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Abstrect

This thesis proposes and snalyzes a 3-phase synchronous
delts modulated PWM inverter of voltage source type (VSI), using power
transistors as solid-state switching devices. The asynchronous type
deltes modulstion technique and its opersting cheractristics are first
studied and snalyzed, using & mathematical mode! of the delta
moduletor 4o design and develope the control system of the inverter.
Then, the novel syschronous type delta-modulation technique is
proposed and analyzed, usinQ phase-locked 1oap to improve the
operating charactristics of the conventionel asynchronous delta
modulation technique. The implementation of the synchronous control
technique by & control circuit is =&slso shown and verified by +the
experimental results. Thig technique is used to solve the problem of
line-to-line voltage unbelence which occurs in the 3~phase inverter of
asynghronous type end is caused by the mixture of frequency modulation
in the PWM waveform of non-periodic function.The synchronous technique
cen elso be applied to tLhe PWM inverter with sutomatic gear-changing
operation; that is, the ratio of PWM switching frequency to fundamental
frequency of the PWM wavefaorm., The wutilization aof gear change is
for two main purposes. One is for improvement of PWM waveforn in
the lower region of frequency, which consequently reduces motar
pulsating torque in the low frequency region of ac motor drive, and the
other is for reduction of device’'s switching frequency over the
operating frequency range of ac motor drive. The 3-phase inverter can
be operated bhoth in the FWM mode under & constant voltage-to-frequency
ratio and in the Squarewave mode under a constant fundamental voltage
without the need of sdditional circuit complexity, The transition from
PWM to squarewave modes can be operated smoothly, which results in
full utilization of the voltege svailahle st the dc bus, These inherent

characteristics are considered to he very useful for ac motor drive



-VIII-

spplication.,

In this thesis, the simulation of the control and main power
circuits is also investigated and discussed both in cases of synchronous
and ssynchronous delts modulation techniques and the simulated results,
verified by messurement under various circuit’ parameters of the
control circuit. In the fest chapter of this thesis, the prototype of
the inverter test set is slso used to test the 3-phese induction motor
under verious load conditions soc as to obtasin the operating charateri-
stics of the motor.drive systemt for example, the motor speed-torque
characteristics, the output voltege~to-fundemental frequency ratio and
the degree of voltage halance smong output three-phase ac lines, etc.

and the result sppears to be satisfactory.
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1. QGQSﬂBWﬂuUU05U5QQWm (Inverting Amplifier)

{

R1
Vimo AAA i

Vv = -[R_ /R IV
o 2 t t

2. qoqsvawauuniﬂnﬁuﬁqqqm (Non Inverting Amplifier)

Virm

Ri

Vir Qme——— ¢
——OVo

4, qqqsiquﬁqqqm (Summing Amplifier)
Rl Rf
Vro——qe
Veo——e
VSO——’\/\/\—] £+
V =~-R(W/R 4+ V/R 4V /R)
£ 3 3 2 2 a g
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5. 3997 158 flgy (Comperstor)

+V

vip—2

<
~
<
<
n
1
<

6, ?ﬁ??ﬂﬂﬁﬂﬂ?ﬁnuﬂﬂdﬁﬂ (differential amplifier)

R1

R2
VLo A
AAA

i

-(R /R )V + (14R /R J(R /(R 4R 1)V
1 2 S 2B T a2

<
n

Lt
V.-V g R =R =R =R

o 2 1 2 a <

<3
1]

o o - (
T. IRTOUNINTIADT (Integrator)

Cp
Vinmo A I —

-+

lll
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o loce ]
8, IITOANDTTTIAMBUUILTINGT (hysteresis comparstor)

A 4

v

Vino-

B 3

v B R (+V )
ut S aat
R +R
2 2
v 7 R (-V )
1t L asat
R +R
13 2

Vino— AAA
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AMOTOROLA

LE347
LF351
LF353

Iy

JFET INPUT OPERATIONAL AMPLIFIERS

These low cost JFET input operational amplifiers combine two
state-of-the-art finear technologies on 2 single roroithic inte-
grated circuit. Each internally ccmpensated operational emplifier
has well matchad high voliage JFET input devices for low input
offset voltage. The BIFET technology provides wide bandwidths
and fast slew rates with low input bias currents, input offset cur-
rents, and supply currents. . .

These devices are available in single, dua! and quad operational
amplifiers which are pin-compatible with the industry standard
1AC1741, MC1458, and the MC3203'LM324 bipolar devices.

.

o Input CHsel Voltage of 5.0 mV Max (LF347B)
. Lo.w Input Bias Current - 50 pA

e Low Input Noise Voltage - 16 nvAHz

® Wide Gain Bandwidth - 4.0 MHz

® High Slew Rate - 13 Vius

o Low Supply Current — 1.8 mA per Amplifier
e High Input Impedance - 10120

e High Common-Mode and Supply Voltage Rejection
Ratios - 100 dB

MAXINMUM RATINGS

FAMILY OF BIFET
OPERATIONAL AMPLIFIERS
SILICON MONOLITHIC
INTEGRATED CIRCUITS

N SUFFIX
PLASTIC PACKAGE
CASE 526-05
(LF351, LF3ISZ Only)

D SUFFIX
PLASTIC FACKAGE
CASE 751-02
SO-8
{LF251, LF352 Cnly)

Ottses Null P—D NC
trvr tput T, Dvee
NoninvtInput T clpur LF35Y
vee D TOtme: Kol (Toz View)

Outpvt AT—" SVeg
= Ouwut B {F2353
5 Top View!
] Silrcun B ( i
Vee T 8, _}

B
Inputs A {Z

2 SUFFIX
PLASTIC PACKAGE
CASE 642.06
[LF347 Only)

D SUFFIX
PLASTIC PACKAGE &
CASE 7514-C2 o

S0-14

Out [ % Oute
5 3
Inputs 1 r

lL 4
vee

trpors 2

[ Rating Symbol Value Unit
f?upp!y Voliage vee +18 v
. VEE ~18
Diflerentizl Input Voltage Vio =30 v
Input Voliage Pange (Ncie 1) VIDR =15 \
Output Shor: Circuit Duration {Note 2} ts Continuous
Fower Dissipation et T4 = + 25°C Pp $00 mw
Carete zbove Tg = +25°C 1'gJA ‘10 mw*C
Lperaling Ambient Temperature Range A Cic «70 ‘C .
Tp:vning Junction Tempareture Range Ty 115 *C
Storape Temperature Range Tsia -€5to +150) *C
NOTYES:

1, Urless otherwise specified, the absoluts maximum negative input voliage is
fimited 1o the negative power supply.

