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Abstract :

The designing of UPS for uninterruptible load depend.on
continuty , rating and reliability of system. The idea 6f UPS in
this thesis aim to study the transformation of AC to DC and DC back
to AC by power switching semiconductor device,especially GTO and
transistor. Furfhurmore,this project cover to drive circuit and
voltage control method. 1In the part of converter,the oiréuit is
designed in form of chopper circuit by using power transistor.
Inverter part, GTO are consisted in Bridge Inverter type. This

project is designed for 1 phase-3KVA .load.
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e 0o

Unit in mm(inch)

BEE K
. OUTLINE DRAVING
o KELUTHEATT.
z . el - . #F 5 2.
Ll e | S iR
sN—n %, Rz . TRktIE, S 5.
4 1 ThEIE GFF200E12) k3 < :Am?%%:w

4 - S

L21EE Jle
EFEATURES ' &
¢4.310.969) ¢4 3(0 169), s
® High controllable on-stzte current. e c8lozs)®
® Lower on-state voltage due to non-doping
heavy metal.

® High off-state vol:zge and high reliability =
dve to glass-pzssivated chip. ] .
g
~
Vieight : ©3 (g) 4
EMAXIMUM ALLOWESLE RATINGS
Iteme Tape I GFF200E12
Repetitive Peal: Off S:z:¢ Vielraze Vg XV 1.260 7D
RMIS On State Current 15251 A D' T =6NT)H
Repeiitive Controllahls (~ 2300 Conpm F e A 20042
Nez-Repetitive Contrelizt'e (r 30210 Corvent Jrcow A 250138
Suspr’ Non-Repetitive 00 502t Comren: Jisn A 300 14)
It Limit Value I°t Asec 1£5 5)
Critica] Rate of Rize «f (- <2372 {y—en: di’dt | A jusec 209 6)
Repetitive Peal. Reverse Gass eliape 3, o \ 12 (9
Repetitive Average Forwasz Gz'c Power Discipation B av. W 12
Reprtilive Peak Forvard fas Fover Discipation -~ A\) : 36
" Repetitive Average Reverwe Gae Pewer Dissipation | P, .., A\Y 20
Repetit:ve Peak Reverse Gate Fraer Diesination Peott W 1.5%
Operating Junction, Temrerature A T —40~=125
Storage Temperature W T ~40~+125
TTTTNOTE

‘1 V=3V or R ,s 1m0

20 Vo=V, Over shont vekape= 100V, E,., = 12V, Com 0, 355F. Lo =0 4, H. L.~ 0 1xH . f=1KH:,

3¢ V=V, Over shoot wwtape = o\ E, .= 12V, C. - 0 FpF L =2 5. Loz I5H

‘4 ].5meec conduction. Hal! sine »ave. levele. :

'51 3 Smeee canductinn, 1= BAIS Valpe

6 Le=84 dir di=2 p< Gate oyl wid',. Wys Vo= 5mV,

T This value may b excomdad a1 1he twr-ofl prriod provided the peal reverse pate power ditsinztion does not excerd the rated Peoy value
6 The reverse toltape berwwen annde and cathode shall not exceed the rated View value

ECHARACTERISTICS (T,=25T unless otherwise specified’

Jtems Symbals | Units | Min Typ. | Max. Test Conditions
Peak Off State Current Joow mA - ks ] V= ‘.pnv- ch =100
Peak On-State Veltage Vi L § - - 3.8 1,u=200A
DC Gate Trigger Current Tey mA - - 60 Vea=24V R, =20
DC Gate Trigrer V'oltage Ver i -— —_ 1.5
Critizal Rate of Rise of O!f State Voliage dv-dt \"'peec.| 1.000 — - V. =R\, T=15C V..=5\er R, =100
Holding Current P A — 4 — Va=24V
" Latching Current 1, A - 6 - V=24V
Tum-On Time Hte psec. - 3.0 4.0 V=800V
(Delay Time) te pSec. - 1.0 - 1,w=200A
(Rice Time) 3 psec. - 2.0 = 1., =EA
Gate Turn-Off Time faa psec. - D 6.0 V=800V, 1, = 200A
(Storage Time) £ | wsec. — 4.0 - Eeen=12V
(Fall Time) 1 psec. | — 0.5 — | Le=0.4pH :
Turm-Off Gate Charge Q.o uC - 200 200 '
Steady State Thermal Impedance R ol - — 0.35 Junction to Case




GFF200E

KR 35 %
ON-STATE VOLTAGE CHARACTERISTICS

500 T
300 T:‘=25'c’ e
| -
200 / Ti=125T
< //
< 100 Va
.Z_ / s
Z 2
& 50
5 4
0 0 ,
= I g
=
2 [
8.
x 10
e
R g
&
30 1 2 3 4 5 6 7
PEAK ON-STATE VOLTAGE v)
T—=b Py : Y= A BRB3 GigisL)
GATE TRIGGERING CHARACTERISTICS ~ SURGE ON-STATE CURRENT CHARACTERISTICS - -
(NON-REPETITIVE)
1020 T s I . B |
10 é‘gg hs“\ ' | ] | |
- F
< 7 Ve 2 ' e~
w ¢ R % % : |
= All device gate "é’@ s -~ 20 . -
3 2 trigger voltage S o‘*« s E -~ ‘
s 3 (" > K § |’l'/
w \ ‘OO ')6}_ = 100 T T T
= ‘Lp s ¢ 8 pg \
60.8 - ¥ 2 € : : [ 1
&) 2 = S e
Y 06 w2 % g o [ 3 ,
S o4 e 1 & 8K ' AE
2 S & ]
Z 05 . cE 2 '
o All device gate nontrigger voltage ~ o
20 B R e 10
01 02 0406081 2 4 6810 20 4060 01 02 04 0€0B) 2 4 €810 20
WSTANTANEOUS GATE CURRENT (A) ' : PULSE WIDTH 1 (msec)
542
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BREICAZENO T AAF— IR K51 (8:E8)
ON-STATE ENERGY PER PULSE
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Terms

Symbols

Definitions

Repetitive Average
Reverse Gate
Power Dissipation

Periav)

Maximum average value of reverse power dissipation
during one evcle allowable between gate terminal and
cathode terminal.

R'epetitive Pcak
Reverse Gate
Power Dissipation

PerM

Maximum peak value of reverse power dissipation
continvously allowable between gate terminal and

cathode terminal.
ra

Operating Junction
“Temperature

T

Temperature at junction which defined as basis of
ratings and indicaled by range of allowable tempe-
rature.

Storage Temperature

Tstg

Range of allowable temperature for storage of devize.

Peak Off-State Current

Iora

Maximum instntancous value of forward leakage
current for 2pplving specified forward voltage under
specified conditions. '

Peak On-State Voltage

VT

Maximum instantancous value of on-staic voltape

obtained when repetitive controllable on-state current
flows under specified conditions.

DC Gate Trigger Current

IeT

Minimum valve of DC forward gate cusrent capable of
triggering any GTO of the same type at specified
conditicas. ;

DC Gate Trigger Voltage

Vot

Ninimum valve of DC forward gate voltage capable
of lriggcri:n;: any GTO of the same type at specified
conditions.

Critical Rate of Rise of dv/dt Under specificd conditions. minimum increase rate of

Off-State Voltage off-<tate voliage to cause switching of device from off-
state to on-state.

N4

Holding Current In When device is in on-state under specificd conditions,
critical value of on-stale current helow which the
device returr to off-state.

Latching Current I Under specified conditions and load state, minimum

on-slale current required to keep on-state afler
switching of device to on-state 2nd removal of gate
signal.

41



Symbols

— -
" Definitions

Terms
P N o' .7 "8
(Gate Controlied) Under specified conditions with resistive load con-
Turn-On Time nected, time required for on-state currerft 10 reach 909
of its final value zfier the moment wﬁtn gate current
. L pulse has reached 109 of its final value and through the
: subsequent switching of device from off-state 1o on-
state, (et 1) ‘e
Delay Time Time required for on-state current to reach 109 of its
tg final value after the moment when gate current pulse ’
has reached 109 of its final value,
Rise Time Time required fur on-state current to resch 909 from
te 109 of its final value. P
(Gate Controlled) . ,—
Turn-Off Time i
: tix 0, o5 1y
3
:3 o
2
=
Storage Time s
£
ls ~‘§ Yose
Fall Time L o i Time ——
t S ts =
S = Xin ——
=0}k ——
Tum-Off Gate Charge s v Tume
& 05 oo
. ]
i OG() aig’ot
Steady ‘State- Under themally ‘steady state while device is- contis——-—~-—- - -~
Thermal Impedance Rih novously energized, value of temperature difference
MG between junction znd case, per unit power dissipation

at junction. Unit i "C/W.




