LaNFIIIvEY

Bedford B.D. and Hoft. Principles of Inverter Circuits. John Wiley

and Sons, INC., 1964 : ;

General Electric. SCR Manual 5th Edition. General Electric Company

U.S.A., 1972

Mapham, N.W. The Classification of SCR Inverters. IEEE International

Convention Record, Part 4 1964

OTT, R.R. A Filter for Silicon-Controlled Rectifier Commutation and

Harmonic Attenuation in High-Power Inverters. AIEE Transactions

on Communication and Electronics, PP 259-262, May 1963

Gentry, Gutzwiller, Holonyak, VonZastrow. Semi Conductor Controller

Rectifiers. Prentice-Hall, Inc Englewood Cliffs, N.Y. 1964

HUAUAIEAIIANTE AT UURT a¥afageans tndavnt i fnlharwitveqly 1ew.8.817

5wu1ﬁwu€ﬂ%mmﬁﬁﬂ1n11uﬂ1an1un1Umﬁn, Jaudnnuqde, Qwﬂavnsﬁunﬂﬁw01ﬁh

w.e, 2517



WAt
CHULALONGKO




68

-

AIANUIN N
nuauUav luwq
-~ -~ -~ . - - L4
uautay Tl Tudavuseiuluivesnadeowdu 1289 19 A unp~awust
fuan nua fe

unUsugd  uIedu 144 Taan J3auunnany

v nNIZud 25 WBMUUT

yafugd  wseiu 260, 360, 380 waz 400 Taan

HEHIT| 5 douuys

i laulounugu E-I auan augud 1 §1uzuﬂ 2 uanefiuaIunINg Ysven

Usugd  uwazuayfugl

»
5.5 '
L 2.85—42.85-4——— 5.70 —F 12.85}-2.85+4
23.0
3
| 9.2
- b P

W 1 wnumdsuvaslin \\\r//////



. 25A
12, Vo oy ol P S B
2 x 6 mm No 15 SWG
13 T 5A
48 T 13 T 5A &
g 2l
o Mo v
48 T
173 T
72 Vo ﬁ SR

ud 2 s;'zuﬂa\a'zlnﬂguqﬂua:vlﬂuoﬂ

69



aMANUIN Y

# influaun

1 #nfluawhieeuda infiy L

foan*ua L =

nlaslaunugy E-I ﬂuﬁmnﬂujdd 3 énu:ﬂﬂ 4 WEAMNVUNVARIN

125 uH

el

1.8[

—i

YavaInA

17554,

7.5

O AT S 3 .8 ——7"" 1 09

N1

qu 3 wnud indoawn L

10T

20 A

W\__o

Ul 4 2 nduaun

k8

70



annau inflouh Taolodufuauduins (Impedance Bridge)

2 #untdeaun L1 YBNFHINITDY

fuantnua e
wIvFuAToY 450 Taanm
nsTua 5 uwauuus
awinduoun  286.6 mH
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5A

e 6 ¢ unduaun L

namauniAnIw indu i Tauds Volt-Amp Method lamamumisave 1

A3y 1

e G

w9 nsTua ﬂ.'\ g“aﬂuﬂu‘i ﬂ"Tﬂ'l au l"du A |

(Taan) (waNuus) (Tonu) ( mH ) i
380 375 A 101 322
400 4.10 98 312
420 4.35 97 309
430 4.50 96 306
440 ; 4.65 95 303
450 4.75 95 303
460 4.90 94 299




3 feauinfloauh L, wevdansev

gpNDINA

4 uu,

2

flaan vun fe

wseiunsou 110 Taan
nssud 6 waNKUT
A2 vHuaun 63.7 mH
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nageuniaiaw infdountTaud® Volt-Amp Method lawam wuats efl 2

vaﬁsﬁvﬂ 2
Wiy nTzua ArSuBnuALY Avmaw induaun
(Tan) (wanuus) (Tovu) ( mH )
40 g 1.65 24.2 f 72
50 | 2.25 22.2 | 60.6 §
60 2.80 21.4 68.2
70 | 3.35 21.0 : 66.5
80 ? 3.90 - (20,5 65.3 |
90 ? 4.50 20.0 63.7
100 |7 5.5 18.2 57.9 ;
110 | 6.15 | 17.9 57.0 ;




