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AN ACADEMIC YEAR 1994.

AN ABSTRACT

INVERTER 1S AN INSTRUMENT WHICH CONVERT A DIRECT CURRENT
INTO ALTERNATING CURRENT. GIVE HAVE REQUIRED FREQUENCY AND
VOLTAGE. THE INVERTER IS WIDELY USED IN SPEED AC MOTOR CONTROL ,

INDUCTION HEATING AND UPS ETC.

FOR INVERTER PROJECT ., WE EMPHASIZE ON THE MOST EFF]C]ENCY
WHICH USES SINUSOIDAL PULSE WIDTH MODULATION CONTROLING PRINCIPLE.

HTHE,\QNIPOLAR WOULD GIVE PULSE-WIDTH TO CHANGE VALUE AMPLITUDE OF

SINE WAVE.

FOR HIGH FREQUENCY TRANSFORMER USE THEORY OF INDUCTION
HEATING AND DC SWITCHING POWER SUPPLY. THIS PROJECT WILL USE

INPUT CURRENT MORE THAN QUTPUT CURRENT.
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LT 1ARq M SINE WAVE 2 ﬁmmwméqﬁ PHASE #748718014% uﬁowwn&uﬁwﬁmmﬁm%qnuatﬁ1

7437 COMPARATOR
7.3 137 COMPARATOR

4 28 4 (Y] 4 L T >
tuat T ladana  SINE WAVE NH PHASE A#Uf¥AIIMR 50 Hz  WAHINANIANT
< 4 o < < v da
T naunuRggiasaninasualiun - 20 kHz  TRa17118 COMPARATOR nuﬂ11u11§q

<4 » ‘ : . 4. u
Iuini 111 IC tua¥ LM319  I9viiu DUAL COMPARATOR faqna 0/P n1aasxﬂuﬁqq1m

5 4w v a
Ca,Cb RqLﬁuﬁmmwmn?ﬁ?un11a1wqﬁmmwmn1nn1Lnnnaq POWER MOSFET
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7.4 NITATT

Vv & v a
Tun1TdTIvdgenTEiun1Tninaiianyay  POWER MOSFET udIuzae  POWER
") " H ) 4
STAGE aavlidgqa 3 Fggnewidisatawa Tasdgyiane 3 UTznauras Co,Ca,Cb Lwa
v, v 4, v a “ oV
ntadgqgie 0/P n1dlunininzninnzas POWER MOSFET awlaun Q1,Q2,S52,S2,S3,
< ﬁ d. v 4 a v
S4 Taan Q1,Q2 tdudggrantiivuinninatinnaas POWER MOSFET nadR 1y I/P  maq

v d. w d a v
wnaulay uar S1,52,83,54 lﬁuﬁwmqmnnqﬁuﬁnﬂTﬂﬂqlﬂnﬂﬂﬁ POWER MOSFET nN14RU4

v
O/P aavnuauldav

Ca 1 I1 N LS )i = L] u L

% ] A iy §] VS [ L T n

W2 T AN g N | Ik 11 [ 1
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Tun17E 719 A9 nnanauniiy L1132 T uNUA THAT uzunwwxiqn1n1ﬁma
{ vy 4 o . oV
T8RN TRILATIEN uasaa3ﬂ1oa1n10a11n1uuaznqn aﬁngunuwuu1n11n111nﬁﬁ11u

o & ] [ Uvg
Ruwugni9aTInTERIN 9By I/P (Co,Ca,Cb) fudggym 0/P (S1,S2,53,54) ‘{RAY

I/P 0/P
Co Ca Cb Q2 Q1
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 __| o 0
1 0 0 0 0
1 0 1 0 1
1 1 0 0 1 1
1 1 1 0 0
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7.5 243TIuNAFINR (GATE DRIVE CIRCUIT)

o : y o
PRANNTTAANNUYINIT  GATE DRIVE §014ﬂ1u5n11uﬁ19maa1ca1 INVERTOR u1n
. w4 - o v, . -
Taanﬁnuwntﬂuaanu MOSFET ‘vna4uuuy  CLASS D Aafinemlugne ON fiu OFF
" o " v <
LY UR¥293T GATE DRIVE Faaninun1Tuan GND 7847937 DRIVE  aan3nnivaT.

4319¥oqaAns 7 Taan111% OPTO DIODE ifuiauan GND Huias

- R . 4,

BANNITNINIUEAYINIT  GATE -DRIVE 1uﬁ1uu1nazﬁﬁmm1m I/P SIGNAL nia

AMIATRTINTSNNMNA 6 Faaiutaun Q1,Q2,51,52,83,54  wninaTiutndygad

A 4 v ¢ ‘ X A9 v
ATSUFLUNTY TRELTIAETINTINTALABTLLUAT 2N22224 Lﬁundnun1zuﬁ1n DIODE 1u
£ a . 1A N v

OPTO DIODE tua7 TLP 550 LASNR2491fanTzU&nay DIODE TREATTAAATAIIHATUNIY

o 8 { ¢ o H

20 Taﬁu 137N87 2 729 OPTO DIODE WAYNTINARLAAT Lua7 2N2222A WA’ niu

DIODE 91 TLP 550 ‘lanannTaviagiaiuin  PHOTO DIODE uazasgniu1ﬁﬁﬁw§¢§4

g ] Vesr { 4

I TRANITRAWUY COMMON EMITTER ‘MAuninuidimaslu TLP 550 (uadgqyisaan
&< ) ; ¢ I'4

INMNTMIXLARTNAT 6 B89 TLE 550 wA23xdsRagnalinnTiuddiaativas C1318
. w o -~ sl g 'y 13 w e ar

nmwndunn Tl TuRggetuaa nant AN Y GASNTIUTAIRATIUATH  BININITIUNTSUR

Ve ¢ ¢ J . w <

v IARunT 3 RaTiuas 1847 uar A8B6  IvArmAmiinmiiuteaT PUSH-PULL

{ o ¢ o ¢

uasdqﬁmmﬂm +12 T7an fiu 0 T7an  aanfunaninn f7umas  ZENER DIODE 18 T7an
S . v od 1y “ o W - .