@ MOTOROLA

TLA%4

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL494 is » fixed frequency, pulse width modulation contro!
circuit designed primarily for Switchmode power supply control.

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUMTS

This device festures:

o Complete Pulse Width Modulation Controt Circuitry
e On-Chip Oscillator With Master Or Stave Opetstion

e On-Chip Error Amplifiers
e On-Chip 5 Volt Reference

e Adjustable Desd-Time Contro!
L]

Uncommitied Output Transistors Rated to 500 mA Source Or ~
Sink
e Qutput Control For Push-Pull Or Single-Ended Operation
e Undervohage Lockout
J SUFFAIX *
CERAMIC PACKAGE
CASE 620-10
1 N
~ontay E e
nput tnput
o 13
vVec
Compen/
raM Compl 3 16 |Vemes
nout j
Desd L RRY
Outowt
Cn::: < E]Co‘ucl
< Crfs 12 fvee
O rllstor N SUFFIX
PLASTIC PACKAGE
L] c2
- \_C - C&SE 648-06
o2
—a mE
o1
ct E El 1
ORDERING INFORMATION
10p veww) Tempersture
Device Range Pazhage
TLaseth 1 0'1c = 70°C  ‘Plasic DIP
TLawCy 010 -70C  Ceramx D
The TL&%4C is specified over the commercis! cperating range Tresa: y T
94N - 25 - B§ Piasnz DIP
of 0°C 10 70°C. The TL&SS! it specitied over the industria! range - e C { okl .
of - 26°C 10 85°C. The TLAB2M is specified over the full military Tiasey ~25 10 ~BSC | Ceramz DIF
range of ~55°C 10 125°C. TidmeMJ - 55" 10 = 125°C ; Cera=: DIP

- MOTOROLA LINEAR/INTERFACE DEVICES




TL494

ELECTRICAL CHARACTERISTICS (Vee » 15V, Cy » 0.01 uF, Ay = 12 k(! uniess otherwse noted |

sc nypec vatues Yo = 25°C, for min mas values T4 is the op ¢ smbeen: te ranpe that apphes uniess otherwise
norel
- .
Characteristic Symbo! nuasac Tiasem T Unit
Min | Typ | Mes | Min |, Typ | M
OUTPUT SECTION
Cotecies OH-Siate Current 1Ciot) - 20 102 - 1 20 ‘ 100 Ny
vee = 40V Vop = 40V I H
£ mme- OH-State Cutrent U - - BRI - —_ : -
IWCC » 4DV, VC = 40V, Vg = OV tot | 10 s
Ca.emor-Eminer Spturation Voltape (2) VSATIC) _ 1.9 13 - 11 Ny v
Common-Eminer
Vg = OV.Ig = 200 mA}
Emmer-Follower Veatig) — 1% 5 -} 15 25 v
Ve = 15V.ig = - 200 mA) | 1
Outout Contro! Pin Current ocL - 10 - - : 0 — WA
Low State N
tvor = 04V} :
sigh Siste 1oeH = 62 35 - 02 ! 3% mA
oC = Vret! i i
Outout Volage Rise Time 1 - 00 205 - ' 200 ns
Common-Emitter {See Figure 13) i
Emmer-Follower (See Figure 14} 2 100 290 - 1 00 < 200 ns
Gutput Voliage Fah Time i \tp - S 102 - i 2% " 00 s
Common-Emitier (See Frgure 13) H | |
Emmer-Foliower (See Figure 14) i - 40 103 - 1 a0 1100 ns
y : TLa54
Characteristic : Symbol % = T Unit
H i Min B Typ ! Max
ERROR AMPLIFIER SECTIONS
1' tnpat Ofiset Voltage vio - 20 ] 10 mv
: VO (Pin 3} - 2.5V} !
T input Offset Curient ho - e 2%¢ nk
Vo Pin3) = 25 W1
" input Bies Currem A g - -1 -0 wh
Vo (Pin 3) = 25 V) ;
Input Common-Mode Voltage Range IovicR -0310 - - v
Ve = 40V, Ty = 25°C) Vee-2.0 u
, Open-Locp Vohape Gain ‘I AvoL 70 | 5 - db
© LVp=30V.Vg= 051035V,
; Ry = 201D
. Unaty-Gain Crossover Frequency 1c - 50 - My
1 Vo = 051035V, R » 2041 d i
* Prase Margin a1 Unity-Gain omn - [ 13 - deg
' o 05103SV.R = 20k
; Common-Moode Rejeci:on Rate ! CMAR [ 13 9 o8B
i Vee = 40 V) i
Power Supply Rejection Rauo { PSAR - W0l - cB
tsVee = 33V.Vo = 2S5V R ¢ Iomn |
Custpnt Sink Cusrent io- 0.3 e? — mA
Ng (Pinm = 07V} N
. Ovipw: Source Current ! 15- 20 | a0 | — mA
! MopEmns35V) : i i

NOTE 2. Lom Ouly CyCle Dulse TEThN.OURS B7E LSEC BUING teS1 1 MAMIBI JURCIO™ TEMDETAIUTE BS CIORE 12 B DNt Tempe s plutes By Possitde

MOTOROLA LINEAR/INTERFACE DEVICES
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TL494

MAXIMUM RATINGS (Full operating ambignt tempetature range spplies unless otherwnse noted)

Rating Symbot TLassC TLas4l TLe34M
Power Supply Voltage vee 42 42 &2
Cotlector Output Voltage Ve, Ye2 42 42 42
Coliector Output Current leach transistor! (1) ey g2 $00 500 00 mA
Amphifier input Voltage Sange Vir -0310 42 -0310 482 ~0310 42 v
Power Dissipation 0 Ty « 45°C Pp 1000 1000 1000 mw
Operating Junction Temperature Ty i
Plastic Package 125 125 — <
Ceramic Package 150 150 150 o
Operating Ambien: Temperature Range Ta 0to 70 -251c 8BS -5510 125 Y
Storage Temperature Range Tsrg <
Plastic Package -8510125 -5% 10 125 bt
Ceramic Package -85 10 150 - €510 150 - 65 to 150
NOTE 3. Maaimum therma! bmits must be observed
THERMAL CHARACTERISTICS
Characteristics Symbol N Suffis Plastic Package | J Suffiz Ceramic Package ¢ Unit
Therma! Resrstance. Junction to Ambient Rua 8O 100 cw
bl g Ambienmt Temp Ta 45 50 C
PECOMMENDED OPERATING CONDITIONS
TLaS4
Condition/Vslua Symbo! Unit
Min Typ Max
Power Supply Voltage vee 7.0 15 &0 v
Coliector Output Voltage Ve Ve - 0 L v
Cotiector Output Current {each transistor) e Ig2 - -— 200 mA
Amplfier Input Vollage Vin -03 —_ Vee - 20 \4
Current into Feedbach Terminal L) - = 0.3 mA
Reference Output Current lrgt - - 10 mA
Timing Resistor Ry 18 30 500 ki)
Timing Capacitor Cy 00047 0 00t 10 uf
Oscitlator Frequency fosc 1.0 40 200 \Hz
.
ELECTRICAL CHARACTERISTICS (Ve = 15V, Cy = 001 kF, AT = 12 k{2 uniess otherwise noted )
For typical values Ta = 25'C, for min maxr values Ta 13 the operating ambient temperature range that applies unless otherwise
noted.
TLa%4C) TL&9AM
Charscteristic Symbol Unit
Min l Typ ] Max Min l Tyvo ] Maz
REFERENCE SECTION
Relerence Voltage Veet 475 5.0 £25 475 5.0 £.25 v
fig = 1.0 mA)
Line Regutation Regine — 20 25 - 20 25 mv
Vee = 7.0V t0 40 V) .
Load Regulation Regigad - 30 15 - 30 15 my
(1g = 10 mA 10 10 mAl
Shon-Circuit Output Current sC 15 35 75 113 35 75 mA
Viet = 0 V)

MOTOROLA LINEAR/INTERFACE DEVICES

3-315




TL494

ELECTRICAL CHARACTERISTICS (Vee = 15V, Cy = 001 uF, R} = 12 &1 uniess otherwise noted.)

For typical velues Tp » 25°C, for minfmax values Ta i the pperating smbient temperature 12nge Tha! apphies unless oTerwise

noted.
Chi istic ’ Symbol Trase j Unn
cteristi
sroctens | rm Min Tve Mazx !

