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ABSTRACT

This thesis concern with a Power-factor correction using a connection of a
constant capacitor and inductor in series with loads . We can control a reactor current
which pass through a system by using SCR connected in parallel with the capacitor and
loads , in order to cancel the reactor current. Therefore the average and apparent power of

the system are equal , so a unity power factor can exist.
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wanmyhaueserliulpaumesurdames Mierwe TuyTgygriinussiiuil &
[V - v o ' 9 4 - 4 -
winmine (1ol ufulizg Aveynuiy load e iditaamesuuunuduanmly
Ay udnhdaniienhudssynsudiiurzuy Awessluqui s Funmusonlugy
' d v Y v o P -
mnszuaiinutzuuTaold scr 2 Mrsvuussnandunulssquas load iWeiynhimnin
o ’ P - v - -~
scr oo IdnTzuaiussvuiiandaouudas Tihindusunssua luunuSuaniwdy dhld
' P P 4 P
1 1ds e furmmefussssuntiauniduniia 18 uaziiie 1oad Hmafaouudasly is1ee
. o o
szuuntunuiloundy (Feed Back Control System) 111FlumsnIuAuATSHETININISUY
o & ¢ 3 \ \
Taossuunauguilounduiiosimaniuguminin  SCR Mt 2 AIMIBIMANY Block
| 4
z Iy
Diagram v833vuuanun lAlinasAegUd 5.2

Line
L
._L ’ ~O K2
SCR1 T C G2
d SCR2
G1 e
K10 :

éMp ]

it 5.1 wdnmsslysumedurninod }
FINT oA AN 18R eE 15U1n2993 PR o DC Converter axifiuasesitinih
# asvrtssusumsfuramedvesrsuy Tashmaudnerunaedeenudiu usedul
arsnile udnheifleunduhlss Summing Point 1AGITY set f11 reference il M1
error FinAau9zy1 1HIN299Y PT Controlter #a959qudaliiduiiudeaiiaees P Controlter #

1dada 4 TR
TRuaniinmne Wrzuuiimsasuauesd 181mT0u naeiniussiu1ydaes voltage
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5.2 nesulBaumumnedurmaedidilinase |

Block Diagram ¥842030AsusinwaedilyInase1duraslugil 53 dnanveans
0795QneieNIN1USY  Inverting/Non-inverting  Amplifier (INV/NON-INV AMP) gN97
Integrator 117 Inverting/Non-Inverting Function 924Ny FET Switch #4 FET Switch
swhndua’ing Taverudyg1uen Zero Crossing Detector H3duInasiiflu output
¥847497 Integrator ozs’fundﬁwﬁmauﬂﬂﬁuuna’uMﬁwmnimwuonwsmmmtmm
WA 5.4 JUT 5.48) HORUTIRY sine inpur U 5.400) urRsgUnAunszuaMEI9In
WU Zero Crossing Detector 'Iﬁw:m'uﬂ?qﬂnSué’mmnuauﬂﬂﬁum:umfu FET
Switch 92911113 ON 1822995 INV/NON-INV AMP 92¥NMIe{oU Unity Gain Amplifier
un:s:niNﬂ?qﬂﬂﬁuéﬁuawm:ﬂﬂt‘mnizuﬁfu FET Switch 91m3 OFF ua
INV/NON-INV AMP xvhatustilon INV AMP Tuns@ifiussdu sine input gn invert 1l
5.4(c) Aoueduiitlow Tntegrator ioNITUMIATUTIUTINATaTY 11Jn 5.4(d) zﬂﬂnu
n¥zue invert ilinfiuinernifu 90 sam s~mw;ﬂﬂnuusmuunvm.xm 1unsmu;1lﬂau
fina11184 Integrator uﬂmm‘luzﬂn 5.4(¢)

1A output Y931197 Integrator fin

1%
Vo = = fV, SINwt dwt
4

2 Va COSEO
L4

COS8 =

Pf 7;,MV0 = kVo

sastu 1@ um e furamefusnsonnlitulasasetuursdu Innrandovesaees
uazosiu 1@ ha e furmae £ 18T ufuanuding

205luglit 5.7 AeneseTavesrneslfousumiedifiulias dnawes Zero-
crossing Detector U3EN8UAY Voltage comparator IC 1 HAL R1,R2 as R3  fMdumu
R2 uas R3 Husedudnde 100 mv  IC 3 M R9,CL uaz D1 9102997 Delay vzfloariy