UUNTIRRIN  BLOCK VOLTAGE sasatzudlainina’lugsanaunuenndidiT Uasn1n11ne
PYIRE ) .”4\1

u1qau1ntﬁu1wauTaa ZENER DIODE 3.1V Uar ZENER DIODE 13 V nawunnunTzud

[ 73 -~ 13 4 ug 4 ] e w o,

VI AATUEINTIUTALRATIUET C1847 WAL C1318 AVHU  LNALTIAEIYATIATINAIN
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a1daw 1/P a8 ynawadavia +5 Taan 0/P  nazialnaaian uas rad 93z iy
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M¥usn 9 Tian  uazidau 3 T2an



3IN0OXT) 8nrag ajzen

s _

Ao« not L AS
[ g T b B ¢

ane
TTUNBIS ALNdNI _ AN
- Sx41 -

VETTTZNZ AN ~ NN\
_ 8 °9 - 91
_ai 818 == 1
H 1 |
Tz DS L
T I L k44
: 8IELD 9880

¥
AST ZTAZ o
a1
L9»81D '

MDNnnuu:o




89

7.6 1937 SWITCHING POWER SUPPLY

4 -
N1TEaNLULI93T SWITCHING POWER SUPPLY iwalgn GND 18479372803 INAUTY
) L ody e 1 » ' Y Ve o
tﬁudvunﬁﬁaqﬁ1uuuqnaq1¢ai fman1iWLa89aadaN3T DRIVE  umazawluuan GND
a8N3IRARALINAN A 141897937 SWITCHING anA O/P 1ﬁﬁ1q1uuasﬁnawnsgn DROP
v § ¥ . o . -
13WIRINATIABININNA 813INTTW93T DRIVE #91h Adn17asnuuuie’T  SWITCHING
] 2 v v v 40
POWER SUPPLY uuusnaiaa’dd IC 494 K119 PULSE TraltrIMAUNIBLUREURY
» . o oA - o A o v 1t o
s 10K nimuintuarsdiuairqunaasy IC 494 ( ﬂ1u1un13nquuaudaqa=1uut?aq) na1
P » 4 o w v Y 4
3 3eRanalNAIBnILLUaauae R 10K 128 mTu DUTY CYCLE navfqe I PULSE nE1TY
A 4 )
1ﬂ91uqun11n141unaq MOSFET IRF 830 uasnmn 10 nay IC 494 3in1T  DEVIDER
4 T, o
VOLTAGE (watlasiiuialn MOSFET tinA2 L den1e Runay PULSE TRASFORMER 71
gnan 1 THuMtadtasuuy 1:1 TRANT9R U PRIMARY 1 7@ WAy SECONDARY 8 14 a7
' » a,v 4 o o . v P
AMRIT4AUNIUN 10K w10 uetavfiunTsugnizdanataniin MOSFET IRF 830 (NRATN
v woe Y (2 v v 4 v
17an181a uar DIODE 2 A aaa§1ud1u 1/P faemnandasntliwaln MOSFET OFF
¢ X . L 4, vade <%
LT3 wasn1Indngranlalaneasa L -
’ 2
#94 O/P 12y PULSE TRANSFORMER AENNINNR 8 B TABIENINTT REGURATE
ﬂ -1 4 Y . - . 4 »
tiutdiage 12V 6 ALwa’naInggaT DRIVE uay +5V nu -5V 37w 2 gatwaingin
4 Ty -« N
1937 SIGNAL 3% DIODE naia O/P 81311 DIODE fT7HAN n3a813381f  FAST
&, v s v © ;ldn o4 v v v v
RECOVERY DIODE n1ad1ua1naqa1Lnuﬂ1sjnua1 0.01uF g mTutlasiiv NOISE 111

y . .
Ydnow  Aam IC 494 3xtiMviasy 15 V \dug1318TaEd  GND 1Rm9ilu BATTERY

Equdaq1u3u
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7.7 IN3T129(POWER STAGE)

o s -~ { 4 ' v v
1193 TR wLfluanvmzna\:')\wmwm'u'm's uasxﬁua"mn'wﬂ'\awawﬁu‘mﬁ'}‘lu

- £ I’ a 4
nuInam 1na1§lw1t1a1uaﬁtwﬁLﬂuqﬂnsmﬁunwwﬁnnﬁ

WanN17I8N178aNUULINT POWER STATE ﬁ13t§aﬁ1n11 STEP UP “Wa1n 24 Taan
ﬁiﬁuq%wn BATTARY TW1afd 220 Taan wRnni7inemudng 9 171321 POWER MOSFET
2 ¥911uk2 SWITCH Sqnliun PLUSE' TRANSFORMER Tamasiin1iindane FLUX Aululu
#a1ilafiin1T SWITCH Taadaq v Qluar Q2 34 MOSFET 2 Hauiafin91uiuy PUSH PULL
TrEA 4 SECONDARY ©as PLUSE TRANSFORMER 3UDAAa7R 2 HR WuWUY CENTER TAP
WA SECONDARY 284 PLUSE TRANSFORMER ﬂvﬁﬁﬂﬂ1ﬁ 1 IR n1ﬁ§1u PRIMARY naawﬁa
WaeaTiin1TAa SNUBBER t#adnia HARMONIC W19 7 UAtN1981M SECONDARY maumiia
uav3sNn1TRA SNUBBER 13idufin

quf7uzay  SWITCH qun14au SECONDARY 789 POWER STAGE ﬂwnzuaswui1ﬁn11
A2 BRIDGE DIODE ‘{3afaull MOSFET n11daa#1euasinlfi MOSFET 184171174110
SWITCH n1zudléifie 2 n19 3 nUnd  HOSFET 3¢ SWITCH Hygatanisiiias fAa 4an
DRAIN U#4 SOURCE n'{ui713v@8Y SWITCH 2 ni9 lﬂﬂﬂﬁﬂnanaﬂu 0/P ﬁaanﬁﬂn
uﬁauﬂae&uﬂ%q1wu1nuastRu ToruTauiaRauinrourhia 2 A wRinaTa93T SHITCHING
Hetiu 51,52,83,54 iwtﬁu5a41§ SWITCH 2 n14 t¢a1ﬁ1§zﬂﬁmm11ﬁt1ﬂﬁaqn11 N7

¥ 4 o o
SWITCH wuuiiwaunilguinis  STEP UP VOLTAGE ﬁcuaaqﬂuzu
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MOTOROLA

g SEMICONDUCTOR
TECHNICAL DATA

IRF830

Power Field Effect Transistor IRF831
N-Channel Enhancement Mode oo IRF832
* Silicon Gate TMOS IRF833

These TMOS Power FETs are designed for high
voitage, high speed power switching applications *

such as switching regulators, converters, solenoid TMOS POWER FETs
and relay drivers. ’ 4 and 4.5 AMPERES
o Silicon Gate for Fast Switching Speeds ; DS(on) = 1.5 OHMS
Tu 450 and 500 VOLTS -

