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IEC378 GB5956

1-21

1-22

1-21

GB/T762—1996
GB/T999—1988
GB/T1980—1996

GB/T2421 ~ 2424—81 ~ 97

GB/T2900.1 ~ 48
GB/T3805—1993
GB/T4728—84.85.96
GB/T5094—1985
GB/T5465.1 ~ 2—1996
GB156—1993
GB311.1~7—83~95
GB3785—83
GB3907—83
GB3926—83
GB4026—83
GB4046—83

GB6988. 1 ~ 7—86.93
GB7159

CECS37

ELV
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1-22

GB12325 (GBI12326

GB50150
GBJ303
GB50034
GBJ133

GJJ4s

GECH45
GB7251
7BK36001
GBJ/T10058
GBJ/T10059
CECS32
CECS33
GB2900.34—83
GB10233—88
GB3047.1—95
GB3752—84
GB4720—84
GB3797—89
GB4205—84
GB3345—83
GB12667—90
GB12668—90
GB12669—90
GB2681—381
GB7947
GB4884
GB4025—83
GB4208—93
GBJ142
GBJ143

GB156

50Hz
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3
GB156 220~ 1000 1140 V
1-23 3kV
1-24 380V 2000V 1-25
1-26
1-23 220~ 1000 1140V A%
220/380 380/660 1000 1140
1.1140V
2.
1-24 3kV kV
3 3.6 110 126 123
6 7.2 220 252 245
10 12 330 363
20 24 500 550
35 40.5 750 800
66 72.5 — 1200
1.
2.
1-25 380V 2000V AY
— 1.2 — —
1.5 — — —
2 — — —
— 2.4 — —
3 — — —
— 4.5 — —
— 5 — 5
6 — 6 —
— 9 — —
12 — 12 —
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— 15 — 15
24 — 24 —
_ 30 _ _
36 — 36 —
_ — — 4
48 — 48 —
60 — — 60
72 — — —
— — — 100
110 — 110 —
— — — 127
160 — — —
220 — 220 —
— — 380 —
_ 400 _ _
440 — — —
— 630 — —
800 — — —

1000 — — —
— 1250 — —
1500 — — —
2000 — — —
GB3926
GBA4988 GB999
GB3805—83 GB3805—93 ELV
GB3805—93
GB3805—93
1-26
115 115 13800 —
230 230 15750 —
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400 460 18200 —
690 — 20000 —
3100 — 22000 —
6300 — 24000 —
10500 — 26000 —
3. GB762—1996
GB762—1996
1-27
4. GB/T1980—1996 50 ~ 10000Hz
1-28
1-27
1 125 1.6 2 25 3.15 4 5 63 8
10 125 16 20 25 31.5 40 50 63 80
1 ~ 10000
100 125 160 200 250 315 400 500 630 800
1000 1250 1600 2000 2500 3150 4000 5000 6300 8000 10000
0.00001 0.00005
0.0001 0.0002 0.000315  0.0004 0.0005  0.00063  0.0008
<1 0.001 0.00125 0.0016 0.002 0.0025 0.0B15 0.004 0.005 0.0063 0.008
0.01 0.0125 0.016 0.02 0.025 0.0315 0.04 0.05 0.063 0.08
0.1 0.125 0.16 0.2 0.25 0.315 0.4 0.5 0.63 0.8
12500 16000 20000 25000 31500 40000
> 10000
50000 63000 80000 100000 125000 160000
1-28
50 60 100 150 200 250 300 400 500 600 750
1000 1200 1500 2000 2400 3000 4000 8000 | 10000

O S
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SI
SI 1-29 2 SI
1-30 3 1-31 4
1-32
1-29
1/299792458s
" 1983 17
1889 1
kg
1901 3
—133
s 9192631770 1967
13
Im

A 0.2uN
1A 1946 9

K 1/273.16 1967
13 4

0.012kg - 12
mol
1971 14
3
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540THz
| 1/
683 W/sr 1979 16 3
1-30 St St
St SI

St

rad | lrad=1m/m=1

sr lsr=Im?/m? = 1

Hz 1Hz=1s"!

N IN=1kg m/s?

Pa 1Pa=IN/m’

J 1J=1N m

W IW=1J/s

C 1C=1A s

\% 1V=1W/A

F 1IF=1C/V

Q 10=1V/A

S 1S=10"!

Wh | IWb=1V s

T 1T = 1Wh/m?

H 1H=1Wh/A

C 1C = 1K

Im | llm=1lcd sr

Ix 1x = 1m/m?

Bq | 1Bg=1s""

Gy | 1Gy=1J/kg

Sv | 1Sv=1J/kg
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1-31
St
min Imin = 60s
h 1h = 60min = 3600s
d 1d = 24h = 86400s
° 1°= 7/180 rad
' 1'= 1/60 °= /10800 rad
d 1= 1/60 ' = 1/648000 rad
1L 11 = 1dm® = 107 3’
t 1t=10°kg
u lu=~1.660540 x 10~ Fkg
/min Ir/min= 1/60 s~
n mile In mile = 1852m
kn lkn=In mile/h= 1852/3600 m/s
eV 1eV~1.602177 x 10~ J
dB
tex Ttex = 10~ %kg/m
hm? Thn? = 10*m?
1-32
10 yolta Y
107 zetta 7
10 exa E
105 peta P
1012 tera T
10° giga G
108 mega M
10° kilo k
10 hecto h
10' deca da
107! deci d
1072 centi c
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10-3 milli m
10-° micro i
10-° nano n
10-12 pico p
10°15 femto f
10°18 atto a
2
m 1-33
km 1000m
cm 107 %m
mm 107%m
mile 1609.34m
vd 0.9144m
ft 0.3048m
n mile 1852m
A 10" m
fm 10" ®m
AU 1.495978 x 10''m
pe 3.0857 x 10°m
l.y. 9.46053 x 10°m
2. 1-34
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1-34
km® ha a m? cm? mile? acre b
1 107 | 10 0.3861
1 10 10* 10°
1 107 0.02471
10-* 1
107 28 1
5.06707 x 10~ 1
666.6 1
e 1-35
1-35
m’ L e’ yd? Ukgal Usgal
1 1000 10° 1.308 220 264.2
1-36
1-37
1-38
1-36
604800s 7d .
2592000s 30d 0
31536000s 365d 0
d 316224005 366d %
3.15569 x 107s
a 0]
" 3.15582 x 107s d !
1-37
r/min 1/s rad/s ° /min ° /s
1 0.0166667 0.104720 360 6
60 1 6.28319 21600 360
9.54930 0.159155 1 3437.75 57.2958
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r/min /s rad/s ° /min ° /s
0.00277778 4.62963 x 1073 2.90888 x 10~4 0.0166667
0.166667 0.00277778 0.0174533 60 1
1-38
km/h m/min n/'s cnV's mile/h n.mile/h
1 16.6667 0.2778 27.7778 0.6214 0.54
0.06 1 0.01667 1.6667 0.03728 0.0324
3.6 60 1 100 2.2369 1.944
0.036 0.6 0.01 1 0.0224 0.01944
1.6093 26.82 0.4470 44.7040 1 0.87
1.852 30.867 0.514 51.4 1.1508 1
1-39
1-39
galileo Gal 107 2m/s?
milligal mGal 1075m/s?
ft/¢? 0.3048m/s’
gh 9.80665m/s>
1-40
1-40
tr pla 6.28318rad 2m rad
r 6.28318rad 27 rad
g gon gr 0.0157080rad 0.9° w200 rad
L 1.57080rad 0.57 rad
kg 1-41
1 tex =107%kg/m