4 - 4 v . .
osliation #1 output ¥84 IC1 9InMIn3n Icsa Nesnadwiudnfutlesdunzua dafle 102
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uaz fadhummuseuqiuun19es Delay  wsadudhedalu 1c2 dadesiiiiulylg
INT12 output 84 1C2 92 118U FET Switch 1fle ON sziflu INNON-INV AMP  1C4a iilu
NON-INV AMP 1ie FET OFF IC4a atiflu INV AMP TR1 eifluda/feussaui nm
U e OFF TR2 493 INTEGRATOR U5snouday IC4b,R15,R16 Uay C3 44 output
¥847493 INTEGRATOR  sttsiufuimiaefurained  Dual D-type Flip-flop ICS 92
LERINT lead 130 ag vBUNE FeaznFoniforveuvISuYeY square wave 71 TRy
finamuinsnazue 1A output logic 1 HEAI MY lag HAT output logic 0 WAAY MY lead
wdnmiusesha QQ o pf TuidseslAsusuminefunaeefifludwn
nioaumuidouly tead n38 1ag Fefindnmuhauie iWevr Q uns Q iflu 1 uns 6 aw
dwu Aeideuly 1ag) FET fwuviam oN ﬂ"aﬁ’uﬁmmwﬁt%m Pf NUTHINIDY Inverting
2 afs fufunndefte i undouidy Aoldiman uddh Q unr Q Seutlu o uaz 1w
dwy @ordouly tead) 9:v W FET faghahai ON daufanwhan oFF fafudggu

4 : iR -
#1991 Pf 95HIN997 Inverting 17i6d 1 afe AnTunndane Idnaiuauveudy
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Iﬂﬁ 5.4 (a) Sine voltage waveform ; (b) shaped current waveform for phase=0 ;
(c) output voltage for phase=0 ; (d) shaped current waveform for phase=90 ;
(e) output*voltage for phase=90 .
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5.3 N9O7T Voltage Limitter (182 W97 PI Controller

2495 Voltage Limatter ﬁ"qﬁuﬂm'lu'gﬂﬁ 58 ifurerimmadiiasusedulnfhi
imput 1 l1hlvIngft ouput Widwenin 5 3 10 Tamd Funeunsahimaguaesidlag
mMyUfum VR SK unzu‘xpmﬂnm PI Controller AT 2997 Voltage Limitter ¥1911M3
Fouderufier1desinuarsluglil 5.10 Tao Opamp ddwlegqrenitiuiadou Summing
Point ARLEMINISUAT reference AMTININMILSUAWEY VR 30K uasshAumwaesuvn
inefuesreeslugalil 5.7 wudifiva PrDC Signal M3MisNi12907 PI Controller uu¥pusio

2 a4 2 , r
wWhlthiufie s zumanusvessudigiedosnm AT avuiues
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5.4 197 SCR Trigger

NEINNHINNGT Voltage Liminer 13195 18 wousendu Infrmilsitiaey
1213 5 03 10 Taonl 3an11 Control Voltage (Vo) fhnfunjuqumianin scrR Tauisiey
fmualfyumanindedeus 90 81 180 sam nanfe s Tanl muedenind 90 sam 10
Tao nanefls nindl 180 sam dawrszndne s 1 10 Taasl manefanIndsznin oo
180 semdmiuminin scr i 11921 1C wed Tca 785 Wummugumninlag
Minuams n3ndl 5 Taant iy 90 eem uaz 10 Taas i 180 Bam 2993n3n SCR e
29slugUil 5.1 Sailndamshaide Tcaes ozl mput 2 ¥ila dail input HIULIN (V1
11 Y84 TCAT8S) 9518 LIT4AU output 99NNIY Voltage Limitter (2993307 58)  imput Bn
daufie ( @1 5) Ay sine ArdifiaenndeatuuseiuIntiu 220 Taor findeu load 9
mnldseTnavinatu sie ('Jmuﬂﬂ 5.12) wes udvhimadSudt vR ineidiums
set gy 19MInfienu10nur 15 ves TCA785 Taw ser W s Tanr Ivhmanind 90 sam
unz 10 TanviWhnrsnint 180 sem nﬁqmmfummﬁ'q;tmuﬁ'lsv’a"lﬂmu Transister 713
nifoutinsdosgfivicotiector - SandeulnsozdiudmsntzuuInduazszuyvgeesnnn
fudgyguninilesneine 15 uas 14 v8a TCA78S 9z T1lid17u1 Base ¥4 Transistor Wa 2
# Transistor sxhimIveredygnirumdentasudalleent oupu G1 uaz K1 fu
output G2 UL K2 ¥8323497

UINOTH) msm'nuﬁﬂ'ﬁamﬂoiﬁﬁdaaunwﬁu funuilszy uay load s

J . o g J U « J
Taseamit 1819w unulssy 100 lulashinda $yiim xc il

1 1
S 27 fC 27(50Hz)100F)