WNAaNITMATBUINIIHINTEY  Inanilifuszatinidy 100%

AANUIN A

ﬂ"!”]\’d 5.1

VIN IIN PIN VL IL PL v?
(Tran) | (uouuus) (‘mv;.) (Taan)  |usuuus) (Yan) (%)
360 3.05 60 236 0 0 0.
360 3.00 160 232 0.50 115 71.9
360 3,05 292 230 1.00 226 77.4
360 3.10 406 226 1.50 336 82.8
360 3.25 536 224 2.00 448 83.6
360 3.35 636 220 2330 544 85.5
360 3455 752 216 3.00 652 86.7
360 3575 856 210 . 3:50 736 86.0
360 4.00 960 204 4.00 816 85.0
360 4.25 1040 200 4.5 884 85.0
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wan1madaudinsey  Inandfdsznaunhdiv 80% amdv
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VIN IIN PIN VL IL PL t?

(Tres) | (uewwud) | (wow) | (Taas) | (wowuud) | (7a) (%)

360 - 3.05 60 236 0 0 O.
360 2.90 148 234 0.50 88 59.5.
360 2:75 236 234 1.00 180 6.3
360 2.65 234 238 1.50 276 85.2
360 2.60 432 240 2.00 380 88.0
360 2:55 520 240 24+ 950 468 90.0
360 2.55 620 240 3.00 568 9l1.6
360 * 2i863 720 240 3.50 660 91.7
360 2. 79 820 240 4.00 752 9l1.7
360 2.93 924 240 4.50 852 92.2




ﬂ’\i”m?’ 5.3

.

WanISNATAUIVISHINSaY  InandfiUsznau 60% amdy

b .

VN Tin PIn by 5 o) L Y
(Traw) | (wonuys) (Yan) (T299) (wouwud) | (Yow) (%)
360 3.05 .60 236 0 - 0 0

360 2.88 136 238 0.50 72 52.9
360 2.68 192 240 1.00 140 T2:9
360 2.45 264 242 1.50 216 81.8
360 3 332 244 2.00 292 88.0
360 2.10 400 248 2.50 360 90.0
360 2.03 476 252 3.00 440 92.4
360 2.00 556 252 3.50 512 92.%
360 2.00 640 252 4.00 592 92.5
360 2.10 708 252 4.50 660 9352
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Hﬂ1ﬂvﬁ 5.4

HAN1IMATRUANATHINTaY  Inaaidfussnaunndy

80% uhmun

VIN IEN PIN VL ILA PL “
(T2an) | (vauuus) (7%5) (T2as) (Qauud§) (Yan) (;)
360 3.05 60 236 0 ‘0 0
360 3;25 160 232 0.50 80 50.0
360 3.45 240 224 1.00 152 63.3
360 3.79 352 216 1.50 208 59.i-h—

360 3.88 388 208¢: . 2.00 264 68.0
360 4.13 : 460 198 Lo 308 67.0
360 4.35 516 188 300" 348 67.4
'360 4.55 564 178 3.50 376 66.7
360 4.70 593 168 4.00 403 68.0
360 4.90 625 158 4.50 427 68.3




WanIMATaUIvASHINsay  Inanddussnauniay

a5l 5.5

60% uhmun
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VIN IIN PIN VL IL PL \7
(Tran) | (wawuus) (‘5’9;5) (Taan)  |(wouuus) (Yam) (%)
360 3.05 60 236 0 0 (0]
360 3-. 10 172 228 0.50 26 55.8 -
360 3.18 300 224 l.. 00 184 6l ;:3
360 3235 372 220 1.50 260 69.9
360 3.55 496 210 2.00 : 348 70.2
360 3.78 552 202 2500 412 74 .6
360 3.95 628 192 3.00 468 74.5
360 | 4.20 648 184 3.50 512 9.0
360 4.38 695 176 4.00 563 81,0
360 4.70 729 168 4.50 605 83.0




