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Ch. 3
Special Purpose Diodes
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3-1. MY Ct°|2E(Zener diode)
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3-1. M4 4L

Yun SeopYu

° FEEY
=Vp 3 1z2 BI=ZH (Knee) A 27
=V, MY g5 Mg > AP & 84

= Z, (zener impedance): W& MY MY

zl,c diodeE FHY AR
ol Yt L WE
s |y diodet 2457 Mo ME
> Iy ~ |y AYY WYO| YWY QA
8 Ly THHEY A
s QLo MO AR
SN 4 U= SHL
{Cio|QEe 528 B
[ S lufeigm]
_ HANKYONG NATIOMNAL UMNN,

VR - t
Knee —

region

I7x (zener knee current)

I7 (zener test current)
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3-1. M4 4L
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3-1. M4 4L
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o 2kH%
u 2EYR (TC): REMA P RLFYS #t [ %/°C] E= [mv/°C]
a2l ME MUl Big}
e 27 [%/°C] & §%
- AVZ = VZ XTC X AT
— Vg 25°COll N2 MUYMY, TC: 2EH4e %/°C, AT : 2EHSt
o 2H% [mv/°C] & 8¢
- AVZ = TC X AT

® A 3-3
u V; =82V, TC = 0.05 %/°C 24 60 °'C & M4H?

e AV, = V, XTC X AT = (8.2)(0.05%0.01)(60-25) = 144 mV
eV, (60 °C) =V, (25 °C) + AV, = 8.2 + 144m = 8.34 V
[ ]EE*%'EHE.*E

HANKYOMNG NATIONAL LN,



3-1. M4 4L

e N AHMM o (derating)
= MLl e AlF AHEH P, =V, X |,

HLC
ﬁg:!ﬂ'n} -g-lg

o NI HO| AHMEH (Py) N¥HoE EFRE K
ojste| 2EUM o
e 2ET 3 > T U
¢ I:)D(derated) = I:)D(max) - (mW/ °C ) AT
— M EAHE (mW/ °C )

Yun SeopYu

a

rr

o 9N 3-4
2 Pprag= 400 MW (50 °C ), 3.2 mW/ °C 2} 90 °C o 2EOUN
AHE & Qe HONE?
o I:)D(derated) = I:)D(max) - (mW/° C) AT
= 400m - (3.2m)(90 - 50)

= 400m — 128m = 272 mW
[ Jaztyriou .
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3-1. M4 4L

o N4 4o 4RI
aMH 8 : V, @ I
a X0 MUY HEEA (Z7) = AV, [ Al

e NE FEIN ZFE FH(WR) ALHA
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3-1.
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Nloximum Rutimgs