Xe ~ 31.83Q

|

[ 4
v W

L] -4 L] [ 4 d'
AWUAWEY L invanin 18aail

3183 3183
T 2nf  2x(50Hz)

~ 101 mH

|
dunldmhmsus L soniilu s ddeeynsuiu Tavldvanaatuunumdniines s unu

4 o 1 o l.l o *
Tao1 unuiiwuvandauds exlinnlrzsuia 20 mH AatusmSeld L dszua 100 mH
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Tumnamouil Adam ldimsnaneuiies fiazna &are i 2005190 Anameu
fio neImandeusumnesunaned Sulnfnssuaass a5l 5.6) Taoldhmsld
input ABFNTINY LAT AUTIRUA QrurladuoIn AINTEUaYed load Tau Tummalaail
¥ current transformer uMINATDL 1711415 load cruyA 2 ¥iia Aie load RL 1AL load RC
feeq TnoloAusesuiv 3 84 1IC1ALM 311) uasAnTsumdafivg 3 ¥ee IC 2 (LM 311)
udahimsamfine Infhiive 7 vea 1c 4 (741) worlning i ldmeenyuiiu nssumass
@CyidsuAvuutnelmy 1oad RL 138 load RC AAnquas deun1dm msYasifuans
MY lead M3B MY lag YOUITIAU AT ATTUAYOY load RL 136 load RC Tas imdn flvn
13 (V1 Q) HATYN 12 (W1 Q) ¥BY ICS (4013) Fawnrlsngh o4 load RL 0x1d4 v1 13
= 1 UnE V1 12 = 0 SIUTAIMS lead Unz 11814 load RC 9218411 13 = 0 unzwn 12 = 14N
UrRImY 1ag AaiuSeaytl inessdousumineduramefrian1dmudeamsede

ApuBanaeusndousuwine s 181 iEiu InuannTeaumuidonly lead nie
lag (19371 5.7) Taon 1R Ausesulo +sTaaridhiten 3 vee 1C 1 (741) uny 0 Taanidhit
¥1 2 989984 IC 4 (741) uasdoudumssduuandmitadril input PR voe2ees udnhimsia
WAL output ¥892997 UrngT oupur 1AM NN TvnAtndiRestuusduiitlow
Wil input PR umraad FET 1 18vhamns oN 93¢ SumhIfussdu Iduaniin 16 impu PR
¥092997 HIUNLT inverting 2 afe @B2903004 IC 2 1AZ20TV84 IC 3) Sarh W ourput
vesnessenuundsudutiuies dexusiimile o Taasiidhilnr 3 ves IC 1 uasusesy
+5 manvdivg 2 ves 1 4 unsfleuussduuandmitudhil mput PR 9932307 udhimsia
LT3R output ¥8¢2993 vng i T&fuusedu I auidvunalndfeafuusesiu mput PR
uaAed FET 2 1ms ON 03989y 10us98u ourpur # 18i8ueh imvert s aiusadn input

#9031 18NIINATBLIIT Voltage Limitter UAE 2993 PI Controller W36uq iU (N
vuﬂﬁ 5.10)Tag18v MY set A1 VR 1 4 ¥ Tausiosq set #1 VR dadhoflonaneou udade
T set VR dafaqlumeunde Taosendn ser ausidesldussduInmandmidsitouydd
Suunedunaasd 18IMITANIISU ouput 1842907 TRous ey inpur (FimrruydAh
Hugunedurained) drila1 1 oxdealidusedu outpur fifr s Tanal unsdriian o osdes
398U outpue A1 10 Taant émnﬂnnm’w U398 output 13n 18T MAmanAnu i
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TCA785 I,os7ooo-A23'21_” le-o:ms

00008000

—.:l N . ks T et te PR S S P L ]
Phase Control , TCA 785
Bipolar IC
Type --:i- | Ordering code - | Package

This phase control IC Is intended 15 control thyristors, trlacs, anc transislors, The trigeer
pulses“can be shilted within a phasn angie belween 0° and 1E0°. Typicai applicalions
include converter circuils, AC conlrGiters and three-phase currenl vontrollers.

This IC replaces the previous types TCA 780 and TCA 780D

Features

Roliable recognition of zere pas:i g2

Laige applicalion scope

iviay be used as zero point swilcr:

LSL competible

Three-phase operation possible {2 ICs)

Outpul current 250 mA .
Large ramp current range

Large lemperalure range

..