2 Any smnplifier output cari bé shored to ground indefinitely. However, H more
than one amplifier output it shoned il Y. T junciion
reungs may be exceeded. N

P

ORDERING INFORARMATION

Function Device Pazkage
Single LF5:D SOt
Smngle LEISIN Plestic DIP

Duat LF3330 s0-8
Duat LFIE3N Plastic DIP
Quad L7F347D 5§04
Cuad LF3478BN Plastic DIP
Guzd LF347N Plasiic DIP

MOTOROLA LINEAR/INTERFACE DEVICES
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ELECTRICAL CHARACTERISTICS {vce = =15V, Vgg = =15V, T4 = 25°C uniess otherwise noted).
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LF3478 (F347, LF351, LF353
Characteristic Symbol Min Typ Max Min Typ Max ]: Unit
Input Offset Voltage (Rg « 10k, Ven = O} Vio mV
Ta= +25C - 1.0 5.0 - 5.0 16
0Cs Tas ~70C — - £.0 —_ — i3
Average Temperature Coefficient of Input Ctset aVip AT - 10 -— - 10 —_ Pt
Voltage
Rg € 10k 0°'C & Tp € -70°C
input Offset Current (Ve = 0, hote 3) Lo
T4 = ~25C - 25 100 - 25 100 ra
0C < Tyx +70C - —_ 40 —_ —_ 4.0 né
input Bias Cutrent (Ve = 0, Note 3) i
! Ta = «25°C - 50 200 - 50 200 pA
i 0°C s Tp % - 70°C L < 5.0 e - 80" rA
Input Resistance N - 1012 - — 1012 — u o
Comman Mode Input Voltage Range Vizh “15 ~15 v
! - 21y -_— =1 —_
~-12 -12
| Lerge-Signai Voltage Gain (Vo = =10V, R, = 20k | Ay vmy
1 . (o] L oL
‘ Ta = -25C 50 100 - 25 100 -
0°C e Tas -70°C 25 - — 15 — —
Dutput Voltage Swing {R| =10 k) Vo =32 =14 - =12 =1 - v
! Common Mode Rejection Ratic {Rg = 10 k) CMER 19 100 — 70 100 — ! dB
Supply Voliage Rejection Ratio (Rg 5 10 &) PSRR 80 100 - 70 100 _ cE
;[ Supply Current Ip mA
! LF347 - 7.2 31 —_ 7.2 "
, LF251 - —_ - - 1.8 3¢
! LF352 - - — — 36 8.5
! SewRate Ay = =) Sk — 13 - - 13 —_ Vs
| Gzin-Eandwigth Product Bwp — 4.0 — - ac — N2
! Zquivelent Inpyt Noise Voliage en - 16 - - 16 — lnvaHe
{Rg = 100 {11 = 1000 Ha
Eguivaient input fioise Current If = 1000 H2) in — o001 — - c.01 — oA AR
: Channel Separation (LF347, LF353) - - ~120 — —_ -120 §  — ¢s
P 1.0 Kz~ { = 22 kHz (input Referred) i

For Typiza! Characteristiz Performance Curves, refer to MC34001734032/32904 date sheet,

LOTES: leontinved)
trput bizs currents of JFET input 0p 3Mps azproarmtely doubile for eveny, 10 L rise in junction te~pera-uce To mainiain pensiion tempera‘uies a5
CiOsE 1L AT LeENT 88 15 Drasible Lulse teshnigues &7 ulhzed duning test

3
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MC1408
MC1508

Specifications and Applications

Information

EIGHT-BIT MU[TIPLYIN&
DIGITAL-TO-ANALOG
CONVERTER

.. . designed for use where the output current is a linear product

" EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

of an eight-bit digital word and an analog input voltage.

® Eight-Bit Accuracy Available in Both Temperature Ranges

Retative Accuracy: =0.18% Error maximum
(MC1408L8, MC140878, MC1508L.8)

by 7 or 6 Suffix after Package Suffix

® Fast Settling Time — 300 ns typical  *

Noninverting Digita! Inputs are MTTL and

CMOS Compatible

® Output Voltage Swing — +0.4 V to -5.0 V

High Speed Multiplying Input

Slew Rate 4.0 mA/us

Standard Supply Voltages: +5.0V and

50Vio-15V

Seven and Six-Bit Accuracy Available with MC1408 Designated

. SILICON MONOLITHIC
INTEGRATED CiRCUIT
s

.

L SUFFIX
% CERAMIC PACKAGE
““'ﬁ CASE 620-10

P SUFFIX
PLASTIC PACKAGE
CASE 648.-06

1. OUTPUT CURRENT (mA)

(CO200000)

FIGURE 1 ~ D-to-A TRANSFER CHARACTERISTICS

INPUT DiGITAL WORD

FIGURE 2 — BLOCK DIAGRAM

MR (81}
ANT AZR A3 A0 ALG AEQ 270 AFC
RANGE ]t ?’ Tb 9 o ?u 7,|7
CONTROL [ 0
VO Current Ku-1eney H‘
J
T TTTTTId |
P 2R Leooe- B.03 Corzunt ?
GND
\ T I
Vet =
14 ot 3
Fetesonce vee
15 O [ Cureent
Veartay £mplitier
o6
conPE~
verda
NP Current

Source Par

TYPICAL APPLICATIONS

Tracking A-10-D Converters

Successive Approximation A-to-D Converters
2 1/2 Digit Pane! Meters anc DVM1
Wavetorm Synthesis

Sample snd Hold

Peal Deteztor

Programmable Gain and Attpnuation

CRT Character Gene:ation

Auvdio Digitizing and Decoding
Programmable Power Supphies
Analog-Digital Mutiplicaiion
Digital-Digital Multiplication
Anslog-Digitat Division

Digita! Addition andd Subtraction
Spesch Compression and Expansion
Stepping Motor Drive

MOTOROLA LINEAR/INTERFACE DEVICES
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MAXIMUM RATINGS (T4 = +25°C unless otherwise noted.}
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ELECTRICAL CHARACTERISTICS (Ve = +5.0 Ve, Vgg = -15 Ve,

"
R14

MC1408L Series: Tp = 0 10 +759C unless otherwise noted. Al digital inputs at high logic levet.)

