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ABSTRACT
In this thesis, analysis and design of Zero-Current Switched (ZCS) Quasi-Resonant (QR)
Buck Converters are presented. Equations resulted from the analysis are used in circuit design.

Experimental results are given to confirm validity of the design.
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3.3.2 Voltage Controlled Oscillator(VCO)

vl , 4 P4
HafFuVoltage Controlled  Oscillator(VCOMMAnAanudaufidonis lay

1
a

' H o H v o '
annuanwaa ldezifeuntaaseiu ihadowdunaiugu TasuseduInihnldlums
A ) = Ady @ Yy a v @ do 'y
aquANuAwInnmsnSoufleuanudndesmsiugudndslasdusiusiuilsidues
. 4 J [y ]
Error  AmplifierE/A)¥a8190av04 (E/A) 1)aruquussiuIdihveoyunssue i
o A Y o v o
Irange Taoussiu IWih(veo)iidunannanudumuzds Ry, , Rygnge U0z AY
o = v d ° 0 1 s
Y52y Cppo uannmiuaudvesiad gaga-mgamusasimuaiuileddu R e,

RininCyeo S1N5AMIANUD IAMINANATS

3.6
Fvcoy,in = 3.1
minCvco
3.6
Fyeoy, gy = (3.2)
(Rmin// Rrange )Cveo
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3.3.4 Under voltage lockout(UVLO) and 5V bias generator
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CH1=5V : Sus /div
DC 101 ; :
EN 5 i
U:m-l----l--"lk‘!_;‘:::::::r":_-;::::g:: ::::é:l'.‘i-:'é::::g:‘-:-.iz:::
=Tracel= Mak 16;20V Mih =-3.000v Freq 104.2kHz
 Duty 75;0% : : :
: : CH1
CH1 V/DIV vi DEWV
VAR
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CHI1 ! 0.00v kain : 10K kMode : AUTO
3W © FULL CH2 : 0.0v Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns
Hold Off : MINIRUR
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Tek Run: 25.0MS/s  Sample
I

EEI]T 500V Ch2 10.0A ~ M2.00§s Chi 32V 9 Apr 2009
Ch3 50.0V 20.0 V v, =20V 18:24:35

I,=1A v=3.376v f~117.88kHz

=h.

K
31N 4.17 HaMINanesues Ve, Vie, Ve, - 11,

Tek Run: 25.0MS/s  Sample
I.

Cl ? 500V Ch2 10.04A WM 2.00ps ChiF 32V g Apr 2009
Ch3 50.0V Chda 20.0V v, =20V 18:25:44

51 4.18 wamInaavIves Ve VossVers I, i [ —3a %=3.176v f=117.51kHz
(4]
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Tek Run: 25.0M5/s Sample
I

EE[] 50.0V Ch2 10.0A M2.00hs Chi 32V 9 Apr 2009

51N 4.19 wansnaaewes Vi, Ve Ve, I, 1 7y =20v  1,=5A

v =3.006v f=117.46kHz
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32 V 9 Apr 2009
18:20:42

510 4.20 vamsnAaBIYBY Vi, Vg Ve, I, 11 Lo =14 ¥, =4.309v £=117.58kHz

Tek Run: 25.0M5/s

sample

4,20 HONN1TINADBIVBY

Ch3 T S00A WD UO}.ls CHi
Ch4 20.0V Vs=25V
VissVinssVers L

1,=3A ¥=4.064v /=118 kHz

32 v 9 Apr 2009

18:21:54



Tek Run: 25.0MS/S
[

Sample

Vs

M 2.00Hs

Chi

=25V

gﬂﬁ 4.20 WAN1INARDIVDY VGS,VDS,VC,,IL,ﬁ 1,=5A y=3.850v f=117.46kHz

4 [ YL a 4 1 v a v
ﬂ]‘i]\‘iﬁ 4.2 N'ﬁﬂ"l'i'Jﬂﬂ"ILL'NﬂuL’E‘]"Iﬂwaﬂ"ll’l’lﬁ'N%'ﬁﬁﬂ'ﬁlef’fi‘ﬂﬁﬂlm%tl'ﬁﬂuﬂuﬂﬂﬂ"lﬂ"lﬁ"]

v, (V)
(V)
L=2A L=4A
20 3.260 3.089
25 4.149 3.927

$ @ 1 \ a o § @ t
ﬂ]‘iN‘ﬁ 4.3 Nﬁﬂ"li'Jﬂﬂ"lﬂ’.]"IllafT'JCv'I‘]5"1]’EN'N%'ﬁ‘ﬁﬂi%LLf’fI‘Hﬁﬂllﬁmliﬂﬂuﬂuw&lﬂ"lﬂ"lﬁ‘]

fs (kHz)
V.(V)
I=2A I=4A
20 117.58 117.90
25 117.77 117.79

32V g Apr 2009
18:22:38
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nitrode Pradects

weaa | from Texas tnstruments

appicaton fljl UC1861-1868
UC2861-2868

UC3861-3868

I‘ INFO

Resonant-Mode Power Supply Controllers

FEATURES

« Controls Zero Current Switched (ZCS)
or Zero Voltage Switched {ZVG)
Quasi-Resonant Converters