Pin configuration Pin description . '
lop view Pin Symbol . Function
v¢ 02 [/ R S €2 Vu Cow Ry
Y b= 13 B Mllep ; %52 g:ﬁ;ﬁ?? inverted
f camen W o U cmms 05 stmes 0 s 1 e 1 e 1 s | 3
3 Qu Output U
4 a1 Qutpul 1 inverled
D 5" Vsyne Synchronous voltage
6 1 Inhibit ;
7 Qz Output Z .
el N oA & P 8 Vaer -~ 7| Stabilized voltage
o, 62 QU B Ve ) 02 Ve 9 Rg Ramp tesxstqncc
10 -Cy Ramp capacitance
1 Vi Control vollage
12 Ci Pulse extension
13 L Long pulse
14 Q1 Quiput 1
15 - Q2 Oulpat 2
~ 16 ’ Vs Supply vollage

PSR IIEY §



Funcléonal.descripudn ] g e
The synchronization signal Is obtained via a high-ohmic resistance from the line vollage
(vollage V). A zero vollage detector evaluatestthe zero passages and lransfers them to
- the synchronization register. h

This synchronizalion register controls a ramp genera'or, the capacitor C,, of which is
charged by a constant current (delermined by Rg). If the ramp voltage Vyo exceeds’the
cuintiol voliage Vy, (lriggering angle ¢ ), a signal is processed lo the logic. Dependent on
the magnitude ol the control voltage V), the triggering angle ¢ can be shilled within a
phase angle ol 0°® to 180°. .

For every hall wave, a positive pulsc of approx. 30 ps duralion appears al the outputs Q1
anci Q2. The pulse duration can be pro!onged‘up to 180° via a capacito] C,,. Il pin 12 is
connected to ground, pulses with a duration between ¢ and 180° will result.

Ouiputs C1and Q2 supply the inverse signals of Q1and Q2.

A signal of @ 4180 ° which can be used for controlling an external logic, is available at pin 3.
A signal which corresponds to the NOR link of Q1 and Q2 is available at output QZ (in 7).
The inhibil input can be used lo disable outputs Q1,Q2, Q1. Q2 Qu.

Fin 13 can Le used 1o extend lhe outpuls Q1 and Q2 to lull pulse length (180° ~ ¢). .

Block dlagram »
g .I. Pulse
Cu "Thz extension
Veywe 5 1 T
- Sync.register
Vo6 1 '
= . Discharge

Logic

] Z .monilor |
GND 1 j. ! 9/}-..6

Control
comparator

Dischorge
transistor

9 8 10 vy 6 13

- ) Control ibi -pul
R'Q Vites CuT Qvoltngc Inhibit t::?»:r‘;rt:n

01
8]
a2
G2

PO (I

bem - as

ondin



Puise diagrom *

R
3 -——

.l
\—\i |
L

W Synchronization volloge

_-___-.\)_

V,, Romp peuk volloge
Ramp vollage

-

Cantrot vollage

N~

1570 13 v Vi Min tamp wnltngezV,,
™ 1 oY
f
t H 1
‘h — — V.02
1
i ' “ vl
3 Y 1 .
H Tl T Vi 01
1 [ —
—_—] [
l : ! | wesr panieon
)

]

Vi 01 Pin 12 10 GND

Vv,-02 Pin 1310 GND

V. -T1 Pin1310GND

____;L, =
L\

i

y
SIS RREAG oflon-—_ L. T1—

] b———— v,-0vu
! t
{ i
1 v, 02
2h L
!
' ' ' :
: ! 1 1
0oV 180°
Maximum ratings - - S Lower Upner
limit B fimit A '
Supply vollage \ Vs -0.5 18 v
Ovutput current al pin 14,15 In -10 400 mA
Inhibit vollage Ve =05 Vg v
Control vollage . Vi -0.5 Vg v
Vollage short-puise circuit : Vis -05 Ve v
Synchronization Input current I =200 + 200 nA
Output voltage al pin 14,15 Vo Vg
Qulput current at pin 2. 3, 4.7 - Iy 10 mA '
Qutpul voltage al pin 2, 3.4,7 Vo Ve \'
Junction temperature : ) 125 °C
Storage lemperalure Tue ~55 125 *c
Therinal resistance (syslem-air) . Ruy3a 80 Krw
:\\
Operaling rang {
Supply voltage Vs 8 18 v
Opnarating Irequency [ 10 520 He
Ambient temperature Ta =25 B5 "C




[

Characteristics 1=50Hz
BSV;s18V; -25°CST,$85°C; /=50 Hz Test Lower Vs =15V | Upper
- L. . clrcuit - | imitB == | lyp~ limit A

Supply current consumplion Is 1 4.5 6.5 10 mA
S1...S6open

V=0V

Cip =47 nF; Ry = 100 k0 2

Synchronizalion pin § .

inpul current Ig s 1 30 200 HA
R, vared

Ollset vollage Vg 4 30 75 mv
Control input pin 11

Countrol voltage range Vit 1 0.2 V10 pear v
thput resislunce Ry l 5 | \ | 15 | ) k2
Hemp gencrator

