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ABSTRACT
This project has applied concept and theory of High Frequency Switching by

using Class-D switching which switched by power mosfet and using load as Spiral Flat induction
coil and C in order to create resonance frequency and get the waveform’s current which show
sine-wave and this will be the cause of magnetic flux from coil and it induce vessel or metal
which is on coil. This cause create induce on vessel.From this concept we can bring to use as
cooker.

In this project we have to use high frequency switching about 100 kHz in
order to create high induced voltage which will increase the heat and it is necessary to consider

characteristic of vessel that which metal they made because each metal doesn’t have the equal

I value of which will bring the unequal induced voltage that result in created heat be different.
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SCL44468

'CMOS PHASE-LOCKED LOOPS

FEATURES

4 Very low power consumption —~ 70 pW {typ)
@ fo = 10kHz, 5Vde -

4 Opecating frequency range {no offset] ~ .
Up to 3MHz (typ) @ 10Vdc {SCLA0468)
Up to 4MHz (typ) @ 1QVdc (SCLAA4EB)

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

4 Choice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlied memory network with
phase-pulse output for tock indication
¢ \'CO Inkibit control for ON-OFF keying and
ultrs-low standby power conssmption
¢ High VCO linearity 1% (typ)
¢ Source-follower output of VCO control input
< (Demodulator Output) :
€ Zener Diode to assist Supply Regulation .
€ Bslsnced Qutput Drive Current Specifications

APPLICATIONS

FM demodulator and modulstor

Frequency synthesis and muluplication
Frequency discriminator

Data synchronizstion

Volisge-to-trequency converson .
Tone decoding

FSK-Modems

Signal conditioning -

L % X R R Y

DESCRIPTION

The SCL40468 snd SCL4ELA6B phese-locked
100ps- contain two phase comparators, 8 voltage-
controlled oscillator (VCO), soutce follower, and
2ener diode. The comparators have twoO common
inputs. The Signal inout can be used directly
coupled to’ large voltage signals, or indirectly
coupled {with 3 series capacitor} 10 small voltage
s:gnals. The se'f.bias circuit acusts smatl voitags
signels in the linear region 0f ™e amplitier. Pnase
COMPaIdo! I ian excluswe-OR gete) provides a
cigital ereor 3i9nal PClLy ¢, and maintaing 80° phasc
shift 8t the center fiequency betweer Senal 343
Comparator inputs {both at 0% Cuty cyciel. Phav
compaer 810t I fw.th leading edge sensing fogic) pra-
vides diGital erior signals PCI o, and Phase Fulses,
and maintaing a8 0° phase stift betwesn input
1.gnals {Outv cycte 1g smmptenal), The linesr VOO
prooucrs an output signal ¥ 0p .« whose frecueniy
s Cetermineg by the vefiage of input VIO, <«
the cavacitcr snd resmiors conresssa 1o ruts G,
Cig. R1, ang B2, The scurce ‘oiiower cotoul
Demon Out, willy tnarapragl s mestn, g1 a0y wnees
the VEQ.n s1gnal i3 neeced Dot 10 i0ivirg Cen bBE
tcteratect. The intubit ingut Inh, when high, 0isadies
the VCO end source (oflower 12 minmite stancty
power tonsumption. The zener <inde can be used
10 &2L2111 10 power supply tequlancn,

‘

CONNECTION DIAGRAM
{all packages)
ZENER DEMOD OUT
G P vCcoO
Voo SN 60Y R2 R1 | TN
{ | { ! ] i t !
16 15 14 13 12 11 10 9
SCLA04EB SCL444a6B
1 2. 3 & S 6 1 8

PCl
ouT

PHASE
PULSES

ouT

cOmP
IN

VCO ivH CY C1 V

tA} 8)

Add swifix for peckage:;

C 16-pin Cerdip
D 16-pin Ceramec-
E 16-pin Epoxy

F  16-pin Flat

H Che

SS

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

OC Supoty Volitage
Operating Tempersiure

C. D, F, H Device

E Device

Vop-
Ta

Vss 3to

55 10 +125

-40 to
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SCLAD4EB, SCL4446B

VCO SECTION

The VCO requires one external capacitor {C1)
and one 10 two external resistors (R or R1 and
R2). Resistor R1 and capacitor C1 determine the
trequency range of the VCO and resestor R2 en-
ables the VCO to have 3 frequency offset if re-
quired. The high input impedance (10°3Q) of the
VCO simplifies the design of low-pass filters by
permitting the designer 3 wide choice of resistor-to-
zaoacitor ra110s. (n order not to 102C the low-pass
filter. a source-foliower output of the VCO input
voltage s proviced at terminal 10 (DEMODULA.