¢ Zero-Crassing Terminated
Tiner

« Precision 1%, Soft-Started
Reference

+ Programmalbile Restart Dsf
Following Fault

« Voltage-Controlled Oscillator (VCO)
with Programmable Minimum and
Maximum Frequencies from 10kHz to

1hHz

« Low Start-Up Current {1501
+ Dual 1 Amp Peak FET Drivers
« UVLO Optien for Off-Line or DC/DC

DESCRIPTION

The UC1861-1868 family of |Cs is optimized for the control of Zero Current
Switched and Zero Voltage Switched quasi-resonant converters. Differ-
ences batween members of this device family result from the various com-
binations of UWLO threshalds and output options. Additionally, the
one-shot pulss steering logic is configured to program either on-time for
ZCS systems {UC1865-1868), or off-time for ZVS applications {UC1861-

One-Shot

5V 1864).
The primary centrol blocks implemented include an error amplifier to com-
ay pensate the overall system loap and to drive a voltage controlled ozcillator

{VCO), featuring programmable minimum and maximum frequencies. Trig-
gered by the VCO, the one-shot generates pulses of a programmed maxi-
mumm width, which can be modulated by the Zero Detection comparator.
This circuit facilitates “true” zero current or valtage switching over various
line, load, and temperature changes, and is also able to accommedate the

. resonant camponents' initial tolerances.
uA typical]

Under-Voltage Lockout is incorporated to facilitate safe starts upon
power-up. The supply current during the under-voltage lockout period is

typically less than 150uA, and the outputs are actively forced to the low

Applications state. {continued)
Device 1861 1862 1863 1864 1865 1866 1867 1868
UVLO 16.5/10.5 15.5/10.5 36014 36014 18.5/10.5 18.5/10.5 36014 38014

Oufputs Alternating Parailel Altermating Parallel Alternating Parallel Altermating Parallel
“Fixed” Off Time Off Time Off Time Off Time On Timea On Time On Time On Time
BLOCK DIAGRAM
Fauft Fault *~; et g e S
and Blas and
Logle 5V Gen ~[1] 8V
Soft-Ref|18] Preclaion .
Rafarance. -
L1} H ﬂ Slg Gnd
INV S
B : UVLO
mmmmm o 13| Vee
E/A Dut [ ........................... -
b
Range| 6|
) Steering FET [u]A Out
Amin | 7 | vVeo —
Lagle Drivers 8 Out
Cveole| [14] u

5]
b
%
S
[]
3
a

LD 2018

Pin numbers refer to the J anhd N packages.

SLUS289 - OCTOBER 1998
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DESCRIPTION {cont.)

UVLO thresholds for the UC1861/62/85/86 are 16.5V
{OM} and 10.5¥ {OFF), whereas the UC1883/454/67/68
thresholds are 8V (ON} and TV {OFF}. After Vcg exceeds
the UVLO threshold, a 8V generator is enabled which
provides bias for the intemal circuits and up to 10mA for
external usage.

A Fault comparator serves to detect fault conditions and
set a latch while forcing the output drivers low. The Soft-
Ref pin serves three functions: providing soft start, re-

ABSOLUTE MAXIMUM RATINGS

NG+ et et e e 2y
Cutput Current

SourceorSink Pins 11 &1d) . ... ...l Q.5A

DCPUBS [O5HS) -t ot e 1.54
Power Ground Voltage . ... ........... J 0.2V
Inputs (Pins 2,3, 10, & 15} ... ..ol 04107V
Error Amp Quiput Current ... oo o 2mA
Power Dissipation . ........ .o i 1w
Junction Temperature (Operatingj. ... .....c.....vee 150°C
Lead Temperature (Soldering, 10 seconds) .......... 300G

Alf wltages are with respect 1o signal ground and alf currants
are positive into the spacified termina’. Pin numbers refer o
the J and N packages. Consult Unitrode Infegrated Circuts da-
tabook for information regarding thermal specifications and
limilations of packages.

DIL-16, SCIC-16 (Top View)
Jor N, DW Packages

o
sv[1]
Nz
iNv[3]
Era ou[4]
8lg Gnd [E
Aange[ 8|
Renin [ 7 |
GVcoLT_

18] Sott-Ret
E Fault
14]B Out
[13] veo

iﬁj Pwe Gnd
1]A out
ﬁ Zaro
9|Rc

UC1861-1868
UC2861-2868
UCa861-3868

start delay, and the internal system reference.

Each davice features dual 1 Amp paak totem pols output
drivers for direct interface to power MOSFETS. The out-
puts are programmed to alternate  in  the
UC1851/6R:65/67 devices. The UC1862/64/66/488 out-
puts aperate in unisch alllowing a 2 Amp peak current.