Loz2d current Lo 10 1000 BA
tax.ramp vollage Vio 1 V-2 v
Saluration volt. at capacitor Vio 1.6 100 225 ‘350 mv
Ramp resistance Ry 1 3 l 300 3¢
Sawtocth return time A 1 80 ps
Inhittpin &
“swilch-over of pin 7

Oulputs disabled Veu 1 3.3 2.5 v
Outpuls enabled Ven 1 4 : 3.3 : v
Signal transition time . % 1 1 S us
Inpul current Iowu 1 500 800 A
Vg=8V :

Input ¢ Jrrent —lgy 1 80 150 200 RA
Ve= 1.7V

Deviation of /g I 1 -5 5 %
Ry = const.

Vg = 12V:Cyo=470F ,

Deviation of [;p Lo 1 -20 20 %
Rg=const. | - i

Ys=81018V '

Deviation ot the ramp vollage

between 2 lollowing

halt-waves, Vg = const. 8Vyo man +1 %
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Characteristics

8<V; <18 V; ~25°C<T,585°C; /=50 Hz

Long pulse swilch-over
pin 13

switch-overol S 8
Short pulse at output
Long pulse at oulpul
input current

V=8V

tnput current
Viy=17V

Outpuls pin 2, 3.4, 7
Reverse current
Vo= Vs

Saturation vollage
lg=2mA

Qutputs pin 14, 15

H output vollage

—Io - 250 mA

L oulpul vollage

lo =2 mA

Pulse widlh (short pulse)
S 9 open

Puise width (shorl pulse)
with Cya

Internal voltage control
Relerence voltage
Parallel conneclion ol
10 ICs possible

TC of relerence vollage

3 { =50 Hz
Test "~ | Lower Vg=15V ! Upper
circuit | iimit 8 lyp limit A
s Vian 1 a5 25 v
VisL 1 2.5 2 v
han 1 10 pA
-l 1 45 65 100 nA
* b
Icgq 2.6 10 ! P
i (]
Viai 26 0.1 0.4 2 W
~o !
Viesoaf 3.6 Vs-3 Ve-2.8 Ve-t O v
Viaise 2.6 0.3 .8 2 v
1 [ 1 20 30 40 us
1 1 530 20 760 psenf
Viet 1 2.8 3.1 a4 v
Qo 1 2x10-* 5x10-¢ 1/K

Application hints for external components

Ramp capacilance C,o

Triggering point fy, =

Charging current Lo =—2

——————
1) Allention lo ltyback limes
21 K=110% 20%

max
1 pFY

Vi XR, iCW a

2

The minimum and maximum values of /,o ar¢

to be observec

Ramp vollage

Viomas®= Vs -2V V=

ViaxKxt
Ry x Cyp.

7

D

-apparpia @,



Putse evlension

Vs‘ Vu.ns

Pulse exlension versus tempaerature
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Tes! and measurement circuit 1
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1l 1s necessaty for all measuiemenis 10 agyust the tamp with

tnc 810 ol Cyp 300 Nlginthe way that 3V £ Viamp m,
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Test and measurement clrcults-

Measurement clrcuit 2

Vs
Ry o
(lego!
Pm tto
l/ 2,300 [
\ 74,15 { Vel
i
t

The residual pins are connected as in measurement circuit 1

Measurement circuil 3

) e

MC§

1

The residual pins are connecled as in measurement circuit 1

Iy
TR !
Rl

Yo

!
|
I



Measurement circult 4
VeimV =

®——1

0 I I
] |
7% e — e
I i
wiv 1 |
1 |
t
1
- t
ey e
[J] v
N 100k
17
- Pin S

e

}

%

10pF %0 I
| 1

Residual pins are connected as in measurement circuit 1

The 10 pF capacitor al pin 5 serves only for test purposes

Measurement gircuil 5 Measuremenl! circuil 6
+
Pin3
o
__l Dvnl
. P I
% TR} oSy

? ‘ Pin1

Osc¢.
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Additional circuit description

Applicalion examples

Triac control for up to 50 mA gate trigger c.~ent

R 4 ’
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i .
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I %21 b Tc
; fs ‘3 ! .\ | 00 Txcwneo/_ZK
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R I 61 {61 ¢ 13
: 15V = (s
i uf TCA 7325 il
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N 5 ZF { T 2 L)
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022F ) =y 1o0kQ
== 2.2kf) .
250v- l 10
8 9
. 10 Cu |C
0. pf == ———
L7 {150
o) nF |pF |
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Mp

A phase control with a direlly controlled triac is shown in the figure. The triggering angle of
the triac can be adjusled continuously between 0° and 180° wilh the aid of an external
polentiometer. During the pgsilive hall wave of the line voltage, the triac receives a positive
gate pulse (rom the IC oulput pin 15. During the negalive hall wave, il also receives a
posilive trigger pulse lrom pin 14. Trigger pulse widlh is approx. 100 ps.