PWM COMPARATOR SECTION (Test Circuit Figure 12j

Input Threshold Vohage VIR - s es | v
(Zero duty cycle) '

Inpu: Sink Current [ .3 0.7 - ' omA
Vipin 3) = 0.7 V) }

DEAD-TIME CONTROL SECTION (Tes: Crrcun Figure 12}

input Biss Current (Pin &) B DT - -2.0 ~10 5 nA
(Vpin a) * 016525 V) ¢

Maximum Duty Cycie, Each Output, Push-Puli Mode DCrnan LS
(VPing = O V.Cy = 0.01 uF, Ry = 12 &N} as a 59
{(Vpin4 = OV, C1 = 0.001 uF, Ry = 30 KA} - 45 5%

Input Threshold Vokage (Pin &) Vs v
{Zero Duty Cycle) - 28 332
{Maximum Duty Cycle) 0 —_ -—

OSCILLATOR SECTION

Frequency fosc — 40 -— kHz
iCT = 0001 uf, Ry = 30 kM) .

Stancard Devistion of Frequency® mose - 30 - -
(CT = 0.001 wf, Ry = 30 k) i

Frequency Change with Vottage Mose (3V) — 0.1 - %
Ver = 2.0V 1ic &0V, Ty = 25°C)

Frequency Change with Tempersture Moyc (AT - - 12 %
(ATA = Tiow 10 Taign}

(CT = 0.01 uF Ry = 12 kil
UNDERVOLTAGE LOZKOUT SECTION
[ Turn-On Threshold Ve inciessing. ey = 1.0 mA) l Vih l 3 €43 7.0 I v

TOTAL DEVICE

Standby Supply Current icc mA
{Piri € 8t Vo1, All Other Inpuns and Outputs Open}

Veg = 15V) - 58 1?0
Vee = 40V) -— 7.0 1%
Average Supph Current - —_ 7.0 - mA
ViPin 4} = 20V (See Figure 12)
(CT « 0.01 uF, Ry o 12kM, Vee = 15 V)
. > ,———
51070200 Oereat.on 1 3 Tessure Of the S12°S148! OS1HDUNO® SN0 the medr 83 Orroves {+C 1he 10 e o - :‘ o~ 30
el i
e

NMOTOROLA LINEAR/INTERFACE DEVICES
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FIGURE 4 — OSCILLATOR FREQUENCY FIGURE § — OPEN.LOOP VOLTAGE GAIN AND PHASE
versus TIMING RESISTANCE versus FREQUENCY
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AGURE 10 — STANDBY SUPPLY CURRENT
versus SUPPLY VOLTAGE
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RAGURE 11 — ERAOR ANMPLIRER CHARACTERISTICS AGURE 12 — DEAD-TIME AND FEEDBACK CONTROL
TEST CIRCUIT
Vee = 15V
Ervee Amphiber ;5‘: 3 ;"z
Uae Tes vee
Ot D0 Tima ct Owvtput 1
by Test €@
nputs P
fredoagh i e hd Output 2
Tarminal :r o
[LTF T —Cr —q
o1 I
- \ ‘lt‘) ‘ Error
Viet O——=] “Ouee- £rror S > f=! Ret
Arnpistvpr Output Owt
we Conrrot
Gna
+
RAGURE 13 — COMMON-EMITTER CONFIGURATION FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM TEST CIRCUIT AND WAVEFORM
‘25 v
. ’_'____l
¥ LN C r
& Eoch A
— Output
c ve Teansistor
Eacn [ Y
Output 4] =95 of
Tranpmior ¢
€
3

MOTOROLA LINEAR/INTERFACE DEVICES -~

3319



TL4S4

FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIOUES
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FIGURE 16 — DEAD-TIME CONTROL CIRCUIT FIGURE 17 — SOFT STZRT CIRCUIT
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RGURL 11 — SLAVING TWO OR MORE CONTRDL CIRCUITS

Veet
6 .
g c Master
Ry ICT T
Viet
6 Ay Stove
5 hodtona!
Cy Coreuns}t

FIGURE 20 — OPERATION WITH Vy, > 40 V USING
EXTERNAL ZENER

Rg Vee
Oo—~n— ~O—
Vin >4tV INSTSE L e
vz 35V <y
Re!
7703
Gy |
__f - 3

FIGURE 21 — PULSE-WIDTH MODULATED PUSH.PULL CONVERTER
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FIGURL ¥ — BLOCK DIAGRAM
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Deseription

The TLAS94 is » fixed-frequency pulse width modula-
tion control circuit, incorporating the primary building
blocks required for the control of a switching power
supply. (See Figure 1.) An internal-finear sawtooth oscil-
tator is frequency-programmable by two external com-
ponents, RT snd CT. The approximate oscillator fre-
quency is determined by:

1.1

fosc = RreCr
For more information refer to Figure 4.

Output pulse width modulation is accomphished by
comparison of the positive sawtooth waveform across
capatcitor Cr to either of two control signals. The NOR
gates, which drive output transistors Q1 and Q2, sre
enabled only when the flip-flop clock-input line is in its
low state. This happens only during that portion of time
when the sawtooth voltage is greater than the control
signals. Therefore, an increase in control-signat ampli-

.dude causes a corresportding linear decrease of output
pulse width. {Refer 10 the timing diagram shown in Fig-
ure 2.)

The control signals are external inputs that can be fed
into the dead-time control, the error amphfier inputs,
or the feedback input. The dead-time control compar-
ator has an effective 120 mV input offset which himits
the minimum output dead time to approximately the
first 4% of the sawtooth-cvcle time. This would result
1n a maximum duty cycie on a given output of 96% with
the output controt grounded. and £8% with it connected
to the reference line. Additional dead time may be im.
posed on the output by setting the dead time-control
input to @ fixed voltage, ranging b Oto33V.

The puise width modulator comparator provides a
means 191 the error ampl.fiers 1o adjust the output pulse
width from the maximum percent on-time, established
by the dead time contral input. dbpn to zero, as the
voltage 2° the feedbach pin varies from 0.510 1.5 v. Both
error ampliiers have a common-mode input 7ange from
-03Vtc Ve -2VL and may be used to sense power-
supply output voltage and current. The error-amphfier
outputs are active high and-are ORed together at the
non-inverting input of the pulse-width modulator com-
parator. With this cer'guration, the amplifier that de-
mands minimum outpul On time, dominates control of
the loop

When capacitor C1 rs discharged, a positive pulse s
generated on the cutput of the dead-time comparator,
which clocks the pulse-steering thp-tiop and inhibits the
output transistors, Q1 and Q2. Wath the output-control
connected (0 the reference ling, the pulse-steening thip.
flop directs the modulated pulses to each of the two
output transistors alternately for push-pul! operation.
The output frequency is equal to ha!f that of the oscil-
lator. Outpu: drive can aiso be taken from Q1 or Q2,
when single-ended operation with a maximum on-time
of less than 50% is required. This is desirable when the
output transformer has a ringback wanding with a catch
diode used for snubb:ng When higher putput-drive cur-
rents are required for single-ended operation, Q1 and
Q2 may be connected in parallel, and the output-mode
pin must be tied to ground 10 disable the flip-tlop The
output frequency will now be equal to that of the
oscillator.

The TL494 has an internal 5 V reference capable of
sourcing up 10 10 mA of ioad current for external bias
circuits. The reference has an internal accuracy of
= 1.5% with a typica! thermal drift of less than 50 mV
over an operating temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE

Input o
Output Output Function fosc
. Control .
Grounded Singie-ended PW M. a1 Q1 and Q2 \
At Veet Push-pull operation 05
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SCL4093B Preliminary

——
FEATURES
Schmitt Trigger Action on each Input with no
External Components
Qued 2-Input NAND Conﬁgurlbon
Noise Immunity Greatsr than 50% ~
No Limit on Input Rise and Fall Times
Bslanced Output Drive Current Specifications

L o0 o

DESCRIPTION

The SCL4093B consists of four Schmitt
trigger circuits. Esch circuit functions s & 2-
input NAND with Schmitt trigger action on
both & The gate switches st different points
tor positive- and ncptrveqomg signals, The differ-
ence between the positive voltage (Vp) and the
negative voltage (V) is defined as the hystemk
voltage {Viy). This device is useful in high-noise
environments and in wave and pulse shapers and
multivibrators.