CONNNECTION DIAGRAMS

PLCC-20 & L.CC-20 (Top View)
Q & L Package

PACKAGE PIN FUNCTION
FUNCTION PN
Soft Ref 1
5V 2
M 3
1NV 4
E/A Qut 5

3 4 = 1’; Sig Gind 2]

| Range r

§ 17 Reitl a

8 16 Cwoo 9
RC hii]

4 s Zaro kil

* ? 0111218 " NG 12

LAALARLEN - NC 13

A Qut 14
Pwr Gnd 15
Pwr Gnd 18
2 {xn] i7
B Out i8
NC ig
Fauit 20

50
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Uc1861-1868
UC2861-2868
UC2861-3868

ELECTRICAL CHARACTERISTICS Unless otherwise stated. all spesifications apply for -55°C=Taz1256°C for the
UC188x, ~25°C=T £85°C for the UC2A6%, and 0°C£TasTOC for the UC38Ex, Weo=12V, Cvco=1 nF, Range=7.15k, RiN=853.8K,
C=200pF, R=4.02k, and Csr=0.1uF. Ta=TJ.

PARAWMETER | TEST CONDITIONS [ min | TYP [mMAX |UNITS
5V Generator
Qutput Valtage 12V < Veo < 20V, —10mA < 1oz 0mA 48 5.0 52 W
Short Circuit Current Vo=V —150 —15 | mA
Soft-Reference
RAestart Dalay Current V=2V 10 20 35 1A
Soft Start Current V=2V -850 | 500 [ 350 | uA
Reference Voitage Ty =25°C. o= 0A 495 | 500 | 5.05 )\
12V € Vs < 20V, —200pA < jo < 20QuA 4.85 515 v
Line Regulation 12V £ Voo < 20V 2 20 my
Lead Aegulation —200uA < 1o £ 2000A 10 30 my
Error Amplifier {Hote 3)
Input Offset Voltage YoM =5V, Vo =2V, [ =047 =10 10 mv
input Blas Current Vem =0V -2.0 | 0.3 A
Woltage Gain Ve =5V, 0.5V < Voz3.7Y lo=0A 70 100 dB
Power Supply Rejection Ratio Vem =5V, Wo =2V, 12V £ Voo < 20V n 100 dB
Error Amplifier {Note 3} {cont)
Common Mode Bejection Ratio |0V < Vem <6V, Yo =2V 85 100 a8
Mout Low ViD= ~1 00mY, 1o = 200uA 017 | 9.25 \
ViouT High ViD= 100mV. 1o = —200uA 39 4.2 v
Unity Gain Bandwidih {Note 4} 05 0.8 1Hz
Voltage Controlled Oscillator
Maximum Frequeancy Mo (Error Amp) = 100mY, Ty = 25°C 450 | 500 550 kHz
i {Error Amp) = 100mY 425 578 kHz
Minimum Frequency Vo {Error Amp) = =1 00mV, Ty = 25°C 45 50 55 kHz
vio (Error Amp) = —100mV 42 58 kHz
One Shot
Zero Comparator Vth Q.45 | 050 [ 0.55 \4
Propagation Delay {Note 4} 120 | 200 ns
Maximum Pulse Width VzZERO =1V 850 | 1000 | 1150 ns
Maximum to Binimum Pulse Yzemo =0V UCx861 — UCx864 2.5 4 5.5
Width Ratio VzeRD = 0¥ UCxE65 — UCx868. —55°C to +85°C 4 5.5 7
VzeRn = 0V UCx8B5 — UCxB68, +125°C 3.8 5.5 7
Cutput Stage
Rise and Fall Time CLoap = 1nF {Note 4) 25 45 ns
Output Low Saturation o = 20mA Q.2 05 \'
o = 200mA 0.5 22 v
Qutput High Saturation lo = =200mA, down from Wcc 1.7 2.5 v
UVLO Low Saturation lo = 20mA 0.8 15 \
Fault Comparator
Fault Comparator Vth 285 | 300 | 315 v
Delay to Cutput (Note 4) {Nate 5) 100 | 200 ns
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UC1861-1868
UC2861-2868
UC3861-3868

ELECTRICAL CHARACTERISTICS Uniess ctherwise stated, all spacifications apply for -55°C<Ta<125°C for the
UC86x, ~25°C<T 285°C for the UG286x, and 0°CxTas70¢C for the UC386x, Voo=12V, Cuco=1nF, Aange=7.15k, RminN=06.6K,

C=200pF, R=4.02k, and Osr=0.1yF. Ta=TJ.
PARAMETER TEST CONDITIONS | miN [ TYP |MAX [UNITS
T
Vee Turn-on Threshold UCx861, UCxBE2, UCKB85, UCXE66 i 165 18 | v
UCx853, UCxB64, UCx867, UCxe68a 7 80| 9 v
voe Turn-off Threshold UCx861, UCxB62, UCxBE5, UCxBE6 95 [105 | 115 | Vv
UCx853, UCxB64, UCx887. UCXBER 6 | 70! s V
lcc Start Yoo = Veaion) — 0.3V 180 | 300 HA
Ic¢ Run Yio=100mv 25 32 mA

Nols 1: Currenls ara defined as positive nfo the pin.

Notle 2: Pulse measuremant techriques are usad lo inswre that Ti=TA

Note 3: VIO = VNI - VIINV).

Mote 4: This parameter is not 100% tested in production but guaranieed by design.