Rating Symilul Yalue Linil
Do poswer dissipation @ ¥, = 510 PI'.P 1.0 Wl
Derale abaryve S 67 mWC
Cpernting and siorape juncticn T Tug 63 0« 200 "
Tempernare range
Eleerrieal Chavacteristics (F , = 25°C unless oaherwise noted) Vo= 12 Y mas,
#p= 200 A Cor all types.
Nomdnal Eener Test Maximum Fener Inpedance Leaknge Current
JEDEC Voltage Cuarrent
Iipe Mo, Vo 0 By Tt Ly B lyy Epg O ley T Iy Yy
{™ode 1) Vills nik (Fhums s mA |k Max Yulis
IM4TIR 33 76 In 40 LK) 10 [EH
IM472% EXH] 2] n 0 (KN 10K} [EL]
IN4T30 55 51 E| 41 1o A (KL
TM4T3T 43 5s kil HHI L L [N
1M473Z &7 33 &0 S 14 4] [EH
1M4T33 5.l 49 0 550 L 4] [EH
1M4T34 56 45 5.0 &I [ Ex 1] 240
IM4T3E Gl 41 0 T (K} 1] 30
1M4T AR [ ay is W 1.0 14] 4.1
TM47IT 7.5 4 4.0 T L3 |14 A0
IMAT3R 5.1 1] A5 T (5] Il Gl
IM4T3R 9@l 13 5.0 T 04 [[4] Tdb
IM4740 n 5 1 T .35 1] T
IM4741 1 3 a0 T n.23 a4 54
TM47Ta2 12 H A0 T 11,25 54 9.1
TMN4T42 13 &7 1 TN 0.23 34 we
TMATH 15 I7 14 T 0:25 54 114
1N4745 16 125 |G T 0.235 54 B2z
IN4T46 1B 4 1] A0 0.25 54 157
IN4T4T n 115 23 AN L35 b 5.2
I N4TaR ¥ s 25 Al 023 34 L
TM4Taw 24 1054 Fh AU Q.25 pLl 8.
1NATAD 217 L] as i 0.25 34 Fail]
IN4751 1] S 40 i 0.25 54 28
I1MN4752 33 T35 43 L n.25 54 15.1
IM4T5Y A6 7.0 a0 (LR .23 34 4
IMdTS4 50 %] ] (LR} .23 hY1] po
TH4TSS 43 Bl il 1 501 .23 54 327
1N4756 ar 35 £ L5100 025 34 a5y
INATS? 5l il b5 1500 0.25 5 AHR
IM4T5E 56 45 (] I 0.25 54 426
IM475S 62 4.0 125 2 025 a4 47.1
I1M4THD [t} T 131 AN .25 30 1.7
TN4TRE K 33 175 N .23 34 Ja0
1M4T6Z .7 Al 200 AHx0 023 14 h2.2
IMNATA3 91 28 250 HHx 0.25 54 [
TMNATHd L] FA] Kkl e 0.25 54 THD

NOTE 1 — Toleromes amd Tvpe Number Deslgnatbon. The JEDEC ivpe nambers listed hove o
sendard talernnes e the nomanal rener vodiape of #1075, A stadard releraree af #5% on individual
Urits s also aeailable and &= indicaed by sulfixing “A" vo the stondard type number, O fop £2.0%, D

lor £10F%.
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3-2. MY TojeE<2l Z&(Zener diode applications
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e

o 23 MY O1Fe W) g2
A
-

Iy increasing

|
& 2% (regulation) =
= QIETYO| FIPHE BN O
=

ot M GoIREE

(a) As the input voltage increases, the outpul voltage remiains constant (L < Ly < Doyl

Power
supply

_

(b} As the input voltage decreases, the output voltage remains constant (Fey < B < b

Fi Slels]n feiim 9
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3-2. MY H°|RE2 &3

Yun SeopYu
o 9X|
= IN4740 10V Mt THO|2ET} |, =0.25mA%M |,,=100mATHA| ML
MFo Bl ot FMAZ FAE & UL MU HA=?
(2, Pomao=1W, V; =10V) R
M e o
220 Q) i3

& Iy = Pomao/V = TWAOV = 100 A+ s I

o FATIRA TP 220088 ¥Eel mEe 7T R S
a Vy =l R=(0.25mA)(22002)=55mV
aVp = Vy - V, ©|OZ - - )
o Vi = V + V,=55mV+10V=10.055V

o NOFLEEC! e 22008 FHe| WYL
a Vg = [ZMR=(100mA)(220 © )=22V
8 Vigmag = Vi + Vp=22V4+10V=32V

o Viy = 10.055 ~ 32 V

[ Sleles il feigm

_ HANKYOMNG NATIONAL LN, 10




3-2. M gojeEel Z& (Example 3-5)

Q) 1N4733 A CrojeE AN 1y,
49mA OIIAI VZ = 51V, IZK = 1mA, ZZ

7 Q Ol 7, 2 M&E&L&N ol

Jofttd PgerH [ Prget AR

o |l

A
=20 (o]
st A A RHEA?
R
e o
100 ) 5
. I
t-f'm% 1N4?33T Wisi
h‘l
AN 05.1 VA
100 0)
70
W +__J‘_ e
r\_ﬂ—_ ...=__..ﬁ.|"u
s IRl=