Fully controlled AC power controller
- Circuit for two high-power thyristors
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Shown is the possibility to trigger two antiparaileled thyristors wilhh one 1C TCA 785. The
trigger pulses can be shilled continuously within a phase angle between 0° and 180° by
means of a potenliometer. During the negalive line hall wave the lrigger pulse of pin 14 is
{ed to lhe relevant thyristor via a trigger pulse translormer. During the positive line halt wave,
the gale of the second thyristor is triggered by a trigger pulse transformer at pin 15.



it with trigger pulse translormer and direct

Hall-controlied . single-c-2se bridge circui

conlirol for low-power 4~ mstors
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Half-controlled single-phase bridge circuit with two trigger pulse transformers for low-

power thyristors
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‘MC14013B

"DUAL TYPE D FLIP-FLOP

The MC140138 dual type D tlip-flop is constructed with MOS
P.channel and N-channel enhancement mode devices in a singie
monolithic structure, Each flip-tiop has independent Daia, {D},
Duect Set, (S), Direct Reset, {R), and Clock (C} inputs and comple.
mentary outputs {Q and Q). These oevices may De uses as snift regis
ter elements or as type T tip-fiops for counter and toggie applica-
tuons, N
Static Operation
Quiescent Current » 2.0 nA/package typical ® 5 Vdc
Noise Immunity = 45% of Vpp typrcal
Dioge Protection on All Inputs
Suppiy Voltage Range = 3.0 Vdc 1o 18 Vac:

Single Supply Operation

Toggle Rate = 4 MH2z typscal @ 5 Vac

Logic Eoge-Clocked Flip-Fiop Design —

Logic stale is retained indefinitely with clock level either high or
fow; information 1s transferred 10 the output only on the positive
going edge of the clock pulse

e Capable of Driving Two Low-power TTL Loads, One Low-power

Schottky TTL Load or Two HTL Loads Over the Rated Temper-

ature Range
¢ Pin-for-Pin Replacement for CD40138

CMOS SsSI

ILOW-POWER COMPLEMENTARY MOS)

DUAL TYPE D FLIP-FLOP

MAXIMUM RATINGS (Voitages tetecenced 1o Vgs)

L SUFFIX P SUFFIX
CERAMIC PACRAGE PLASTIC PACKAGE
CASE 632 CASE 646

ORDERING INFORMATION

MCIeXXXB Suttin  Dencier
L Ceramic Pochape
P Piastc Pacasge
& Eatenceo Opersting
- Termperature Range
C Limieg Operating
Tempeisture Rangs

Rating Svmool Vaiue Unit
DC Sczoty Voitape vpD 0510 18 vac
tnout voitage, Al 1nputs Vin <050 vpp - 0.5 Voe
DC Cu-rent Dran per Pan J 10 mAdg
Ooerang Temperature Range — AL Device Ta 5510 +125 9
CLICP Cevece ~40 10 *BS
Storape Tempersiure Range Thg -6510 *150 og
TRUTH TABLE
INPUTS OUTPUTS
cLock’ | DATA | RESET £T [¢) a
T 0 o ) [ )
W 1 [} [ 1 o
N x [ 0 ] a ::-m
x x 1 o [ 1
x x ) 1 1 []
x x 1 1 1 1

X = Don't Core
1% Level Change

1

'
+

BLOCK DIAGRAM

‘U717

. s
s [ -] )
E] 4 8 2
R
 —_
I—————]
. s
[] [ Q 13
1 c a 12
L.}

Vop = Pin te
Vgg e Pin?




MC14013B

ELECTRICAL CHARACTERISTICS

- 25°% - .. .- . Trgh'