¢ Low rpS(gn) to Minimize On-Losses. Specified at .
Elevated Temperature i uMos
® Rugged -— SOA is Power Dissipation Limited

rDS{on} = 2 OHMS
450 and 500 VOLTS

¢ Source-to-Drain Diode Characterized for Use With g
Inductive Loads
- ]
0
CASE 221A-02
(TO-220A8)
MAXIMUM RATINGS
: 3 IRF
i Rating Symbol Unit OUTLINE DIMENS:ONS
830 | 831 | 832 | 833 2 | el
[ P P 4
Drain-Source Voltage p Vpss | 500 | 450 | 500 | 450 | vdc LI BT =
' 1 H
. Drain-Gate Voltage VDGR | 500 | 450 | 500 | 450 | Vdc A T y
v
i {Rgs = 20 b .l . 'y v o]
Gase-Source Voltage vGs =20 Vde R H .
XN v h
Drain Current Adc R | P it
Condivous, Te = 25°C 45 a = i
} Tc = 100°C 3 25 Y 2 e
© Peak, Te = 25°C o 18 16 o el
i Total Power Dissipation ( Tg = 25°C PD 75 Wans ot TN
1 Derate above 25°C i 0.6. woC 1500a
ol °
i Cpe-aving and Storage Temperature Range T4 Tsig ~-55to 170 c T LS,
. e L ¥ e
THERMAL CHARACTERISTICS .\ T i e
" S0 TOIAMONS "0 2D
Thermal Resistance — Junction to Case Rouc 1.67 ‘CW |- s ;‘r’-‘u’.\ﬁ.nqw .
— Junction to émbuenl - Rada 62.5 _.:ugmm 'Q"-Tj
i Maximum Lead Temp. for Soldering Purposes, T 300 ne s asTus ‘E_i
i " 2 [} (154 %%
i 18" trom Cese for 5 Seconds | e
See the MTM2NES Designer's Data Sheet for » complete set of design curves for the prouucl on this data sheet. o T ,r_w:
Oes:gn curves of the MTPSNAS are applicable for this series of product. r " ] :_-: 3.5

.

ST T

- e

o Ry
‘ -
s RN
N r') ’l F- W
13t ™M
e T -




ELECTRICAL CHARACTERISTICS Tc = 25°C unless otherwise noted)

Characteristic

Symbol

Min |

Unit

OFF CHARACTERISTICS

Drain-Source Breakdown Voltage
(Vgs = 0.!p = 0.25 mA}

IRF831, IRFBIL
{RF830, IRF832

V(BRIDSS

450
500

Vde

Zero Gate Voltage Drain Current
(Vps = Rated Vpgs. Vgs = €

{Vps = 0.8 Rated Vpss. Vgs = 0.7y = 125°C)

loss

0.2

mAdc

Gate-Body Leakage Current, Forwa-d
(Vgse = 20 Vde, Vpg = O}

: IGSSF

100

nAdc

Gate-Body Leakage Current, Reversa
(VGSR = 20 Vde, Vpg = 0)

IGSSR

100

nAdc

ON CHARACTERISTICS®

Gate Threshold Voltagé
(Vps = VGs. Ip = 0.25 mA)

VGSs(th)

Vde

Static Drain-Source On-Resistance
[Vgs = 18 Ve, Ip = 25 422

IRF830, IRF831
tRF832, IRFB33

fDS{on)

On-State Drain Current (Vgg ~ ¥ !
{vps = 6.75 Vdc)
(Vps = 8 Vdc)

IRFB30, IRFB31
IRF832, IRF833

ID{on)

45

Ohm

Forward Transconductance
(Vps # 6.75 V., Ip = 2.5 A)
(Vps = 8 V. Ip = 25 A)

aFs
IRFB30, IRFE31
IRF832, IRFB33

25
25

mhos

DYNAMIC CHARACTERISTICS

Input Capacitance

Qutput Capacitance

Reverse Transfer Capacitance

Ciss

BOG

pf

(Vps =25V, Vgsg = 0,

Coss

200

f'= 1 MHz}

Crss

SWITCHING CHARACTERISTICS®

Turn-On Delay Time

Rise Time

~ 1 Turn-Off Delay Time

Fall Time

td{on}

30

ns

(VDD = 200 V, Ip = 2.5 Apk,

te

30

Rgen = 15 Ohms)

tdioH)

55

30

Total Gate Charge

Gate-Source Charge

Gate-Drain Charge

22 (Typ)

30

nC

{Vps = 0.8 Rated Vpss.
V@s = 10 Vdc, Ip = Rated Ip)

12 (Typ}

SOURCE DRAIN DIODE CHARACTERISTICS®

10 (Typ)

Forward On-Voltage

Forward Turn-On Time

Reverse Recovery Time

{is = Rated Ip,

Vso

1.0 (Typ) |

150

i Vde

Vgs = 0}

ton

Limited by stray inductance

tre

450 (Typ) |

INTERNAL PACKAGE INDUCTANCE

Internal Drain Inductance

{Measured {rom the contac: screw on tab to center of die)
{Measured from the drain iea¢ 0.25" from package to center of die)

3.5 (Typ)
4.5 (Typ)

nH

internal Source Inductance

(Measured from the source wead 0.25" from package to source bond pad)

Ls

7.5 {Typ}

*Pulse Test: Pulse Width s 300 us, Duty Cycle € 2%.

(1) Ada 0.1 V for IRF830 and IRFE3N



MOTOROLA
gz SEMICONDUCTOR
TECHNICAL DATA

B i At D Ao e Thyia o v o o

. MTM15N35
Designer’s Data Sheet MTM15N46

Power Field Effect Transistor

N-Channel Enhancement
Mode Silicon Gate TMOS TMOS POWER FETs
15 AMPERES
These TMOS Power FETs are designed for high voktage, high = pS{on) = 0.3 OHM
speed power switching applications such as switching regulators, TMOS 350 and 400 VOLTS

conventers, solenoid and relay drivers.

e Silicon Gate for Fast Switching Speeds — Switching Times
Specified at 100°C : o
e Designer's Data — Ipss, VDS{on). VGS{th) and SOA Specified
at Elevated Temperature
¢ Rugged — SOA is Power Dissipation Limited
« Source-to-Drain Diode Characterized for Use With Inductive Loads