TOR OUTPUT). If this terminal is used, 3 load
resistor {Rg) of SOk2 or more should be connected
from this terminal to Vgs. It unused, this terminat
should be left open, The VCO can be connected

" directly or through frequency dividers to the com-

parstor input Of the phase comparators. A full
CMOS logic swing is available at the output of the
VCO. A logic O on the-INHIBIT input “enables”
the VCO and the source follower, while a logic 1
“turns of{” both to m-mmaze stand-by power
COI'\SUMDHOI’I

‘ l , PHASE COMPARATORS

The phase-comparator signal input (terminal 14}
can be direct-coupled provided the signal swing s
within CMOS logic tevels [ logic 0°< 30% (Vpp .
vss) logic “1* & 70% (Vpp-Vgs!]. For smaller

swings the signal must be capacitively coupled to

the selt-biasing amplifier at the signal inout.

Phase comparstor [ is an exclusive-OR rmwork
it operates anslogously 10 an over-driven balanced
mixer, TO maximize the Jock range, the nignal and
¢amparator-nput freouencres must have 2 50%
outy cycle. With no signal or nose on the signat
put, this phase comparator has an ave-age output
voitage equal t0 Vpp:2. The lowpass lilter con-
necied 1O the outlput 0t phasé comparator I suppiies
the averaged voltage t0 the VCO input. and causes
she VCO 10 osciiate at the center trequency (fo).

The frequency range of snout signals on which
the PLL will lock, if it was initisity out of lock,
1s defined as the frequency capture range (21.),

The freauency range of input signals on which
the 100p will stay locked if.it was initially in lock is
Cefined as the frequency tock range (2f ). The
capture range can not exceed the fock sange,

With phase comparator I, she range of {requen-
cies over which the PLL can acaue Jock {capture
range} is dependent on the low-pass-{dhter character-
isics, and, can be made 2s large as the lock range.
Phase-comparator Ienablesa PLL system to remain
n jock n soite. of hogh amounts of aoise in the in-
put signal,

One characteristic of this type of phase com-
parator is thet it may lock onto input frequencies
that ere close to harmonics of. the VCO center-
frequency. A second charactenstc is that the phase
angle between the signal and the comparstor 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 1. Typical weveforms for a CMOS
phase-locked-iocop emploving phase comparator 1
in locked condition is shown in Figure 3.

>
i
g AVERACE OUTPUT
& VOLTAGE
§ Voo
e
2
&
Vi
3 Voorz
("]
O
s
- 2 1 . -
g o %o° o

SIGNAL-Y0- COMPLRATOR"
WPUTS PrAaSE D# FERCNCE

Fig. 2 — Phase-compsrator I :h.ra:t'-rinici at
low-pass filter output.

PHASE COMPARATOR I

tnoui Siste

SIGNAL INPUT TERM ul_! l I l
vCO OUTPUT {TERM & ) .
COMPARATOR tHPUT l I l

{TERM YD
Prast COMPARRTCR X - n r—
CUTPUT (TEHM. Z.:' ...r

¥CO INPUT (TCRM 910 ° WW
LOW-PASS FILTIK -
ouTPUT - Vs

Fig. 3 — Typical waveforms emploving phase comparstios Ilin tach e condifion ’



SCLA0468B, SCLAA4EB .
~
tagut S1ove
L B Y
) Comp
in tn
PCILOut ° Nt Dasenmecten '
Phase Pulses ° ' °

vCO OUTPUT (TERM 4]
. COMPARATOR INPUT
* {(TFAM 3 )

SIGNAL INPUT (TERM #a) g1

PHASE COMPARATOR -V
OUTPUT ?7““, ,3°| o -JL —— e} = — e —g— - []+]
<" -Vss
I PO (1)
VCO INPUT (TERM 9)e — {; P
LOW-PASS FILIER ~Vss
ouUtPUT ’ )

“prasp puLse ean |

NOTE: DASHED LINE IS &% CPEN-CIRCUIT CONDITION

R

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

* Phase-comparator II is an edge<controlied digital
memory network. It consists of several flip-liop
stages, control gating, and 8 threec s:ate output
circuit comprising p- and n-type drivers hawing a
common output node. When the p-MOS or n-MOS
Crivers are ON, they pull the output up 10 Vpp Of
down to Vgg, resoectively. 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 sre nNot important
s:nce posilive transitions control the PLL system
utilizing this type of comparator. H the signal lags
the ‘compsrator input in phase, the n.type output
driver is maintained ON fof 8 time corresponding
t0 the phase Cifference. If the comparator snput
lags the signal in phase, the p-type output driver is
mamntained ON for 8 ume corresponoing to the
phate ci!!erence. Subsecuently, the czpacitor voit-
;2 of the iow-pass tdter caanected to this phase
ccmparator s acjusted until the signal anc com-
Parator ;nputs are equzl in both phase ano frecuen-
Cy. At this stable point, both p- ano n-type surput