Ib/ft =1.48816kg/m
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1-41
t 1000kg
ton 1016kg
sh. ton 907.185kg
0.5kg
b 0.4535%g
2x 10~ %*kg
oz 0.02835kg
gr 6.47989 x 10~ kg
1 t/m* = 1000kg/m’
1 v/’ = 1000g/L
3 SI N
1 N =10° dyn
1 kef =9.80665 N
1 Ibf =32.1740 pdl
=4.44822 N
4. 1-42
1-42
mmH,0
Pa pbar | mbar | bar ) at atm mmHg
kef/ mm kef/m?
1 10 | 0.01 | 1075 ] 1.02x 1077 | 1.02x 107 0.102 0.99x 1073 0.0075
0.1 1 ]0.001 0.102
100 1000 1 ]0.001 10.2 0.7501
10 10 | 1000 1 0.0102 1.02 1197 0.9869 70.1
RB.07x 1073 98067 | 98.07 1 100 10° 96.78 73556
98067 980.7 0.9807 0.01 1 10* 0.9678 735.6
9.807 |98.07(0.0981 0.0001 1 0.9678 x 10-4|  0.0736
101325 1013 | 1.013 1.0332 10332 1 760
133.322 | 1333 | 1.333 0.00136 13.6 0.00132 1

5. 1-43



1-43

N m kgf m gf cm dyn cm
1 0.1020 0.1020 x 10° 10
9.807 1 10° 9.807 x 107
9.807x 1077 10-3 1 980.7
1077 1.020x 1078 1.020x 1073 1
6.
1 P =0.1 Pa s
1 kef s/m* =9.81Pa s
1 St =107*m*/s
1 /s =92.9x 1073 m?/s
7. 1-44
1-44
erg J kegf m hp h kW h
1 1077 0.102x 107 37.77x 105 37.25%x 1071 27.78x 10~
107 1 0.102 377.7x10°° 372.5x10°° 277.8x10°°
9.807 x 107 9.807 1 3.704 x 10°° 3.653x10°° 2.724%10°°
26.4779 x 10 | 2.64779 x 10° 270 x 10° 1 0.9863 0.7355
26.8452x 102 | 2.68452 % 10° 273.8 x 10° 1.014 1 0.7457
36 x 102 3.6x 10° 367.1x 10° 1.36 1.341 1
8.
1 W =1J/s
1 kef m/s =9.80665W
1 =735.499W
1 HP =745.700W
1 Ah =3.6x10°C
1 Mx =10">Wb
1 Gs =107*T
1 Oe =79.5775A/m
1 Gb =0.795775A

1. 1-45

CFK
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1-45
C F K
9
C 5C+32 C+273.15
S S
9 F-32 F 9 F +459.67
K-273.15 %K—459.67 K
1-46
1-47
1-46
kcal/ m h K cal/ ecm s K W/ m K J/ em s K
1 2.77778 x 1073 1.163 0.0116
360 1 418.68 4.1868
0.859845 0.238846 x 102 1 0.01
85.98 0.239 100 1
1-47
keal/ m* h K cal/ em* s K W/ em* S K J/ em* K
1 2.77778 x 1077 1.163x 107* 1.163
36000 1 4.1868 41868
8598.45 0.238 1 1074
0.859845 0.238846 x 10~* 1074 1
1-48
1-48
)/ kg K keal/ kg K kealth/kg K
1 0.238846 x 103
4186.8

1

4184
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1 nt = led/m?
1 sb = 10%cd/m?
1 ph =10%x
1 / 2 fe =10.76lx
1-49
1-50
1-49
dyn/cm? 0.1Pa
erg/ cm’ 0.1J/m’
erg/s 1077w
erg/ s cm’ 0.001W/m*
1-50
erg 1077
erg cm’ 1071) m?
erg cm’/g 10-8) m?/kg
Ci 37 x 10°Bq
Rad rd 0.01Gy
rem 0.01Sv
R 0.258 x 1073C/kg
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1.
1
v 1, 1
w w=2xaf f
u
U u
2
3
O
®
©)
i 2.
1
lu N
P
1-34
611 01

1-51

it =1,sin wt+ @
=\21Isin wt+ ©

_L"_ LFT'Z
I—ﬁ—A/ T_[oldlf

u=+2Usin wt+0

U=U,/4

sin cos
coswt = sin wt + 90°

sinwt = cos wt — 9O

1-34
u=v2Usin wt+ 0,
i=\2Isin wt+ 0,
o=0,-0,
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1-51

p=uw

= Ulcosp — Ulcos 2wt + 0,+ 0; W

~
I

1
T [0 pdt

= Ulcosp W

Q= Ulsinp  var

>0

<0

Ul

Ul cosg + jUlsing
P+jo

ur/¢o VA

lol >90° N

lol <90°

N

SPQ 1-35

cos@ U

cosQy
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1-36 c
P
C= m tang; — tang,
P
?,
?, o
&l
Q
N1
1-36
3
1-37 Zo= R+ jX, Zy,= R+ jX,,
r
!
|,
| Us
|
|
i
|
1-37
U?
Pl.max = ﬁ
Z=7, 50%
120°
ABC ACB
Y AN

1-52
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1-52

ZA= ZBZ ZC
Za\hz Zboz Zm

Uy Uy Uc

UAB UBC UCA

Ur\B:U/\_UB
UBC:UB_UC
UC/\ = UC - UJ\
U
UP
U|:\/§UP
]a ]l) ic I;ll) ]I)c ica
Iy Iy I¢ Iy Iy I
]A:]a ]A:Ial)_](:a
]B:I]) IB:]htt_IaJ)
](lzlr Iczjca_lhn
[1 11
[p [p
L=1, 1,=431,
Uns
fa
\
\ .
Is