LOGIC DIAGRAM

1o

* All inputs protected by « -
Standard Protection Network

, CMDS
~ QUAD SCHMITT TRIGGER

CONNECTION DIAGRAM
(sl! packages)
Vpp 4A 48 4Y 3Y 3A 38 .
) I S S R | 1
4 13 12 11 10 8 8 -} .-
- b SCLCOQSB"'T' :.‘ N
1 2 ‘3 4 S5 61 o
i i 1 1 i i } ]
1A 19 1\! 2y _2A‘ 28 Ygs'

. Addsufﬁx'ofpockap i
14-pin Cerdip - |

‘For maximum reliability:

DC Supply Voltage  Vpp-Vss 3 t015 -

Opersating Temperature
L, D, F, H Device
E Device -

TA.

55 to +125 B
40 to +85 ‘°C




ELECTRICAL CHARACTERISTICS
S‘I’ATIC CHARACTE RISTICS' 2

o,
' PARAMETER Voo | conpimons | Tiow’ .
(Vde) Min. | Max. | Min. | Typ.
QUIESCENT DEVICE T
CUF RENT § [Vin=VssorVpo| - [005| — f.0oos
10 |All valid input - | 0.10 - [0.001
15 |zombinations - | 0.20 - 0.002
POSITIVE TRIGGER Ve 4 o
THRESHOLD VOLTAGE Vi) & 3 typ 29 typ 291typ
10 59 typ 59 typ S9typ
15 8.9 typ B.9 typ B9typ ™’
NEGATIVE TRIGGER Va % b
THRESHOLD VOLTAGE V)| 5 26typ 2.3typ 21typ

10 4 typ 39 typ 38typ -
15 55 typ ‘5.4 typ 53typ |

NOTES: ! Remammg Sunc Electrical Characteristics are listed under 'SCL‘MB Senes Family Speuﬁatnom
P Teow ™ -55 C for C, D, F, H device, 8
= -40° C for E devnce .
ThigH = #125°C for C, D, F, H device. ,
=+ B5°C for E deviee.
3 This device has been designed for balanced sutput dnve current specifications. Consult Family Specif' 1

DYNAMIC CHARACTERISTICS (C, =50pF, TA - ZS'C)

PARAMETER ¥ oo | Min, Typ. | Max
PROPAGATION DELAY TIME - - . feuni tone 5 X 300 600
LR 10 - 150 300
15 - 120 240
OUTPUT TRANSITION TIME 1t Che trw 5 - 100 200
10 = 50 100
15 2 40 80
Voo DRAB VOLTAGE (Véc) o —r—
o+ SSRGS g s LrRR.
T % : .
=-5V¢ 0 g E
1'“ i S vee . .10 !e ; 35 =
Yo =-10 Vec A—j s g ¥
ol /7 2 = g = Vo= 10 W
225 20
-30 § g 3 /’
A S IR 1/ TR T
Vo= -1 v o | o 5% 1.4 ser ol &
i T,=25°CH 45 2 0 2 4 6 & 10 12 % 16 18 20
7 | (S Tl . V... DRAM VOLTASE (Vék) - ;

Typical P-Channel ks Typical N-Cl'annd_ :
Source Current Characteristics 3 Sink Current Chanm"_suq




SCL4093B (Prefiminary) -

33 0]
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APPLICATIONS INFORMATION

Typical per cent hysteresis vs. supply voltage.
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L & Direct Resst = .- ‘
* TnmhomuﬂwEdgodClocklnpm

- Caery Output for Cascading Stages

.. FullyShncOp-lhon DC to SMHz @ 10Vdc

pecada Counter and an Output Decoder lnpu(s
clude Clock, Reset, and Clock Enablc signals.

>Oocl( Enable lines for incrementing on either a
k =poslnvoaomg or _negative-going transition, respec-

“dwly A high Rewt signal clurs lhe counter to its
count..

Shcp) -

2 t&ion permits high-speed operation, 2—mput decode
Y ptmg, and spike-free decoded outputs. Anti-lock

“Tow and go high only at ‘their respective decoded

e full clock ‘cycle: A Carry-out (CouT) signat
pletes one.cycle every 10 clock input cycles
is used to directdly clock the sueceodmg coumer
ult‘-cuge npphatnom. ey

Reset
o n
[} n -
1 agye
[} n+1
(4] n
(+] n
(4] n+1

Uu of thc Johnson decade coumcv conf‘ gur-'

pﬁm is provided, thus assuring proper counting.
-quma The 10 decoded outputs are normally. -

ﬂ_'m siot. Each decoded output remains high for

< This part can be used in fnqumcr divmon : a
- Ituswoll as decade counter or declmal‘decodo 3

~ CMOS DECADE

COUNTER/DIVIDER

CONNECTION DIAGRAM
(all packages)

Vpp R CL CE Coyrt 9" "4" “8”
| i l | ] | |
167510 AT 12 iU S

SCL4017AB
13520 S8R TS B T
| ) T A PR B

SayRse s fou gy igie aigH rgon sguENIEE

Add suffix for package:

"C  16-pin Cerdip
D 16-pin Ceramic
E° 16-pin Epoxy
F 16-pin Flat
H Chip

.

; RECOMMENDED OPERATING CONDITIONS
For maximum raliability:

DC Supply Voltage ' Vpp-Vss 31015 Vdc

_ Operating Temperature| = Ta
..-C, D, F, H Device - -55 to +125

=+ E Device - ; -40 to +85

BLOCK DIAGRAM

°oc
°oc

Clock 14 0— o}l—o3
10 2
2—0a
3 p—07?

3 4 p—0 10

:::. 13 0—¢ sl—o1
e—o0Ss
1—08s
sr—089
$p—0 1

Reset 15 O— Cownt —o0 12

Voo * P 18
Vgg=Pin g
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ELECTRICAL CHARACTERISTICS
: NSTATIC CHARACTERISTICS x

’ L)
PARAMETER s S N (‘\',g:, conDiTIoNs | Tiow’ pn s Tuin® | yniny
ol N - - Min. | Max. | Min. | Typ. | Max. | Min. | Max.
OUIESCENT oE\_ncE . ‘Joo| -5 Min"VesorVeo | — 5 - ]oos| s - | 150 | pAde
CURRENT Lo : 10 [All valid input - 10 - |01 10 - | 300
3¢ R 450% 15 [combinations - 20 - 102 20 - | 600
OUTPUT HIGH (SOURCE)
CURRENT.
C. D, F, H device lou
Decoded Outputs 5 Vou=4.6v -0.058 - |-0.04 |-0.3 - |-0.028) -~ !mAdc
S = 10 Vou=95v 0124 .~ [-01 |-075| - [-007]| -
ki * 15 Vou= 135V -0374 - |-03 |-25 - |-0:21
g 4 Vin=Vss of Voo
Cafry Output 5 Vou=4.6V -1-0.25 - |-0:2 |-0.75 - [-0.14 - |mAdc
~ z 10 Now=9.5V 062 - |-05 [-1.1 - |-035] -
e 15 NVou=135v -19 - [-1.5 [38 - |-1.1 -
TR Ko - . [Min=Vss or Voo
E device . fon|
Decoded Outputs .5 Nou=4.6V -0.04 - [-0.04 |-0.3 - [-0.032] - mAdc
' 10 Vou=9.5v -0.12 - 4-0.1 [-0.75 - {-0.08 -
15 Vou=135V 036 - [-03 [-25 - [|-0.24 -
g VIN'VS NVDD
Carry Output S Non=4.6V -0.24 - |-0.22 [-0.75 - |-0.16 - |mAdc
=77 : 10 NVou=95v |06 = |-05 |-1.1 - |04 -
S 15 Now=135v |1 8| =15 |35 = |12 -
it E . ) . VIN-VSS NVN
OUTPUT LOW (SINK)
CURRENT
C, D, F, H device o) { lou} ;
Decoded Outputs v - S [VoL=04V" 005| "~ [ 004 | 0.4 - 10028 - |mAdc
S S el : 10 [Vor=05V 01258 (=) |01 Frofl — ooz ] = L
ik 15 Vo =16V 0378 - |03 (30| - |o21| -
G G e Vin=VssorVoo | . | © - £ A
. Carry Output 3. 5 Vo =04V 025 -- |02 |075 - 1014 = |mAdc
= =3 % d 10 Vo =05V 062 - {05 |13 - ]035 | -~
3 15 Vo, = 1.5V 19 |- |15 |40 - |11 =
2 . Vin=Vss or Vo
E device .OL v
Decoded Output: 5 Vo =04V 0.04 - |0.04 | 04 - | 0.032] - {mAdc
10 Vo= 0.5V 012 - [0t 10 | - 008 | -
15 [Vo_= 1.5V 036| - (03 |30 - |o2sa | =
¢ S Vin=Vss of Voo :
Carry Qutput - S [Vo_=04V 0.24 - 102 0.75 - | 016 - |mAdc
. 10 Vo, =05V, 0.6 ‘- |05 1.3 - |04 -
15 Vo =15V 1.8 - 115 4.0 - |12 -
Vin=Vss or Voo :
NOTES: ! Remammg Smm Electrical Characteristics are listed under “SCL40008 Series Family Specifications”.