N

drivers remain OFF, Thus, the phase comparator -
output becomes an open circuit and holds the volt-~
age on the capacitor of the tow pass filter constant.
Moreover, the signal 3t the “Dhase pulses™ outout is *
a twgh lével’ which can be used for indicating a
iocked condition, Thus, tor phase comparator IL
no phase dif{erence exists-between sicraf and com-
parator :nput over the full VCO frequency range. -
\oreover, the pcwer dissipation due 10 the low-
pass filter is reduced when this type of phase com-.
paratGr 15 used beca.se both the p- and n-type
output drivers are OFF for most of the wgnal.
mnput cycle, R
. 1t shouid be noted that the PLL iock range for
thes type Of phase cOrnparator s’ equal 10 the cao-

" ture range, 1Cependent of the low-pass filter. With

no signal present Zi the tignal mput, the VCO o
2Siusted 10 ot iowest {raSuency ot phawe com:
parator II. Figure € shows typical wavelSrms for
a CMOS PLL erhpioying phase comgarator I 1h &
fccara condition, R
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" DESIGN INFORMATION --
“This information is 8 guide for approximating R1,R2 328, Rg = 10k82
the welues of _external components for °the C1 > 15pF )
In addition 10 the given design information refer

SCLA046B and SCL 44468 n 3 Phase-Locked Loop .
system, The selected eaternal components must be to Figure 5 for R1, R2, and C1 component selec-

within the foliowing ranges- tions,
ULING PHALL COMPARATOR T USING PrASt COMPARATON TT
- VCO WITHOUT OFPN4 T wCO MTH 0P FILT VCD WtTHOUT Orese T VO WiTH OFPSE Y
CnARACTENISTICS fye = . ° fye =
0 ! {1 o
. . ‘~u-.'--—-7- l-.%:--,'"
“t i '.-—4—* N
3Fcew, '
vCO #renvecy / "
‘en 2 Yoy .
T " o Vie - o'l »o'? %o )
~ v Pyt «nTall (G er,° 0 'a6( O ePyt v "a6t wC) WPyt vl TAGE ]
. .
VCO o PLL symrem vl adpunt

_For No Sugnet taput | VCO PLL vitem emit sthon s évmre trvaventy.fo 10 1OwrIt GO BTIRG HreIeneY. T ©
27 = tuit VCO treauency range °

Frouugnry Love Range 2 200 tman=tomn

+eoourncy Capture - ot
Bonge, 2¢ A NWe—O ’
Lo eeser =2 21c at 200
. e 3ez =i [ .
v ’ - ’
. Loop e et n
nent e} k0
Sesoc1e0n ~ C i )
ae
) o0 2¢C soe Rel | .
- =2 *
M - :
Prose Angir Ortween D0° ot contee treauency t], eooronmeting €0 eno u-m 0° 1ot
S.gnel and Comoerator 180° o1 enchs of loch ronge (21}
" Lofre 0n Harmonscs 0f [ ¥4 [
Comter Freqguency " .“o
St oyt Nose ’ ongh Low
Rowre ron D — -
~. 0 - Gven 4 =Gven ¢ enaty = Goved. fnga = GAn B e
- Uiy win Fighe to - Cacuiere tor, o, frOm = Corcu'ore g trom = Une tre wwtn 19 30
Ouiermine AY ana C1 ™o eowmiiOn "¢ #OustiOn 10 ovrermrne R7angCY
Swwn =l - 1 “. fran ‘moa
= Lo lonon wminfog. SO ° 2 = Calcviere trom
. to gevecmune R2 andCY| _ Use 1o, weth Fug.Se 10 1 )
. - man
R nan. ortermng RS gng Tt - —
veo ~Carcvrore P * e foren, = Fas
Comgronent N R NOM the sOus tiOn ) to o iy
Sewetrion . . e BpefL ’ nte A2AY ©
. - : ode-a RY
foun a sy :
. fonge
- U (== win
- ' B
$og 5L W Uetesmine
B . - w0 A2 e 0oten
. ar

REF.G.S. Moschytd, "Minaturized RC Filters Lteid Phese Locreo LOOD™, BSTJ, May, 1965, .