&5

P=U\l; cosp,+ Ugly cosp,+ Ucl; cosep,

Uy Ug Uc I, I, I, A B C
Pa Pb Pe
¢
P=3Up]pcosg0=«/§Ulllcos§0
2
Uy U ur Ug ¢ ABC Ui Ui Ug ACB
vs Uy Ul 1-38
e Uxa .
/Az‘/%
*r0
Ui /UC
Uz Uc
Us (@ ) ©
1-38
a b c

Uy=Uf +U5 + U
Up=Ug +Ug +U%=*U; + Uy + UY

Ue=Ug +U; +U%=aUi + 205 + UY

U/\O:% U,\+UB+UC E
) 1 . . ,. O
UX:? Us+aUp+aUcp
. 1 . ) -
Ui =5 UA+a2UB+aUCE

a=/120° &&= /240°

. 1-53
2. 1-53



86 -

1-53 RIC

o— $
l Yi(w)

S
~
~
VN

Im Zinja) =0 X:XL_XC:() [m Yinja) =0 B:BC_BL:0

wl =1/wC wC =1/wlL
wo 1 1
rad/s Vv LC v LC
L L
P
C C
0 L/C C/L
R G
wo _ R wy_ G
BW rad/s 0°1 0°=C
UL
U=UR .
0‘—-——-———»10
Ue
Z=R I,=Uy/R Y=6 Uy=1/G
UL—UCZO ]L_]C:O

UC: UL= QUa Q>>1 [L=]C=QIS Q>>1
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L\ ury,

[ /4 W—

Q=100

I ! 7|71 ?Z | 1
0.96 0.98 1 1.02 1.04 n
77=f/f0

RIKIERI ALATH /], FBRERI U/U,
Q A, HHERBAA , o B A 16 4 4 Pk A 47

w; =2x/T

Almsin wil + g[/l

i

2

11l
]0 &y .
L=y a,cosnwt + b,sinnwt
n=
. L 2 .
ito=5 4 E]Anmsm nwit + ¢,
n=

a, = Ay sing, b, = A,; cosg,

AnmSln nwyt + S[}n

x T :X0+.’/U]+9C2+

a,

— 2 2 _ 1%
A= a,+ b, ¢, =tan b
n

n
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Xo Xp X2
X=X+ G+ G+
X Xy
1-54
1-54

®
p=ui = Uyly + X Uyysin nwt + ¢, x I, sin
1

n=

nwy + 0, + 2 IyUysin nwit + ¢, > Ugl,,sin
nsl

nm
n=1

s
L8

nw t + 0, + Upmsin nwit + ¢, sin

1

3
I

=
I

1
R

n

Iﬁult + 0R

P= R [ pdt = Ugly + Uyl cosgy + Uy lcosg,
+ + Ul cosp, + = ZJOP,, w
Py
Po=Uply
P—— n
P". = UH[H COS@"

Q = Ulllsil’lgﬂl + Uz]zSil’lgDz + + UvnI”Sil"lgDn +

= Z QYI var
n=1

Qn_ n
Qn = Un]n Sinsoll
S=Ul=n/ U2 A/ 2P VA

n=0 n=0
Un ln_ n
5P,

Azcosg0=£— 10

S - = -
A DU X P
n=0 n=0

T=v S- PP+ Q> VA

®

u=Uy+ 2 U,sin nw t + ¢,
1

n=



L

&9 -

n
Xi, = nw L Xen=1/nw, C
2
1-39 a Ri=10 R,=2Q L =1H L,=2H C=1/4F w="2rad/s E =
4V u,=10+2sinwtV
1 i ue
2
a
1 E b
Ly= - E/Ry= -4/2= —2A
Lo=E/R =4/1=4A
Le=1lo-lp=4- -2 =6A
Ugp=E=4V
E
Pp= Ely=4x6=24W
2 U c
wli=2x1=20 L =—L1 __0og
wC (ZXL)
4
wly =2x2=4Q
J"“Ll[‘jﬁ] 2 —p
g L TR T
wC
c Iy=0 1-53
U

o 100 e
_IRI_R1+R2+]'wAL2_+l+2+j4_2LSB'lA

UCI:RI]RI:IXZ -53.1°=2

-53.1°V

(a)

) ol +
“aC [{Cl Joby R Us
| = 1"
: Zic=o Zoml
©
1-39
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Py = ULy cosg =10 x 2c0s53.1° = 12W
3 iy ugc P
iy= I+ iy = -2+2y2sin 26 -53.1° A
L=+v22+2=/8=2.83A
ue= Ug+ug =4+22sin 20-53.1° V
Ue= V& +22 = /20=4.4TV
P = Py+ Py =24+ 12=36W

1-55

1-55

RLC
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AW N =

RC

t=0"
t=0%
=

t=0

uCO_ :uC0+
LLO_
t=RC RL t=L/R =
dy ¢t
Qn tTot =f1
t
yt
yt =y ® + y0" -y ® e°
L= y ot y 0F t=0"
y © y 0F T
uCO_ L.]AO_
y 07
yoo

=iL 0+

yt

uc

iC

0+

t

ur,

iL 0
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y © y0* T y t
4.
1-56
1-56
y [e2]
Y0 -y ® ew e
i, 07 %0 ug
. 0+t =0
y 0" e .
iL O_ =0 Uc 0_ =0
ot
y ® l-e <
yo® o+ y 0" -y e er
ip 10kQ us(t)/V
+ + ] :
<>10V 100pF u uc(oo)=J4V /
_ C- Yo t/us
uc(0Y=-6V
6V
() ©
1-40
1-40 a S “1 c t=0 S
A =0 uc 1
@ 276} 0+
<0 a s “r
Uc 0+ = Uc 0_ = —6V
@ uc ®
1= b
uc ® =10-6=4V
®

b t=RC=10x10*x 100 x 102 = 1 115
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uec t =4+ -6-4e'=4-10e"" V
uc 0F = -6V uc » =4V t=1ps Lt c
RC 1-57
RL 1-57
1-57 RC
t=0 R
S +ugp- .
+ Ic
<>Us ucir::C
uc = ug ot e—t/RC
up ¢ = - ug 0+ e—t/RC ic t = iL 0* eiﬁ/l‘
. —uc0 - 1/RC up =it 07 e
Lt =T Re w, t =i, 0% Re M/"
uc t =U, 1-e VK U 1oL
ug t = - Ue VR Lt o= R
it _gse—z//«: ug t =U, 1-e R/
"R
u, t =Ue R
uc t =ug 0 e Ry Uy, 1 - L
_t/RC it =i 0F - R/L US l-e
e L =1y, e + R
ot = U,—uc 0° SR ug t =i, 0F Re MLy U, 1- ekt
R
- _ - R/L “Ri/L
ug 1 = U - e 0+ e-l/RC up, t = — 1y, 0+ Re ! + Use
1276} 0+ iL O+
RC x L/R RC RL
RLC
RLC 1-41 t<0 S ‘1
Uy t=0 S " C R L uc 0 = U,
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S12= 75
a=—-R/2L
i
A4 A
. Gs
1t =
$2
l.a> wg R>2V L/C
ue 1 ug, 1-41 a
2.a=wy R=2vVL/C
uc toup
3.a< w R<2V L/C
wq= «/w%—az uc i uy,
3.a=0 R=0 S1 S
uc i ug 1-42 ¢