2 TLow =-55° Cforc D, F, H device,
= -40° CforEdovvu.
Tuign = +125°C for C, D, F, H devi
=+ 85° CforEdcwco




" ELECTRICAL CHARACTERISTICS (Continued)_-

fi DYNAMIC CHARACTERISTICS (C = 50pF, Ta =25°C)

7 . - PARAMETER : (“’;gg, Min. Typ. Max. | Units
i CLOCKED OPERATIQN '
¥ PROPAGATION DELAY TIME
[4° To Decoded Outputs toLH. oy 5 & 600 1200 ns
; B 10 2 240 430 -
15 - 180 350
teLn. tPHL 5 - 500 1000 ns
10 = 200 400
M 15 = 150 300
_OUTPUT TRANSITION TIME
k}:: Decoded Outputs : trin. trHL 5 - 250 500 ns
e - 10 - 125 250 =
Vo 15 - 90 180
“Carry Output B\ Rl 5 = 180 360 ns
3 10 - 90 180
il : 15 = 65 130
MINIMUM CLOCK PULSE WIDTH PWer 5 ke 200 400 ns
: 10 = 100 200
15 - 80 160
MAXIMUM CLOCK FREQUENCY Tt - 5 1.25 25 - MHz
; 3 10 25 5.0 -
; ! 15 3.0 6.0 2
§{ MAXIMUM CLOCK OR ENABLE RISE AND tew, Yo |
LL TIME . 5 15 4 - s
R’ 10 15 4 =
' 15 5 = -
R 5 - 175 - 350 ns
: 10 - 75 150 :
15 - 55 110
v 5 - 250 500. ns
£ ; 10 > 100 200
5 3 15 — 75 150
4 RESET OPERATION
£{ PROPAGATION DELAY TIME :
To Decoded Outputs > toLm. tomL 5 B 500 1000 ns
At : 10 = 200 400
15 = 140 280
teLH 5 - 400 800 ns
: 10 - = 150 300 :
: 15 - 110 220
PWg 5 - 150 300 ns
10 - 75 150
15 - 60 120
S - - 250 500 ns
10 - 100 200
15 = 80 160




AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS :
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COUNTER EXPANS!ON

., This ﬁgun shows a technique for cxundmg the number of decoded outpu: states
- for the SCL4017AB. "~ Decoded outputs are “sequential within each nnga and from stage
tonage, \Mthnodudtsmo (exceptpropagaﬂon delay). e i g ol
. \\l { A =

2}

EVEERG 5 BE

cL s o e <2 : cL
- SCL4017AB : “-SCL4017AB SCL4017AB
CE & s G cE : . J.—«:s
0 Jews 8 9 D/tYsde 8. 9 L Yoo 8 9
: T 4 .,‘—V_—’ 8 Decoded
9 Decoded . . = .~ - 8 Decooed . Oumputs
- .Oupun: ~i. Outpus =5
F:m Stage g & Intermediate Stagas = Lest Stage

: - When d\e Nth deeodod output is ruchod {Nth clock pulse), the S-R flip-flop
A(constructed from the SCL40018B) generates a reset pulse which clears the SCL4017AB -
“to its zero count. ‘At this time, if the Nth decoded output is greater than or equal to 6,
= the CoyT line goes high to clock the next counter section. The “O’ decoded output
: - also goes high at this time. Coincidence of the clock “low™ and decoded “O” output
“high** msct: the SR ﬂup—ﬂop to enoblo the SCL4017AB. =

z “If the Nth decoded output is less than 6, the CoyT line will not go high, and
o thenfort cannot ‘be used. In this case, the 0" decoded output may be used to pcrform
" the clock funcuou for the next counter. ‘
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S| SCLa017AB| o ¢
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TS | Seecoorpoyreyy |, ALTEMATE Cour
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o CMOS PRESETTABLE
DIVIDE-BY-N COUNTER

FEATURES _
¢ Dwidobyany Numbv&tmonzand 10\mth

5. One External Gate 2 CONNECTION DIAGRAM

- @ Johnson Counter Configuration for Spike-Free (all packages)

3 Counting = g

© % Faully Static operation - DC to SMHz € 10Vde "FD f‘ °J" ‘?5 ’]5 °l‘ "f ’;‘
DESCRIPTION 16 51514137 12 11 0 o8 S

7. *  The SCL4018B consists of 5 Johnson-Counter SCL4018A

" stages, buffered Q outputs from each stage, and S S e e e e &
counter preset control gating. Clock, Reset, Data, oy e 7 SR O] I
Prem Enable, and 5 individual Jam inputs are pro- DATA J1. J2 Q; Q; Q3 J3 Vgg

" vided. Divide-by 10, 8, 6, 4, or 2 counter configur-
ations can be implemented by feeding the QS, Q4,

- Q3, Q2 Q1 signals, respectively, back to the Data Add suffix for package:
input. Divide-by-9, 7,5, or 3 counter configurations

can be implemented by use of a single SCL40818 C 16pin Cerdip
gate to properly gate the feedback connections to D 16pin Ceramic
the Data input. Divide-by functions greater than 10 E 16pin Epoxy
" can be achieved by use of multiple SCL40188 F 16pin Flat
units. The counter is advanced one count at the H, Chip
.- positive clock-signal transition. A high Reset signal
¥ ‘clears the counter ta an all-zero condition. A high
-~ Preset-Enable signal allows information on the Jam
 inputs to preset the counter. Reset and Preset gat-
~:,ing is provided to assure the proper counting
'-.'»_ ‘uquencc, » e
% i - This device is particularly useful in frequency-
- _division and control applications. -
oo RS0y _ RECOMMENDED OPERATING CONDITIONS
\ s For maximum reliability:
B, ¢ P N ; OC Supply Voltage Vpp - Vss 3to15 Vdc
; Operating Temperature. ~ Tp
o Al C, P, F, H Device '/ -55t0+125 ©C
E Device 40t +85 ©C
: i - * TIMING DIAGRAM
lDl'l aeyuT TED TO 6, FOm DECADE CM'!" ZONFIGURATON)
cuocx Mnmhhhmm)mh}mmm " BLOCK DIAGRAM
R T ]l }
et L —
. demn : , f i i R GRS 3 e wsyury
dom 2 oty ———— .
Jem3 ' POOWT Camg umTe emgsETT sesarinamt
wnd VL e e Jld8d |
wms HULPH A o D D e
S T—‘r: — L i — W Snintch it OO COTER
32 3 { 23 . : , WP -0
Y s 1 D) 0 Y " ")
& ; I I I I
= G a', & 8
PRSI O OUT T




'ELECTRICAL CHARACTERISTICS *

STATIC CHARACTERISTICS'