® I oIN EHNYAL 7P 3 1
Vour = Vz - AV,
- 5.1 - (IZT - IZK) ZZ
=51-(49m-1m)(7) =476 V

b
>

e 78

Vingminy = LzeR + Vour
= (Im)(100) + 4.76 =486 V
o T 2 MR ¢ AU HHNF (A 2E < 50
> Pp(maxy= IW)

Izm = Poimaxy/Vz = 1/5.1 = 196 mA
Vour = Vz + AVz

=51+ (Izm-Iz7) Z;

=51+ (196m - 49m)(7) =6.13V

Vingmax) = LzmR + Vour
- (196m)(100) + 6.13 = 25.7 V

Yun SeopYu

°C
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3-2. MY H°|RE2 &3

Yun SeopYu
o FofHalo| M2 MUY FMART (load regulation)
gl ~ Iy MOI9 1LOIM Re M2 AT Al
¢ FHo O [E9}
aR= o |, = 0A > = A
sRUA S I 3> I, ¥4
EIZ = IZK %[[" ||_ -'K-IE"
R
AWy —o
It -
T _/
VIN — "',:J/l "Ll %RL
12
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3-2. MY Cio|ESl Z& (Example 3-6)

QR =470 Q Viy = 24V , V, = 12V, I,x = 1mA, |,y = 30mA, Z, = 0 Q,
OISRIE SISt A HA HoINF?
wR=oo O 1 HA LAY (|l min = 0A 2 L )
ama0 = It = (Viy = V2)/IR = (24-12)/470 = 25.5 mA
(Kol SAHYA WOl RS
wle HA O || 2 A
o HA |, = Iy
o Iy = -l = 255 m — 1m = 245 mA (V, QESDZ | 27%)
> R = Vollimey = 12/24.5m = 490 o
s R.°l 490 °lstTt HB BSIMFN 3t > L I, C15H =HO oyt s d&

Yun SeopYu

R

M +——o
4700
] Iz I
V T =
IN =
= A >3

[ JEE*%'EHE.*J = > = 3
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3-2. MY H°|RE2 &3

Yun SeopYu

o N4 C°[RL Htatg

= WmSE° AEoI MY NEFS Ass U= HEE & RH.

Wy o
Vz
/ \ 0.7V
Vr'rr (i) Y T vi" X 0 —
207V A

FI

T

o g

(a) (h)
K
o
Wy Vi + 0TV
D, ' |
l"rl
D, 0

(c)

E":: SEslEs 1o keiym]
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3-2. MY H°|RE2 &3

Yun SeopYu

© Zeners are used in three-terminal regulators to establish a
reference voltage. These circuits are capable of much larger

load currents than basic zener regulators.

VIN O

\oltage
regulator

© VOUT

1

Reference ground

Control
element

A

Error
amplifier

[ VOUT

Feedback

element

—

SR | felgm]
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3-3. Bl OOl E(Varactor diode)

Yun SeopYu
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3-3. HElE OOl E(Varactor diode)

Yun SeopYu
A
° 1|E5H
o | x X
A¥T HOlolA T > BT St > WHAEHL 44
N\ |
=z WHAIBIA C = (Ae)/d H, A: STEHA o 0N &7, d &8 &M
@ﬁmﬂ gy, | M - j{;
R
= = £ 5
& 28
£ 24
220
516
B 12
= B
S 4
' 0
Diglectrie marrows i 10 100
V. reverse voltage (V)
—0 - Vs + O— ——0 - Voias +
{a) Greater reverse hias, less capacitance (b} Less reverse hias, greater capacitance {c) Graph of diode capacitance versus reverse voltage
r.'i'
o =
0T 2 52 A 4 %c
T Y
ii Sheige]u feigmi o 17
| HANKYONG NATIONAL UNIV. (a) Symbol (b) Equivalent circuit



3-3. Bl OOl E(Varactor diode)

Yun SeopYu

@ Capacitance tolerance range are the range of values of capacitance
for a given varactor. The data sheet will show the minimum nominal
and maximum values, which are often plotted on a graph.

For example, you can
use this graph to read
the capacitance as a
function of reverse
voltage for various
diodes.