Voo Tiow®
Charscrerntc Symbol Vdc Min Mas Min Tye Maz Min Max Unit
Output Voiisge 0" Level vou 50 - 00% - o 0.08 - 0.05 vdc
Vin Vooo0 0 - 005 - 0 0.0% - 0.05
15 - 005 - 0 0.0% - 005
1 Levet Vo 50 495 - 495 50 - 498 - voc
V,n OorVpp 10 9.95 - 9.95 10 - 9.95 -
15 14 9% - 14 95 15 - 149% -
input Voliage™ "0 Level ViL vde
(Vo"SocOSVo:l © 5.0 - 15 - 2.2% 5 - 15
(Vg 9.00r 1.0 Vael 10 - 10 - 450 10 - 10
tvg r 13500 1.5 Voel 15 - 40 - 6 75 40 - 40
1 Levet | Vim
Vg + 0.5 0r 45 vac 50 15 - 35 225 - 5 - voc
(vg + 1.00r 80 vach 10 70 - 70 5.50 - 70 -
IVg # 1 Sor12.5 Vool [E] 10 - 11.0 8 2% - 110 -
Output Drive Cuttent 1AL Dewcel on mAdc
{Vvom - 25 Voel Source 50 -12 - -1.0 -7 - -0.7 -
tvor * 4 6 Vo) 50 =325 - -02 -036 - -0 14 -
tvon * 9§ voe) 10 -0.62 - -0.5 -09 - -035 -
tVOH * 13 5 vocl 15 -1b - <15 =35 - 11 -
Vo * 04 vacl Sinn ‘oL 5.0 0.64 - 6! 088 - 0.36 - mace
VoL * 05 vec) 10 16 - 13 2.2% - 0.9 -
VoL = 1.5 Vel 15 42 - 34 88 - 24 -
Outout Drive Curtent ICL/CP Device) 10M mAoc
tVou * 2.5 vdel Source 5.0 -1.0 - 08 | -vw? - -0.6 -
(VOor * 4.6 Vdc) 5.0 ~0.2 - -0.16 | =036 - -0.12 -
WQH = 9.5 Voc) 10 -0.5 - 04 | -08 - -03 -
{(Vomn * 13 8 Voci 15 -14 - t1.2 =35 - |--10 -
tvog =04 vaci Sink oL 5.0 0.52 - 044 088 - 0.36 - mAac
VoL = 0.5 Vac) 0 1.3 - 1.1 2.25 - 09 -
Vo * 15 Voc) 15 36 - Jo 88 - 24 -
tnput Current 1AL Devicel S 15 - 10 - +0 00001 | :01 - 10 wAOC
input Current (CLICP Devsce) tn 15 - <03 - £Q0000V | =013 - 110 whAac
Inout Capacitance . Cin - - = 50 75 - - of
Vo * O
Ouescent Curreat LAL Deviced 100 S.0 5 1.0 - 0.002 10, 5. 30  mAac
{Per Pacvaget 10 - 20 - 0.004 2.0 o 60
15 - 40 = 0.006 40 - 120
Qusescent Cutient ICL/ICP Devcel 100 50 - 4.0 - 0.002 4.0 r 30 wAOC
Per Pacxagel 10 - 8.0 - 0.004 80 4 60
15 - 16 - 0.006 16 - 120.
Total Suopty Cutrent® 't 7 50 1T 025 sAMHZIE e IDD wAOC
{Dynamic plus Quiescent, w0 IT * (1.5 wh/eH2 1 1DD
Per Pachagel, 15 by s (2.3 wAKMZIE S ‘o0
ICy * 50 of on all outouts, all 5 n . .
putiers switcningl

*Tigw -55°C tor AL Device. ~40°C tor CLICP Device.
Thign * *125°C tor AL Devece. +85°C tor CLICP Device
_Nose immunily 08CHed 107 worsl-Cate 1nDul COMDNatdn

Nosse Margin tor DoIn 17 and 07 levet * 10Voc min@® Vpp © 50 Vee
20 voc min @ Vpp - 10 Voc
25 voc min® Vg - 15 Vac
1T0 calculate 10131 3uDDIy Current 81 1caos other than 50 of
1TICL) ® 17IS0pFY ¢ 28 10-3 1C_ -501 Vpo!
where 1T 130 A loer packagel, Cy o pf.Vpp ' Vo, and 1 1n KHZ 13 1nput (reguency.
**The lormulas gewen are lor the typscal characiensiics only at 25°C.

This Gevite CONtens CHcuitry 10 Drotect the inpuls againn damage due 10 hagh static voltagas o¢ elecisic Liglds; however, Iy -
vised that normal precautions be 1aken 10 #void apoiicaton of any voitage Nignet than maximum rated voitages 10 thus high im-
pedance circuit. For proper operation it i3 recommenaed that Vig and Vo b¢ constrained 10 the range Vs € (V,q 0f Vout)
< VpD- '

Unused inpuls Must aiways be 1160 10 30 30DrODCITE logic voltage igvel (e G., either Vsg of vopo!