. G
MAXIMUM RATINGS ;
1
i i MTM y ds
{ Rating Symbot Unit '
15N3S 15N40 i
Drain-Source Voitage vpss 350 400 Vee -~
Drain-Gate Voltage {(Rgs = ! M) VDGR 350 400 vde !
Gate-Source Voitage vGs =20 Vde
Drain Current — Continuous o . 15 _ Ade '
— Pulsed fom 70 !
Total Power Dissipation w Tg = 25°C Pp 250 Watts '
Derate above 26 C 2 w:C
Operating and Storage Temperature Range T4 Tsig -65 to 150 ‘C ;
THERMAL CHARACTERISTICS
r - : - , CASE 197A-01
i Thermal Resistance — Junction to Case Rugc 0.5 cw ¢ TO-204AE
H — Junction to Ambient RuJA 30 |
; Maximum Lead Temperature for Soldering Te 275 ‘c ,
¢ Purposes. 18 from case for 5§ seconds {




ELECTRICAL CHARACTERISTICS (T¢ « 25:C unless otherwise noted)

[ Characteristic I Symbot Min Max [ Unit !
OFF CHARACTERISTICS
Drain-Sousce Breakdown Voltage V(BRIDSS Vde
VGgs = 0.lp = 025 mA) MTM1SN35 350 -
MTM15N40 400 -— '
2ero Gate Voltage Drain Current fpss mAdc
{Vps = Rated Vpss. Vgs = 0) —_ 0.2
(Vps = 0.8 Rated Vpss. Vgs = 0, Ty = 125'C) - 1
Gate-Body Leakage Current, Forward (VGSF = 20 Vdc, Vpg = 0 IGSSF -— 100 nAde
Gate-Body Leakage Current, Reverse (VGSR = 20 Vdc, Vpg = 0) IGSSR = 100 nAdc
ON CHARACTERISTICS®
Gate Threshold Vottage VGS(th vde
Vps = VGS. lp = 1 mA) 2 4.5
Ty = 100°C 1.5 4
Static Drain-Source On-Resistance (VGg = 10 Vdc, !p = 7.5 Ade) 'DSton} - 0.3 Ohm
Drain-Source On-Vohage (Vgg = 10 V) Vpsions ; Vde
ip = 15 Adc) = . -
{ip = 7.5 Adc. Ty = 100°C) R B -
Forward Transconductance (Vpg = 15V, Ip = 7.5 A) gFS | 6 > mhos
DYNAMIC CHARACTERISTICS
input Capacitance ( ‘VD'S -~ 25V, Vgs = 0. Ciss ! —_ 3000 pF
Output Capacitance f = 1MHzn Cogimt —_ 500
Reverse Transfer Capacitance See Fighis N Crss 5 = 200
SWITCHING CHARACTERISTICS® (T3 = 100°C)
Tum-On Delay Time td{on) —_ 60 ns
Rise Time (Vpp = 25V.Ip = 0.5 Rated Ip t . 180
- Rgen = 50 ohms)
Tuen-Otf Delay Time See I?igures 9,13 and 14 tdfofh) | - 450
Fall Time 4 V- 180
Do
Total Gate Charge {Vps = 0.8 Rated Vpss. Qg §ov0 (Typl 160 nC
Gate-Source Charge Ip = Rated Ip. VGgs = 10 V) Qgs I 52 (Typ) —
Gate-Drain Charge SeeFEuEZ Oga | 60(Typ) -
SOURCE DRAIN DIODE CHARACTERISTICS®
Forward On-Voltage W Eksed vsp | ralmyp |- 6 | vee
Forward Turn-On Time Vgs = 0} ton Limited by stray inductance
Reverse Recovery Time trr <200 (Typ) ‘ — l ns
INTEANAL FACKAGLL INDUCTANCE — -
Internal Drain Inductance Lg 5 (Typ) — aH
{Measured from the contact screw on the header closer
1o the source pin and the center of the die)
Internal Source Inductance (Y 12,5 {Typ) -
(Measured from the source pin, 0.25" from the package
to the source bond pad)

*Puise Test; Pulse Width ~ 300 us, Duty Cycle € 2%.
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SAFE OPERATING AREA INFORMATION
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Figure 7. Maximum Rated Forward Biased
* Safe Operating Ares

FORWARD BIASED SAFE OPERATING AREA
The FBSOA curves define the maximum drain-to-

Safe Operating Area

Figure 8. Maximum Rated Switciwing

The power averaged over a complete switching cycle
must be less than: -

source voltage and drain current that a device can safely Tymax) — T¢
handle when it is forward biased. or when it is on, or R
being turned on. Because these curves include the limi- 2
1ations of simultaneous high voltage and high current, =
up to-the rating of the device, they are especiaily useful 50 i = :"‘0'"
to designers of linear systems. The curves are based on T LGuR 7 ATy AT
a case temperature of 25°C and a maximum junction tem- 20004— T <] —5
perature of 150°C. Limitations for repetitive pulses at var- 1000} Ty= 35'c 231 [ 1111 peail
ious case temperatures can be determined by using the @ = ’?D; _SEAV ==2 = =HF
thermal response curves. Motorola Application Note, g (= Vgs = 0V ] -
ANS569, “Transient Thermal Resistance-General Data and £ a0l A 4 on 1
Its Use” provides detailed instructions. “Thed = 1A 1 { { H
SWITCHING SAFE OPERATING AREA -
The switching safe operating area (SOA] of Figure 8 is 20 e
the boundary that the load line may traverse without in- 10 i
curring damage to the MOSFET. The fundamental limits y 10 0 50 00 00 %0
are the peak current, Ipm and the breakdown voltage, RG, GATE RESISTANCE {OHMS}
V(BR)DSS- The switching SOA shown in Figure 8 is ap-
plicable for both turn-on and turn-off of the devices for Figure 9. Resistive Switching Time Variation
switching times less than one microsecond. With Gate Resistance
3 : = T _4‘,_:‘4_;:5.&{ . =
0 1] =I0£ AL 1 Rauclt) = rﬁ!) Reic
Z8 ' — = D Cves APPLY FOR POWER
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ZZ o - ] Titpky = Tc = Prpny Resctth
2¢ 1
2 208 = |
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=34 — SINGLE PULSE L
e 5 W=
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YOS Ty
X 1 10 100 1000 10060
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Figure 10. Thermal Response
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Figure 11. Capacitance Variation

RESISTIVE SWITCHING

Figure 12. Gate Charge versus
Gate-to-Source Voltage

Figure 13. Switching Test Circuit
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MOTOROLA g
X SEMICONDUCTOR ez
TECHNICAL DATA