SR | felgm]

HANKYOMNG NATIONAL LN,

C, diode capacitance (pF)

100 ——
;8 To=25°C —
f=1MHz
30
/
10 v
7
5
3 1IN5148
-~ IN5144 -
1N5139
1 |
1.0 30 507010 0 5060

Vg, reverse voltage (V)

18



3-3. Bl OOl E(Varactor diode)

Yun SeopYu

¢ The capacitance ratio is the ratio of the diode’ s capacitance at the
minimum reverse voltage (largest ) to the diode’ s capacitance at

the maximum reverse voltage (smallest 0).

Data sheets also include
parameters such as
maximum ratings for
current, power and
temperature.

[ ]EE*%'EHE.*E

Maximum Ratings (T = 25°C unless otherwise noted)
Rating Symbol Value Unit
Reverse wltage Vi 60 \blts
Forward current I 250 mA
RF power input* Pin 5.0 Watts
Device dissipation @ Tp =25°C Pp 400 mw
Derate aboe 25°C 2.67 mwW/°C
Device dissipation @ T =25°C Pc 2.0 Watts
Derate aboe 25°C 13.3 mwW/°C
Junction temperature T, +175 °C
Storage temperature range Tag —65 to +200 °C
*The RF power input rating assumes that an adequate heat sink is provided
19



3-3. Bl OOl E(Varactor diode)

¢ 38
= 29= 8§
o STILIZOIN MHHWS TR HHANHAS MHANH &8 FO4E ZE
e Gy, Cy, C3 G40 BF HOIOZL MY

Yun SeopYu

-BE IV AW
- =
2m+/LC
Parallel resonant filler
Cy R, [
V. o }I AN 'S I{ ol

\|
]

0 3 fa
- — Vs
R,

Wy F U i = s s g

HANKYOMNG NATIONAL
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3-4. ¥ OO|E (Optical diodes)

Yun SeopYu

g YE OOIRE(LED) : %&
°2':(Photod|ode) NZ HESE= CIoj_E
O|2L (LED: light emitting d
= MY 2% (electroluminescence):
o Z2HIB HO|OJA: ng2lo ALQNA
MEY > 30 & YA BE >
e Doping SR TN MZ HF
— GaAs: M9M (Infrared: IR)

— GaAsP: Yellow or red
— GaP: Green or red

. ﬁfle‘/ . .f_;' .:.::,_'w_.i /;
’f d i

Cathode Anode Anode
{lead on right (longer lead) (lead near tab)
looking from front)

¥02 o5, H3Y
d

p y o
M photon (37 &Y

=2

Light energy

311
118




3-4. ¥ OO|E (Optical diodes)

Yun SeopYu
Ve
e LED »
s
« LED H°I9{A: 1.2 ~ 3.2 V \!‘l/
g
l 8
2 TIITITH
Vip
4+ I -
Il D 0
(a) Forward-biased operation (b) General light output versus forward current

oH

3E o] IFY (wavelength: )

> NANZMOIA| MLMOIA| HF

o TAIE: 590 nm(yellow), 540 nm(green), 660nm(red)
o MQIM: 940 nm

m LED YMNTHE: YMNIHEIC| E24E EFYTA A

HANKYOMNG NATIONAL LN,
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3-4. ¥ OO|E (Optical diodes)

¢ LED

LEDs emit a specific range
of wavelengths which depend
on the construction and dye
material used. The
wavelength is given on the
specification sheet. LEDs are
available for visible light and
infrared.

Yun SeopYu

o =
o o

0.8

o o o
o o

N
w >

ght output (normalized)

4 02

o
o -

>

T 420 460 500 540 580 620 660 700 740

A, wavelength (nm)

Q: peak wavelength of a green LED?

SR | felgm]
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3-4. ¥% Cjo|2LC (Optical diodes)

Yun SeopYu

¢ LED

Another characteristic shown in specification sheets
is the radiation pattern for the LED. This plot is an
example of a typical pattern in which light is
concentrated in one direction.