Mols 5: Vi= 0 o 4V v 10ns

APPLICATION INFORMATION

UVLO & 5V GENERATOR (See Figure 1): When power
is applied to the chip and Vee is less than the upper
UVLO threshold, lec will be less than 300uA, the &V gen-
erator will be off, and the cutputs will be actively held low.

Whan Vee axceeds the upper UVLC threshold, the 5V
generator turns on. Untit the 5V pin exceeds 4.9V, the
outputs will still remain low.

The BY pin should be bypassed 1o signal ground with a
0.1uF capacitor. The capacitor should have low equive-
lent series resistance and inductance.

FAULT AND SOFT-REFEREMNCE (See Figure 1) The
Soft-Ref pin serves three functions: system reference, re-
start delay, and soft-start. Designed to source ar sink
200uA, this pin should be used as the input reference for
the error amplifier circuit. This pin requires a bypass ca-
pacitor of at least 0.1uF. This yislds a minimum soft-start
time of 1ms.

Under-Voltage Lackout sets beth the fault and restart de-
lay latches. This holds the outputs low and discharges
the Soft-Reaf pin. After UVLO, the fauit latch is reset by the
low voltage on the Soft-Ref pin. The reset fault latch re-
sets the delay latch and Soft-Ref charges via the 0.5mA
current source.

tnd = Vo = 8V) = Vi =3V)

The fault pin is input to a high speed comparator with a
threshold of 3V, In the event of a detected fault, the fault
latch is set and the outputs are driven low. If Scft-Ref is
abave 4V, the delay latch is set. Restart delay is timed as
Soft-Ref is discharged by 20pA. When Soft-Ref is fully
discharged, the fault latch is reset if the fault input signal
is low. The Fault pin can be used as a system shutdown
pin.

it a fault is detected during soft-start, the fault latch is set
and the outputs are driven low. The delay latch will re-
main resat until Soft-Ref charges to 4V, This sets the de-
lay latch, and restart delay is timed. Note that restart
delay for a single fault svent is longer than for rectirring
faults since Soft-Ref must ba discharged from 8V instead
of 4V.

The rastart delay to soft-start time ratio is 24:1 for a fault
occurring during normal operation and 18:1 for faults oc-
curring during soft-start. Sharer ratios can be pro-
grammed down to a limit of approximately 3:1 by the
additian of a 20k or larger resistor fram Soft-Ref to
ground.

A 100k resistor from Soft-Ref ta SV will have the effect
of permanent shut down after a fault since the internal
20uA current source can't pull Soft-Ref low. This feature
can be used ta requite recycling Vec after a fault. Care
must be taken to insure Soft-Ref is indeed low at start up,
or the fault latch will never be reset.
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Uci1861-1868
UC2461-2868
UC3861-1868
APPLICATION INFORMATION
{5V Ganerator, 5V 5v
Mo Bles) [T T
T S~ Inhiblt Output(s) (UVLO) | |
= 48v-o " 1 =
Pwr Gnd J‘ ”L’ Sig Gnd
> |nblblt Qutput(s) {Fault)
Fault) —— . W}f‘} ......... s [yl 8
2.0V Fault [ sl Deley
Latch, [V~ Latch
0.2V~ s .
Saft-Het 5_
T 2002 7*( Precigion J
b " 8V Zener
_ ~Restart
L = {biDelay 20pA
*UCx861/62/65/68 thrasholds are 16.5¥ and 10.5;".
UCx883/64/67/68 thresholds are 8V and 7V. UDbe-02620
18.5V {BV) oo, ~
Vee Afosv (7v)
5v
L0} 2P e Restart
Soft-Ret : i T .
o hd / .................... Brorresns e ,,,,,,,, oV
P37 0| RPN S
Fault - . ; _ ]
: o : Do
e i E/ V S /
Output(s} Low |47 L /
LIDG92e1-1

Figure 1. UVLQ, 5, fault and sotl-ref,



54

UCc1861-1868
Uc2861-2868
UCl861-3868
From . NI.[ Ermr Amp SV
F 3 -
.:d"l::’nc ; NV ,[ ...... L
Raterence = EIA Out,l
@ v
Ranga = 1
lmln trange
" Amin _I[__i" NPT G\
g Cveo.l  imin One Shot Pulse
- } Clack
5 Lo RG J_ . L vy I >—-——-—————$ “ﬁi—:onaut Tims)
= 5V += =
15K —-";;,l .
vth2 on iy
18K5 bt i
(Y703 ] N— Py g D
_JnL_ 2Zaro | 12K G'W_’??’i""; ..w[
- UDG-SR0R-1
\. Prat % } 1
vCco K P e xs, /f \ ._(_,.a-—- ‘.\'
N L \ \
- // “'\/ //"’ "'w‘// '.'\
one Shot I ‘ ! N }ﬁ [
Minimum Maximum Zaro Controlled
Pulse Pulse Pulse I
Figure 2. Error Amp. Voitage Controlied Osclliator. and One Shot



APPLICATION INFORMATION
Minimum oscillator fraquency is set by Rmin and Cveo.
The mirimum frequency is approximately given by the
aquation:

43
Fatii = R+ Cuco

Vel

Maximum oscillator frequency is set by Rmin, Range &
Cveo. The maximum frequency is approximately given by
the equation:
£ _ 33
WAX = [Rypw !/ Range )s Cyco

STEERING LOGIC

Uc1861-1868
UC2861-2868
UC3861-3868

The Error Amplifier directly controls the oscillator fre-
quency. EfA output low camesponds to minimum fre-
quency and outut high corresponds to maximum
frequency. At the and of each oscillater cycle, the RC pin
ia discharged to one diode drop akove ground. At the be-
ginning of the oscillator cycle, V{RC) i less than Vthi
and so the output of the zere detect comparator is ig-
nored, After ¥{RC} exceeds Vth1, the one shat pulse will
be terminated as zoon as the zero pin falls below 0.5V or
V{RC) exceeds Vth2. The minimum one shot pulse width
is approximately given by the equation:

Tow(min} 03 R C.
The maximum pulse width is approximately given by:

Towmax) 12 R C

ucxeel, 83

Mmoo

One anaz«[f‘m’-

jOut B

Fault Latch 4 3('_“_.1
UVLO —*<

"] Pwr Gne

* ULGon9

UCx862, 64
One Shot—1_ '
Fault Latch-< )

UVLG ~d 0,50
\ P’Ou!put
\+ out B 0.50x
e L]_]‘ Pwr Qnd
1

UDGE2014

The steering logic fs configurad on the UC1861.63 Io result by
dual non-ovarlapping squars waves at outputs A & B. This is
suited to drive dual svalch ZVS syslems.

) S ucxess, 87
i —e{ivee
—
Qne 8hat ~«»~-w\m»?v D Out A
l - —.
|
! .
Fault Latoh 4—... I A l?" VL Out B
v —-—5 ] i
vio ] Pwr Gnd
' upt-eans

The sleering logic is configused on the UC1865,67 to reswitin
alternating pulse irains at oulputs A & B. This is suifed fo drive
dual switch ZCS systems.

Tho steening Jogic s configured on the UC1862.64 to resull in
inverted pulse lrains occurring identicaly at bolh output pins.
This is suited to drive sihgle skitch ZVS systems. Both oulpuls
are available o arive the same MOSFET gale. It is advisable o
join the pins vath 0.5 ohm resistors.

ucxses, ee
Ona Shot— T
Fault Latch—q )
UvLO -

i
i P Gind
T

WDGE2015

The steering logkc Is configured on the {)C1866,68 o result in
nor-inverted pulse frains eccurring Hentically at bath output
pins. This is sulted o drive single switch ZCS systems. Both
outputs are avaiiabie to drive the same MOSFET gate. it is ad-
visable 1o join the pins with 0.5 ohm resistars.
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uC1861-1868
UC2861-2868
UC3a861-3868

internal One Shot

UCx861,63

UCxag2,84

UCx885,87

UCx866,68

al

I [

L

N

L L

nE

s []

[

Qut 8

L

]

L

UDG-o20Y

Figure 3. Current waveforms,
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3

wes PUIAFUHY VinAFUATgUINaIS Nufinhdalnd
AWG # Audna1e mm (§i9374RUIY mm mm’
44 0.0503 0.06604 0.00199
43 0.0564 0.07366 0.00250
42 0.0633 0.08128 0.00314
41 0.0711 0.09144 0.00397
40 0.0798 0.1041 0.00500
39 0.0897 0.1143 0.00631
38 0.1008 0.1295 0.00799
37 0.1130 0.1448 0.01003
36 0.1270 0.1626 0.0127
35 0.1422 0.1778 0.0159
34 0.1600 0.1981 0.0201
33 0.1803 0.2235 0.0255
32 0.2032 0.2489 0.0324
31 0.2261 0.2743 0.0401
30 0.2540 0.3048 0.0507
29 0.2870 0.3404 0.0647
28 0.3200 0.3759 0.0804
27 0.3607 0.4191 0.1022
26 0.4039 0.4699 0.128
25 0.4547 0.5232 0.162
24 0.5105 0.5817 0.205
23 0.5740 0.6502 0.259
22 0.6426 0.7214 0.324
21 0.7239 0.8052 0.412
20 0.8126 0.8966 0.519
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wes yiad Uy nnaduRuguinais Aufinhdadn
AWG # Audna1e mm (oAU mm mm’
19 0.9119 1.003 0.653
18 1.024 1.118 0.823
17 1151 1.247 1.040
16 1.290 1.389 1308
15 1.450 1.557 1.652
14 1.628 1737 2.082
13 1.829 1.943 2.627
12 2.052 2.172 3.308
11 2.304 2.431 4.168
10 2.588 2.720 5.261




Internahonal

’rR|Rectifier

PRELIMINARY

PD -

IRFZ34N

HEXFET@ Power MOSFET

e & & &

Description

Fifth Generation HEXFETs from international Rectifier utifize advanced processing
techniques to achieve the lowest possible on-resistance per sificon area. This
henefit, combined with the fast switching speed and ruggedized device design that
HEXFET Power MOSFETs are well known for, provides the designer with an

Advanced Process Technology
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

VDSS = 65V
RDS(on} = 004OQ

Ip = 26A

extremely efficient device for use in a wide variety of appfications.