Designer’s Data Sheet MTM15N45 i
Power Field Effect Transistor MTM15N50

N-Channel Enhancement
Mode Silicon Gate TIMOS

TMOS POWER FETs

These TMOS Power FETs are designed for high voltage, high ¢ 15 AMPERES !
speed power switching applications such as switching regulators, . 'DS{on) = 0.4 OHM
X 450 and 500 VOLTS

converters, solenoid and retay drivers. TVIOS

 Silicon Gate for Fast Switching Speeds — Switching Times
Specified at 100°C

® Designer’s Data — Ipgs. VDS(on). VGS(th) and SOA Specified o
at Elevated Temperature

® Rugged — SOA is Power Dissipation Limited

® Source-to-Drain Diode Characterized for Use With Inductive Loads

MAXIMUM RATINGS |

Symbol AL U
Ratin o nit
"9 o 15N4s 15N50
3
Drain-Source Voliage Vpss 450 $00 Vde r
Orain-Gate Voltage (Rgg = * "4(1) VOGR 450 500 Vde
Gate-Source Voltage vGs =20 Vde
Drain Current — Continuous ip 15 Adc
— Pulsed Iom 65
Total Power Dissipation 1 T¢ = 25°C Pp 250 Watts
Derate above 25°C 2 w-C
Operating and Storage Temperature Range TJ. Tstg -£510 150 *C
THERMAL CHARACTERISTICS
Thermal Resistance — Junction to Case Ruic 0.5 ‘cwW
— Juncuon 1o Ambient RoJA 30
CASE 197A.01
Maximum Lead Temperature for Soldering T 275 *C TO-204AE
Purposes, 1/8" from case for 5 seconds
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ELECTRICAL CHARACTERISTICS ({T¢ = 25°C unless otherwise noted)

l Characteristic I Symbol Min 1 Max l Unit ]
OFF CHARACTERISTICS
Drain-Source Breakdown VoRtage V(BRIDSS Vde
(Vgs = 0.1p = 0.25 mA} MTM15N45 450 - -
MTM15N50 500 -
Zero Gate Voltage Drain Current Ipss mAdc
(Vpg = Rated Vpgs. Vgs = 0} - 0.2
{Vps = 0.8 Rated Vpss. Vgs = 0. Tj = 125°C) - 1
Gate-Body Leakage Current, Forward (VGsF = 20 Vdc, Vpg = 0 IGSSF - 100 nAdc
Gate-Body Leakage Current, Reverse (VGSR = 20 Vde, Vpg = 0} IGSSR* — 100 nAdc
ON CHARACTERISTICS®
Gate Threshold Voltage VGsith) vde
(Vps = VGs. Ip = 1 mA) 2 45
Ty = 100°C 1.5 4
Static Drain-Source On-Resistance (Vgg = 10 Vdc, Ip = 7.5 Adc} rpsSion) it 0.4 Ohm
Drain-Source On-Voltage (VGs = 10 V)- VDsion) Vde
{lp = 7.5 Adc) 3 6
(Ilp = 15 Adc, Ty = 100°C) ~ 5.8
Forward Transconductance (Vpg = 15 V. ip = 7.5 A) GFS 4 - mhos
DYNAMIC CHARACTERISTICS
Input Capacitance (Vps = 25 V. VGs = 0, ]' Ciss -— 3000 pF
Output Cazacitznce f = 1MHz) { Coss — 500
Reverse Transfer Capacitance Ste BauEaAl ! Crss -— 200
SWITCHING CHARACTERISTICS® (T = 100°C)
Turn-On Delay Time : tdlon) . -_— I 60 ns
Rise Time Vpp = 25V.Ip = 05 Ratedip | ¢, — T g0
: Rgen = 50 ohms) T
Turn-Off Delay Time See Eigures 9,13 2nd 14 L _ldtoth) o 450
Fall Time | 1 —_— 180
Total Gate Charge (Vos = 0.8 Rated Vpss. : 09_ 110 (Typ) 160 nC
Gate-Source Charge ip = Rated Ip, Vgs = 10 V) : Qgs 50 (Typ) -
* Gate-Drain Charge See Figure 12 i Qqd . 60 (Typ) I -
SOURCE DRAIN DIODE CHARACTERISTICS®
Forward On-Voltage (ig = Rated Ip Vsp 1.1 {Typ} l 1.4 l Vde
Forward Turn-On Time vgs = 0 ton ! Limited by stray inductance
Reverse Recovery Time | ter | 1200 (Typ) i - l ns
INTERNAL PACKAGE INDUCTANCE
Internal Drain Inductance g S (Typ) - nH
{Measured from the contact screw on the header closer
to the source pin and the center of the die}
| Internal Source Inductance Lg 12.5 (Typ) -
i

T iViessurco fom tine peeneie Eift, 22 e ihe pEtlisee
L 1o the source bond pad}

*Pulse Test: Puise Width € 300 us, Duty Cycle € 2%.




TYPICAL ELECTRICAL CHARACTERISTICS
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1), TRANSIENT THEAMAL

SAFE OPERATING AREA INFORMATION
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Figure 7. Maximum Rated Forward Biased
Safe Operating Area

FORWARD BIASED SAFE OPERATING AREA
The FBSOA curves define the maximum drain-to-
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Figure 8. Maximum Rated Switching
Safe Operating Area

The power averaged over a complete switching cycle
must be less than:

source voltage and drain current that a device can safely Ty ) = T¢
handle when it is forward biased, or when it is on, or Rajc
being turned on. Because these curves include the limi-
tations of simultaneous high voltage and high current, |
up to the rating of the device, they are especially useful oo = - 'f“’m
to designers of linear systems. The curves are based on : ; " + Iz )‘
a case temperature of 25°C and a maximum junction tem- 200~ T 2250 ! =2
perature of 150°C. Limitations for repetitive pulses at var- 1067 = ,; = 154 !
ious case temperatures can be determined by using the z = Vpp = 25V = =z
thermal response curves, Motorola Application Note, v T Vgs = 10v (] o 5 2 dton)
ANS569, “Transient Thermal Resistance-General Data and Z T, - /7' - - T
Its Use” provides detailed instructions. - 4 T — [T} 1]
SWITCHING SAFE OPERATING AREA - .’Ifr
The switching safe operating area (SOA) of Figure 8 is 3 el ST ]
the boundary that the load tine may traverse without in- x:l:lL T 1]
curring damage to the MOSFET. The fundamental limits 4 1 10 0% 100 300 500 1k
are the peak current, Ipp and the breakdown voltage, RG, GATE RESISTANCE (OHMS)
V - The switching SOA shown in Figure 8 is ap- . = A .
pl(iggt))?esfsor both turn-on and turn-off of the devices for F'Q“fe 9 Resistive Sw'!ch'?q Time
switching times less than one microsecond. Variation versus Gate Resistance
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Figure 10. Thermal Response
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ICL8N38

ICL8038

Precision Waveform
Generator/Voltage
Controlled Oscillator

GENERAL DESCRIPTION

The ICL8038 Waveform Generator is a monolithic inte-
grated circuit capable of producing high accuracy sine,
square, triangular, sawtooth and pulsé waveforms with a
minimum of extémal components. The frequency {or repeti-
tion rate) can be selected externally from .001Hz to more
than 300kHz using either- resistors or capacitors, and
frequency modulation and sweeping can be accomplished
with an externa! voltage. The ICL8038 is fabricated with
advanced monolithic technology, using Schottky-barrier
diodes and thin film resistors, and the output is stable over a
wide range of temperature and supply variations. These
devices may be interfaced with phase locked loop circuitry
to reduce temperature drift to less than 250ppm/°C.