2
¢ Tle | pedu
dt

C _
di +uc—0

LCs*+ RCs+1=0

R _/{R\* 1 5
Ti (ﬁ) —fc,z—a+ az—w(z)

w=1/VIC RIC

t
uc=Aer + Aye'2!

dU(' N
=C d[‘ = CAlsle“” + CAzsze"Z’
Uc i
Uy
uc t = se’1! — e’
S 52

82 UO s]t 352[ — UO eslt _ eszl
-5 L sy— s
S1F# S

s1=$=s=—-a=-R/2L
1-42 a
1

1-42 b

S1=Jwo $2= — Jwo

u(t)
Up

t

- UO

1-42

Ku t t
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K st
u t—1y
yl =s t—-1
RC 1-43 a Su t-2V uc 0 =10V i
@
uc 0 =10V
0
it :—uCR e_; u t
5703 ¢
t=RC=2%x1=2s
@) Su t-2
)
i”:%e B u =2
=2.5e703 172y -2
i/A
20 () r ”
2.5F P%L
+
+ | B [ e
_CDS“(’ -2 1F T uc(t) 0 1 2 S — Y
-2.5+ - i’
-5
(@) (b
1-43
i
it =i+t
= -5 u ot 425707 -2 A
VA b t=2s i
1-58
1-58
st L
+l
G=71( Uc=C iic=u t uc=R 1-e"« il =0t ue= %—;’
ig(t) =% l—e* ut ¢
T
+ k +
() wee uy=u He=0 1
- ¢ 1 _
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L

st h ¢
iy
i.t =0t
1 BEul L—(ﬁe_i)ut
G=x L ) t L L~
L= l-ec ut 1 ,
is(z =| e ¢
(2) (GLe )ut
u, t =ut u,=0 t
R SER
1, = —e t ut 1, = Le tju t
St h t
0" <t<0* t>0%
h t h t
h t
1Q
du t
+ 0= T
20 0.5F ‘uc hot st
B ds ¢
.lr ht = &
h t st
1-44 ds ¢ /dt hot
1-44 u,=01t uc0 =0 ht
ds ¢ /d¢
uCO —uCO —0
uc *® 2%\/
2x1 1 1
TERC=517 5730
st :% 1-e 2
_dSl _ ~3
ht = a 2e wt



97 -

U,C07 —0
_ - oL or
uc 0% =uc 0 +C“ i 7 dt
_ 1
=uC0 +C=2V
t>0" u,=0
ht =2 u ¢
1-58
rt =et *xht =|4_etr-ht-tdr
rit=hit *et =|_ht et-—tdr
h t et rot T
t
1-45 a ug t b
u(t)
+
( 1
> _ | ,
(b)
1-45
b
ugs t =ut —u t—1
1-49
ht:%e_%tut
3
) R
rt =it =]fut -u r—to'%e_ll "t de
-R R
:% l-e L' ut —% l-e™2 " u -1

Jw s=0+ jw
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ft

1.
ft
T— w0 A nw —~>dw
Fjo =Fft =]%ufte™dt
fjw =T F jo :i_\ﬂ‘fmF]'w e da
fi Fjo ft FroF o
1-59
1-59
Iz F jo
E 2nES w
Fu t .£+7TE5w
Jw
Eo ¢ E
Ee”0! 27ES w — w
Esinwgt JiE § w+wy -6 w- w
Ecoswqyt Er 0 w+wy +8 wwg
2.
1-60
1-60
ft fo
1 aifi t +ayfs t aFy w +aFy; w
@ lal a
3 fi-to F w e ™0
4 [t 0 F o-a
5 d—’;—t jF
4
(1 F w
6 | Lef T dt 7].(0
7 flt’x’fzt Flw'sz
8 xt <> x f xt <> «x —f
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ugt =ut RL 1-45 a
di ¢ .
L d +Rt =ut
it <> 1 jw 1-60
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4, 3-19 E Ri R; R Ry
R, Rx 10 Rx
100 R x 1k
3-11
3-11
[97A%
0~0.1~1~10~50~250~ 500~
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< +3%
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2000
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100
0~ 10 ~ 50 ~ 250 ~ 500 ~ 1000 ~
2000 < £49%
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[074%
0~3~30~300
mA
< +3%
v 0~ 6~ 30~ 150 ~ 600 ~ 3000 2000
105
v 0~ 6~ 30~ 150 ~ 600 ~ 3000 2000 < +4%
L 0~2~20~ 200 ~ 2000 ~ 20000 < R +4%
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0~0.5~5~50~500
mA
< +2.5%
0~2.5~10~ 50 ~ 250 ~ 500 ~
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108-T - AY 2500
1
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kQ
0~0.05~1~10~ 100~ 500
mA
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0~2.5~10~50~ 250~ 500 ~ 2500
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4000 +
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R
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kQ
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dB
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dB
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0~0.05~0.5~5~50~500
mA
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0 ~ 4 ~ 40 ~ 4000 ~ 40000 < R +2.5%
kQ
-10~ +22
dB
0~0.5~1~2.5~10~50~ 100 100000
A%
0~ 250 ~ 500 20000 < +2.5%
0~0.01~0.05~0.1~1~10~
MF - 10 mA 100 ~ 1000
v 0~ 10~ 50 ~ 250 ~ 500 20000 < +4%
0~ 2~ 20~ 200 ~ 2000 ~ 20000 ~
< R +2.5%
kQ 200000
-10~ +22 < R +4%