The TO-220 package is universally preferred for ali commercial-industrial
applications at power dissipation levels to approximately 5G watts. The low
thermal resistance and low package cost of the TO-220 contribute to its wide

acceptance throughout the industry.

Absolute Maximum Ratings

Parameter Max. Units

In@ Te=25C Cantinuous Drain Current, ¥ g5 & 10V 28
o @ Te=100°C | Confinuous Drain Current, V g5 @0 10V 18 A
Ions Pulsed Drain Cument @ 00
Po@ic=25C Power Dissipation 58 W

Linear Deratirg Factor 0.37 WG
Ves Gate-fo-Source Yoltage *20 '
Eas Single Puise Avalanche Enegy © 112 mJ
lar Avalanche Current © i A
Ean Repetitve Avalanche Energy © 5.8 mJ
dvidt Peak Ciode Recovery dwdt © 48 Vins
Ty QOgerating Juncton and -E5 to+ 175
Tsre Storage Temvperature Range °C

Soldering Temperature, for 10 seconds 300 (1.emny from case)

Mounting torque, 8-22 of M3 screw. 15 thfein (1. TN*m)

Thermal Resistance
Parameter Min. Typ. Max. |Units

Rasn Juncticn-lo-Case Ee— —— 27
Rucs Caag-t0-Sink, Flat, Greased Surface P— .50 Rty
Rgia Junction-to-Anisent P 82

66
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IR

Electrical Characteristics @ T; = 25°C {unless otherwise specified)

Parameter Min. | Typ. |Max. | Units Conditions
| ViBRisss Prainto-Source Breakdown Volage 55 | | W | Vos =0V, 1 = 280uA
AVigxoes/ATs| Breakdown ‘eltage Tenw. Coefiicient — 0.852] — | WI°C | Reference 10 25°C, I = TM&
{Rosions Static Crain-to-Source On-Resistance — | — 0040 O | Vg = 10V [ = 1650
Vasen Gate Threshold Voitage 20 |— 1 40 W | Vpg = VYas, In = 250pA
Os Forward Transconductance €5 | — |~ | S | Vog =28V I =164
. - — 125 Vg =55/, Vs =0V
loss Dreindo Source Leakage Curent 150 ™ [Voe =47 Vog = 07, T, =190
lass Gote-to-Source Forward Leakage — | 100 A Veg = 20V
Cateto-Source Reverse Leakage e B R L11] Veg = -20¥
Qa Total Gale Charge —— Ip=18A
Cas Gate-lo-Source Charge — || 88 | NC | Vpg =44V
Qg2 Gatedo-Crain {Miler”y Chargs e Rt B VYes = 1V, See Fig.6and 13 @
byromy Tum-On Delay Time — 78— Vop = 28Y
tr Rise Time e | GG | e ns ip = 184
fa0m Tum-Cif Delay Tme — 1 31 | Rs = 180
] Fall Time — | 40 | —— Rp=18{,SzeFig. 10 @
L irfsmel Drain Inductance — a5 |— Between lead, :
| B @2sn) @\}
from package &k
Ls Ftemal Souwrce Induciance —_— |75 | — ard center of die contact f
Cigs input Capacitance —_ | 700 | — Vas = 0%
Cegs Cuput Capacitance 240 | —{ oF | Ypg =28V
Cres Reverse Transfer Capacitance e | 00— f = 1.0MHz, See Fig. S
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. [Max.| Units Conditions
i Continucus Sourcs Cument MOSFET symboi .
{Body Diode) == % | | showng the Ak
fang Pulsed Souree Cument " integral reverse i&} e )
{Body Diodks) © — |0 p-n junction dicde. e
Vsp Diode Forvard “Jcitage S pu—— X V [ Te=25Cis =164, Vas =0V &
1y Reverse Recovery Time — 1 57 | 86 ns | Te=25°C Ir = 16A
[¢) Reverse Recovery Chanmge — | 130 (200 | nC | diddt = 108A/us @
ton Forwerd Tum-On Time Inirinsic um-on fioe 15 negigiide (emon is dontinated by L g+ls)

Notes:
@ Repetive ratng; pulse width lindted by
max, junction temperature. { See fig. 11)

O Vop = 25%, staring T ;= 25°C, L = §10uH
Rg = 2502, 1a5 = 16A. (See Figure 12}

@ g5 % 18 A, DUt X 4208008, Voo S Viempss:
T;2175°C

® Pulse width £ 300ps; duty cydle = 2%.
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120

G2

Iy Drain-to-Source Cument (A)
1

1

&

$03

|5, Drain-to-Source Current (A)
a

== -
TOP :’:; ﬂ
0y
0¥,
.oV
L0y
&8y
&ayv
ZOTICM A&V
s |
o
i
AP AoV
/4 i
4 20ys PULSE WIDTH
e = 25°C
1 1 ] 100
VDS’ Drain-to-Source Voliage (V)
Fig 1. Typicat Qutput Characteristics,
Te=25°%C
—
1"" el
Ty =25°C
; ] /{"/
T = 175°C
il
£
¥ 4
iy
yi
4
ll
l Wos =25V
20us PULSE WIDTH