A wider viewing

angle will show a
wider pattern such
as the TLDR5400:

[] SRl ]u Leigmi
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o
Q.
(@)
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Yun SeopYu
¢ LED nH&
= NOAHY, AN 29F [NF, 2YY MY ¥

n ST 2%
o ENYE(axial radiant intensity) |,; E&T=/steradian
- 5 mW/sr (at IF = 20 mA), sr2 1M} ZFFHQ
o 3 (Irradian: E): M=H/mW/cm2 > E = I/d?
= %M 3-10 LED HI°IH (J3T)2 2E
o NUiEY = 35 mW > 910 nmeIN BATEE?
— 1, = (0.25)(35 mW) = 8.75 mW < 12 (c)
o . = 20mA > AWE MAWH? V. = 1.25 V (I = 20mA) <« I (b)
e |p = 40mA > BAEE? |, ~ 10 mW/sr <« T8 (e)
ed=10 cm > Htf ¥J? E = I/d2 = (35 mW/sr)/(10cm)? =
0.35mW/cm?

[ lag%;cuam
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3-4. ¥ OO|E (Optical diodes)

Yun SeopYu
TSMF 1000 data sheet
ABSOLUTE MAXIMUM RATINGS (T.r» = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL VALUE UNIT
Reverse voltage VR 5 A
Forward current Ie 100 mA
Peak forward current tp/T =0.5, 1, =100 ps I 200 mA
Surge forward current tp = 100 ps IFsm 0.8 A
Power dissipation Py 180 mW
Junction temperature Tj 100 °C
Operating temperature range Tamb -40 to + 85 °C
Storage temperature range Tstg - 40 to + 100 “C
Soldering temperature t=5s Tsd 260 °C
Thermal resistance junction/ambient Soldered UE rl?‘ﬂ?ﬂB),{;:;a%crermensmns: Rinua 400 KW
BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT
Ig = 20 mA Ve 1.3 1.5 A\
Forward voltage IF=1 A, tp = 100 ps Ve 2.4 W
Temperature coefficient of Ve Ig=1 mA TEyE -1.8 my/ K
Rewverse current Vre=5WV Ir 10 A
Junction capacitance Ve=0WV,f=1MHz, E=0 Cj 160 pF
. . . Ig =20 mA le 2.5 5 13 mW/sr
Radiant intensity
Ig =100 mA, tp, = 100 us [ 25 mW.sr
Radiant power I =100 MA, tp; = 20 ms [P 35 mW
Temperature coefficient of . I =20 mA TKde - 0.8 Yol
Angle of half intensity [in] +=17 deg
Peak wavelength Ig =20 mA p 890 nm
Spectral bandwidth Ig =20 mA AR 40 nm
Temperature coefficient of i Il =20 mA TK R 0.2 nm/k
Rise time lg =20 mA tr 30 ns
Fall time Ig =20 mA 1y 30 ns
Cut-off frequency lpe = 70 MmA, lac = 30 mA pp fe 12 MHz
Virtual source diameter d 1.2 rim

[ ]%E*%EHE.*E

HANKYOMNG NATIONAL LN,



3-4. ¥ OO|E (Optical diodes)

Yun SeopYu
TSMF 1000 data sheet ) &
]
(b) A1~
: /LN
= S 075
<< = g 0.
E o — (i3 /'r )
I 7 Q \
£ £ 05
3 2 / \
s o . - /
2 [ T 0251
=]
2 & L IF = 100 mA
. 10 L1 |
- 0
820 870 920
. — i - Wavelength { nm )
0 1 2 3 4
94 8280 V. - Forward Voltage (V) Figure 9. Relative Radiant Power vs. Wavelength
Fig. 4 - Forward Current vs. Forward Voltage (e) 1000
(d) 5 ’
\ y 0 -] o E /
¥ = 100
E by
= = f'
:é" 7} [
£ 5 g 10
8 = §%
@ o 5
= 5 @ 1 /
L = an 7
& g’ Iu:-
L < -
o & 0.1
100 1o 102 108 104
16120 | - Forward Current (mA)

‘(-nf=.l 94 2248 N B 1
ns, Fig. 5 - Radiant Intensity vs. Forward Current

axe

“ Fig. 9 - Relative Radiant Intensity vs. Angular Displacement



3-4. ¥ OO|E (Optical diodes)
¢ LED

Yun SeopYu

Example: A certain bright red LED drops 2.2 V at a maximum current
of 20 mA. What series resistor is required to limit the current to 20
mA from a 5.0 V source?