dB
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v 0~ 10 ~ 250 ~ 500 4000 +4.0
MF - 11
0~0.1~1~10~100 +2.5
mA
0 ~ 20 ~ 200 ~ 20000 +2.5
kQ
-10~ +22 +4.0
dB
0~0.075~3~7.5~15~30~ 150
20000 +1.5
A% ~ 300 ~ 600
0~3~7.5 1000 +2.5
A%
0~ 15~ 30~ 150 ~ 300 ~ 600 2000 +2.5
0~0.05~0.15~0.6~3~15~60 1.5
+1.
MF - 12 mA ~ 300 ~ 1500
0~3~15~60~ 300~ 1500 +2.5
mA
kQ | 0~20~ 200~ 2000 ~ 20000 +1.5
0.005~20 +2.5
nF
-10~ +12 +2.5
dB
0~2.5~10~25~ 100 ~ 250 ~ 500
1000 +1.5
\Y ~ 10000
0~ 10 ~ 25 ~ 100 ~ 250 ~ 500 ~
400 +2.5
Vv 1000
MF - 14 0~1~2.5~10~25~100~ 250 ~ 1.5
+1.
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0~2.5~10~ 25~ 100 ~ 250 ~
+2.5
mA 1000 ~ 5000
0~ 10~ 100 ~ 1000 ~ 10000 +1.5
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0~0.06~1.5~7.5~15~75~
+1.0
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0~0.15
v +1.0
0~1.5~7.5~15~75~300~ 600 20000
MF - 18
0~7.5~15 133
v +1.5
0~ 75~ 300 ~ 600 2000
0~1.5~7.5~15~75~300 ~
+1.5
mA 1500
0~ 2~ 20~ 200~ 2000 ~ 20000 +1.0
kQ
0~1~10~100
mA
v 0~2.5~10~ 50~ 250~ 500 2000 < +5%
MF - 27
v 0~2.5~10~50~ 250~ 500 2000
0.001 ~10
kQ 0.1~ 1000
0.0001 ~0.03
#F
0~0.015~0.06~0.3~1.5 333000
\
0~6~30~ 150~ 600 1
0~0.006~0.03~0.15~0.3 +4.0
mA
0~0.6~1.5~6~30
MF - 30
v 0~1.5~6~30~ 150~ 600 20000
. 0~0.06~0.3~1.5~6~30 +2.5
0~2~20~ 200~ 2000 ~ 2000 +2.5
kQ

dB

~70- +57




153 -

[074a%
0~0.5~2.5~10~50~250 20000 +2.5
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0~2.5~10~ 30~ 50 ~ 250 ~ 500
9000 +5.0
Vv ~ 1500
MF368 A 0~0.05~2.5~25~250~2500 +2.5
x1 x10 x100 x 1k x 10k +2.5
n
—10~ +22 £5.0
dB
0~ 1000
0~0.25~2.5~12.5~50~2.50 | 20000 +2.5
A%
~ 500 ~ 1000 9000 +2.5
v 0~ 10~ 50 ~ 250 ~ 500 ~ 1000 9000 +5.0
MF368A
0~0.05~5~50~ 500~ 5000 +2.5
mA
0~0.5~5
A
-10~22 +5
dB
1. g
2.
3.
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1~22.5~5.5~10A
D37-W 0.5 45 ~ 65 ~ 0.1
30 ~ 75 ~ 150 ~ 300 ~ 600 30 ~
500Hz
45 ~75 ~ 150 ~ 300V
0.25~50.5~1.02.5~55
~ 10A
D39-W 0.5 45 ~ 65 0.2 25 ~50~ 100 ~200 75 ~ 150 ~
90 ~ 500Hz 300 ~ 450 125 ~ 250 ~ 375 ~ 500 150
~ 300 ~ 450 ~ 600V
2.5~5A
D51-W 0.5 75 ~ 150 ~ 300 ~ 600 48 ~ 120
45 ~ 65Hz
~ 240 ~ 480V
3-14
100 127 220V
IDI-W | 2.5
5A
A\ ver
W 100 127 220V 5A
1D5 - 2.5
VAR 7.5~ 6000/5A
380 ~ 220000/100V
127 220 380V
112-wW | 2.5 5~10000/5A 0.5A
380 ~ 380000/100V  /50V
W 50 100 380V
6LZ—VAR 2.5 0.5 5A
50 100 220V
12L1-W | 2.5 5~10000/5A 0.5A

220 ~ 220000/100V 50V
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100 127 220V
W 5A0.5
16D3 - 2.5
VAR 5 ~ 10000/5A
380 ~ 220000/100V
D16 \2 5 5 50 100 220V
VAR| ~° 0.5 5A
127 220 380V
W S5A
16L1 - 2.5
VAR 380 ~ 380000/100V 50V
5~10000/5A  0.5A
127 220 380V
W S5A
5912 - 2.5
VAR 380 ~ 380000/100V 50V
5~10000/5A /0.5A
1.
1
pP=U
(a) (b)
3-20
a >
b <
2 3-21 +
ﬁ« %
%
3-2la
3-21b
2.
3-21
-2 P

P = K]KUP/
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ik

(b)

%
i3

3-21

(a)

pP—

Ky

IR |
[ SO |

3-23

P=3P'" W

Pl

3-24

(b)

et

>

3-24

3-26

3-27

3-27b
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& o

-]

Y

GE

3-25

3-26

Uvw

i

oo

oz

24

00

pog

oz

0>

i

0D

(b)

(a)

3-27

P=CW W

Unly

Wi

Uy—

In—

WN_
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3-15

3-15

MG4 ) s 0 ~ 150 ~ 300 ~ 600V
0~ 10 ~ 30 ~ 100 ~ 300 ~ 1000A
MG20 0 ~ 100 ~ 200 ~ 300 ~ 400 ~ 500 ~ 600A
MG21 30 0~ 750 ~ 1000 ~ 1500A
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1. 0~5~25~50A
MG24
) s 0 ~ 300 ~ 600V
' 2. 0~5~50~250A
0 ~ 300 ~ 600V
0~ 10 ~ 50 ~ 250A
MG27 2.5
0 ~ 300 ~ 600V
5.0
0 ~ 300kQ
0~5~25~350~ 100 ~ 250 ~ 500A
MG28 S0 0~0.5~ 10~ 100A
' .0~ 50 ~ 250 ~ 500V
0~1~10~ 100kQ
1. 0~5~25~50A
0~ 450V
MG31 50 0 ~ 50kQ)
' 2. 0~ 50~ 125 ~ 250A
0~ 450V
0~ 501kQ
0~5~50 0~25~100 0~ 50 ~250A
MG33
5.0 0~ 150 ~ 300 ~ 600V
0 ~ 3000
0~1~5~25~100~250 ~ 1000A
0~1~5~25~100mA
MG34
2.5 0~1~5~25~100mA
0~ 50 ~ 250 ~ 500V
100p:A 100 x10 x 1k
0 ~ 150 ~ 300 ~ 600V
MG41 - VAW 2.5
v A 0~ 10 ~ 30 ~ 100 ~ 300 ~ 1000A
Ue =200Vcosce = 1
5W

0~1~3~10~30~ 100kW

4. 5A
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131

1)

3-16
3-16
% A
DIl | 2.0 |[6122448110] 5~300
5A 100V
nDl | 2.5 | 110 127 220| 2.5 5 10
DD10 DD14
2.0
DS1 55 127 220 380 10 20 5A 100V
DS8
D2 | 2.0 100 380 510 25
DT2 | 2.0 | 220 380 510 25
TNP
2.0
DT1 ) s 127 220 380 510 -3 DT8
DX2 | 2.5 100 380 5
4.0
DX1 ) s 127 220 380 10 20 DX8 DK9 DXI0 JNP -2
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2.
3
4.
15%
1.
0~40%C

2.