v, Tiow® +5°C
PARAMETER OO | CONDITIONS O
: - vde) Mia. | Max | Min. | Typ. | Max. | Mio. | Max.
QUIESCENT DEVICE W g 3 A
CURRENT § [Vin*Vss o Vo) - s| - joos] S| - | 150 |uAde
10 {Allvalidinput | - | 10| - |03 10| - |30 2
15 |combinations - 20 - |02 20 — | 600 'r_'
NOTES: © Remaining Static Electrical Characteristics are listad under “SCL40008 Series Family Specifications™. LR i
? T, ow = -55°C for C, D, F, H device. s . . :
"7 =-40°Cfor Edevice. | - MRl |7 i
Trisw = +125°C tor C, D, F, H device. 2 TR =ik
=+ 85°C for E device. S
DYNAMIC CHARACTERISTICS (C, = 50pF, Ty = 25°C) i : : T
PARAMETER I oo ] Min. l Ty l Max. I Units 2
CLOCKED CPERATION 5
PROPAGAT'ON DELAY TIME [ S 5 - 500 1000 I ek
10 - 150 300 . ;
15 - 120 240 Ko A
QUTPUT TIANSITION TIME Sy 5§ - 130 260 ™ &
10 - 65 130 B
15 = 50 100 oty
MINIMLM CLOCK PULSE WIDTH PWeL 5 - 200 400 s S e
10 - 100 200 | - :
15 - 80 160 ; )
MAXIMLM CLOCK FREQUENCY s s 1257 25 - MHz 1
10 25 5.0 -
15 30 6.0 -
MAXIMUM CLOCK RISE AND FALL TIME' tous tien s 15 - - us .
10 15 = .
15 5 - ~
MIMIMUM DATA INPUT SETUP TIME Bonse 5 - 200 400 s =
: 10 - 100 200 %
15 - 80 160 S
MINIMUM DATA INPUT HOLD TIME thos 5 - 0 100 .
10 - 0 50 &
15 - 0 40 ot
PRESET OR RESET OPERATION - . g e
PROPAGATION DELAY TIME touw, oL = Akt
From PE or Reset input 5 - 500 1000 [ poan i
: 10 - 250 500 AR e e
15 - 200 400 : S
MINIMUM PRESET OR RESET PULSE WIDTH  [PWpn, PWH 5 - 200 400 ns
/ ‘ 4 10 - 100 200
s 15 - 180
‘e MINTMUM JAM INPUT SETUP TIME - . 5 - 200 400 e 1 e
10 - 100 200 B a5
15 - 80 160 : - :
PRESET GR RESET REMOVAL TIME Ko s - ars . 750 ns SN e
g 10 - 125 250 | ° S
- y 15 - 90 180 - .
| When units are cascaded, the maximum rise and fall times of the clock input should be equal to or * o ,_f LR
less than e transition times of the data outputs driving data inputs, plus the propagation delay of k> : >
the output driving stage for the output capacitive load.
4 Saring ¥oe. DRAIM VOLTAGE (Vdc) d
FF--20-18 -16 -14 12 120 8 6 4 -2 0 £
g - e v'u_x——7 5 g
=8 - =- c B =~
S L s boo- 24 /'/ a0 3 E
4 ; S =
o4 M Voo ==10 Vac e 15 2 “
- 20 = = 25 Vi = 15 Vde
3 B : 2 8 S 2 $
; Ves =—15 Véc s z i |
i os = 2 £ A Ves = 10 Vi
2 =
th.: = a_‘ 10 ; -
E: : % S Voo =5 Ve 1~l- 25° €
3 A T 1 N 1
: : by s 0 4 6 8 10 12 14 16 18 20
E. Vow. DRAIN VOLTAGE (Vde) =~ °
Typical P-Channel = Typical N-Channel

Source Current Characteristics Sink Current Characteristics

Loy,

£y



' LOGIC DIAGRAM®
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TYPICAL COUNTER STAGE

P73 .

3 <5
9y~ 0y
I3 1593

7
9y
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EXTERNAL CONTROL CONNECTIONS

EXTERANAL CONNECTIONS  OR DIvIDE
BY 10.98 76 5 4 3 OPERATION
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DIVIDE BY 8 a NO EXTERNAL

DIVIDE BY 6 - 3 o S
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SCLAD4GB
SCL4446B

FEATURES : i

4 Very low power consumption — 70 uW (typ)
€1, = 10kHz, 5Vdc

¢ Operating frequency range (no offset) —
Up to 3MHz {typ) @ 10Vdc (SCL40468B)
Up to 4MHz (typ) € 10Vdc (SCL4446B)

* e

Choice of two phase comparators:

1. Exclusive-OR network

2. Edge-controlied memory network with

phase-pulse output for lock indication

VCO Inhibit control for ON-OFF keying and -
ultra-low standby power consumption -
High VCO linearity 1% {typ)
Source-follower output of VCO control input
{Demodulator Output)
Zener Diode to assist Supply Rogul:tson
Balanced Outpm Drive Cumnt Spccmatmm -

* e S o

APPLICATIONS F ; — iy Ve
M damodulatorandmodulnor g R
Frequency synthesis and multiphmion i
Frequency discriminstor

Data synchronization '~ . .
Vo!hoo-to-fnquencyeommon i

Tone decoding -
FSK-Modems " . .
s;qnnl condmomng s

X X 2 X X XX 3

nsscmr'nou R

The SCL40468 and SCL4446B phasedocked
loops contain two phase comparators, 8 voltage-
controlled oscillator {(VCO); source follower, and
zener diode. The comparators have two common
inputs. The Signal -input can be used directly
coupled to large -voltage signals, or indirectly
coupled {with a series capacitor) to small voltage
signals. The self-bias circuit adjusts small voltage

signals in the linear region of the amplifier. Phase |

compsrator I {an exclusive-OR gate) provides »
digital error signal PCILy,,;, @nd maintains 80° phase
shift st the center frequency between Signa! and
Comparator inputs {both at 50% duty cycle). Phase
comparator II {with leading edge sensing logic) pro-
vides digital error signals PCILo,;; and Phase Pulses,
and maintains 2 0° phase shift between input
signals {duty cycle is immaterial). The linear VCO
produces an output signal VCOg,;; whose frequency
is determined by the voltage of input VCO;p, snd .
the capacitor end resistors connected to pins CiA,
Cig, R1, and R2.' The source follower output,

Demod Out, with an external resistor. is used where

the VCO;, signal is needed but no loading can be

tolerated. The inhibit input inh, when high, disables

the VCO and source follower to minimize standby
power conwmpt-on. The zener diode can be used -
to n.mt in power supp)y reguhmon :

L Uy . - -
ety pd -.—:;-;): .‘,.

Low frequency drift — 0.04%/°C (typ) € 10Vde

CMOS PHASE-LOCKED LOOPS

‘For maximum reliability:

R4

IR s

ity
a

- CONNECTION DIAGRAM
{all packages)
ZENER DEMOD OUT
SIG P vCcO
e J | (e |
16 19 M4 13 12 1110 3
SCL40468B SCL4445B
; Y T RGOS M Rl e
b T R e 1
PCI VCO INH C1 C1 Vgg
] ouT OUT : ~ tA) (B)
PHASE COMP ¢

PULSES . IN

defﬁxfum

C ls-pm Cerdip
". D~ 16pin Ceramic
Y E 16pin Epoxy
F . 16-pin Flat
H  Chip :

' RECOMMENDED OPERATING CONDITIONS
DC Supply Voltage  Vpp - Vss

Operating Tamperature T
C, D, F, H Device .
' E Device

- . BLOCK DIAGRAM -

3015 Vdc

5510 #1256 ©C
<40to +85 ©C

5 b
)

PRASE
COMPARATOR T

PRSI COMF 3 OUT




VCO SECTION

The VCO requires one external cabacitor c1

and one to two external resistors {R1 or R1 and
R2). Resistor R1 and capacitor C1 determine the
frequency range of the VCO and resistor R2 en-
ables the VCO to have & frequency offset if re-
quired. The high input impedance (10 2Q2) of the
VCO simplifies the design of low-pass filters by
permitting the designer 8 wide choice of resistor-to-
capacitor ratios. in order not to load the low-pass
filter, a source-follower output of the VCO input
voltage is provided at terminal 10 (DEMODULA-

PHASE COMPARATORS = - i«

The phase-comparator signal input hermmal 14)
can be direct-coupled provided the signal swing is
within CMOS logic levels | logic “07< 30% (Vpp -
Vss), logic *17 = 70% (Vpp-Vss!]. For smaller
swir.gs the signal must be capacitively coupled 10
the self-biasing amplifier 8t the signal input, .

Phase comparator I is an exclusive-OR network;
it operates analogously to an overdriven balanced
mixer. To maximize the fock renge, the signal and
comparator-input frequencies must have & 50%
duty cycle. With no signal or noise on the signal
- input, this phase comparator has an average output
voltage equal to Vpp/2. The low-pass filter con-
nected to the output of phase comparator Isupplies
the averaged voltage to the VCO input, and causes
the VCO 2o oscillate atthe center frequency {fo).

The frequency range of input signals on which
the PLL will fock, if it was initially out of lock,
is defined as the frequency capture range (2f).

The frequency range of input signals on which
the loop will stay locked if it was initially in lock is
Jefined as the frequency lock range {2f). The
capture range can not exceed the lock range.

With phase comparator 1, the range of frequen-
cies over which the PLL can scquire fock (capture
range) is dependent on the low-pass-filter character-
istics, and can be made as large as the lock range.
Phase-comparator ] enables a PLL system 10 remain
in lock in spite of high amounts of noise in the in-
put signal. 4

in locked condition is shown in anures

- i’
TOR OUTPUT). If this termmal ls-uud.a oad
resistor {Rg) of 50k§2 or more'should beconnectad
from this terminal to Vgs. }f unused, this te :
should be left open. The VCO can be coni :
directly or through frequency dividers to the
parator input of the phase comparators. A ( ﬁ
CMOS logic swing is available 31 the output of the %
VCO. A logic 0 on the INHIBIT input onab\.i‘é
the VCO and the source fouower while t |ogk:

consumption.