ORDERING INFORMATION

v

.FEATURES -’

e Low Frequency Drift With Temperature
— 250ppm/°C .

® Simultaneous Sine, Square, and Triangle Wave
Outputs

& Low Distortion — 1% (Sine Wave Output)

e High Linearity —0.1% (Triangle Wave Output)

e Wide Operating Frequency Range —0.001Hz to
300kHz

® Variable Duty Cycle —2% to 98%

e High Level Outputs — TTL to 28V

e Easy to Use —Just A Handful of External
Components Required

Figure 1: Functional Diagram

Figure 2: Pin Configuration

(Outline dwg JD)

PART NUMBER STABILITY TEMP. RANGE PACKAGE i
1C1L.8335CCID 250ppm/°C typ 0°C 1o +70°C CERDIP }
1ICLBOS53CID 180ppm/°C typ 0°C to +70°C CERDIP i
1CLBC35ACID 110ppm/*C tys Q0°C to +70°C CERDIP
ICLBOSEZMID” 350ppm/°C max -55°C to +125°C CERODWP
ICLBOSSAMID® 250ppm/°C max -55°C to +125°C CERDIP

1ICL6238/D -_— _ oKIceE"* "
*Add /883B to pan number it 883 processing is required.
**Parameter Min/Max Limits guaranteed at 25°C only for DICE orders.
\
i
3
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,es0LUTE MAXIMUM RATINGS

e

o votage (V7 to VF) . ... 36V
S pssipationt™) L. .750rW
T enz0e (@Y PiR) werenieenrnn. V- ov?t
*" rurrent (Pins 4 and 5) .......... venee. 25mA
Tr.s Sink Current (Pins 3 ang 9) .......... creeueees 25MA

R i

Storage Temperature Ranga
Operating Temperature Ra
8038AM, 8038BM....
B038AC, 8038BC, 823:CC

weeeens. =65°C to +150°C

~55°C to +125°C

....... ...0°C o +70°C
Lead Temperature (Soldenng. 10sec) ............. +0..300°C

aoove those listed under Absolute Maxwmem Ratings may cause permanent damage to the device. These ae sTess ratings only, and functional

2~ of the device at these or any other condrions above those indicated in the operational sections of the speci.=abons is not implied. Exposure 10

) ::-,, maximum rating conditions for extended periods may atfect device refiabiliy.

pirt & Derate ceramic package at 12.5mW/°C for amblent lemperatures above 100°C.

fLECTRICAL CHARACTERISTICS (VsuppLy = £10V or-+20

crmwise Specified)

V. Ta = 25°C, Ry = 10k, Test Circuit Unless

ap— -
80338CC 8038BC(BM) BO3BAC(AM)
sYusol GENERAL CHARACTERISTICS UNIT
KIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX
T ey Supply Voltage Operating Range
TS Single Supply +10 +30 | +10 39 -0 30 v
TS Oual Supplies =5 £15 *5 15 =5 £15 v
Ry Suppty Current (Vsuppyy = £10V)2) .
8038AM, 8038BM 12 15 12 15 mA
8036AC, 8038BC, 8038CC 12 20 12 20 12 20 mA
145 QUENCY CHARACTERISTICS (all waveforms)
fmam Maximum Frequency of Osciltation 100 100 T kHz
: LA, Sweep Frequency of FM Input 10, 10 10 kHz
o Sweep FM Rang2®d) 35:1 35:1 35:1
) FM Uinearity 10:1 Rato 05 02 0.2 %
: &)
rA | R s wo |
8038 AM, BM, -55'C to 125°C 350 250
ar v m"“’ggpg’"\}cm‘:e S;S:ge""”“” 0.05 0.05 0.05 %V
NPT CHARACTERISTICS
. Square-Wave Y
© kun Leakage Current (Vg = 30V) 1 1 1 HA
Vs Saturation Voltage (Igink = 2mA) 0.2 0.5 0.2 0.4 0.2 0.4 \'
Lk Rise Time (R = 4.7k8) 180 180 180 ns
by Fall Time (R = 4.7k} 40 40 40 ns
[ a0 Typical Duty Cycle Adjust (Note 6) 2 98 2 98 z 98 %
i Triangle/Sawlooth/Ramp
L el Amplitude (Rra: = 1008 030 | 033 030 | 033 €23 | 033 . ... 1XVsuppr ¥
; ’ Linearity 0.1 0.05 T BB‘; : %
2oz Outpul Impedance {loyT = SmA) 200 200 200 [+
. Sine-Wave
LY Amplitude (Rginvg = 100k 02 | 022 02 | 022 cz | 022 xVSUPPLY
i p THD (Rg = 1M)14) 20 5 1.5 3 10 | 15 %
=0 THD Adjusted (Use Figure 6) 1.5 1.0 0.8 %

NOTES: 2. Rp and Rg curents nol included.