ﬁﬂ71vﬂ 5.6

L4 L4 °
wan1saFauiuilasiaes  InaadduszngaunidN 100%

80

(li'lanervasiinsav)
VRNILR n1vaen
o
\' L -
DC DC, npesy ST Ny % (%)
(Tran) [ wauuus) (¥on) (Taan) | (wauuyus) (¥an)
72 0.7 : 50 . 1260 0 0 0
]
72 4.2 302 260 1.00 250 82.7
72 6.1 439 258 1.50 380 86.5
72 9.0 648 250 - 570 88.0
72 11.4 bl 244 3.00 720 87.7
72 13.3 972 244 3.50 850 87.4
|
72 i 15.1 1087 240 4.00 960 88.3
i
72 I X755 1260 236 4.55 1100 87.3
|
. T e AN T NI i G T




Al 5.7

. - L
Wan1ATaUSuL @ SIAes  InandMussnaunhdy  80% CRUGR

(lilanoavasiansev)

81

nLYa n1veen
b

Vv I P

DC, DC IN VL' b - 2 PL, (%)

(Tram) | (uouuus) | (faw) (Taan) | (wouuys) (¥om)

72 0.7 50 260 0 0 0
72 3.8 274 260 1.00 220 80.4
125 5:5 396 258 1.50 320 80.8
72 7.8 562 254 .25 470 83:7
72 10.2 734 252 3.00 610 83.1
72 10.9 785 250 3.50 670 85.4
72 13.6 978 246 4.00 800 81.7
72 15.5 1116 244 4.55 910 - 81.5
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Wﬁj\ﬁ' 5.8
wanamaTauSunaTires  InaaddUsznaunade  60%  andy
(lu'lanevasiinsav)
RIE navaen

7

VDC IDC PIN VL IL PL (%)
(Taan) | (uewuus) (¥an) (T2a9) (uamu!s’) (¥on)
72 0.7 50 260 0 0 0
72 3.3 238 260 1.00 160 67:3
72 4.7 338 260 1.50 250 73:9
12 [Ty g 482 260 2429 370 76.7
72 9.0 648 260 3 00 490 5.6
72 10.4 749 260 3.50 580 775
72 12.0 . 864 260 4.00 670 T 5
72 1347 986 260 4.55 760 77.0
-
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v L d
wan1vaFauBu Llasives  InanddiUsznounmdy 808 utvuA
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(lilaveavssnsay)
UENITE . nvean
S : ‘/‘?
Vnc Ioe : p}N A VL' S £ y ¥ ; (%)
(T2an) (wauuds) (Tow) (Tqan) (wauuus) (¥9m)
72 0.7 50.4 /|- 260 0 Tty 0
i ;
72 3.0 216 / 258 1.00 160 74.1
72 4.2 302 254 1450 230 76.1
r :
72 6.3 454 254 2.25 350 77.2
12 . 8.2 590 - 254 3.00 470 79.6
72 97 698 254 3.50 550 78.8
72 112 806 254 4,00 640 79.4
e 72 1257 914 254 4.55 720 78.7




f1s1efl 5.10
NANIMATaUSU LRI LA S Tnandfusznaunady  60% yimuA
('lﬁ'lv'{n'awawhmav)
ENILE nvasn v
il 4
Voe Inc PIn Vg % s (%)
(T2an) (wauuus) (Yon) (Taan) (uauuﬂ';) (1’915)
72 0.7 50.4 260 0 0 0
72 2.5 180 260 1.00 110 61.1
72 3.5 252 260 1.50 170 675
72 5.0 360 260 R.25 280 778
72 6.8 490 260 3.00 370 75.6
 § 8.0 576 260 3.50 430 74.7
R
72 9.2 662 260 4.00 490 74.0
72 10.7 770 260 4,55 560 72.9
e




VI‘H”N“ 5+131:

Han1MATUSULIB SIAD S Tnanf#uszngunidy 100%

(Tavastnsey)
Yl'l\ll.'g”l 3 Vl'l\;‘ﬂi]ﬂ ? 7
Vbe e P e I "% {8)
(Taan) (wauuus) (%am) (T2an) (uauuﬂ.s') | (¥a9)
72 5.0 360 |" 260 0 Yy 0
72 8.0 576 250 1.00 240 41.7
72 9.6 691 242 1.50 360 52.1
72 12.0 864 234 3.25 520 | 60.2
72 14.0 1008 - 220 3.60 660 65.5
72 15.5 1116 214 3.50 740 66. 3
72 - 16.7 1202 210 a.00 | 800 _4 66.5
72 18 1296 202 4.55 880 67.9
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W’H’]\!d o 08D