1

2

3

4
3.

1

2

15

3

4
4.

1

2

10%

1. 8~2.2m

20

0.5

15

15

0.7m

Smart
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A D
- \¢
CP [ [
oo 1| [
= f c=m
DDlI ('| A IKI K,
A | . L L,
K|K;
C
(a) L L.
(b)

1€
]
1P

Do1 0] o[ gfg o o] o[g®g 0]
I . I
A )
B
C
0  EE——
3-29
a b
C
Smart
Smart
3-30 Smart 1
+0.1% ~ £0.05% 2 20
3
Smart
3-31 Smart 1
+0.1% 2 400 1 3

1500m
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A
M ERAEEES

_

m ROM | RaM | [EEPROM|
Y . ¢
B I [
¥ o DC4~20mA
i EFEE
5 1

S (2% 0 % |

MEmgEe [ ’

0 A R ' R

3-30 Smart

BEXAR. BEWE. BEY
BERA. BEWSHE ﬁr%ﬁﬁﬁAzﬁﬁﬁgm

P

2PN
4

‘EArMJ PROM|[EEPROM
wiE E |
|5 e b A BB (DAl
gt & e
Hie L
— /0
CWEWE TEENH

3-31 Smart
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tgd
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+50°C tg8
58.5%

SW¢—220°C
[w=ikm | [ mEamn |
—— mgEANFAE H

[mg o |[mgnws | agran |

3-17
13 ~20C

18.8kV

[maww| | [ERaw |~ R @onE|

L

BT PR BLR (B |

106 44 14 8

% 100 41.5 13.6 7.4

3.76

1.89 32.1

35kV
IEC
+5C

2
LCLWD—220 1gd

+10C

3-18



169 -

3-18 >
tgd %
70% ~80% 32°C 6%
19C
1.255 1.198 0.433
1.525 1.425 0.525
1.215 1.215 0.627
tgd 2
80%
3
20°C 20
20°C

3-19
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3-19
ted %
kV
MQ pA
30. 35 b
’ 2.4
220kV
tgd 2 ¢
LCL - | 10000 0.41 1.4 3.5~
- WD - 220 1.5% 4kg
10%
3
tgd tgd
A | 10000 0.58 2.98 50
3% 4.1
66kV
1gd
AOF 11. 8
C 10000 0.58 7.4 50
1.5
Al 10000 | 2 B
B 18.
SWg — | B 5000 7 g
220 10,0 18.
5kvV
C | 10000 2
Al 800 7 A
SW, - | B 5000 1 s
60
10pA
C 5000 1 62pA
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tgd %
3%
MQ pA
A | 10000 0.213 | 0.9 A i
110kV ted 4.1
B | 10000 0.128 | 0.125
3% B C
C | 10000 0.152 | 0.173 7.4
220kV ted 1.4% 1.5% 10h
) ted 0.41% 2.4
3.5~ 4kg ted @)
C, 10 57 x
1076 14x1076 1.6x 1076 11x 1076 60.5% 1076
O] @
1
2
3 3-3
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[emszrm: | e
BRG] - BEREm [
: AHRGE |
(BB R | R T
3-33
2
1
2 GIS
3 XLPE tgd XLPE
4 MOA
5

20 80

GIS
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CO—100pL/T. CO,—35;1/

L Hy—15pL/L CH—2.5ul/L CcO
3-20
3-20
H2 CI—L;
co GH,
CO, CHy
GH,
3-21
3-21
H, N N PN PN A A
CH, A A O O A A
C,Hg O O
GH, A ZaN O O
GH, A N
GH, O O
C3Hg AN A
co A N @)
Co, A O O
VAN @)
CH,4
CHy GHs GH, C;Hg CH, C,Hs
G, He ——GH, +H,
GH, H,
2.
C,H,/CH, 0.1 0.1

C,H,/CoHg 1 1 3
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CH,/H,
1 1
CH, GHy/
C,Hs GH, CHy GH,
2% C,Hy/CyHg 6
CO CO/CO,
CO/CO, CO
CO/CO, IEC CO/CO,
0.33
3-22
3-22
CHy/ G H,y G Hy/ G Hg CHy/H,
<300°C <0.1 <1
300 ~ 700°C <0.1 <1 <3
> 700°C <0.1 >3
<0.1 <3 <1
<0.1 <3 >1
>3 <1
>3 >1
3.
1970 GH,CH,/H,  CH,/H, 1974
CH, GH, GH,
PEM 1977 IEC
1IEC GHy/C2y, CHy/Hy, GHy/
CHg 5 3-23
3-24
“000"
3-23 1IEC
CGHy/GH, | CHy/H, | CGHy/ GHy/GoHg GHy/GH, | CHy/H, | GHy/GHy/CoHg
<0.1 0 1 0 1~3 1 2 1
0.1~1 1 0 0 >3 2 2 2
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3-24
CH,/ G H, CH,/H, CoHy/CoHy/ CoHg
0 0 0
0 1 0
1 1 0
12 0 1—2
1 0 2
< 150°C 0 0 1
150 ~ 300°C 0 2 0
300 ~ 700°C 0 2 1
> 700°C 0 2 2
11 1 0 1
1011
TD
CHy/CGHg > 3 2
CH,/H, CH,/CH, T D
TD
3-34
T
(ITR.&®
|
CH, 5
T ;
(1TR)
1.5 i
0.8
(1 X,.B® (1 X R
A
0.1 —
~N
0K 0K X
0.02- ® m = )
0. 01
0.06 | |
.01 0.1 10 100
CH, D
C.H,
3-34 TD
3-34 0 1 Il

14
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5.
1
2
3 1-2
4 3 3
6.
220kV
7.
3-25
3.5
H CH,
: GH, H, CO CO,
CZHZ
GH, H,
H H
C2H2 2 C'Z 2
H
g H, > 100
CZHZ CH4
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N p——

3-26
3-26

8.

1

3-27
3-27
3-27
H, CH, C,Hg GH, GH, Ci+G
/L 150 45 35 65 5 150

2

1 ml/h

_Cp-Ci G
a~— A[ d
Yo ml/h

o

Cr—

A p— h

G— t

d— t/m’
2 %/

_Co-Cy 1
7, = N x 100%
VE %/
Cp
Cy—
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0.25ml/h 0.5ml/h
10%/
3-28
3-28
mlL/h
=10
CO CO,
3-35
9.
IDC C0O/CO, 0.33 0.09 CO,/CO
11
€0,
300°C T=-241lg o + 373
€0,
300°C T= -1196lg co + 660
10.