SCLAO4L6B, SCL4AL46B . L. .
ELECTRICAL CHARACTERISTICS "** ; o

N 3 . 2
PARAMETER Voo | ‘conpimions |- Ttow' | +3%C T ynin
- vdc) Min, ; Max. . Min.; Typ., Max.: Min_ ! Max.
QUIESCENT DEVICE Hoo o : '
CURRENT : $ iinhibr 7 Vg - ! 5 ! . - 1005 5 — {150 lpAdc
: 10 {S«qnat tnput » - 1101 - 00 10 -~ { 300
- 15 Veo { - i 20! -102 {20t - | 600
TOTAL POWERDISSIPATION P; fmneve, 0L i
veo,- Yar ¢ ! ;
jtortonm:? i1 L |
5| Cu=150F = _, I —joo7i - -1 - mw
wiRYeam2, b gy =4 -} o]
15 | R2=Rg== & _ ¢ _ l “lz2ea i =1 | -1
NOTES: ! Ren;ammq Static Electrical Characteristucs are isted under “SCLID00B Serres Family Specificatsons™.
? T ow = -55,C for.C. D. F, H devce.
© et0” ComEumce
Tengm ® «125°C10¢ C.D. F, Hdev-ce. _
‘e« BS*C for E aevice. ) *
? VCO Gutput (oin 4) anc Phate Comoamov Outouts (pins 2 and 131 hlve been designed for
batanced output crive current spectlicitions Consuit Family Soecifications. N
PARAMETER - ~ 1 conomons | v xc Lo
) 1 ) ob Min, |  Tvp. ! Max, l .
VCO SECTION . ]
MAXIMUM OPERATING] fm,. H |
‘Fneoumcv i i
SCL40468 . A1 C1 {
R2ww 10k S0pF | - 5 0.5 08 - MHz
NCOw * Voo 10 1.0 15 -
: ! s 13 1 19 -
Sk S0pFi 5 06 | 10 - | mHz
10 14 21 -
- 15 - 1.8 l 23 -
AsF' 5 - | 13 7| - | mHz
! 10 - | 29. -
. . | 1s - 38 -
SCLes4a68 RZ2 = R C1 ! t .
VCOw =Voo | 10 S00F! & 07 ' 19 - MHz
i 10 1371 20 -
i 15 1.9 28 -
Sh S00F:. 5 09 | 13 - 1wz
710, 19 |29 -
i .18 26 39 -
2 SOpF! 5 - 1 18 - MHz
¢ 10, - 139 -
¢ : 15 ! - . 54 1 -
LINEARITY " |R2ve ; i i .
VCOW # 25:0.3V, S 1 I
. RI>UND . : ’ i
H VEO\*$0225v., . . 10 , =~ i - T
. . i A1 >400%51 : ) i !
- 1 VCO,, * 7.625.0V, s i - 1 e
! R12>1MQ L i .

o n e, -




.

ELECTRICAL CHARAhTE RISTICS (Continued).

~

SCL40468, SCL44468

t . . - +25°C
PARAMETER _ CONDITIONS L Voo M T v T o] WMT
VCO SECTION (Continued) -
TEMPERATURE-
FREQRIENCY
STABRITY ]
; No Offset R2=e - 5 - 0.120.24 - «°c
. 10 - ©.04.0.08 -
. i 15 - 10015003 ! -
H with Otfset R2< 10X R1 o [ - 0.06-0.12 - %°¢
! - . ST - 0.05-0.1 -
. 4 1 15 - 0.03-0.06 -
{ INPUT RESISTANCE Run ; : ’
L veo,,) s, 10,15 ¢ - 10° - lma
; OUTPUT DUTY, All valid 1nput comibun- i .
:CYCLE 3tions and voltages ¢ - 50, — %
OUTPUT TRANSITION 1. 1., . ; i
i TIME J T T e, - s0oF s - 100 200 |ns
! : 10 - 50 190 |
{ 15 - 40 80
. PHASE COMPARATORS
INPUT RESISTANCE I
Sgnat Input | Ry 5 1 3 - Mn
i 10 02 0.7 -
' TS 0.1 03 -
i Comparator Rin {5. 10,15 ‘ T 10* - mMQ
L] input
tACCOUPLED INPUT  [Viw .
SENSITIVITY
Signal tnput S - 200 400 | mv .
” : 10 - 400 800
. . 15 - 100 1400
OUTPUT TRANSITION .
TIME p
. . PCLPCT Ty gt - 5 - 1100 200 | as
Q:nputs C, * S50of 10 - SO 100
l / ’ 15 = 40 80
!
' Phase Pulses  [tygpe. tran S - 130 260 3
Output 10 - - 65 130
15 - $0 100
DEMODULATOR OUTPUT .
OFFSETVOLTAGE  {VCOun-
le [v] Rs> SOkD 5 - 1 ~‘. 2.2 vdt
10 - - 1.6 22
e . 15 - 1.8 22
LINCARITY T |Rgrsmn2 )
VCO = 2.5:0.3V 5 - .04 - 11
VCO, v 5.042.5V 10 - 0.6 -
. - |¥£O.y » 7.5:5.0V 15 4 - 0.8 -
: ZENER DIODE .
¥ ZENER VOLTAGE vz Iz = S0.A - | e3 | 10 Vo L
-3 DYNAMIC Az Iz = 1mA T, I D - 100 | ' ~ ] ?
{ RESISTANCE : - .
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MC14093B

ELECTRICAL CHARACTERISTICS (Vohages Referenced to Vss)