Rating Symbol Value Unit
Power Supply Voltage Vee +5.5 Vde
VEE -16.5
Digital Input Voltage Vg thry Vg 010455 Vde
Applied Output Voliage Vo +0.5,-5.2 Vde
Reference Current 114 5.0 mA
Reference Amphitier Inputs \ATRZTS VeeVee Vde
Operating Temperature Range o Ta oc
MC1508 -55 10 +125
MC1408 Series Oto+75
Siorage Temperature Range Taig -65 10 +150 oc
Vre

f
* 220mA, MC1508LB. Ty = -55°C 10 +125°C,

Characteristic Figure Symbol Min Typ Max Unit

Relative Accuracy (Error relatve to full scate 1g) 4 E, %
MC1508L8, MC1208L8, MC1408P8 - - :019
MC1408P7, MC1408L7, See Note 1 . - N 20.39
MC1408P6, MC1408LE. See Note 1 - - +0,78

Settling Time 18 within :1°2 LSB lincludes tpy iy 11T 4= +259CISee Note 2 5 13 - 300 ~ ns

Propagation Cefay Time s PLHAPHL T 30 100 ns
Ta=+25%C =

Output Full Scale Current Drift TCig = -20 X PPMOC

Dugiial Input Logic Levels tMSB) 3 Vde
High Level, Logic 1" ViH 20 - -

Low Level, Logic "0 ViL = - 0.8

Dgital Input Current (MSBI 3 mA
High Level. Vi * 5.0V hn - 0 0.04
Low Level, V| =08V LY - -0a -0.8

Reference Input Bias Current (Pin 15) 3 hig = -1.0 -50 uA

Output Current Range 3 T0R mA
VEE=-50V 0 2.0 21
VEg = <15 V. Ta = 25°C 0 2.0 4.2

Output Current 3 !0 mA
Vet = 2000V, R14 = 1000 0 1.9 1.99 2.1 .

Output Current 3 10tmin} S [} 4.0 HA
(AN bits tow) :

Ouwput Voltage Complience (E, €0 19% a1 T4 = +25°C) 3 Vo Vde
Pin t grounded - - -0.55, +0.4 .
Pin Y open. Vgg below -10 V - - -5.0, +0.4

Reference Current Stew Rate 6 SR 1peq - 4.0 - mA/us

Output Current Power Supply Sensitivity PSRR(-) - 05 2.7 BAIV

Power Supply Current 3 Ice - +13.5 +22 mA
(Al bits tow} U313 - -75 -13

Power Supply Voltage Range 3 VeeR +4.5 +5.0 +55 Vde
{Ta = +25°C) VEER -4.5 -15 -16.5 .

Power Dissipauion 3 P mw
Al s low

VEE = -5.0 Vde - 105 170

Veg = -15 Vde - 190 305
All bits high

VEE = -5 0 Ve - 90 -

VEE * =15 Vdc - 160 -

Note 1. Al current switches are tested 1o guarantee at least 50% of

Note 2. All bits switched.

rated output current,

MOTOROLA LINEAR/INTERFACE DEVICES
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TEST CIRCUITS

FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT

LALR RN
20V

Viet (o}

ang

01t for

vaiues 01 C)

V) and 1) aooly 10 inputs A1

thru A8

The resistor tied to pin 15 15 13 temperature compensate the
bias curtent and may not be recessary for all apphications

Al A2

A4 AS ~6 AT £8
oK — ¢ o .22, 2,28, 20 58
2 4 B 1% 32 64 128 256
v
where k X ¢!
R14
Ag T TV A it ats gn teval
Ap= 0" A is 3T 10w tevet

FIGURE 4 ~ RELATIVE ACCURACY TEST CIRCUIT

MCva0g
Seriey
MC1508

8-8:t Courter

(3]
AN
———————0—a2
a3 12 8at
24 Oto 4 =01 0 to +10 V Ou'put
as  Converter
12002
A6 error mand
a1 St
a8
AG A10 A1 A2
Lsa
S0
" Vit 22V D1uf A
NI
100 b3 b~ Error {1V s 18,
950 v
Ae ic 4 wmcrisse
(%14 ] L bt}
s
[
)
] » q 4
MC120B Series
2 MC1508 o
10
" g
12 -
LS8
180 16 3] 2] 1
L
(13 ¢ L 1L
= Ve

FIGURE 5§ — TRANSIENT RESPONSE and SETTLING TIME

150f RCoK280f
(_____J

*2 0WVac
18 1o
15 1
1 ~ Otar

0u N l o
2 = {1
= o, FOr seniting time

16 °

Messurpmaent,
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Pt "W K10 el
oV T IT T Use & 1o GND for

Clamz Lot wura ot
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for Figure §

. |

T
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1921258 !
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MC1408, MC1508

TEST CIRCUITS (continved)

FIGURE 6 - REFERENCE CURRENT SLEW
RATE MEASUREMENT

vee
e
(3]
0
] e Vb —av
Ve
¥ hs | M Sy "_I"‘l_,
) ] e
9] mcues |2 1
10, Sem 4 =
] MC1se e f
m $cope

FIGURE 7 — POSITIVE V, ¢t

vee
1 13 RTE-X R
ar
Ria
sz ‘_‘o_‘.::——.‘.-v,,..—-\
r 1
LIRS + R3s
ilo—I
o 3 MErace 9 l
220 seer | 3 ~
L a0 | mCisos 4 X
ad
11 AV 1
A
¢ L
3
Vit
FIGURE 8 — NEGATIVE Vo1
Vec
lu Ric 2 #18
a0t 5
14
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MC1408, MC1508 .

FIGURE 8 ~ MC1408, MC1508 SERIES EQUIVALENT
CIRCUIT SCHEMATIC

OIGITAL INPUTS

msg (%1 0
s0A1 soAz 143 QA 90 AS 10046 11pa? 129a8 ]
¥ el - - Lo . . - .
|&7 I'E ll}i sI:E [E s & S K| 1Y Ik
ﬁ ﬂ ) 1k
i § i i i f‘gi‘ CURRENT
. __(. __ﬁ [ E _[l SWITCHES
RIR
800 800 §oo 000 800 800 800 800 Ail n
400 400 400 400 400 400
12 4 |
Vego—
REFERENCE k{ VT
CURRENT o8
1e ANMPLIFIER (% -
Vietis 10 ar 4 -}__ 4 128
+ ¥
1 [
S +
BIAS
(LI 4
18 ETY
% 150 13 102
MPENSATION Vgg OUTPUT GND
COMPENSATIO Veet{-) RANGE .
CONTROL

CIRCUIT DESCRIFTION

The MT1408 consist of 8 reference cutrent smpitier, an
R-2R ladder, and eight highapeed currant switches. For many
aoplications, only » reference resistor and reference voltage need
be added.

The switches are noninverting in operaticn, therefore » high
state on the Inputturns on the specified cutput cuerent component.
The sedtch uses current sieering for high eed, ord 3 rermination
smplifier consisting of an active load gain stage with unity pain
feedback. The rermination amplifier holds the psrasitic capacitance
of the lezde: at & corstwant voltage during switching and provides

s low impedance termination of equal vdupe lov all legs of
the tadder.