R “\
One charactenmc of this Type of pl{;seéw n

parator.is that 'it may jock onto :npuuuq
that are close to harmonics of the VCO. cente
frequency. A second characteristic is thlt a1
angle between the scgnal and the eomparngr’
varies between 0°and 180°, and is 90° the cf

comparator I Typical waveforms ior ) CM
phasedocked-loop :émploying phase ‘comparat ‘or

'

>
|
——
.9;
§ Voo
5
¢ 2
MR Noo/2
54 ¢
|
R 3 1
1~ . N0 g J ¢
2 . stcrm.-*ro counmm :
TV 0P | NS mstorfEREN’CE g

S!GHAL WUT !?Eﬂll H)' ‘

¥co ouwuun:nun-
COMPARATOR INPUT.
'nmua) A

. COMPARATOR I
omruum-u),:_ﬂ,--,,.,,_, -
" wco. WPUT (TERM. 9)s’

1LOW-PASS Fi LY ER
- OUTPUT

PHASE COMPARATOH I

input State ]

\-

L}

x x) 1

L

Sig Comp Nets ]

n in 2 50

PCIOUL SV 1

Fig. 3 — Tvpnu! waveforms omploymg phaso compantor Im Iodt eond'mon‘# ‘

ERR '4.“:: ia S



PHASE COMPARATOR II

|

LUt State
x X
Sig Comp
in in
3 State
PCIIOut e Output Disconnected e
Phase Pulses o 1 o

¥CO OUTPUT (TERM 4 s
COMPARATOR INPUT

~

SIGNAL INPUT (TERM. 14) J_l M - )} J
I I '-_1 l_ - ; ; : > l

» .. ATERM 3) 3 ;
7 PHASE COMPARATOR I " Diaa s
OUTPUT (TERM. I13) T el s TN
; v : . ::ss
YCO INPUT (TERM. 9)» SR @ - {0~ 00
LOW-PASS FILTER ~Vss
= OUTPUT : u B
: PHASE PULSE (TERM. 1) {] o ¥ || 0D

NOTE: DASHED LINE 1S AN O.PE_N-CIRCUH’ CONDITION

Fig. 4 — Typical waveforms employing phase comparator Il in locked condition.

Phase-comparator II is an edge-controlled digital
memory network. It consists of several flip-flop
stages, control -gating, and 2 three state output
circuit comprising p- and n-type drivers having &
common output node. When the p-MOS or n-MOS
drivers are ON, they pull the output up to Vpp or
down to Vgg, respectively. This type of phase com-
parator scts only on the positive edges of the signal
and comparator inputs. The duty cycles of the
signal and comparstor inputs are not important
since positive transizions control the PLL system
utilizing this type of comparator. If the signal lags
the comparator input in phase, the n-type output
driver is maintained ON for a time corresponding
to the phase difference. If the comparator input
lags the signal in phase, the p-type output driver is
maintained ON for a time corresponding to the

phase difference. Subsequently, the capacitor volt- ~

age of the low-pass filter connected to this phase
comparator is adjusted until the signal and com-
parator inputs are equa! in both phase and frequen-
cy. At this stable point, both p- and n-type output

..

]

drivers remain OFF. Thus, the phase comparator
output becomes an open circuit and holds the volt-
age on the capacitor of the low-pass filter constant.
Moreover, the signal at the “phase pulses” output is
® high level which can be used for indicating a
focked condition. Thus, for phase comparator o,
no phase difference exists between signal and com-
parator input over the full VCO frequency range.
Moreover, the power dissipztion due to the low-
pass filter is reduced when this type of phase com-
parator is used because both the p- and n-type
output drivers are OFF for most of the signal
input cycle.

11 should be noted that the PLL lock range for
this type of phase comparator is equal to the cap-

. ture range, independent of the low-pass filter. With

no signal present at the signal input, the VCO is
adjusted to its lowest frequency for phase com-
parator II. Figure 4 shows typical waveforms for
a2 CMOS PLL employing phase comparator II in 2
locked condition.



DESIGN INFORMATION

This information is a guide for approximating . R1,R22 28, Rg 210k :
the walues of external components for the % C1215pF ;
SCL4046B and SCL4446B in a Phase-Locked Loop ~ In addition to the given design informatio
system. The selected external components must be . to Figure 5 for R1, R2, and C1 component selec:
within the following ranges: - tions. < %
USING PHASE COMPARATOR I USING PHASE COMPARATOR IL
e VCO WITHOUT OF FSET VCO WITH OFFSEY VCO WITHOUT OFFSET VCOWITHOFFSET |°
Ry= = Rye = R L
VCO Fraguency
Yop”2 V0
VO INPUT VOLTAGE VCO INPUT WOLTAGE
VCOin PLL system will sdjust =
For No Segrel fnput | VCO in PLL system wil! adjust to center fraquency. fg 0 lowest operating frequency. femin &
21 = full VCO fragquency range
Fraquency Lack Range 21 - % 3 (AR
Frequency Captwre P Ty ouT =
Range, 2 %
. 3 A ,ﬂt_
iR ez c2. 21ca—
L&o Fuver ] fc=1L
, Component ) 8% ouy ‘
Selection
£ e For 2 1¢,see Ref.
;:z
Phase Angle betmeen $0° u1 center frequency 115), spproximating 0° and Aways 0° in tock
- Signa! and Cormparato 180° ot onck of lock range (21 )
&oclu on Hermonics of Yes No
““Center Fraguency
Signel Input Noise Rt
Reiects High .
~ Given: fg, = Given: f and i — Given: gy = Given: fmin & fmax | ]
p — Use f, with Fig.Se to - Calculate fpm,n from — Calculate 15 from ~ Use fnin With Frp S0
Getermine R1 and C1 the equation the equation 10 determine R2endC1
fmin®"flo— 1L i Trmax Tmax
— Use Imin withFig 50 ©
10 determine R28nd Cl  _ Use t with Fig Se o
Trnax determine R1 anc C1
vco - Caiculate "—;'
Component Y 3 1 the sousti -
Selection . | 'mm 1+ ,im ratio R2/R110°
Mo Lol ] obsin R1
Imin fo— 1L
1,
— U with
man
Fig.5¢ 10 determine
ratio R2/R1 10 obtain
R1 3
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ELECTRICAL CHARACTERISTICS '*?

2 © 2
PARAMETER oD | CONDITIONS Tiow =L TuicH” | ynins
(Vde) Min. | Max. | Min. | Typ. | Max. Min. | Max.
QUIESCENT DEVICE i
CURRENT § [Inhibit = Vpp - 5 | —Joos! 5| — |15 |uAde
10 |Signal Input = - 10 - | 0.01 10 - 300
15 Yoo A = |02 {.20 | = [5600
TOTAL POWERDISSIPATION [Py Inh = Vg,
VCO,, - Yoo
fo = 10k Hz2;
% | C.=15pF = o — {007} - | - - w
10 | R1=1MQ, =l TN L S inEe
Bl hgEe =1 = | W ka4 Sifs = iR

NOTES: ! Reniammg Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.

TLW'-SS C for C, D, F, H device.

~=¥ 7 =-40° CforEdewcc
THicH =+125° C for C, D, F, H device.
- =+ 85° CforEdr\m:l

3 VCO output {pin4) and Phase Comparator Outputs (pins 2 and 13) have been designed for
balanced output drive current specifications. Consult Family Specifications.

25°C :
- PARAMETER CONDITIONS Vv, N
N 20 Min. ] Typ. I Max. it
VCO SECTION
MAXIMUM OPERATING| fu
FREQUENCY
SCL40468 R1 C1
R2=e0 10k 50pF 5 05 08 = MHz
VCOn = Voo 10 1.0 15 =
; 15 1.3 1.9
Sk 50pF 5 0.6 1.0 = MHz
10 1.4 2.1 =
15 1.8 2.2 =
2k S0pF 5 < 1.3 = MHz
10 - 29 =
15 = 3.8 o
' SCL4446B R2=e R1 C1
VCO = Vpo | 10k 50pF 5 0.7 1.0 = MHz
10 1.3 2.0 =
15 1.9 2.8 -
5k S0pF 5 0.9 1.3 - MHz
10 1.9 29 =
15 2.6 39 =
2k 50pF 5 - 1.8 = MHz
10 - 39 -
15 - 5.4 -
LINEARITY R2=e
: vcan =25+03V, 5 - 1 - %
R1210kQ :
VCO = 50425V, 10 - 1 -
R1>400k0
VCO = 7.5:5.0V, 15 - 1 -
- R1>1IMQ ° :
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ELECTRICAL CHARACTERISTICS (Continued)

’