V] -55°C 25°C 125°C
Characteristic Symbol V?,E Unit
Min Max Min Typ # Max | Min Max
Output Voltage "0" Level 5.0 —_ 0.05 - 0 0.05 — 0.05
Vin = Vpp or 0 VoL 10 — 0.05 — 0 0.05 — 005 | vde
15 _ 0.05 —_ 0 0.05 - 0.05
; “1" Level 5.0 495 — 4.95 5.0 _ 4.95 _
| Vin = 00r Vpp VoH 10 9.95 - 9.95 10 - 9.95 — vdc
' 15 14.95 _ 14,95 15 — 14.95 —_
Output Drive Current
{(VOH = 2.5 Vdc)} Source 5.0 ~3.0 —_ -24 -42 - -17 -
| (VOH = 4.8 Vdc) o1 s0 | ~064| — | -051| -088 — | -038| — |made
’ (VOH = 9.5 Vdc) 10 -1.8 — -13 ~-2.25 - ~-0.9 —
(VOH = 13.5 Vde) 15 ~4.2 — -34 -88 —_ -2.4 —
! (VoL = 0.4 Vdc) Sink 5.0 0.64 — 0.51 0.88 - 0.36 _
(VoL = 0.5 Vdc) ot 10 16 - 13 225 - 0.9 — | mAdc
(VoL = 1.5 Vdc) 15 42 — 34 8.8 —_ 24 —
fnput Current tin 15 — =01 —_ +0.00001| =0.1 = 21.0 | pAdc
Input Capacltance Cin — _ - - 5.0 7.5 - —_ pF
(Vin = 0)
Quiescent Cutrent Iop 5.0 - 025 — 0.0005 | 025 — 75 | uAde
(Per Package) 10 - 0.5 — 0.0010 a5 — 15
15 -— 1.0 - 0.0015 1.0 — 30
Total Supply Cument®*t T 5.0 It = (1.2 uAXHZ) | + IDD uhAde
(Dynamic plus Quiescent, 10 IT = (24 puAKHZ) I + DD
Per Package) 15 H = (3.6 uAKHZ) I + DD
(CL = 50 pF on all outputs, all
butters switching)
Hyslere'sls Voltage VHt 5.0 03 2.0 0.3 11 20 0.3 20 Vde
10 1.2 34 1.2 1.7 34 1.2 34
15 1.6 5.0 1.6 2.1 5.0 1.6 5.0
Threshold Voitage
Positive-Golng Vr+ 5.0 22 38 22 29 36 22 3.6 Vdc
10 4.6 741 4.6 59 74 4.6 71
15 6.8 10.8 6.8 8.8 10.8 6.8 10.8
Negative-Going V1 5.0 0.9 28 0.9 19 28 09 28 vde
10 25 52 25 39 52 25 52
15 40 7.4 4.0 58 74 40 74

#Data labélied “Typ” Is not 10 be used for design purposes but is

intended a8 an indication of the IC's potential performance.

*“The formutas given are lor the typical characteristics only at 25°C.

1To calculate tolal supply curent et loads other than 50 pF:
H{CL) = {50 pF) + (CL — 60) Vik

whers: b o A o packagel, CL ingF; V= (Vop = Vss) v,
1 in kHz is input frequency, and k
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TECHNICAL DATA

Power Field Effect Transistor
N-Channel Enhancement-Mode

Silicon Gate TMOS

These TMOS Power FETs are designed for low
voitage, high speed power switching applications
such as switching regulators, converters, solenoid
and relay drivers.

®, Silicon Gate for Fast Switching Speeds

IRF520
IRF521
IRF522
IRF523

Tu

TMOS POWER FETs
7 and 8 AMPERES
DS(on) = 0.3 OHM
€0 and 100 VOLTS

® Low rpg(on) 10 Minimize On-Losses. Specified at
Elevated 'Ilemperature TMOoS rDS(on) = 0.4 OHMS
® Rugged — SOA is Power Dissipation Limited 0 60 and 100 VOLTS
e Source-to-Drain Diode Characterized for Use With
Inductive Loads
G
CASE 221A-04
$ {T0-220A8}
. OUTLINE DIMENSIONS
MAXIMUM RATINGS -
IRF -
Rating Symbol Unit LI gt .
520 | 521 | 522 | 523 L f
Drain-Source Volitage Vpss | 100 | 60 | 100 | 60 vdc oJ B 2 J—
Drain-Gate Voltage Vpgr | 100 | 60 | 100 | 60 | Vdc 4 ﬁ—‘ v
(Rgs = 20 kQ) J «
: 1
Gate-Source Voltage VGs =20 vde
Drain Current ’ Adc vefitd _j._ ,.
Continuous, T¢ = 25°C D 8 7 o fo
Tc = 100°C 5 4 I
Peak, T = 25°C 32 28 STEE
Total Power Dissipation @ Tc = 26°C Pp 40 Watts 3o
Derate above 25°C 0.32 wre o
L
Operating and Storage Temperature Range TJ. Tstg —55 to 150 “C ‘-““T"W’“"‘
THERMAL CHARACTERISTICS ol e A TEnE et A DY D
l " INFEGULANTIES AN
rThermal Resistance — Junztion to Cnse. Rayc 3.12 CwW rm
— Junction to Amhient RgJa 62.5 R AELY
Maximum Lead Temp. for Soldering Purposes, T 300 “C w T
1/8” from Case for 5 Seconds
b
See the MTP1ON10E Designer's Data Sheet for 8 complete set of design curves for the product on dﬂs data shest. [ :_E_._Lﬂ_.. Ll A
‘ e
0 F3:]
- 14 0
T}
iR
HA
1% -
=] 2] = ] som