3. VsuppLy = 20V; Ra and Rp = 10k, f 10kHz nominal; can be extended 1000 to 1. See Figures 72 a~d 7b.
4. 82xS) connected between pins 11 and 12, Triangle Duty Cycle set at 50%. (Use Aa and Rg.)
5. Figure 3, pins 7 and 8 connected, VsyppLy = £ 10V. See Typica! Curves for T.C. vs VsuppLy-
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ICL8038
TEST CONDITIONS

| ——
PARAMETER i Ra Rp RL Cq SwWy MEASURE"t
Supply Cumrent 10kQ2 10,2 10kQ2 3.30F Closed Curtent into Pin @ ~
s ————
Sweep FM Rangel’) 10K§2 10kQ2 10k2 3.3nF Open Frequency at Pin g +* »
Frequency Orift with Temperature 10k$2 10kQ 10kQ2 3.3nF Closed Frequency at Pin -~ <+
Frequency Drift with Supply Volage'® 10kQ 10kQ 10k 3.3nF Closed Frequency &t Pin 9-
Output Amplitude: Sina 10k 10k$2 10k$2 3.3nF Closed Pk-Pk output at Pin 2 -
(Note 4) Triangle 10k 10kQ2 10k$2 3.3nF Closed Pk-Pi output at Pin 3o
“
Leakage Current (o3} 10k§2 10kQ) 3.9nF Closed Current into Pin 9 _""
Saturation Vottage {on)( 10507 10kQ N 33nF Closed | Ouiput (low) at Pin g
Rise and Fall Times (Note 5) 10kQ2 10kQ 4.7k$2 3.3nF Closed Waveform at Pin 9
Outy Cycle Adjust  |MAX 50k ~1.6x80 10k$2 3.3nF Closed Waveform at Pin g
{Note 5) MIN ~25k§2 50k2 102 3.3nF Closed Waveform at Pin 9
Triangle Wavetorm Linearity 10k 10k$2 10k$2 3.3nF Ciosed Waveform at Pin 3- B
" Total Harmonic Distorion 1062 10k 10k 3.3nF Closed Wavelorm at Pin 2

NOTES: 1. The hi and lo frequencies can be obtained by connecting pin 8 1o pin 7 () and then connacting pin B 10 pin 6 (%5). Otherwise

apply Sweep Voltage at pin 8 (2/3 Vsyppiy
pin 8 should vary batween 5.3V
2. 10VEV® S30V, or 5V S VaypeLy S 218V °

+2V} = Vsweep S V
and 10V with respect 1o ground.

3. Oscillation can be halted by forcing pin 10 10 +5 volts or -5 volts.
4. Output Amplitude is tested under static conditions by forcing pin 10 10 5.0V then to =5.0V.
[

. Not tested; for design purposes only,

DEF!NITION OF TERMS:
Stipply Yoltage (VsyppLy). The total supply voltage from
V7T to V™ .

Supply Current. The supply current required from the
power supply to operate the device, excluding load currents
and the currents through Rp and Rg.

Frequency Range. The frequency range at the square
wave output through which circuil operation is guaranteed.
Sweep FM Range. The ratio of maximum frequency to
minimum f{requency which' can be obtained by applying a
sweep voltage to pin 8. For correct operation, the sweep
voltage should be within the range

(2/3 VsuppLy + 2V) < VSWEEP < VsuppLY

FM Linearity. The percentage devia}ipr:x from the best-fit .
straigit iing On e conwol voliage versus-outiiifrequency
curve,

Output Amplitude. The peak-to-peak signal ampfitude
appearing at the outputs.

Saturation Voltage. The output voltage at the collector of
Q23 when this transistor is furned on. It is measured for a
sink current of 2mA. -

Rise and Fall Times. The time required for the square wave
output to change from 10% to 90%, or 90% o 10%, of its
final value. i

Triangle Waveform Linearity. The percentage deviation
from the best-fit straight line on the rising and falling triangle
waveform.

Total Harmonic Distortion. The total harmonic distortion

. at the sine-wave output.

SUPPLY where Vgyppyy is the total supply vortage. In Figure 2
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TYPICAL PERFORMANCE CHARACTERISTICS
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Square-Wave Duty Cycle—50%

Figure 4‘: Phase Relationship of Waveforms
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Square-Wave Duty Cycle—80%

DETAILED DESCRIPTION
(See Figure 1)

An external capacitor C is charged and discharged by two
current sources. Current source # 2 is switched on and off
by a flip-flop, while current source # 1 is on continuously.
Assuming that the flip-flop is in a state such that current
source # 2 is off, and the capacitor is charged with a current
1, the voltage across the capacitor rises linearily with time.
When this voltage reaches the level of comparator #1 (set
at 2/3 of the supply voltage), the fiip-flop is triggered,
changes states, and releases current source #2. This
current source normally carries a current 2l, thus the
capacitor is discharged with a nat-current | and the voltage
across it drops linearly with time. When it has reached the
level of comparator #2 (set at 1/3 of the supply voitage),
the the flip-tlop is triggered into its original state and the
cycle starts again.

Four waveforms are readily obtainable from this basic
generator circuit. With the current sources set at | and 21
respectively, the charge and discharge times are equal.
Thiz 2 triznale waveform is created_across the capacitor
and the flip-flop produces a square-wave. Boih waveiorms
are fed to butfer stages and are available at pins 3 and 9.

The levels of the current sources can, however, be
selected over a wide range with two external resistors.
Therelore, with the two currents set at values different from
{ and 2I, an asymmetrical sawtooth appears at terminal 3
and pulses with a duty-cycfe from less than 1% to greater
than 99% are available at terminal S.

The sine-wave is created by feeding the triangle-wave
into a non-linear network (sine-converter). This network
provides a decreasing shunt-impedance as the potential of
the triangle moves toward the two extremes.

WAVEFORM TIMING

The symmetry of all waveforms can be adjusted with the
external timing resistors. Two possible ways to accomplish
this are shown in Figure 5. Best results are obtained by
keeping the timing resistors RA and Rg separate (a). Ra

P B

controls the rising portion of the triangle and sine-wave ax;
the 1 state of the square-wave.

The magnitude of the triangle-waveform is set al 1
VsuppLY: therefore the rising portion of the triangle ks

Cxv Cx%xvsuppLyxRA 5
== 3 = — RaxC
! %5 x VSuPPLY 3

The falling portion of the triangle and sine-wave and thet

state of the square-wave is:

CxV Cx 1/3 VsuppLY 5

2, YsupeLy Iy VsuppLY
5 Rg 5 Ra |

Thus a 50% duty cycle is achieved when Ra = Rg.

If the duty-cycle is to be varied over a small range abos
50% only, the connection shown in Figure 5b is slight+
more convenient. If no adjustment of the duty cycie #
desired, terminals 4 and 5 can be shorted together, a*

- ghown in-Fiaure Sn This connection, however, causes &¥

o

inherently larger variation of the duty-Cydle, ireguendy, ™
‘With two separate timing resistors, the frequency is qrw‘;

by

1+t 5 Rp t
~RAC{1 + ———
2Ra - Ry,

or, if AA=Rg=R
0.3
f--F;E (for Figure 5a)
it a single timing resistor is used (Figure Sc only), ™
frequency is
0.15

RC
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@) (b) (c)
v+ [—-—— vt vt
R A
/
Ra Rs R bt
‘ Ra Rs Re
[} 5 4 [ 4
-+ s 1L [y s UL st L
L, 1CL8038 3 o AA/ s 1CL8038 sb— AN, s 1CL8038 — AA,
0 11 12— N\, 10 1 12— N\, 10 11 12 2' * \f\,
]
=c 2% +c 100% =c a2
! V- or GND - V- or GRO V- or GND
LCR1050 LC01060¢ LCoro70
Figure 5: Possible Connections for the External Timing Resistors

tieither time nor frequency are dependent on supply
votage, even though none of the voltages are regulated
nside the integrated circuil. This ts due 1o the fact that both
canents and threshoids are direct, linear functions of the
supply voltage and thus their effects cancel.