Rs
AN - o)
S L j *
V
W 5 l 2.9V
Imax = 20 mA
Solution: = J__- -
R :VS -V o _ 50V-22V ~ 180 O

I 20 mA

[] SRl ]u Leigmi
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3-4. ¥% Cjo|2LC (Optical diodes)
¢ LED

Yun SeopYu

Example: A certain bright red LED drops 2.2 V at 20 mA. What power
is dissipated by the LED?

Solution:

P=IV=(20mA)(22V)= 44 mW

L

HANKYOMNG NATIONAL LN,

r] SRl ]u Leigmi
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o & 7-segment DISPLAY

=

2 B
(==

E' D 'C‘ Decimal
amm® © roin

(a) LED A=l =29} ® 38 * el Ax}

B“-"*" Sxeizsuleiimi
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Clo] E (Optical diodes)

Yun SeopYu

o I Clo|QC

(Photodiode)

o) —_
= I HOIAR FAGE AR A
s PNEZOl 3ol tZE 1 A¥Y R 2y
n g9 YTl W MR 5 S
a 4MF (dark current) :
B
o TNEE 2O g2 W AYY MR WY | ¢
0
oA
Dark current —[—» _
0 Irradiance, H
-§——————— f J § |
[, |
I ”’
I /
VR

(a) Reverse-bias operation

[* Selge s leigm]

HANKYOMNG NATIONAL LN,

(b) Typical devices

(c) Alternate symbol

31



3-4. g% CI°|2E (Optical diodes)

o g H°|I2L (Photodiode): 1 3{A
=Vg = 10V, L (light current), 27 M¥(device resistance) Rg?

e Irradiance E = 0.5 mW/cm2 > |, ~ 1.4 pA > Ry = Vi/l, =
10/1.4p = 7.14 MQ

e E =20 mW/cm? > |, = 55pA > Ry = 10/55p = 182 kQ
> X8 $E= NOoEHE THANY 2K v

gl
é =
100 : [ ] : O——_ 6@ é
H =20 mW/ecm? —
L L _
. | R,

10 : o

Yun SeopYu

N
o

: R Ol A voltage drop
| = Aletlt.

[ ! Re =

0.5

2
=

h

I, light current (LA)
=)

28]

—
0 10 20 30 40 50 60 70 80 90 10

Vi, reverse voltage (V)

1

[] SRl ]u Leigmi
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3-4.

Clo] E (Optical diodes)

Yun SeopYu
TEMD 1000 data sheet
ABSOLUTE MAXIMUM RATINGS (T = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL VALUE UNIT
Reverse voltage Vg 60 W
Power dissipation Tamp =25 °C Py 75 mwW
Junction temperature T 100 =G
Operating temperature range Tamb - 4010 + 85 °C
Storage temperature range Tstg -40to + 100 °C
Soldering temperature t=5s Teq < 260 *C
BASIC CHARACTERISTICS (I51 = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL MIN. TYP MAX UNIT
Forward voltage IF = 50 mA Ve 1 1.3 WV
Breakdown voltage lg =100 pA, E=0 Vier) 60 WV
Reverse dark current Ve=10V.E=0 lro 1 10 nA
Diode capacitance Ve=5WV.f=1MHz, E=0 Cp 1.8 pF
Ez=1mW/cm?2, . =870 nm, o 6.0 10 13.0 LA
Reverse light current Ve=5V
Ez=1mW/cm?2, . =950 nm, | 12 LA
Ve=5WV ra
Temperature coefficient of |5 Ve=5V, +# =870 nm, TKyra 0.2 YolK
o Wr=5W, x=870nm s(2) 0.60 AV
Absolute spectral sensitivity
Wr=5W, x =950 nm s(2) 0.55 AV
Angle of half sensitivity @ + 15 deg
Wavelength of peak sensitivity p 240 nm
Range of spectral bandwidth ros 790 to 1050 nim
Rise time Ve =10V, R =500, 3 =820 nm tr 4 ns
Fall time Ve =10V, R =500, 3 =820 nm tf 4 ns

[ ]%E*%EHE.*E
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3-4.