The R-2R ladder divides the reference l'nplnfm current into
binarily-related components, which are fed 10 the switches. Note
tnat there is o'ways & remainder current which fs equat 10 the
teast signilicant blit.  This current is shunted 10 ground, and the
maximum ouDut current is 255/25€ ¢ the reference amplifier
current, or 1.992 mA for » 2.0 A refecence smplifier current
if the NPN current source pair is perfectly matched.

MOTOROLA LINEAR/INTERFACE DEVICES
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Retersnce Amplitise Drive and Compensation

The reference amphifier provices a voltage at pin 14 for con-
verting the seference volidge 10 a current, and a turn.around crcuit
or current mircor for feeding the ladder. The relerence amplitier
input current, 114, must always ficw into pin 14 regardless of the
setup method or reference voltage sofanty

Connections for 3 positive 12lerence voltage are shown in Figure
7. Tne reference voltage source supdties the fulf current 114 For
bipotar reference signals, as in the muluplying mode, R15 can te
ued 10 a negative voltage corresponding 10 the mimimum input
fevet It is possible 10 etiminate R15 with only a small sacrifice
in accuracy and temperature ordt, Another method for bipotar
nputs is shown in'Figure 25,

The compentation capacitor value must be wncreased with in-
creases in R14 10 maintain pecper phsse margen, for R14 values
of 10, 2.5 and 5.0 Xiohms, minimum capacitor values are 15,
37, and 75 pF. The capacitor should be tied to Vg as this ine
creases negative supply rejection.

A negative reference voltage may be used f R14 is grounded
and the reference voltage 13 apphed to R15 as shown in Figure 8.
A high ndut impedance is the mam advantage of this method.
Compensation invoives a capacitor to VEg on pin 16, using the
values of the previous paragraoh  The nega2uve refecence voltage
must be at least 3 0-volts above the VEg supply. Bipolar input
signals may be bandled by connecting R14 1c a positive reference
voltage ecual to the peisk positive indut level a1 pin 15,

V/hen adc reference voitage is used, capacitive bypass to ground
is recommended. The 5.0-V logic susply s hot recommenced as
a reference voltage. 11 3 well regulatec 5.0-V supply which drives
logc is to be used as the seference. R14 should be decoupled by
connecting it 10 50 V through another resistor and bypassing
the junction of the two sesistors with 01 oF 10 groune. For
reference voltages greater than 50 V, a clamp ¢iode is recommen.
ded between pin 14 and ground.

i pin 14 is criven by 2 high impedance such as a transistor
current source, ncae of the above compensatich methods apply
and the amplhifier must be heavily compensazed, decreas:ng the
overall bandwidih

Output Voltags Range

The voltage on pin 4 13 resircied 10 a range of -0.55 10 +0.4
volts a1"+25°C, due tc the currest switching methods employed
in the MC1408. When a cutrent switch 15 turned “otf”, the posi-
tive voltage On the output terminyl can turn “on” the ocuput
diode and increase the output current fevel VWhen 3 current switch
is twrned “on™, the. negative outDut voliage ange is restnicted.
The Sase of the termination circuit Darlingtcn transistor is one
diode voltage below ground when pin 115 grounded, so a negative
voliage below the specilied safe level will Zrive the low current
devace of the Darfington 'nto saturation, cecreasing the outpu?
cusrent level.

The negstive outaut voltage compliance of the MC1408 may
be extenced 1o -5.0 V voits by opening the circuit a1 pen 1. The
negative supply voltage must be more negatve than -10 votts
Using 3 full scale current of 1,932 mA and load resistor of 2.5
kitohms between pin 4 and ground will y.eid a voltage output
of 256 levels between 0 and —2.9B0 vofts. Floating pin 1 does
not affect the converter speed or power dissibation, However, the
velue of the load resistor determines the swiiching time due to
increased voltage swing. Values of Ri_up to 500 ohms do not sig-
nificantly atfect performance, but a 2.5kilohm load increases
“worstcase™ settling teme to 1.2 k3 fwhen all bits are switched on).
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GENERAL INFORMATION

Refer 1o the subsequent text section on Serthing Time for more
details on output leading. '

(1 3 power supply value between <50 V and -10 V is desired,
a voltage of between 0 and -5 0 V may be applied to pin 1 Tre
value of this voltage witl be the maximum allowable negative out-
Put swing.

Qutput Current Range

The output current maximum rating of 4.2 mA may be used
only for nesative supply vollages typically more negative than
«8.0 volts, due 10 the increased voltage drop 2cross the 350-ohm
resis1ors in the reference current amplifier.

Accuracy

Absolute accuracy is the measure of each output current leve!
with respect 1o its intended value, 2nd 15 Cependent upon relative
accuracy and full scale current dnft.  Relative accuracy s the
measure of each output current tevel as a fraction of the full scole
current, The relative accuracy of the MCI1408 is essentially
constant vath temperature due 10 the excellent temoerature track:
ing cf the monolithic resistor facZer. The reflerence current may
orift with tempersture, causing a change in the absolute accuracy
of output current. However, the MC1303 has a very low fult
scale curtent drift with temperature.

The MC1408/MC 1508 Series is guaranieed accurate 1o with.
n 2172 LSB at =25°9C at a full scale output current of 1.992 ma
This corresponds 1o a reference ampldier output current drive 10
the 1adcer network of 2.0 mA, w:th the lcss of one LSS = 8.0 uA
which is the ladder remainder shunted 10 ground. The input current
10 pin 14 has a guaranteed vatue of between 1.9 and 2 1 mA,
allowing some mismatch in the NPN cturrent source pair  The
accuracy test circuit is shown in Figure 4. The 12-bit converser
s calibrated for a full scale output current of 1.992 mA, This s
an optional step since the RMC1408 accuracy is essentially the
same between 1.5 and 2.5 mA. Then the MC1408 circuits’ full
stale current is tnmmedc 10 the same value with R14 50 that a zero
value appears a1 the error amphfier output. The counter is activated
and the error band may be disp'aved on an oscilloscope, detectad
Dy cOMparators. Or stored +n 3 peak detector.

Two 8-bi1 D-10-A converters may not be used 12 CONSITUT: 3
16-b11 accurate D-10-A converter  16-bit accuracy smplies & 1013l
error of =1.2 of one partin 65, 536, or =0.00076%, which 1s much
more accurate than the 20.19% specification provided by the
MC1408x8.

Multiplying Accuracy

The MC1408 may be used n the multiplying mode with
eight-bit accuracy when the referencze current is varned over 8 range
of 256°1 The major source cf error is the bias current of the
termination ampuiier. Under “'worst case’’ conditions, these eight
amolifiers can contribute 2 total of 16 LA eatra current at the
output terminal. i the reference current in the multiplying mods
ranges from 16 A 10 4.0 mA, the 1.6 sA coniributes an error
of 0.1 LSB. This 15 well within erght-bil accuracy relerenced to
40mA.