CH, GH,
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RS RAKF

wmats [M] % BN 5.
5 W R BREETHES
»es %,}ﬁu iiﬁiﬁi»fhﬂﬁ’e)ﬁ
H,150~200 % Y ®| [E gt tus LIRS
C:H5~10 — was | =] % RSB
C,+-C:150~200 ® B H. % CH, ¥
K2 - —
vl L
# By
[ 2
o
B
£ CO>500 i
g CO,>6000 ﬁ
55k | g H:>200 i
4 CHio~20 | 3~5% 1“
H; 150 Ci+C,200~500 —® %
CH, 5
2H, 5
Ci+C. -
150 B ?!F
- b3
" v || k|| ke - R
| C:H,>20 B# B > K 'lﬁi
C,4+C4>2500 =B 20% g
"N
it
%

i

RN ESARA S R ESHEBTH BT, £ RLBWARRBIER. TRES
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3-29
2 2
1
3 2
3
1
2 2
1
1
2
2
3
3
2
3-30
3-31
3-30
1
1 0.1mm
2 2
3 3
4
4

AE
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SCC
SCC
pH
pH
SCC

-35
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~ +350%C

—-200~ +300°C

ImV/C

10mV/C

40pV/C

500°C
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10pm

AN N <t N

3-33

3-33

— N o0 <
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dB A
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SCR

GTO
GTR BJT
MOSFET
IGBT
SIT
SITH
MOS MCT
MOS MGT

4-1 20 80 GIR GTO
MOS
80 IGBT GITR GTO
PowerlC
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1950 1970 1980 1990 2000
[T ] 1 1 )

TLAISCR D)
FESCR

SCR  }#%ESCR )
GTO

MCT

GTR
L Yy IGBT;
IhEIC

4-1
1.
2. IGBT
IGBT IPM
3.
3.4
MOSFET
50 600°C
4-2
4-2
SCR
GTO
GTR
UPs GTR
UPs
IGBT
MOSFET UPs
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PN PN
4-2
0.6~0.8V 0.2~0.3V PN
PN Ursm
PN PN
di,/di PN
- 4-3
Oslg Qslg
ia
Ulsm Umn (2]
P m—— Uak
_____ I

(a) (®

4-3
4-3 Ly Iru
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1.
2.
4-3
4-3
1.
2.
FRD
di/ dt
1 PN
PN
SBD
0.3V 50 ~ 100V
1 Iy
2 Ui 4-2
UlSm 11'5
U I,
4 Uy
5.
1.
PN J1 L, & A K G
4-4 a b

4-5 a b T, PNP a; T, NPN
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aj Jl J3 JZ

P, 1

13

(@ ()

(@) (b)
4-5
a b
I.=alg+ Icpo 4-1
Le Iy Tepo a
4-5b
Ier = ally + Iegor
lo=a2lx+ g =ar In+ I + gy
Ic=0
Iy =1+ I
=arla+ aalx + Iepor + Lepo
= ar+ay Iy+ Ipor + Iepon
I = Iepor + Iepon 4-2
- a;+ay
4-2
Ig 4-2
]Azazl(;+1c1z01+]cnm 4-3
1- a1+ a
ar+ar=1 Iy Iy

PN 1~2V
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A K I
UAK ]A
mA
+1,
Ig
T3> 1 >1
Iy
?Eﬁﬁf’ﬁ\ Igy g, I 1g=0
i
—15
| /! | +Ui
B R LA EFRER  Frsin
EHTEF
4-6
I Js

du/ dt

UGK >0

90%

1.5V

U:\K

90%

b
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1 +40°C
170° 125°C
5 50Hz
3
4
2~4
5
100
6 di/ dt
2.
| 6V
2
\ 10% 10%
1.
1
]CM dl(;/d[ dL(;/dl
5
4-7 Ton o=
mlgr, 1o m ‘
) 48 MOS - FET
T
S VT, MOSFET
Cin 0 >0 S VI VT Cin R VT2
MOSFET

KC KJ
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I
Iomp- Tk
ae |
dt l
I [
| IKl
°la| & | !
L T
4-7
VD3R lug
K
4-8
PN
4-4
4-4
A
KG
GTO ©
K
T,
ll
+
KS U ;;ZE
G
1,
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A
RCT KN
G
K
1. GTO
Gate Turn — off Thyristor GTO GTO 4-9
GTO
GTO
FERA
Py
Nl
P,
' N, |
%G kK
4-9 GTO
GTO “ "
O GTo
@GT0 di/ di
®
GTO GTO GTO GTO GTO
GTO  MOSGTO GTO GTO MOSGTO MOSFET
GTO MOSFET
GTO 10kHz
1 GTO
O 4-10 «
GTO 1G
It =kt =2t =it =L T —a T =g
ay an
I a;+ as 1 GTO GTO
I;=0 GTO
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(@ ()
4-10 GTO
a b

@) GTO 4-10 b GTO

EG S Vl [Cl —[G [(;1 [K

\Z as
Igd =Lkl —=al =gl =1} —a
Iy a) + o 1 GTO
GTO
2 GTO
GTO 4-11 @® @®
I,=0 I, A I =14
A GTO @ @ 610
1, GTO I, Iea
GTO @ 6r10
B I, =1 GTO
GTO B GTO
@ C I,=0 GTO C
U(;C U(JR
GTO I, 4-11 ® Lis @
IAZ
4-11 GTO
3 GTO

©) GTO GTO
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GTO
@ 1.5~3V
®)
1/3~1/4
GTO 100kHz
2.
DC/AC
RCT  Reverse Conducting Thyristor
4-12 a 4-12 b
RCT 4-12 ¢
T, 1
N, gl >l
! e s
ninbr 2
g S o U
Iss I,
@ (b)
4-12 RCT
a b ¢
RCT
3.
NPNPN 4-13
T, T, 1 I
4-13 b G T
Giant Transistor GITR Power Transistor PTR

Bi — Junction Transistor

GTR Darlington
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GIR
NPN

b
GTR

4-16 a

GTR

T,
N, o> gl
- I 2 IGI
Nl —— 7
P s
P, Iy Ig
(@)
4-13
b
GTR
PN PNP NPN
NPN  GTR 4-14 GTR
E B
o O C
/4
[N ] ,
E
N
N* (b)
BN J\\
¢
(a)
4-14
b
GTR
4-15 a