PARAME : hi
TER CONDIHW§ Voo ™ oa l ™. ey 2
VCO SECTION {Continued) =% t
TEMPERATURE- o
FREQUENCY ;
STABILITY :
No Offser R2=eo 5 - 0.120.24 -
10 - 0.04-0.08 -
15 — 0.0150.03 -
With Offset 4R2< 10X R1 5 - 0.06-0.12
10 - 0.050.1
15 - 0.03-0.06
INPUT RESISTANCE Rin
(vCO,,) ¢ 510,156 | - 10¢
OUTPUT DUTY All valid input combin-
CYCLE ations and voltages - 50
OUTPUT TRANSITION f. ¢ v/
I TIME =~ tlo, *B0pF T 5 - 100
: / 10 - 50
4. 15 - 40
PHASE CWPARATORS-
) INPUT RESISTANCE -/} = - - X : :
¥ 50’1.1 Input s R.N y 5 1 3 - MO -
i 10 0.2 07 -
1 15 0.1 03 -
" Comparator’ |Riy > 15,10,15 - 10° - MO
Input -
AC-COUPLED INPUT | Vin
SENSITIVITY
* -5 Signal Input s - 200 400 mV
% " 10 — 400 800
15 - 700 1400
OUTPUT TRANSITION
TIME :
PCL PCO Itrow tral \ 5 - 100 200 | ns
Outputs = 50pF 10 - 50 100
5 ~ G 15 - 40 80
Phase Pulses  Ttyin. trid - 5 - 130 260 | ns
Output 10 - & 130
15 - 50 100
DEMODULATOR OUTPUT
OFFSET VOLTAGE [VCOyn-
Vpem | Rs> 50k 2 5 - 14 22 Vdc
10 - 16 22
15 - 1.8 22
LINEARITY - Rs>50k 02
vco...-z.s:o:v : 5 - 0.1 - %
i % VCO,N =5.0:25V 10 - 06 -
’ ; VCO,y =7.515.0V 15 - 08 -
ZENER DIODE ; - :
ZENER VOLTAGE Vz 1z = S50uA - 63 70 7.7 \Y
DYNAMIC Rz 1z = ImA . - - 100 - a

RESISTANCE
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SCL4049UB Inverting
SCL40508 Non-Inverting

FEATURES

¢ Direct Drive of 2 TTLIDTI. Loads

® Operation from Single Supply

¢ Pin-for Pin Replacements for SCL40093
SCL4010B

DESCRIPTION

The SCL4049UB and SCL40508B are Inverting
and Non-Inverting Hex Buffers, respectwely, and
feature logic-level conversion using only one supply
voltage (Vo). The Input-signal high tevel (V) can
exceed the Ve supply voltage when these devices
are used for logiclevel conversions. These devices
are intended for use as CMOS-to-DTL/TTL con-
verters and can drive directly two DTL/TTL Loads.
~ The SCL4049UB and SCL40508 ' are inter-
changeable with SCL4009UB and SCL4010B de-
vices, respectively. In these -applications the
SCL4049UB and SCL4050B are pin-compatible
with the SCL4009UB and SCL4010B, respectively,
and can be substituted for these devices in existing
as well as in new designs. Terminal No. 16 is not
connected internaily on the SCL4049UB or
SCL40508; therefore, connection to this terminal
is of no consequence to circuit operation.

SCHEMATIC DIAGRAMS

1w

SCL4049UB

vee

SCL40508

CMOS

HEX BUFFERS/CONVERTERS

CONNECTION DIAGRAM
(all packages) -

NC 6Y 6A NC 5Y. 5A 4Y 4A
R e U T At

16- 15 14 13 12 11 10 9
SCL4049UB  SCL40508

258 &4 8. 6.2k E

2 RUER T

Vee 1Y 1A 2Y 2A 3Y. 3A Vss

Add sufful for padugo
% SC 169pin Cerdip
D 16pin Ceramic .
-E.  16-pin Epoxy
F  16pin Flat
H

Chip

RECOMMENDED OPERATING CONDITIONS :

For maximum nlhbllity
DC Supply Voltage . VCC - Vss

" Operating Temperature TA_ R
C, D, F, H Device d 5510 +125 ©°C
E Device : 3 : . -40to+85 ©C

_3m15 Ve

Note: These devices contain input protection net-
works to Vgg only. Therefore, Vi (max)
. 'may exceed Vg without damago {subject

to absolute maximum ratings).

LOGIC DIAGRAMS

1A 2>y 14 >y
2a H{>=* 2v 2a > 2v
3a >t av 3a > 3y
aa =24y  aa > av
5A -D.'-' 5Y 5A %" 5Y
6A :D_' 6Y “8A LD—‘! 6Y
Yoo - vee

vas —— vy -
weve Y=A wie. Y=A
SCL4049%uUB : ‘SCLQOSOB

T
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7 STATIC CHARACTERISTICS *-*

. PARAMETER (:'f" conDimIoNs |_Twom® | - +=°C T’ | ynies|
de) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
{QUIESCENT DEVICE S - : T BRI . ‘
CURRENT s cc|- 5 |Vin=VssorVeo ™~ ‘= |- 30| pAde
b iz S ik 10 [Ajl valid input - - 60
2 PR : ; 15 binati - - 120}°
MINIMUM INPU‘I’HIGH £85IVl - - Il o
£ | VOLTAGE j N iy M ;
5| scLdo4guB 5 |VoL=05v : | - - a0 vde
1N 10 |Vo =1.0V - - 8.0
2L 15 |V, =1.5V - = | 120
1 MAXIMUM INPUT LOW Val. s : e
| VOLTAGE 1 ' : 3
; . SCLA4049UB 5 |Vou=3.6V 3.0 ] .65 10|22 - 10] = |vde
A5 10 |Vou=7.2V 20} =1 20 48 - ]-20] =
el 15 |V, =108V 30! — | 30l675t — | 30
ﬁ- -OUTPUT LOW (SINK) o ;
> F'CURRENT : _
“1° C, D, F, H devices 5 |VoL=0.4V 40} - 32| 64 - 24 - | mAdd
10 |V, =0.5V 10 - | 80|16 --|'ss] -
e e 15 {Vo, =1.5V 30 = | 24.0 js0 slieg )=
2 > “ {Vin=VssorVop | L RN :
< |- E device 3 = 5 Vo =04V 38| ;~'| 32|64 | - | 26| - |mAdd
3 N 10 Vo, =0.5V . 96| . ~ | 8018 <1 BAY S5 s
L= 15 |Vo, =15V 2 — | 24.0 |40 ~= 119 E
E‘_ X o5 V“g'Vg WVw 3 ey
Xy
3 norss $ Remammo Smic Electrical Characteristics are Im-d under. scuoooa Senu Farmlv Smﬁaﬁom'.
? Tiow =-55_C for C, D, F, H device. &3
= -40°C for E device. : i 7 :
*Trigw = +1257 C!orCDFHdma. ~ 7 ) : =
=+ 85°C for E device. Y
L mmdev-ashmbmdmmcdmmmww\adwwdﬁnwmnwﬁuumfor i
Qutput High (Soum) Current Consult ley Sp-uﬁanom o3 e
DYNAMIC CHARACTERISI’ICS (CL = SOpF TA = 25°C) :
7 [Vis {Vee E i i
: PARAMETER el (vae Min. Typ. Max. .| Units
PROPAGATION DELAY TIME K - R,
< SCLA0AQUB . - AW a8 - 60 120: ns
P ;410 {10 - 2 &5 ;
21 . s s - 25 50
pe 1w0!s a5 90 ns
15 b5 45 . %0
SCL40508 : 55 - 70 140 ns
10 110 > 40 0 ‘
15 115 s 30 60 ;
10 5 - 45 20 ns
. 1515 40 80 ‘
scLaossus  * WL s |5 = 32 65 ns ;
. 10 |10 = 20 40 !
i * 15 {15 - 15 30
gl 0|5 - 15 30 -
f’ v : 1515 - 10 20
¥ | "scLeosos si{s| - 55 110 ns |
& 10 |10 - 27 ‘85 \
? 15 [15 - 15 30
48 105 2 50 100 ns }
b 15 | 5 - 50 100 ;
# | OUTPUT TRANSITION TIME trin 5|5 = | 80 160 ns -
3 10 |10 - 40 80 |
i 15 |15 = 30 60 _;
- . Ty S| S - .30 60 ns |
10 |10 - 20 . 20 5 ;
15 |15 - 15 30 ’
- | INPUT CAPACITANCE Cin : \
| scLa049UB 3 - | = - 15 25 pF

LN
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V... DRAX VOLTAGE (Vi) .
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: Sink Current Characteristics
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Typical voltage transfer characteristics as a function
of temperature for SCL4D49UB. :
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