A monotonic converter is one which supplies an increase n
current for each increment in the binary word:. Typically, the
MC1408 is monotonic for all vatues of reference current above
0.5mA. The d range for op with 8 dc reference
current is 0.5 1o 4 O mA,
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GENERAL INFORMATION (Continued!

Setthing Time

The ‘woist case™ swatching condition occurs when all bits are
switched “on”, which corresponds 1o a low to-high transition for
3l bits This time 15 typicatly 300 ng for settling 1o within £1/2
LSB. for B tut accuracy, and 200 ns 10 1/2 LSB for 7 and 6 bt
accuracy. The turn off s typically under 100 ns. These times
apply when R €500 ohms and Co & 25 pF.

The stowest single switch s the least significant bit, which turas
Toun and settles in 250 ny and turns <2 in 80 as. In aoptca”
tors where the D-1o-A ccnverter fn ticns in a positive-going
raND Mode, the “worst case’ svetchung conditicn dees aot occur,
2nd 2 setthing time of Jess than J0O ns may be resiized. Bit A7
turns cn' in 200 ns and “off” i 20 ns, white bit AG turns “on'*
in 150 ns and "ot 1n 80 ns.

The ‘test curcunt of Figure 5 requires 3 smalies voltage swing for
the current switches due 10 nernal voltage clamping n the MC.
1408. A 1.0-kilohm load resstor from pin 4 to Qround gives
a typical sentling time of 40C ns. Thus, 114 va'tage swing and not
the output RC time constant that determines setting time for
most applications,

Extra care musi be taken an board layout since this s usually
the dominant tactor in salistactory test results when measunng
setthing Leme. -Short ieads, 100 4F supply bvpassing for low fre-
quencies, 3nd minimum scope 1£ad tength are all mandatory.

TYPICAL CHARACTERISTICS
NCC=*S 0V, VEE = =15V, T4 = +259C uniess otherwise nored )

FIGURE 10 « LOGIC INPUT CURRENT versus INPUT VOLTAGE
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TYPICAL CHARACTERISTICS {continued)
tVEC* 50V, Vgg o -15 v, T4 » 4259C unless Otherwise noted )
FIGURE 15 - TYPICAL POWER SUPPLY CURRENT

FIGURE 14 - REFERENCE INPUT FREQUENCY RESPONSE versus TEMPERATURE (all bits fow)
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Vief = 2.0 Vde
Rid = Ri5 w 1.0 %1
Ro = 50k
13 Theoretical Vg
R4
T AP R LN Vret Vo« Yietig ) [A1 A2 A2 A a5 a6 a7, ae
A2€—67—<: . R TR I H R TRE TR
™ ] ::E:;g: RIS Adjust Vye(. R14 or RQ 50 that VO with all digital inputs at high
o] A = fevel is equsl 10 9.961 vohs,
Aso'—1 Series R
Agol® o ° VouRVisnflal, 2,1 3 0 1 1
Aroll 2 0T 2 48 15 32763 128" 7,
12 ¥
LS8 A8 Vo - 25w esmrv
ovi|-e
% 3 MC17415G

H or Equiv,
Vi
oF EE



MC1408, MC1508

-174-.

APPLICATIONS INFORMATION {continued}

Voltage outputs of a larger magnitude are obteinable with this
circuit which uses 2n external operationa! amplifier 33 a current
to voltage converter. This configuration automatically keeps the
output of the MC1408 at ground potentis! and the operations!
amplifier can generste 2 positive voitage limited only by its positive
supply voltage. Frequency response and settling time are primarily
determined by the characteristics of the operational amplifier. In
addition, the operational lifier must be d for pnity
gain, and in some cases overcompensation mey be desirable.

Note that this configuratian results in a positive output voitage
only, the magnitude of which is dependent on the o ! input.

The following circuit shows how the MLM301AG can be used
in » feecforward mode resulting in 8 full scale settiing time on
the order of 2.0 us.

FIGURE 18

5 pF

(Topind
of MC150BLE)

An alternative method is 10 use the MC1539G and input com-
pansstion. Response of this circuit is also on the order ol 2.0 ps.
See Motorola Application Note AN-459 for more details on this

concept.
FIGURE 19
=Y 35 ¥
It
LAY
£
7 0.
'o
(Topind
of MC1508L8)

240

C2uF

= RERY

The positive voltage range may be extended by cascading the
output with a high bets common base transistor, Q1, as shown.

FIGURE 20 — EXTENDING POSITIVE
VOLTAGE RANGE
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The output’voltage range for this cirevit is O volts 10 BVepo
of the transistor. If pin 1 iy left open, the wansistor base may be
grounded, eliminating both the resistor anc the diode. Varistions
in beta must be considered for wide temperature range applica-
tions. An inverted output waveform may be obmined by using 2
Ioad resistor from a positive reference vollage to the coliector of
the transistor. Also, high-speed operation is possible with 2 lsrge
output voltage swing, because pin 4 is held at 3 constant voltage,
The resstor (R} to VEE maintasing the transistor emitter voltage
when all bits are “off”" ang imsures fast turn-on ©f the least
significant bit,

Combined Output Amplifser and Valngo’ﬂohunco

For many of its applications the MC1458 requires o reference
voltage snd an operztional amplifier. Normaliy the operationsl
amplifier is used as 3 current 10 voliage converter and its output
need only go positive. With the poputar MC1723G vol tage reguta-
10 both of these functions are provided in » single package with
the 3dded bonus of up to 150 mA of output current, See Figure
21, The MC 12236 uses both a positive and nagative power supply,
Tne reference voltage of the MC1723G is then developed with
ressect 1¢ tha negative voltape and appea+s 35 3 common:mode
signa! 10 the reference amp! in the D-10-A converter.  This
allows use of its oumut amphifier #s 8 classic current-to-voliage
converter with the non-inverting input grounded,

Since £15 V and +5.0 V are normally available in 8 combina-
tion digital-to-anaiog system, only the -5.0 V netd be developed.
A resisior dwider is sutficiently aczurate since she ailowsble range
of pin & is from -2.0 to -8.0 volts. The 5.0 kilohm pulidown
sresistor on the smplitier output is necessary for fast negative
transitions,

« Fuli scale output may be increased to as much 25 32 volts by
increasing RQ and raising the +15 V supply volzage to 35 V maxi-
mum. The resistar civider should be aliered to comply with the
maximum limit cf 40 volts across the MC17236. Co may be
Cecressed 10 maintain the same RGCQ product it maximum speed

is desired.
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APPLICATIONS INFORMATION (.:omimud)