IRF520-523

ELECTRICAL CHARACTYERISTICS (Tc = 25°C unless otherwise noted)

[ Cheracteristic Symbol |  Min Mx | unkt
OFF CHARACTERISTICS
i Drain-Source Breakdown Voltage V(BRIDSS Vde
(Vgs = 0, Ip = 0.25 mA} IRF521, IRF523 60 -
IRF520, IRF522 100 —_
Zero Gate Voitage Drain Current Ipss mAde
{(Vps = Rated Vpss. VGs = 0} —_ 0.2
{(VDs = 0.8 Rated Vpss. VGs = 0. Ty = 125°C) — 1
' Gate-Body Leakage Current, Forward IGSSF -— 100 nAdc
(VGSF = 20 Vdc, Vps = 0)
Gate-Body Leakags Current, Reverso - IGSSR — 100 nAdc
{(VGSR = 20 Vdc, Vpg = 0}
ON CHARACTERISTICS*
N Gate Threshold Voltage VGS(th) 2 4 Vde
(VDs = VGs. Ip = 0.25 mA}
Static Drain-Source On-Resistance rpS(on) Ohm
(VGs = 10 Vdc, Ip = 4 Adc) IRFS20, IRF521 - 03
IRF522, IRF523 - 04
On-State Drain Current (Vgs = 10 V) ID{on) Adc
{Vps > 2.4 Vdc) IRF520, IRF521 8 —
{Vpg > 2.8 Vdc) IRF522, IRF523 7 —_
Forward Transconductance : OFS mhos
(Vpg » 24 V,Ip = 4 A) . IRF520, IRF521 1.5 -
(Vpg »28V.Ip = 4 A} IRFS22, IRF523 1.5 —_
DYNAMIC CHARACTERISTICS
fnput Capacitance Ciss — €00 pF
- (Vps = 25V.Vgs = 0, -
Output Capacitance f = 1 MH2) Coss 400
Reverse Transfer Capacitance Crss - 100
SWITCHING CHARACTERISTICS*®
' Tumn-On Delay Time tdion) — 40 ns
Rise Time . {VpD ~ 0.5 Vpss. Ip = 4 Apk, t — L
Tum-Oft Delay Time Rgen = 50 Ohms) tg(off) - 190
Fall Time t — 70
Total Gate Charge Qg 13 (Typ) 15 nC
(Vps = 0.8 Rated Vpss, —
Gate-Source Charge VGs = 10 Vdc, Ip = Rated Ip) Qg 7 (Typ)
Gate-Drain Charge Qgd 6 (Typ) -_
SOURCE DRAIN DIODE CHARACTERISTICS®
R 1
Forward On-Voltage (s = Rated Ip, Vsp 1:4 {Typ) 1 231 l vdc
Forward Turn-On Time vgs = 0} ton Limited by stray inductance
Reverse Recovery Time tr 280 (Typ} I - I ns
INTERNAL PACKAGE INDUCTANCE
Internat Drain Inductance . (] nH
M d from the screw on tab to center of die) 3.5 (Typ) -—
{Measured from the drain lead 0.25" from package to center of die) 4.5 (Typ) —_
Internal Source Inductance L
{Moasured from the source lead 0.25" from package to source bond pad) 7.5 {Typ) —_

*Puise Test: Pulse Width < 300 us, Duty Cycle < 2.0°%.
~ {1} Add 0.1 V for IRF520 and IRF521.
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TECHNICAL DATA

IRF840
IRF841
IRF842
IRF843

N-CHANNEL ENHANCEMENT-MODE SILICON GATE
TMOS POWER FIELD EFFECT TRANSISTOR
These TMOS Power FETs are designed for high voltage, high

speed power switching applications such as switching regulators,
converters, solenoid and relay drivers. -

® Silicon Gate for Fast Switching Speeds

@ Low fDS{on) to Minimize On-Losses. Specified at Elevated
Temperature

® Rugged — SOA is Power Dissipation Limited

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

Part Number | Vpgg 'DS{on) [}
IRFB40 600V | o850 | soA
IRF841 450 v 0.85 N 80A
{RFB42 500 v 1.100 70A
IRF843 450v 1100 70A

are given to facilitate “worst case™ design.