MC14013B

SWITCHING CHARACTERAISTICS' ICL »500F. Tp 25°C)

° Charscteristic .- Symbol . Voo Min Tye Man Unit
Ovtout Rise Time ' CITLM n
tTLH * 13.0ns/pF) C * 30 ns 50 - 180 360
tTLHe (18 nspFIC ¢+ 16 s ! 10 - 90 180
TTLHe (1.t apFIC +10ns .15 - 65 130
Output Fall Tune ATHL ng
ITHL* (Y5 ns/pFI Cy «+ 25 ns 50 - 100 200
tTHL® (0.75 /pF1 Cy ¢ 125 ns . 10 - 50 100
TTHL = (085 as/pF ) C « 125 s . 15 - 40 a0
Prooaganion Detsy Time ' PLH ' nt
Ciock 10 Q PHL
tpLK. WHL @ (1.7 ns/0F 1 Cy + 90 ns 50 - 175 as0
WPLH. tPHL " 1086 ns/pfF 1 C, + 42 10 - %5 150
1PLH. tPHL = 105 ns/pFI C + 25 ns 15 - 50° 100
Setw0Q i
2pLH. PR * (1.7 03/pF )1 C + 90 ns 50 - 128 350
\PLH. PR * 10.66 ns/DF) C +42 s 10 - 75 150
tPLH. WHL * 10.5nspFICL ¢ 25ns 15 - 50 100
Reset 10 Q
PLH. WPHL ® (1.7 ns/oF) C + 265 m 50 - 350 450
- WPLH. PHL * (066 ns/pF} C ¢+ 67 10 - 100 200
1PLK. P © D5 ns/pFI Cp + 50 ns 15 - L 150
Sewp Times T tee 5.0 40 20 - n
| H 10 20 10 -
| 15 15 75 -
Hoto Tunes tn 5.0 40 T 20 - ns
10 20 10 -
15 15 15 -
Ciocs Pulse Wigth . o twe, W i $0 250 125 - ng
10 100 $0 -
15 70 s -
Clock Puise Freausncy fer l 50 - 40 20 M
- 10 - 10 50
| 15 > 14 10
Ciock Puise Riss and Fail Time STLH ! 5.0 - - 15 us
The [ 10 - - 5.0
« T A, i 15 3 - 40
| Setand Reset Pulse Wicth ‘ Wi tWH i 50 250 125 - n
H ! ! 0 100 50 -
! i g 15 20 as -
- *The 10rmuls given is tor INE Typical CharaCIerisTics Onty.
LOGIC DIAGRAM
1172 of Device Snownl
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MC140138

FIGURE 1 ~ DYNAMIC SIGNAL WAVEFORMS

{Daw, Crock, snd Output)
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FIGURE 2 — DYNAMIC SIGNAL WAVEFOAMS
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CMOS Ssli
QUAD EXCLUSIVE “OR” AND“NOR" GATES

The MC140708 quad exclusive OR gate and the MC140778B quad
exciusive NOR gate are constructed with MOS P.channel and
N-channel enhancement mode devices in a singie monolithic
structure. These complementary MOS logic gates find primary use
where low power dissipation and/or high noise iImmunity 1s desired.
e Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc
Nose immunity = 45% of Vpp typ
Supply Voltage Range = 3.0 Vdc to 18 Vdc
Al Qutputs Butferea
Capabte of Driving Two Low-power TTL Loaos, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Tempera-
ture Range.

Double Diode Protection on All Inputs
® MC140478 ~ Replacement for CO40308, CD40708, and

MC14507 Types

& MC140778 — Replacement tor CD40778 Type

MAXIMUM RATINGS (Voitsges reterenced 10 Vgg)

Aning Symbol Vatue Urit
OC Supety Voitage VDD 050 *18 Voc
input Volilage, All inputs Via |05w0Vpp~* 05 Voc
OC Current Draun per Pin [} 10 mAdc
Operating Temperaiure Range ~ AL Device Ta -85 10 #1325 oc
CL/CP Device ~40 10 +85
Storage Temperature Range T“, -£5 loVOISO oc

FIGURE 1 ~ POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

20 Np weome  cp= |

A 144
. SO% Duty Cycie

. "_T_—*’I »

*invertsd outbut on MC140778 anly.

MC14070B

QUAD EXCLUSIVE “OR* GATE

MC14077B

QUAD EXCLUSIVE “NOR* GATE

CASE €46
P SUFFIX
PLASTIC PACKAGE

CASE 622
L SUFFIX
CERAMIC PACKAGE

ORDERING INFORMATION

MClanxXx@ Suffin  Denotes
E & Ceramic Pachage
P Plastic Package
A Exntanded Operat
Tempatature Rsngs
€ Limited Operating
Tamperature Asnge
MC140708 MC140778
Quad Excluuve OR Qued Exclusve NOR
¥ Gate Gete
1 1
3
5-
L] [}
s [
10
12
it [} ]

Vpop * *in 14
Vgg = Pin 7
{8oth Devices)

Voo

Putee .

Genscoror
3 I
Cu
I

* tnvertsd outdut on MC 140778 only.
#Connectunused Input 1o Vo for MC140708, 10 Vgg for MC 140778,

FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

== 20 ns
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