Programmable Power Supply

The circuit of Figure 21 can be used »s a digitally programmed
power supply by the addition of thumbtwheel switches and a BCD-
1o binary converter, The output voltage can be scafed in several
ways, including 0 to +25.5 volis in 0.1-volt inctements, £ 0.05 volt;
or 0 10 5.1 volts in 20 mV increments, 210 mV,

FIGURE 21 - COMBINED OUTPUT AMPLIFIER and
VOLTAGE REFERENCE CIRCUIT

Rg s
Vee s v Co 30F
i€
13
MSB e = et o
s o ?
o3 o Menaaa
s a '
azc l
430 Vear 1 [* Vo
e 14 Sx
A4071 MC1408 Series [ O | I
a5 024 mCI508 E I! =
as ol ma3ase o { A
{
e P15 B
8 o' 15 4 i
Lse 1
) ol o2 ! H
\ 1
5(;“ 38 v |
of 1‘6 = | !
s | \
; !
16x  TROOIME T \
L X_J
Vig 15V

"
VO-V,“'—‘O;-(A)

Setthng time far & 10-vont step & 10 ws

Bipo!sr or Negative Output Voltage

The circuit of Figure 22 is 8 varistion from the stancard voit
#9¢ Ouldut circuit and will produce bipolar outut signals. A
positive current may be sourced into the summing node to offset
the output voltage in the negative direction. For example, it
wproximately 1.0 mA is uted » bipolar output signs! results which
may be described as a B-bit 1" complement otset binary. Ve
may be used as this auxiiiary reference. Note that Ro has been
doubled 10 10 kilohms because of the anticipated 20 Vipp}
output range.

FIGURE 22 ~ BIPOLAR OR NEGATIVE OUTPUT
VOLTAGE CIRCUIT
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FIGURE 23 - BIPOLAR OR INVERTED NEGATIVE
OUTPUT VOLTAGE CIRCUIT ¥

A
——
ATAYL3SZASAGAT AR A
RSP 2
Y |
MC1408 Series 4
Mmers08 2
I -
1 21X 3 a6lralss
ne “_? o & + 00DOOCCO
W b contipuration
LYY L1} VO Vit
Fors28.0 voit outaut rengs
Tv‘ veg T Vot = -5 €O voits
S Lsv Alaemis e 250
oSy “Viet C* 37 pF {min)

Ag - sen

Decrease R 16 2.8 11 for 3 O 1o «5.0-valt output range.

This soplication provides somewhat lowser speed, s praviousty
discussed in the Output Voltage Ranga section of the Gensral
information.
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APPLICATIONS INFORMATION fcontinued)

Polarity Switching Circuit, 8-Bit Magnitude
Plus Sign D-to A Converter

Bipoiar OvIDL s May also be obrained by using a polarity switch-
ing circuit. The circuit of Figure 24 gives 8-bit magnitude plus
asignbit. In this configuration the operationa! amplifier is switched
between a gain of +1.0 and -1.0. Although another operationa!
amoplifier is required, no more space is taken when a dual operationst
amplifier such as the MC1553G is used. The wansistor should be
selected for a very low saturation voltage and resistance,

FIGURE 24 - POLARITY SWITCHING CIRCUIT
(8-Bit Magnituce Plus Sign D-to-A Converter}
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3 0 A e

Programmable Garn Amplitier or Digital Attenuator

When used in the Multiplying mode the MC1408 can be
applied as » digital attenuator. See Figure 25, One advantage of
this technigue is that of Rg * 50 ohms, no compensation capacitor
is needed. The small ang large signat bandwidths are now idenncal
and are shown in Figyre 14,

The best frequency response is obrained by not allowing 11g
10 reach zero. However, the high impedance node, pin 16, is
clamped 1o prevent sawration #nd insure fast recovery when the
Current through R14 goes to zero. Ag can be set for 2 £1.0 mA
variation in relation to 14. 114 can never be negative.

The outpul current is Aways unipolar. The quisscent de output
current level changes with the digital word which makes ac coupling
necessary,

FIGURE 25 ~ PROGRAMMABLE GAIN AMPLIEIER OR
DIGITAL ATTENUATOR CIRCUIT
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Panel Mater Raadout

The MC1408 can be used 10 read out the 1tatus of BCL
binary cegisters or counters in 2 dgital control system. The tur
OutDUT can be used 10 dive cirectly an anatog panel meter,
ternal meter shuntyg May be necessary of a meter of less than
MA full scale is used Full scale calibration ean be done by adi
ng Ri3 or V,op.

FIGURE 26 — PANEL METER READOUT CIRCUIT
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FIGURE 27 — DC COUPLED DIGITAL AYT!NUATOR
and DIGITAL SUBTRACTION
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APPLICATIONS INFORMATION fcontinued!

_. FIGURE 36 ~ TWO-DIGIT BCD CONVERSION
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Two B-bit, D-to-A converters can be used 1o buitd a two digit 4.0mA and 0 4 mA with the outputs connected 1o sum the currents
BCD D-to-A or A-1¢-D converter. If both outputs feed the virtual The error of the D-10-A converter handiing the Jeast significant
ground of an operational emplifier, 10.1 curremt scaling can be bits will be scalec down by a factor of ten sne thus ao MC1408L6
achieved with » resistive current divider, H current output is de- may be used for the feast significant word.

sired, the units may be operated at full scale current levels of

FIGURE 37 ~ DIGITAL QUOTIENT OF TWO ARALOG VARIABLES
ot ANALOG-TO-DIGITAL CONVERSION
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CMOS PHASE-LOCKED LOOPS

FEATURES

¢ Very low power consumption — 70 uW (typ)
@ fg = 10kHz, 5Vdc

¢ Operating frequency rangé (no offset) —
Up to 3MHz (typ) @ 10Vdc (SCL4046B)
Up to 4MHz (typ) @ 10Vdc (SCL44468)

¢ Low frequency drift — 0.04%/°C (typ) @ 10Vdc
4 Choice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled 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)
4 Zener Diode to assist Supply Regulation
4 Balanced Output Drive Current Specifications

APPLICATIONS

FM demodulator and modulator
Frequency synthesis and multiplication
Frequency discriminator

Data synchronization
Voltage-to-frequency conversion

Tone decoding

FSK-Modems

Signal conditioning

L2 X X X X X 3

DESCRIPTION

The SCL4046B and SCL4446B phase-locked
loops contain two phase comparators, a 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
comparator I (an exclusive-OR gate} provides a
digital error signal PCIg,,q, and maintains 90° phase
shift at 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 PCH g and Phase Pulses,
and maintains a 0° phase shift between input
signals (duty cycle is immatérial). The linear VCO
produces an output signal VCOo'l]{‘w% ose frequency
is determined by the voltage of input VCO;, and
the capacitor and resistors connected to pins Cla,
Cig, R1, and R2. The source follower output,
Demod Out with an external resistor is used where
the VCOj 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 consumption. The zener diode can be used
to assist in power supply regulation.