Yo minimize sine-wave distortion the 82k resistor
piiween pins 11 and 12 is best made variable. With this
anangement distortion of fess than 1% is achievable. To
reduce this even further, two potentiometers can be con-
nected as shown in Figure 6; this configuration aliows a
yocal reduction of sine-wave distortion close to 0.5%.

v’
wh
Ra Re Ry
A enn
i ..
. 1CL8038 F—sAN
10 1" 12 12—\ 10K
lc 100k
100k0)
m%
V" or GND
1Ay

Figure 6: Connection to Achieve
Minimum Sine-Wave Distortion

SELECTING Rp, Rg and C

For any given output frequency, there is a wide range of
RC combinations that will work, however certain constraints

are placed upen the magnitude of the charging current for

optimum performance. At the low end, currents of less than
1pA are undesirable because circuit leakages will contribute
significant errors at high temperatures. At higher currents

(I > 5mA), transistor betas and saturation voltages will

contribute increasingly larger errors. Optimum performance

will, therefore, be obtained with charging currents of 10uA
to 1mA. If pins 7 and 8 are shorted together, the magnitude
of the charging current due to Ra can be calculated from:

1 (vr-v7)
x—-

Ryx (V¥ -V7)

" (Ry+R2)

RA 5RA

A similar calculation holds for Ra.

The capacitor vaiue should be chasen at the upper end

of its possible range.

L N R o s w7 ot - il
Whyornm Ui ¢

POWER SUPPLIES

The waveform generator can be operated either from a
single power-supply (10 to 30 Volits) or a dual power-supply

(£5 to £15 Voits). With a single power-supply the average

levels of the triangle and sine-wave are at exactly one-half

ot the supply voitage. while the square-wave alternates

between V¥ and ground. A split power supply has the
advantage that all wavetorms move symmetrically about

ground.

The square-wave output is not committed. A load resistor
can be connected to a ditferent power-supply, as long as
the applied voltage remains within the breakdown capability
of the waveform generator (30V). In this way, the square-
wave output can be made TTL compatible {load resistor
connected to + 5 Volts) while the wavelorm generator itself
is powered from a much higher voltage. -
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Figure 7: Connections for Frequency Modulation (a) and Sweep (b)
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FREQUENCY MODULATION AND
SWEEPING

The frequency of the waveform generator is a direct
function of the DC voltage at terminal 8 {measured from
v*). By altering this voltage, frequency modulation is
performed, For small deviations {e.g.  10%) the modulating
signal can be applied directly to pin 8, merely providing DC
decoupting with a capacitor as shown in Figure 7a. An
external resistor between pins 7 and 8 is not necessary, but
it can be used to increase input impedance from about 8k2
(pins 7 and 8 connected together), to about (R + 8k{2).

The sine wave output has a relatfvely high output
impedance (1kS2 Typ). The circuit of Figure 8 provides
buffering, gain and amplitude adjustment. A simple op amp

oo wEE COUIS alss bo used.~ . L L. [ ¢
v+
RA RS
F— N ¢ 3 JAMPLITUDE
100k | 749
s ICL8038 2
10 11 4T
‘%c M
- v
LCI11
Figure 8: Sine Wave Output Buffer Amplifiers

For farger FM deviaticns or for frequency sweeping n
modutating signal is applied between the positive s
voltage and pin 8 (Figure 7b). In this way the entire bas »
the current sources is created by the modulating signat. &-.
a very large (e.g. 1000:1) sweep range is created ({=¢«
Vsweep = 0). Care must be taken, however, to regukie *
supply voltage; in this configuration the charge currentis >
longer a function of the supply voltage (yet the vig-
thresholds still are) and thus the frequency becom:
dependent on the supply voltage. The potential on Prt
may be swept down from V* by (1/3 VsyuppLy-2

APPLICATIONS |

With a dual supply voltage the external capacitor ok !
10 can be shorted to ground 10 hait the ICL8038 oscilladyr- :
Figure 9 shows a FET switch, diode ANDed with an i |
strehe signgl o allow tha nutnut to always start on the sam
sloge. )

To obtain a 1000:1 Sweep Range on the ICL8038 v
voltage across external resistors Ra and Rg must decresx

-to nearly zero. This requires that the highest voltage &

control Pin 8 exceed the voltage at the top of R and At |
a few hundred millivolts.

The Circuit of Figure 10 achieves this by using a diede ¥
lower the effective supply voltage on the ICLB03S. T
large resistor on pin 5 helps reduce duty cycle vanat™
with sweep.
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The linearity of input sweep voltage versus output fre-
quency can be significantly improved by usmg an op amp as
shown in Figure 11.

USE IN PHASE-LOCKED LOOPS

lts high frequency stability makes, the ICL8038 an ideal
building block for a phase-locked loop as shown in Figure
12. In this application the remaining functional blocks, the
phase-detector and the amplifier, can be formed by a
number of available IC's (e.g. MC4344, NE562, HA2800,
HA2820)

In order to match these building blocks to each other, two
steps must be taken. First, two different supply voltages are
used-and the square wave output is returned to the supply
of the phase detecter. This assures that the VCO input

voltage will not exceed the capabiiities of the phase i
detector, !t a smaller VCO signal is required, a simplei
resistive voltage divider is connected between pin 9 of the
waveform generator and the VCO input of the phasse-’
detector.

Second, the DC output level of the amplifier must be *
made compatitle to the DC tevel requnred at the FM input of
the waveform generator {(pin 8, 0.8V ™). The simpiest
solution here is to provide a voltage divider to V* (Ry, Ra
as shown) if the amplifier has a lower output level, or to
ground if its level is higher. The divider can be made part ot
the low-pass filter.

This application not only provides for a free-running
frequency with very low temperature drift, but it also has the
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unique feature of producing a large reconstituted sinewave
signal with a frequency identical o that at the input.

[] RS E’Q

For further information, see Intersil Appﬁcauo;‘" :
A013, "Everything You Always Wanted to Kriow Aty o
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