L Xe] |

Clo] E (Optical diodes)

(@ My |
Yun SeopYu
TEMD 1000 data sheet (c) o 10 2o
C —1;‘ —-Ilv--_ a0°
B e
( ) e T __fl"‘“-—a. c
b > 1.2 ,; f-llu S '."I‘“H-,. g
= = I\ w8
@ =10 | N =
2 10 : ] s
EE _g 0.9 ﬁ""“ 50° EE
g o8 = ] E
5] = \ / &
3 \ x 08 S 60° 2
' Vol <<
rg oe y | ] 700 e
= / \ @ g7 : ul ®
x /] ' ] 80°
c 04 1|l = e
— / \ 0.6 04 02
< 0.2 94 8248
E 0 / k Fig. 6 - Relative Radiant Sensitivit Angular Displ t
ig. 6 - Relative Radiant Sensitivity vs. ular Displacemen
750 850 950 1050 1150 g Y g pl

12786

Figure 5. Relative Spectral Sensitivity vs. Wavelength

L - Wavelength ( nm)
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Fig. 3 - Reverse Light Current vs. Irradiance



3-4. ¥ OO|E (Optical diodes)

¢ F O°I2E (Photodiode)
® Ex 3-12. TEMD 1000 photodiode datasheet
=Vz = 10 VAN Maximum dark current?

Yun SeopYu

Solution; datasheet Basic characteristics &
-> Reverse dark current I, = 10 nA (ZtH)

=z IFE(A)°l 850 nmelIA irradiance (23) 1mW/cm29l it reverse
light current? ©, device angle = 10° (maximum irradiance
1IZ)°|1 reverse voltage = 5V.

Solution: datasheet 22 (d) &
> Nof A4 HT(=1)2 TPl 950 nmlIM reverse light current = 12 pA
datasheet & (b) B
> O 850nmdml o YE=(relative spectral sensitivity) = 0.6
> 1, =1, = 06X12pA = 7.2 pA
datasheet 18 © &1
- device angle 10° £ 0.82°|EB=
> Ik = Ira = (0.82%7.2 LA = 5.9 WA
[ Sfelgs]u keIgm]

HANKYOMNG NATIONAL LN,



3-5. T|Et §4°|2E (Other types of diodes)

Yun SeopYu
e FO|N CO|L (Laser diode) Anode parialy
u Laser CI°|2E : Coherent light-BHHIE Fefibchve “ end
end
u LED : Incoherent light LMy U= K, U jj?@é%‘ﬁ’”
P }
e QEAT| OO|QE (Schottky diode)

u HIO[O|ARS| WE Sk= §H, AT

o Metal-silicon junction U
Metal region -
Cathode

. Cathode Anode
¢ O Oo|2L (PIN diode) T \
w YFHOOA ;- A HUNENY X _—
N B Negative-
u Y HORA; NG N 5N Y-y

Anode . Cathode / \ /
1 n / .
5 Tunnelm& c /
= Ag CUMTENt -

® HY OO|2C (tunnel diode) 0

N=wraazaJs - wE

= B4 M¥ (negative resistance) S4XS, HNTet OR3=0} FE 38

ZK@VK b &7 @ Vt /
¥ .
/'

o MF A CO|E (current regulator diode): ¥ NMRE AN & S
u cf. MU Co[E: YW MY {A| . |

e HEHE oL (Step-recovery diode)
n 2YYS> QWY AN ZME MIHE W2 YE > fast switching time” «

80/
= O|Al O - l
H VHFQI' Iﬂt: ATI oI O% 100—2 -1 0 20 40 60 80 100 120 140 160

Vak. anode-cathode voltage (V)

[ Shelgsiu ke 36
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vV, @I, POV

diode current (mA)




Common Diode Symbols S

il 5
e > —
Zener Light-emitting Photo
ol
> >
Varactor Laser Schottky
e
PIN Tunnel Current-regulator
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Yun SeopYu

Homework (P. 163-166)
- All Examples

- Selected Problems: 1, 2,
5, 8, 10, 11, 12, 16,
18, 20, 21, 25, 26

[ ]EE‘%‘EH"—’!E 38
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PROBLEMS Answers to all odd-numbered problems are at the end of the book.