CONNECTION DIAGRAM
{all packages)
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Vop SN 66 R2 R1 iR
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SCL4046B  SCL4446B
1 2 3 4 5 6 7 8
I 1
PCI VCO INH Ci1 C1 Vgg
ouT ouT (A) (B)
PHASE COMP
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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 reliability:
VpDp - Vss 3to15 Vdc

Operating Tamperature Ta-
C, D, F, B Device
E Device

DC Supply Voltage

5510 +125 ©C
40to +85 ©C

BLOCK DIAGRAM
s»cr::v.@ Vou
v ‘

PHASE
COMPARATOR T

PHASE
couvnnon

COHPAhA‘OR

—— -
E veo
ouT

cl

PHAST COMP 1 OUY

PHASE COMP T OUT

a0)

PHASE PULSES R}

i

5
o

ey Low
~ _l_rnm:n
"ss’“{.\?’\"@ sounce ] JCEu0DuLATOR T
v
vss 433
o8 éns
INAIET ’ "

VSS@ ©HNLR Vis

Fig. 1




-179-

. SCL4046B, SCL44468.

VCO SECTION

The VCO requires one external capacitor {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 a frequency offset if re-
quired. The high input impedance {(10'2§2) of the
VCO simplifies the design of low-pass filters by
permitting the designer a 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.-

TOR OUTPUT). If this terminal is used, a load
resistor (Rg) of 50k§2 or more should be connected
from this terminal to Vgg. If unused, this terminal
should be left open. The VCO can be connected
directly or through frequency dividers to the com-
parator input of the phase comparators. A full
CMOS logic swing is available at the output of the
VCO. A logic 0 on the INHIBIT input “enables”
the VCO and the source follower, while a logic 1
“turns off” both to minimize stand-by power
consumption,

PHASE COMPARATORS

The phase-comparator signal input {terminal 14)
can be direct-coupled provided the signal swing is
within CMOS logic levels [ 1ogic “0“< 30% (Vpp .
Vss). logic "1" 2 70% (Vpp-Vgg!]. For smaller
swings the signal must be capacitively coupled to
the self-biasing amplifier at the signal input,

Phase comparator I is an exclusive-OR network;
it operates analogously to an over-driven balanced
mixer. To maximize the lock range, the signal and
comparator-input frequencies must have a 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 I supplies
the averaged voltage to the VCO input, and causes
the VCO to oscillate at the center frequency (fo).

The frequency range of input signals on which
the PLL will lock, 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 i$
defined as the frequency lock range (21 ). The
capture range can not exceed the lock range.

With phase comparator I, the range of frequen-
cies over which the PLL can acquire lock {capture
range} is dependent on the low-pass-filter character-
istics, and can be made as large as the lock range.
Phase-comparator I enables a PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal.

2

One characteristic of this type of phase com-
parator is that it may lock onto input frequencies
that are close to harmonics of the VCO center-
frequency. A second characteristic is that the phase
angle between the'signal and the comparator input
varies between 0° and 180°, and is 90° at the center
frequency. Figure 2 shows the {typical) triangular
phase-to-output response characteristic of phase-
comparator I. Typical waveforms for a CMOS
phase-locked-loop employing phase comparator I
in locked condition is shown in Figure 3.

AVERAGE OUTPUT
VOLTAGE

Voo

Vops2

1 1
0 90° B80O°
SIGNAL-TO- COMPARATOR
INPUTS PHASE DIF FERENCE

AVERAGE OUTPUT VOLTAGE —V

v

Fig. 2 — Phase-comparator I characteristics at
low-pass filter output.,

PHASE COMPARATORI

1

tnput State

sionaL eyt reamaar | L L
vCO OUTPUT (TERM 4 )« r—] l——
COMPARATOR INPUT

(TERM 3}

PHASE COMPARATOR I r‘l r‘l I’—] ,_

OUTPUT (TERM: 2) : __y
po

VEO INPUT (TERM.9)s e’
LOW-PASS FILTEH
OUTPUT —Vss

Fig. 3 — Typical waveforms employing phase comparator 1 in locked condition
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PHASE COMPARATOR II
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m@
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o el \O—T S ®

|
PCIIOl{t 2 Oumul::)il:;:noclm

Phase Pulsés o 1 0

SIGNAL INPUT (TERM. 14) J—'l

) r] 22 I— .

VCO QUTPUT (TERM 41+ I I
COMPA’;A)TOR INPUT

"
(§33 "
PHASE COMPARATOR 10 -V,
OUTPUT (TERM,13) )/ (e SR\ P AP ~1r- v°°
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<, -V,
VCO INPUT (TERM: 9)e - s ——_" DD
LOW-PASS FILTER i ~Vss
OUTPUT e
s -Vob
PHASE PULSE (TERM.) _U 1 U_-V:5

NOTE. DASHED LINE IS AN OPEN-CIRCUIT-CONDITION

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

Phase-comparator II is an edge-controlled digital
memory network. It consists of several flip-flop
stages, control gating, and a three state output
circuit comprising p- and n-type drivers having a
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 acts only on the positive edges of the signal
and comparator inputs. The duty cycles of the
signal and comparator inputs are not important
since positive transitions control the PLL system
utilizing this type of comparator. If the signal lags
the comparator mput 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 equal 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.
Moareover, the sighal at the “phase pulses” output is
a high level which can be used for indicating a
locked condition. Thus, for phase comparator II,
no phase difference exists between signal and com-
parator input over the full VCO frequency range.
Moreover, the power dissipation 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.