L4 L4 : . -~
 wan1maTauSutlesisas  Inaafdfdssnauntd 80 & awmdh

(Tavasdangev)
N l.‘g'] g niean

v ] 1 P V/}
DC e F qu . VL' - 1 7 :
(Taan) (wouuds) |  (¥on) (12an) : (%)
72 5.0 360 . 1260 0 747 0
78 7.0 504 260 1.00 220 43.7
y i 8.0 576 258 1.50 300 52.1
72 9.4 677 250 2.25 450 66.5
72 10.5 756 238 3.00 560 y S
72 11.4 R - | 228 3.50 630 76.8
72 o § st 878 216 4.00 680 77.4
72 3.3 958 208 4.55 750 78.3
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HANI MATaUSU LI L RD S TnandMusznauntdy 60% amdn
(J2v3s¥nsav)
ERTTIEY n1vaan

v

VDg IDC' Pn‘s VE IL' P' (%)
(Taan) | (uauuus) (¥o9) (12an) [ (wouuus) | (%aw)

72 5.0 360 260 0 0 0
72 63 454 260 1.0 160 35ﬁ3
72 6.7 482 258 .5 230 47 .7
72 oD 540 254 2525 340 63.0
72 8.1 583 240 3.0 430 73.7
72 8.6 619 230 3.5 450 T7:5
72 9.0 648 224 4.0 500 T2
72 10.0 720 218 4,55 570 792




ﬂﬂiﬁvd 5.14

g .4 - . ° D .
HAaNISNATaUSU LIS LADS T"aﬂ u“’n.l’; ngun 29y 80% unhvun

(F2vas¥ansan)
n l'?..l"\ naan

} . 7

Vo T pIIi | VE i : PE xs
(T2an) | (wouuus) (¥an) (Taan) (wauuds)| (¥owm)

72 i 5.0 360 /. 260 0 DRI 0

|

1
72 8.8 634 260 1.00 220 34.7
72 10.5 756 256 1.50 300 39.7
72 12.8 922 240 2.00 430 46.7
72 i 14.8 1066 - 240 2.25 530 49.7
72 16.0 1152 226 3.00 540 46.9
72 ©17.0 1224 218 3.50 610 49.8
72 18.5 1332 208 4.55 700 52.6




v v . - -
wan1aTauduilesines  Inanddusznouniad 60% umun

ﬂﬂﬁﬂvﬁ 5.15
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(Tavassansav)
Rt navaan -
Y
v ? % & P v X . P i
DC | DC _ IN L L L (%)
(T2an) l(uauuds) (¥99) (Taan) | (wouuus) | (Yan)
i |
{--
72 | 5.0 360 - 260 0 | 0 0
g |
1
72 8:5 612 262 1.0 170 27.8
5o |
72 10.0 720 260 i 1.50 240 33,3
z
i
72 12:0 864 292 2.25 340 39.4
72 X357 986 240 3.00 420 42.6
|
|
72 i 14.8 1066 232 3.50 460 43.2
72 i 15.8 1138 224 4.00 500 43.9
i
i el
72 30:7 1202 212 4.55 530 44.1
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NAKNUIN N

. . . .
NSAUIMIATUSIHUATDY ua:ns:uﬂinauﬁu

qUNILNIavLULDER
C, = 26.5uF L = 286.6 mi L, = 63.7 mk
¥ N Nl O\ .
S
A L AN
—_— I — T
¢l L
‘j/ o P Y gy \/ Load
VN ¢ TR N\¢ ; .
c2
o i‘ o
VIN = usvﬁhzﬂa#uﬁtwﬂuu (Usznaumruaauiifugu ua:uﬂéTuﬂn)'
v = wywduguadulend 220 VAC, 50 Hz

o1 Inandéussnounady 80 % a v  1319713a%uan a0

V. (RHMS) A tndinga = 331.4  Taam
V. (RMS) g151ufindl 3 = 110.5  Taam
V. (RMS) g5 u0ndl 5 = 66.3  Taam

. L4 »~ P -, L] . Ld
At oy uffustmSustuamau s eiursou URTNIZUT INRNURUN UM
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avsefl 16