D
. [ —c
e
Ve
™ G o J e
A
T™MOS G 1 W
s P 1 L |
LS
J ,
MAXIMUM RATINGS . i .
Ratl Symbol o Unit v "E‘ f !
n|
i m 840 | 841 | 842 | sa a—p fo
Drain-Source Voltage vpss 500 450 500 450 [+ vde [ .
Drain-Gate Voltage VDGR 600 450 500 450 Vde
(Rgs = 1.0m0) s
Ilﬂ
1
Gate-Source Voltage vGs *20 Vdc e
Draln Current Adc Loun
Continuous b 8.0 70
Pulsed ipm 32 28
Total Power Dlssipation Po b m HOTASMRG RN
@Tc = 25C 125 Watts :mznnAmut:.mmun
Derate above 25°C 1.0 Wrc ~E
Operating end Storage T4 Tstg -5510 150 ‘<
Temperature Range Em_sa__&
THERMAL CHARACTERISTICS "
TN
Thermal Resistance oW . )
Junction to Case Raic 1.0 i
Junction to Ambient RaJa 62.5 ]
Maximum Lead Temp. for T 275 c [ as ] sul
Soldering Purposes, 1/8" —tﬁ-—"ﬁ——
from Case for 6 Seconds o ]
12
See the MTP8N4S5S Designer’s Data Sheet for a complete set of design curves for the TN R R T
product on this data sheet.
The Designer’s Dats Sheet permits the design of most circuits entirely from the infor- CASE 221A-04
mation presented. Limit curves — representing boundarles on device characteristics — TO-220AB .




IRF840-843

ELECTRICAL CHARACTERISTICS {Tc = 25°C unless otherwise noted)

l Characteristic Symbol [ Min Max l Unit
OFF CHARACTERISTICS
Drain-S Breakdown Vol V(BRIDSS Vde
(VGs =0, Ip £ 0.25 mA) IRF841, IRFB43 450 -
IRF840, IRF842 500 —
Zero Gate Voltage Drain Current 1pss mAdc
(Vps = Rated Vpss. VGs = 0) - 0.25
(Vps = 0.8 Rated Vpss. VGs = 0. Ty = 125°C) - 1.00
Gate-Body Leakage Current, Forward IGSSF - 500 nAdc
(VGsE = 20 Vde, Vps = 0}
Gate-Body Leakage Current, Reverse 1GSSR - 500 nAdc
(VGSR = 20 Vdc, Vps = 0}
ON CHARACTERISTICS*
Gate Threshold Voltage VGS(th) 20 4.0 Vdc
(Vos = VGs. 10 = 0.25 mA) .
Static Drain-Source On-Resistance fDS(on) Ohm
{VGs = 10 Vdc, 1p = 4.0 Adc) iRFB40, IRFB41 - 0.85
1RF842, IRFBA3 - 10
On-State Drain Currant (Vgg = 10 V) ID(on) Ade
{Vps = 6.8 Vdc} IRF840, IRF841 80 —
Vps = 7.0 Vde) IRF842, IRF843 70 -
Forward Transconductance 9FS ’ mhos
(Vpg =68V, Ip=4.0A) IRFB40, IRF841 4.0 —
(Vps» 7.0 V.Ip=4.0 A} 1RFB42, IRFBA3 4.0 -
DYNAMIC CHARACTERISTICS .
Input Capacitance C; — 1600 F
d pac (Vps =25V, Vgs 2 0. 122 P
Output Capacitance 3 1.0 MHz) Coss — 350
Reverse Transfer Capacitance Crss - 150
SWITCHING CHARACTERISTICS®
Turn-On Delay Time td{on) - 35 ns
Rise Time (VoD ~ 200 V, Ip = 4.0 Apk, tr - 15
Tuen-Off Delay Time Rgen = 4.7 Ohms) td{off) —_ 90
Fall Time ¢ Y — 30
Tota! Gate Charge 40({T 60 nC
L (VGs=1Q V. Vps = 0.8 x 9% vel
Gate-Source Charge Rated Vpgs. Ip = Rated Ip) Qgs 20 (Typ) —
Gate-Drain Charge qu 20 (Typ) —_
SOURCE DRAIN DIODE CHARACTERISTICS®
Ferward On-Valtage (s = Reted Ip, Vsp — [ e | wvae
Forward Turn-On Time Vgs = 0) ton Limited by stray inductance
Reverse Recovery Time ter 600 (Typ) | —_— I ns
INTERNAL PACKAGE INDUCTANCE ({TO-220)
internal Drain Inductance ] I [ nH
(Muasured from the contact screw on iab to center of die) 3.5 (Typ} -
(Measured from the drain lead 0.25° from package to center of die) 4.5 (Typ) —_
internal Source Inductance Ls 75 (Typ) -
{Measured from the source lead 0.25" from package to source bond pad)

“Pulse Test: Puise Width < 300 us, Duty Cycls € 2.0%.
{1} Add 0.1 V for IRFB40 and IRFB41.
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raterial characteristics

Material Symbol| Unit | HS6Z [ H55Z | H54Z | HS3Z | H 52A | H52B ] H52Z | HS1A | H51Z

