

o Work function is the difference between vacuum level and

the Fermi level

when two materials are placed in contact, electrons will flow
from the one with the smaller work function until the Fermi

levels equilibra

te.

o Similar to p-n junctions: Fermi-level is uniform across the
junction when in equilibrium (i.e., no current, no
temperature difference, etc.)



Schottky Junction Characteristics

: L l/2
f _ {25(@1 +VR)[ N,+N, H
e e NN,
. e | et NN, |
|27, +V,)L N, +N,

for Na (metal) >> Nd since
metal is full of free charges.
(half filled band, has both
electrons and holes), therefore:

1

eeN ,
207, +V,
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Metal-Semiconductor Ohmic Contacts: n-type

o if metal and semiconductor’s work function is close enough and
the semiconductor has enough carriers to conduct, an Ohmic
contact that conducts currents bi-directionally can be formed
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Metal-Semiconductor Ohmic Contacts: p-type and
tunneling Ohmic contacts

(a) (b)

f'f’firr
¢ 4—% r / E |
m-T-—- —————————— E;
\—l— ”
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Schottky Junction: forward bias

" R - -
- E—
j‘i V)
e l E,
Prﬁin = _______cn_.r‘
Pl
Ep——————— - ——
— X

|

ool

T

8 |
I ’

— |
|

pn

6 Schn.ttky : junction

diode 4 diode
| 1
1
i
~ 4F |
g ]
S+ '
L i
2k i
i
I
[~ ]
]

I L=’ ] |
0 0.2 0.4 0.6
Vp (volts) ——p
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Cac diode khac
Varistor (b0 triét qua dd): han bién bao vé tai.
Diode 6n dong (Current-regulator diode)

Diode hoi phuc bwérc: cé ~dong @ phan cwc nguoc va
thay dbi dot ngét vé 0 véi ap nguoc thich hop~> tao hai,
tao song

Diode ngworc: danh thung nguoc & dién ap thap gan 0V
(~0.1V)-> chinh lwu tin hiéu AC thap (yéu) (ngworc: do
dan nguwoc tét hon dan thuan!)

Diode tunnel (Gwdng ham): dac tuyén co vung dién tré
am -> tao dao dong.

68



“varistor diode” c6 thé dwoc dung dé bao vé
thiét bi dién khéng bi hw khi co doét bién dién ap.

ZE58
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In, Forward diode current (mA)

Diode 6n [ding] dong [dién]
(Constant-Current Diode)

F
10 —r—
?.D E TJ: EEDC
50FPOV=100V 1N5313
3.0 e L 1]
2.0 o 1N5309
I = ____;"'.--—-"" 1N5305
0.7 ;
D 5 - e e e e i
et 1N5290
0.3
0.2
____..-!"
0.1
0.1 0.2 0.3 0.5 0.7 1.0 20 3.0 50 7.0 10 20 30 50 70 100

Vak: Anode-cathode voltage (volts)

~ i i " r (] “® » o~ -
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Diode 6n dong (2)

T

Ry

VS
—Q  Diode 6n [dinh] dong

L 1

Rs co thé thay doi va dong dién gitr khong doi.
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Diode dworng ham (Tunnel diode)

V=0 V=V, V,<V<V, V>V,
P n P n P H P n
K T\ —\ N
e = e ==
5
P E‘Lf
I A
| e < « Chuyén tiép PN v&i ban dan
I suy bién
| 9 X X z
Al | * Pac tuyén |-V cho thay co
: vung dién tror am, duwoc
' /alle \ n
I A R s dung trong mach dao dong
y
0 v v -V
~ AV —
| | 72




Tunnel Diodes

Tank circuits oscillate but “die out” due to the internal
resistance. A tunnel diode will provide “negative resistance”
that overcomes the loses and maintains the oscillations.