IS

&

]

¢

8

3

1

Vg5 , Gate-to-Source Voitage (V)

Fig 3. Typical Transfer Characteristics
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Fig 2. Typical Output Characteristics,
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1280 " 0

Wag =0V,  f= iMHz , ~ip = 18A |
Cigs = Cgs +Cqg « SHORTED -
oo TG0 2o o o s0ms s yos = ey
Ciss [Coss = Cas + Caa P rudV
] N
& a = 5 z4
2 B Ne = £ /
3 | Coss S~ @ 2 /
2 e 2 Z
0 v/
a N 5 //
8 L N 58 7 A
-} &
3] . N A
| Cres N o
P
20 = Sany . >8 4 /
FOR TEST CIRCUIT
¢ SEE FIGURE 13
o
1 10 100 ] 10 20 2 a0
Vo35 . Drain-io-Source Voltage (V) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs,
Drain-to-Source Voltage Gate-to-Source Voltage
teoe = s e s e s s s
F—— OPERATION I THIS AREA LIMITED:
~ — + BY RCS{on}
RS
5 .
5 S .
3 00 Z gy
£ f g . e 10ps ]
[a) TJ = 1?5’(:‘,., 8 — P < i -
g / g 4 N 3 . ~
g / T,=25°C 5 K <[ Y1000
2 ® <10 >,
x 7—+F e < S
- f F - - )
K 3 1msi]
7 ~ 1
7 ] Ta =35°C N
/ [ Ty =178%C Mol
) \as = oV ; | Single Puise LIl
a2 1.3 €2 38 20 1 | 10 100
Vgp . Source-to-Drain Voltage (V) Vpg . Drain-to-Source Yoliage {V}
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage
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Te, Case Temperature {°C)

Fig 9. Maximum Drain Current Vs,
Case Temperature

Vap

B

- Pyt R 2 | HES
Oury Factor= 0.1 &%

Fig 10a. Switching Time Test Gircuit
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Fig 10b. Switching Time Waveforms
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Fig 11. Maximum Effective Transient Thermal impedance, Junction-to-Case
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IRFZ34N ISR
Vg e
A sz\m’f 250 =
Ry || e 'y . 2
SNV f e E TOP 354
L ey !— +.Voo - 11A
g 200 BOTTOM 184
i t z
\{;J :L lag 5 \
§ N 2 X
> g 150 N
Fig 12a. Unclamped Inductive Test Circuit & N\ \\
<C
iy
[ Vigricss 2 1w \\
\ i ; \\ N AN
e i NN
' ’3 ? v g % NN
/ 20 NN
7 ’ g g /'/ o \\ \\\
U I <
Vos / v we o Vg =25 %_
3 B3 TS W0 128 150 %
y Starting T, . Junction Temperature {"C)
s — — [ Fig 12c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms

1~QGS+¢——QGD-——+ ya
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Charige ——

Fig 13a. Basic Gate Charge Waveform

Vs, Drain Current
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Fig 13b. Gate Charge Test Circuit

Appendix A:Figure 14, Peak Diode Recovery dv/dt Test Circuit

Appendix B:Package Qutline Mechanical Drawing

Appendix

C:Part Marking Information

International
[zer|Rectifier
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Appendix A

(B
Lol

Circuit Layout Considerations
« Low Stray Incuciance
* Ground Plane
« Low Leakage Iikludiance
Curvent Transformer

@
.

1

9 .

*
L ]
L4

<3

A% Jaa

dvldt conirolled sy R g

Driver sane type as DJU.T.

lsp contralied by Cuty Facter "C"
DUT. - Cevice Under Test

'R

@ belrer 2ok Drie

By

e | Y e

Fabd

S

@

gww ‘\‘
T "
men?r -

Lo

Re-faplad
uplkage

®

rducior S uren)

b= “Fenca

0.1 TV, eamvom

Body Doda 7« Forward Drag

Body Dlode Farward

[=}
erent aidt /

Dinda Fedarsty
04/8t \‘a

IR
R

Vs

* WGS = SV for bogic Leve! Devices

Fig 14. For N-Channel HEXFETS

Peak Diode Recovery dv/dt Test Circuit
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TR

Package Outline
TO-220AB Cutline

Dimensions are showm in millimeters (inches}

Appendix B

19.54 (418} 4730 1493
2474913 _ ] 1290408 AR 455 (138}
252(.109) _l — 426 (438}
A
A ! ewis
I NN £.50 {240}
15.24 1600} 1
1234 (538 4
1.15.£025)
-’1 N
1 olls ]
i
14.20 (555}
13.47 {620} 25611503
3.55 (148
it
b 333(637)
368 (827
[®] 038014 (nfslafsy

~
22X
NOTES:

2 CONTROLUNG DIMENSICN [ IMNCH

1 DIMENSICRING 8 TOLERANCING PER ANSI Y14.50 1362,

-5-

o

1321.052)
™ 122 {048}

LEAD ASSIGNMENTS
1~ GATS
2-DRAIN

31 CUTUNE CONFORNMS TO SZ2EC GUTLINE TO-22043.
& HEATSHNK & LZAD MEASUREMENTS SO NOT INCLUSE BURRS.

3-BCURLE
4 - IRAIN

o D582
X 026 (018}

| 2920118}
2641104}

Part Marking Information

TO-220AB

Appendix C

EXAMPLE : THIS IS AN IRF1010
WITH ASSEMBLY
LOT CODE SB1M

O

INTERNATIONAL PART NUMBER
RECTIFIER mpwm,/
Loco ORG248N
ASSEMBLY i ot
' (YY'WW)
LOT CODE YY = YEAR

WW = WEEK
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KYL STTH3003CW

HIGH FREQUENCY SECONDARY RECTIFIER

MAJOR PRODUCT CHARACTERISTICS

Irav 2x15A

Vrrm 300V
Tj {max} 175°C
Ve [max) 1V
trr (max} 40 ns

FEATURES AND BENEFITS

a COMBINES HIGHEST RECOVERY AND
REVERSE VOLTAGE PERFORMANCE

m ULTRA-FAST, SOFT AND NOISE-FREE
RECOVERY

TO.247

DESCRIPTION

Dual center tap Fast Recovery Epitaxial Diodes
suited for Switch Mode Power Supply and high
frequency DC to DC converters.

Packaged in TO-247 this device is intended for
secondary rectification.

ABSOLUTE RATINGS {limiting values, per diode)

Symbol Parameter Value Unit

Yrasa | Repetitive peak reverse voltage 300 v

IFRIS) | RMS forward current 30 A

Iravy | Average forward current Tc=135"C | Per diode 15 A
5=05 Per device 30

I=sM | Surge non repetitive forward current tp = 10 ms sinusoidal 140 A

lRsa | Non repetitive peak reverse current tp = 20 us square 7

Tstg | Storage temperature range -65 +175

Tj Maximum operating junction temperature +175 °C
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THERMAL RESISTANCES

Symbol Parameter Value Unit
Rin i) | Junction to case Per diode 2.0 "CAN
Total 105
R (e} Coupling 0.1
STATIC ELECTRICAL CHARACTERISTICS {per diode]
Symbol Parameter Tests conditions Min. | Typ. | Max. | Unit
]R* | Reverse leakage Vr=300V Tj=25°C 40 UA
cuerent Tj=125°C 40 400
VFE™ | Forward voltage drop | If= 15 A Tj=25°C 1.25 W
Tj=125°C 085 | 1
Pulsetest: *tp=5ms,§<2%
**tp =380 s, 8<2%
To evaluate the maximum conduction losses use the following equation :
P =0.75 x rjavy + 0.017 IFQ[F&MS}
RECOVERY CHARACTERISTICS
Symbol Tests conditions Min. | Typ. | Max. | Unit
trr =05A Ir=025A lr=1A} Ti=25"C 30 As
F=1A dieidt=-50Aius Vr=30V 43
tfr le= 15A  diz/dt =100 Alus Tj=25°C 300 ns
VEp ¥rr = 1.1 x VF max. 35 v
Statr | Vee=200V  lF=15A Ti=125°C 0.3 -
TRm dl/dt = 200A0us 85 A
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Fig. 1: Conduction losses versus average current
{per diode}.
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Fig. 3: Relative variation of thermal impedance
junction to case versus pulse duration.
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Fig. 5: Reverse recovery time versus di=/dt (90%
confidence, per diode).
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Fig. 2: Forward voltage drop versus forward
current {(maximum values, per diode).
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Fig. 4. Peak reverse recovery current versus
dis/dt {30% coniidence, per diode).
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Fig. 6: Softness factor versus dip/dt (typical
values, per diode}).
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Fig. 7: Relative variation of dynamic parameters
versus junction temperature (reference: Tj = 125°C).
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Fig. 9: Forward recovery time versus dizfdt (30%
confidence, per diode).
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Fig. 8: Transient peak forward voltage versus
dle/dt (90% confidence, per diode).
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PACKAGE MECHANICAL DATA

TO-247

v

oot

DIMENSIONS

Millimeters 1

nches

Min.

Typ.

Max. | Min.

Typ. | Max.

'y

4.85

5.15 10.191

0.203

ia.t
s

R

2.60 10.086

0.102

0.40

0.50 10.015

0.031

A
D 1220
E
F

1.00

1.40 10.039

0.055

3.00

0.118

2.00

0.078

200

2.40 10.078

0.054

F4 13.00

3.40

0.133

10.90

0.118

0.429

H |1545

15.7510.608

0.620

L 119.85

20.1510.781

0.793

L1 1370

4.3010.145

0.16%

18.50

0.728

14.20

14.8010.559

0.582

34.60

1.362

5.50

0.216

M |2.00

3.00 10.078

0.118

5&

5?

80°

60°

Dia. | 3.55

3.65 {0.139

0143

Ordering code

Marking

Package

Weight

Base qty

Delivery mode

STTH3003CW

STTH3003CW

TO-247

4.36g

30

Tube

» Cooling method: by conduction (C})
» Recommended torque value: 0.8 Nm.
n Maximum torque value: 1.0 N.m.
m Epoxy meets UL 94,V0
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