- . n 17 50 130 250 800| 1200 1200 . 1200

Initial permeability Wiac +209% | +20%| *+20%| +20%| +20%| t20%| +20%) £20% +15%
<200| <w0| <e0| <3| <] <20] <5 < 3 <S5

tan§ - | 40MHz| 40MHz 5 MHz| 1 MHz| 1 MHz|0.5MHz | 0.1MHz | 0. IMHz | 0. IMHz

Relative loss tacter a | X10 <50 <20| <s80| <120| <60f <4 <12 < 8 < 4

100MHz | 100MHz [ 10MHz| 1OMHz| 5 MHz | 1 MHz 0.5MHz | 0. SMHz | 0. SMHz

Temperature factor

—30~20°C ’ 3~10 1.5~7 0.3~2
20~55°C aur | X107 0~2

20~70°C 4~20 3~10 0~5 1.5~7 .0. 2~2| 0.2~1
Gauss | 2000| 2100| 2500] 2000| 3300 3%00| 3800| 4650| 4650

Saturation fiux density Bs
mT 200 210 . 250 290 330 390 380 465 465
Gauss | 100| 1200] 1300| 1e00| 2200f 1700] 1600|1500 1500
Residuat flux density - Br - -
mT 110 120 130 160 220 170 160 150 150
Oe 12 10 8.0 3.0 2.0 0.7 0.5 0.5 0.5

Coercive force Hc
A/m . 960 800 640 240 160 56 40 40 40
' X10-* ' : <1.8| <o0.s| <06 <o.4
Hysteresis materia! constant nB mT | : . 10kHz| 10kHz| 100kHz | 100kH:
Disaccomodation factor DF X10-¢ < 50 <50 < 30 <2 <10 <2 <10 < 6 < 4
Curie temperature Te ‘C >450| >4s0| >4o0| >350| S>30} >B0( >0 >2000 >
Resistivity P Q-cm 10* 108 10% 10% 100 | 500 500 500 500
Density d g/cm? 4.3 4.3 4.5 4.5 4.4 4.6 4.7 4.7 4.

‘ote : 1) The values were obtained with toroldal cores (FR25¢/15¢/5).
2) The values were obtalned at 232 °C unless otherwise specified.
o 3) initial permeability were measured at 10 kHz, 0.8 A/m.

~

w




— - - S (/
41218 | H2Z |HBB|H4B|H24A|H24Z | H25Z [ H28B [ H4IN | H49B| H45 | HE3 |HE3B{ HAZA|HE3A
2o00] 2000] 3soo| 4000| so00| 7000| 12000{ 3500|1600 1700[ 2500{ 2500 2000 2400| 1250
400% | +20% | +20%| £20%| +20%| +25%| £309%| £20%| +20%| £20%| +20%| £20%) +20%| +20%| £20%
<a5| <25| <30] <158 <4| < 7| < 8] <sm| <5 <8 < 4 < 4 <5 <5 <3
100kHz | 100kHz] 10kHz| 100kHz| 100kHz| 10kHz| 10kHz| 100kHz 100kHz | 100kHz | 100kHz | 100kHz | 100kHz | 100kHz | 100kHz
b,
43
U.‘ -~
0.5~210.4~1.2| 0~2.0| 0~1.5|-0.5~2| 0~2.0 /
' , 0~1.5| -3~3 /
0.5~2[0.4~1.2| 0~2.0| 0~1.5-0.5~2| 0~2.0
nodl 4200|4000 4400| 4s00| a000| 4000| " 4700| so0| s300| 470| 5200| 5000]\ 4800| . 4700
410 420 400 440 450 400 400 470 500 530 @ 520 500 480 470
“J100 800 90| 1500| = 1500 90| 90| 1000| 1s00] 1800| toca| 1200 1500 1200 3100
10 80 %0 150 150 9| 9% 100 150 180] 00| 120 150 - 120 310
0% o] op| o13| o13] o3| oos] o020| o1 02| o016 016 016 016 02
2a.0] 120| 24.0] 104 10.4] 10.4 a0l 60| 128 10| 128 128] 128 128 20.0
<04| <o4| <o <ro| <ol <ol <1o| <08 .
10kHz| 10kHz| 10kHz| 10kHz| 10kHz| 10kHz| 10kHz| 100kHz
<10] <20| <30] <30| <3.0| <30 <20 <30
sie0]° >0 >128| S| >us| >1is| >1zs| >0 Sz0f >0 >20f >0 >200) >0 >0
400 500 20 20 10 3 3 100 00| 1000] 100 100] 100 100 1000
\
4.8 4.8 4.8 4.8 48| - 49 4.9 4.8 4.8 48| 48| 48] 48| 48 4.7
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Michea! gulko and Sam Ben-Yaakov , * Current-SourcingPush-Pull Parallel-Resonance Inverter
(CS-PPRI) Theory and Application as a Huorescent Lamp Driver " JEEE 0-7803-0982-0/93
Muhammddh. Rashid , “ Power Electronics Circuit,Devices,and Application ™ Second edition
, Prentice-Hall , Inc , 1988
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« Introduction To Ferrite * , 135 gadalne Audawsdua 41iin

“ Motorola Power Mosfet Transistor Data ", Q2/89 DL135 REV3

“ Motorola Cmos Logic Data *, Q4/91 DL131 REV3