4-15 b

GTR
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Ie
/ I
- , B4
b ] /IB '
I X Ins
c y~ /) amx
Ig v Re Iﬁ B2
i) K /
Eg T Ec [ /
Ig Ig=0
RELT X
° Uce
(@) (b)
4-15
a b
ic Uck P=ug iC
GTR
tUVl = tll + tr
t([ iC 10% ICS ICS
t, tq ic Ies 90% Uck
GTR
iB in
iny .
— B1
t el 3
- p /-
P ]~y
P
Uce
UCE[90% | N
UcE
ic
10% 1
o ° s Ip
@) (b)
4-16
a b
4-16 b GTR ic
[ ic 9N0% t, 3~8us
10% ICS tf I/LS
Loy

t,,f,’rz t, + tf
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1. GTR PN PN BC BE
PN PN
4-17 GTR BU o
B BU e - R -
BU ¢is - — BU gy -
BU¢go -

BU¢go > BUggy > BUgs > BUggg > BUcro

4-17
Iew Te Ten Ic
Pew Peu Pe=Uw I¢ Uck
Ie
4. Ty GIR
Ty 175~200C Ty 150C
Ic BUceo BU;ER BUcgs  BUcev
BUcpo
4-17
tnn tnff
§
L
B=1,
Ic Iz
7. duw/dt GIR  du/dt
GTR

4-18 I, I L,



4-18
Vi W,
VD,

GTR
1. 4-19 GTR
V3 V, Vs VD; GTR
GIR Vi Voo Vs Vs
GTR GTR Va GTR -
GTR
To +12Vo
Ibl
4 t
[bl lbz
- ~12Ve
Iy
4-19 GTR
4-18
Iy I,
2. 4-20
UAA4002
1 1 Ip GTR 16 Iy
Rp
+10V
l(l)OuF
22uF O.1uF '
gl P o
v2] lis] U’ T U1
©
INHE § E Uee []g GapRp Rsp Ic UcgUcc U R vD
se[4] % 13] Uce - UAA 4002
5] 3 [l C R R E SE Iw U-1Ig % U
Rr[6] 1] Rep — - %-],-3.3nF/600V D
RTE E Ry e 0.1u ELBEILV54 ~
Co[8] [9]GND - —— & 100pF
IR 0.100/TW
—~{—J— —0(-)
3900
@ ®
4-20
a UAA4002 b



200 -

2 7 Ry Ry
ton min 1=5/Rp mA  t, min=0.06Ry s 1~12us Ry kQ 8 Cr
Cr Ry ton max =2 %X Ry x Crp ton max
Ry 4 SE SE 4.7 kO
“ ! SE ‘ " 3 L
10 Ry
Tp=0.05x Ry 1~ 12us
3 6 R- R~ R~ Ry | U= | min
R- =%' 1+ | U’5| min
6 11 Rgp Rsp
Ugsp =10 x Rgp/Ry
1~5.5V GTR Ug GTR
GTR Uc Ugsp GTR
12 I, GIR
Ic 5 E GIR
4 14 Uge 10V 2 U” -5V 15 U*
R R
5 9 GND UAA4002
4-20 b UAA4002 UAA4002 “ " ton min
2.8s 0.454 104
Mos VMOS
WMOS Vertical V — Groove MOS VDMOS Vertical Double — Diffused MOS 4-21
D
L T
PN INTp
o
N H
N
[ | s
D D
(a) W] ©
4-21 VMOS
a VWMOS b VDMOS ¢
MOSFET GIR 10
GTR
MOSFET 20 70 500 vV

UPS
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MOSFET
1.
MOSFET MOS
VDMOS VDMOS 4-22
VDMOS
m&REZ
% uiEtl
7~
&mmmé X
4
P ;
L ®mX
| o] ,
( L N {
% l 7]
D
4-22 N VDMOS
MOSFET N
Ip Ugs Ups Ugs >Up Uy
Ups >0 4-22
Ugs
MOSFET Ip Ugs  Ups Ip
2.
MOSFET I;=0 I,
Ups 4-23
MOSFET UCS = 0 UCS
ID | ID | =1mA U(;S UT 4-23 a
4-23 b
A Ugs = Ip Ups
<Ug - Uy
B Ups > Ugs = Up Ip Ups
Ip  Ug
Ups Ug<Ur I=0
MOSFET 2~4V
Ugs 10V
3.
MOSFET
1. BUD BUD UCS :0 BU[)
2 Ip Ipyw 1Ip Ipy

II)

MOSFET

UGS I[)

Ups

Ups
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Ip
Ip ’ Ups=Ugs—-Ur
B ygs I/
4 |
’ U64 ‘%/
’ Us Ugs \/C
\
/ J Ua o
———:—-—UT——L-— Ugs UGl \)/
\
]
Ups
@ )
4-23 MOSFET
a b
3. 1, 1mA
4' Ron Rnn Rmz ID
MOSFET R,,
5. Cpe Cps
Ces
6. ton tor MOSFET ton tog
MOSFET
MOSFET
MOSFET
1 TTL 4-24 TTL MOSFET
Vi Vi V, 15V R, VM,
+ 15V W] V] V] +5V V2 Vz
VM, R, MOSFET
Upp +15V Upp
R,
10Q R
M, 100
VM,
4-24 TIL MOSFET
4-25 MOS
2 MOSFET MOS MOSFET
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MOSFET
4-26

+15V

IGBT

1.
IGBT
-21 b
b
MOSFET N
IGBT
PNP

IR2110

4-25 4-24 VM, VM,
100 kHz
IR IR2110 MOS
MOSFET
Ur<400V
—0
UB VMI
Upp 6
+15V ° o =G = A VD,
2 v AVD,
HlN a5 e
102 e gHSV
w412 o IR Hﬁ"l ZSVDL__IE}VMz
8Dy 5 |com —
470nFT \‘ Usl 22uFF LI v,
' L
4-26 IR2110

IGBT Insulated Gate Bipolar Transistor 20 80

GITR  MOSFET
20 kHz
GTR MOSFET  GTO
4-27 a VDMOS
N* P 4-27 b c IGBT
IGBT GTR MOSFET
GTR  PNP
MOSFET
IGBT MOSFET PNP
IGBT
MOSFET IGBT  GITR

IGBT 3~6V
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C
1 G R E
BHR)G £5HE @ c
T 777 A _-}// y, :g{kﬁi
TN (N TN
P P G ‘
N- G
N+
P+
E
$grkc E
(a (b) ©
4-27
a b ¢
I — Uces
2 - Ucges - -
3 I
4 P. T, =25C
5 T;
Ic Uce | P
A ¢
s
xf |® A=
X
BU¢gr o F4
o Uge=Ur / BUckr Ug 9 Ur Ugs
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