It 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 . Figure 4 shows typical waveforms for
a CMOS PLL employing phase comparator II in a
locked condition.
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.DESIGN INFORMATION

This information is a guide for approximating R1, R2 = 2k§}, Rg 210k
the values of external components for the C1215pF
SCL40468 and SCLL4446B in a Phase-Locked Loop In addition to the given design information refer
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 TT

CHARACTERISTICS vCo WIT:OU'LOFFSET VCO WITH OFFSET vco WIYHNOUZOFFSEY VCO WITH OFFSEY
2° 5l

VCO Frequency

Ypp’? 'DD
VCO INPUT VOLTAGE VCO INPUY VOLTAGE

e
00’2 Vo Yooz Vop Voo’2  Vep
vCO INPUT VOLTAGE VCO INPUY VOLTAGE

. . y VCO in PLL system will adjust
For No Signal Input VCO in PLL system will adjust 10 center frequency,fy, 10 lowest operating frequency, fmin

2 f_ = full VCO frequency range

:Fn:quencv Lock Range, 21| A 1 4
L Imax—fmin

1Frequencv Capture Y .4
3 our
Range, 2f¢ b_,\,\,\,l_o
71+R3C2 €2 21c~- i\
I T
Loop Filter fc=fL
Cormponent IN R} our
Selection
R4
For 2 fc,see Ref.
c2
Phase Angle between 90° a1 center frequency {1,), approximating € snd .
Signa! and Comparstor 180° at ends of lock range (21 ) Atways 09 in lock
Locks on Harmonics of " ‘
Center Frequency Yes No
Signal input Noise .
Rejection High Low
— Given: fq — Given: 1o and L — Given: fmayx — Given: fin & fmax
— Use ty with Fig.Ss 1o ~ Calculste I, from ~ Calculate f, from ~ Use 1min with Fig.5b
determine R1 and C1 the equation the equation 10 determine R2andC1
fmin = 1o — I . fmax tm
— Use fmq;ip withFig. 5b o 2 — Celcuiate Ton
to determine R2 and CH  __ )¢ fo with Fig.52 1o ‘
fm determine R1 and C1 — Use 2% itk Fi
‘vCO — Calculate 1 Use fmin with Fig.5c
Component m N
- Sefection from the equation 1o determine
o fmax fo+ 1L ratio R2/R1 10
——l obrain R1
fmin  fo ~fL O
¢ fmax .
- T with
frin
Fig.5c 10 determine
ratio R2/R1 o0 obtain
R1

REF. G. S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965,
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ELECTRICAL CHARACTERISTICS '-?

3 ° 3
PARAMETER Vop | conpiTions | Ttow *25C Tuigh” | ynits
{vde) Min. Typ. | Max. | Min. | Max.
QUIESCENT DEVICE oo
CURRENT - 5 [Inhibit = Vpp - 0.05 - 150 |[pAdc
| 10 |Signal Input = - 0.01 10 - 300
15 Voo - 20 - | 600
TOTAL POWERDISSIPATION [Py Inh = Vs,
V€O, = Joo
1 = 10k H2!
§ | Cu=15pF . 0.07 - - | mw
10 | R1=1M9, _ - -
15 R2=RBg = — - -
NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
TLow = -55°C for C, D, F, H device.
= -40°C for E device.
Trign = +125°C for C, D, F, H device.
"=+ B85°C for E device. \
3 VCO output {pin 4) and Phase Comparator Outputs {pins 2 and 13) have been designed for
balanced output drive current specifications. Consult Famity Specifications.
25°C
"PARAMETER CONDITIONS Voo UNIT
Typ. l Max.
VCO SECTiON
MAXIMUM OPERATING
FREQUENCY
SCL4046B R1 C1
R2 = e 10k 50pF 5. 0.5 0.8 - MHz
VCOn = Vo 10 1.0 1.5 =
15 1.3 1.9 —
5k - 50pF 5 0.6 1.0 - MHz
10 14 2.1 -
15 1.8 2.7 -
2k 50pF 5 1.3 - MHz
10 - 2.9 -
15 3.8 -
SCL44468 R2=o0 R1 C1
VCON = Vop | 10k 50pF 5 0.7 1.0 - MHz
10 1.3 2.0 -
15 1.9 2.8 -
5k 50pF 5 0.9 1.3 - MHz
10 1.9 29 —
-15 2.6 3.9 -
2k 50pF 5 1.8 - MHz
_ 10 3.9
» 15 5.4 -
LINEARITY R2 = oo
‘ VCOin = 2.5£0.3V, 5 1 - %
R1210k§2
VCOn =5.022.5V, 10 1 -
R12400k$2
VCOn = 7.525.0V, 15 1 -
R121M$2
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ELECTRICAL CHARACTERISTICS (Continued)

N

SCLA4046B, SCLA4446B

. 4257 NIT
PARAMETER CONDITIONS Voo Min. l Typ. l Max. u
VCO SECTION (Continued)
TEMPERATURE-
FREQUENCY
STABILITY
No Offset R2 = oo 5 - 0.12:0.24 - %/°c
10 - 0.04-0.08 -
15 - 0.015-0.03 -
With Offset R2< 10X R1 5 =~ 0.06-0.12 - %/°C
10 - 0.05-0.1 -
15 - 0.03-0.06 —
INPUT RESISTANCE Rin
(vCO,,) 5,10, 15 - 10° - ima
QUTPUT DUTY All valid input combin-
CYCLE ations and voltages a 50 & %
OUTPUT TRANSITION |t7, .t
TIME TLHITHL (6 = 50pF 5 £ 100 200 | ns
10 - »| 50 100
15 - 40 80
.PHASE COMPARATORS
INPUT RESISTANCE
Signal Input | Ry 5 1 3 - M
10 0.2 0.7 -
15 0.1 0.3 —
Comparator Rin 5,10, 15 - 108 - MQ
Input
AC-COUPLED INPUT Vin
SENSITIVITY
Signal Input 5 - 200 400 mV
10 - 400 800
. 15 — 700 1400
QUTPUT TRANSITION
TIME .
PCIL, PCO triH, tTHL 4 5 - 100 200 | ns
Outputs C, =50pF 10 =. 50 100
15 = 40 80
Phase Pulses |ty p, trHL 5 - 130 260 ns
Output 10 - 65 130
15 - 50 100
DEMODULATOR OUTPUT
OFFSET VOLTAGE VCOin- ,
Vpem | Rg=>50k 2 B - 14 2.2 Vde
10 - 1.6 2.2
15 - 1.8 22
LINEARITY Rg250k 2
VCO|N =2.520.3V 5 - 0.1 - %
VCO, = 5.0:2.5V 10 - 0.6 -
VCOy = 7.55.0V 15 - 0.8 -
ZENER DIODE
ZENER VOLTAGE V2 Iz = 50uA - 6.3 7.0 1.7 A\
DYNAMIC Rz Iz = 1mA - - 100 - Q
RESISTANCE
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Fig. 5 (b) Typical frequericy offset vs C1 {VCON = Vgg, Ta = 25°C)
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Fig. 5 (c) Typical fmax/fmin vs R2/R1
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U AMBIENT TUMPERATURE 17,3025°C T - -
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Fig. 6 (a) - Typical VCO power dissipation
at center frequency vs R1.
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Fig. 6 (b) - Typical VCO power dissipation
atfin vs R2.
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power dissipation of PLL system
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Pp (Total) = P (1) + P (fygn) + Pp (Rg) i

— Phase" Comparator |

PD {Total) = PD “MlN)
— Phase Comparator 1]

Fig. 8(a, b) — Typical VCO linearity vs R1 and C1