BASIC PROBLEMS Yun SeopYu
Section 3-1  The Zener Diode —

1. A certain zener diode hasa Vz = 7.5 Vand an Zz = 5 (] at a certain current. Draw the equiv-
alent circuit.

2. From the characteristic curve in Figure 3—67, what is the approximate minimum zener current
{ Iz and the approximate zener voltage at frg?

FIGURE 367

109 -8 -7 -6 -5-4-3-2-1 |0

I E—

Vo (V)=

5. A certain zener diode has the following specifications: Vy = 6.8 Vat25°Cand TC =
+0.045%:/°C. Determine the zener voltage at T0°C.,

E'i Sfelzs]ul felgm]
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FIGURE 3-69 o
—Almﬁl,_' O
Yun SeopYu

. 4 |

VI e

I8V Z==

{2

8. To what value must R be adjusted in Figure 3-69 to make Iz = 40 mA? Assume
Ve = 12Vat30maA and Zz = 30 (1.
10, A loaded zener regulator is shown in Figure 3-70. V. = 5.1 Vatly = 49 mA, g = | mA,
Zz = 71}, and Iy = 70mA. Determine the minimum and maximum permissible load
currents.

FIGURE 3-70

‘m Multisim file circuits are identified i
with a logo and are in the Problems
folder on the companion website. Vi IN4T33A R,
Filenames correspond to figure o
numbers (e.g., F03-70).

D_

T =

b
[
o

O o—

11. Find the load regulation expressed as a percentage in Problem [0, Eefer to Chapter 2, Equation
2-15. FIGURE 3-72

12. Analyze the circuit in Figure 370 for percent line regulation using an input voltage from 6 V
to 12 V with no load. Refer to Chapter 2, Equation 2—14.

1

-
-

o
, : : : - Ve 0{ 2mH
18. What capacitance value is required for each of the varactors in Figure 3-72 to produce a reso-
nant frequency of 1 MHz? TD

€ Pl m)

o
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16. Figure 3—71 is a curve of reverse voltage versus capacitance for a certain varactor. Determine
the change in capacitance if Vg varies from 3V to 20 V.

B . FIGURE 3-71 S0
o
&
5 30~
g Iy
=W
= W]
8 ~
< =
E l|:| " . \\-
- ™
\k
';5' 7 =N

5
1 2 4 6 10 20 4060
V. reverse voltage (V)

20, The LED in Figure 3—73(a) has a light-producing characteristic as shown in part (b). Neglecting
the forward voltage drop of the LED, determine the amount of radiant (light) power produced
in mW.

21. Determine how to connect the seven-segment display in Figure 3—74 to display 5" The maxi-
mum continuous forward current for each LED is 30 mA and a +5 V dc source is to be used.

FIGURE 3-74
A E
T, D
F. G 'B Anodes
R FrieEE
E' D 'C Decimal C
ammmnN W point

Decimal

ﬁl Sfelzs]ul felgm]
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FIGURE 3-73
WA
630 L1
+—_
24V — 1(}
fa)
Radiant (light)
power (mW)
'
150 .r/
/]
100 /|
50 /’/
/J
= I (mA)
20 40 ail B

ik




Yun SeopYu

4

e
3V 3V R
I o
Vs Vs
(a) (b) (c)
FIGURE 3-75
25, What is the resistance of each photodiode in Figure 3-757
26. When the switch in Figure 3-76 is closed. will the microammeter reading increase or decrease?
Assume I} and D), are optically coupled.
FIGURE 3-76
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