(anwls Tnan)

. . . v
nﬂusvﬁun10uua:n1:uaﬂ1wau1uqﬂnswﬁhnsav

Azl a2l Al
50 HZ £50 HZ 250 HZ
(a2ud winya) (s24Tutindl 3) (s151u0nd 5)
%, wauuUs 3.68 0.53 0.16
(%) (100) (14.4) (4.35)
Ic2 wanuus 3.68 0.53 0.16
(%) (100) (14.4) (4.35)
IL wanuUs 0 0 0
(%)
s Taan 442 21 3.84
(%) (100) (4.75) (0.87)
LR S 331 143 72.1
(%) (100) (34.2) (21.8)
¥ Taan 220.7 10.5 1.92
{%) (100) (4.8) (0.87)
V., Taes 0 0 0o
%) .
| e e i R e S i = RIS e
{ VL Tranm 220.7 10:5 1.92
(%) (100) (4.75) (0.87)
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A9l 17

(Tnand¥usznounad 80% andv)

. L . L4
n1u1vﬁunsauua:n7:uaﬂ1nau1uqﬂnsmﬁ1nsav

ﬂ‘)‘md n’nuﬂ ﬂ‘)’mﬂ
50 Hz 150 Hz 250 HzZ
(naud n¥nya) (m131uanfl 3) (s131u8nf_5)
I, weuuus 3.06 0.53 0.16
(%) (100) (17.3) (5.23)
I, usuuUs 4.73 0.61 0.17
(%) (100) (12.9) (3.59)
I, uweouuus 4.55 0.08 0.08
(%) (100) (1.76) (1.76)
Ve Taanm 367 12.24 3.81
(%) (100) (5.79) (1.04)
Vip Taan 275 143.3 71.6
(%) (100) (52.1) (26.0)
Ve Tham 295 12.17 1.99
(%) (100) (4.13) (0.68)
Vip Taed 91 4.64 0.80
(%) (100) (5.10) (0.88)
Ve Taam 220 7.36 1.19
(%) (100) (3.35) (0.54)




a3 9l 18
. . . L d
nﬁusnﬁuﬂsauua:ns:uaﬂinQNﬂuqﬂnsmﬁdnsav

(Tnanddusznauni¥y 1007 )

ﬂ')'uld n’)‘mﬂ FI'T'OJJd
50 HZ 150 HZ 250 HZ
(n11uﬂ ni¥nya) (uﬂfTuﬁnﬂ 3) (a1§1uﬂnd 5)
. 4.77 0.54 0.16
(%) (100) o (4.02)
2 3.98 0.80 0.18
(%) (100) (20) (4.52)
I 4.55 ) 0421 0.005
(19 (100) (4.62) (0.11) ?
v, 573 21.7 3.83
& (100) (3.79) (0.67)
% 430 146.4 71.6
(2) (100) (34.1) (16.7)
v 255 16.0 2.11 §
R (100) (6.27) (0.83) '
90 12.5 0.46
(2) (100) (13.9) 5 (0.51)
v, 220.8 10.1 0.23 .
(%) (100) (4.57) (0.10) §




CD4013M/CD4013C

AR

CD4013M/CD4013C dual D flip-flop

general description

The CD4013M/CD4013C dual D flip-flop is a
monolithic complementary MOS (CMOS) inte-
grated circuit constructed with N and P channel
enhancement transistors. Each flip flop has inde-
pendent da_(_a, set, reset, and clock inputs and,
“Q" and “Q" outputs. These devices can be used
fo_r shift register applications, and, by connecting
“Q" output to the data input, for counter and
toagle applications, The logic level present at the
“D" input is transfered to the Q output during the
positive-going transition of the clock pulse. Set-
ting or resetting is independent of the clock
and is accomplished by a high level on the set
or reset line respectively.

features

® Supply voltage range 3V to 15V

® Noise Immunity
® Low power
® Medium speed operation

applications

® Automotive .

® Data terminals

® Instrumentation
Medical electronics
Alarm system
Industrial electronics
Remote metering

Computers

0.45 V5 (typ)
50 nW (typ)

10 MHz (typ) with
10 volt supply

schematic and connection diagrams
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QYR

CD4027M/CD4027C dual JK master/slave flip-flop

with set and reset

general description

These dual JK flip-flops are monolithic Comple-
mentary MOS (CMOS) integrated circuits con-
structed with N and P-channel enhancement mode
transistors. Each flip-flop has independent J, K,
set, reset and clock inputs and buffered Q and
Q outputs. These flip-flops are edge sensitive to
the clock input and change state on the positive
going transition of the clock pulses. Set or reset
is independeént of the clock and is accomplished
by a high level on the respective input.

features

® Wide supply voltage range 3.0V to 15V
® Low power 50 nW typ

® Medium speed
operation
® High noise immunity

applications

8 Automotive

=& Data terminals

® |nstrumentation

® Medical electronics
8 Alarm systems

® Remote metering
s Computers

8.0 MHz typ
with 10V supply

0.45 Ve typ

schematic diagram

SLAVE

cL

connection diagram

Voo a @ cuocky meseTt W N omn
lu 18 " 13 12 1" 1 I|
|

(LA p—— l

Ted 3]

—
[ 1 E] . 0 0 1 l|
(] 81 ciock? meser2 w2 n s vy
TOP VIEW

truth table

*1a INPUTS *1. OUTPUTS
el sk s W aifie @
I afiec. Jober. el SOEE o o
o Sl Ko T - SURUEN (L BO
S eiak, B B 010 b
_/_ x ' o o ' o '
_ x x 0o o x NG change!
x % X o x|+ o
x g R - M x|o
x - St G ' x
Where
1 = High Lave! @ = 1,y refers 1o the time interval prior 1o the
O = Low Level positive clock pulse transition

& = Level Change

@ = 1, refers to the time intervals sfter the

X = Don't Care positive clock pulse transition

* = Invalid Condition
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CD4025M/CD4025C

—

96

NS

CD4025M/CD4025C triple 3-input NOR gate

general description

These NOR gates are monolithic complementary
MOS (CMOs) integrated circuits. The N and P
channel enhancement mode transistors provide a
symmetrical circuit with output swings essentially
equal to the supply voltage. This results in high
noise immunity over a wide supply voltage range.
No dc power other than that caused by leakage
current is consumed during static conditions, All
inputs are protected against static discharge and
latching conditions.

features
® Wide supply voltage range 3.0V to 15V
® Low power 10 "W (typ.)

® High noise mmunity

® Medium speed

operation

applications

Automotive

Data terminals
Instrumentation
Medical electronics
Industrial controls
Remote metering
Computers

0.45 Vpq (typ.)

tPHL = tew = 25 ns (typ.)
at C_ = 15 pF

logic and connection diagram
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CD4011M/CD40M1C, CD4012M/CD4012C, CD4023M/CD4023C

NS

CD4011M/CD4011C quad 2-input NAND gate
CD4012M/CDA4012C dual 4-input NAND gate /
CD4023M/CD4023C triple 3-input NAND gate

general description

These NAND gates are monolithic complementary
MOS (CMOS) integrated circuits. The N and P
channel enhancement mode transistors provide a

® Low power
8 High noise immunity

10 nW (typical)
0.45 Vo (typical)

symmetrical circuit with output swings essentially a Iications
equal to the supply voltage. This results in high Pp
noise immunity over a wide supply voltage range. ® Automotive
No DC power other than that caused by leakage 8 Data Terminais
current is consumed during static conditions. All % Instrumentation
inputs are protected against static discharge and ® Medical Electronics
latching conditions. » Alarm System
® |ndustrial Controls
features ® Remote Metering
= Wide supply voltage range 3V to 15V 8 Computers
schematic and connection diagrams
CD4011M/CD4011C SCHEMATIC e
veo 1I‘ ) i " " u J
gra
"o
" Oo—_— 0 ’ ] . 0 . lr
Yor view o
CD4012M/CD4012C SCHEMATIC ]
' Vos
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