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BUCK CONVERTER
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ABSTRACT

In this thesis, analysis and design of a Zero-Current-Switched (ZCS) Quasi-Resonant
(QR) buck converter 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)
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3.3.4 Under voltage lockout(UVLO) and 5 V bias generator
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. |i Unitrode Products
wua | from Texas Instruments

application:

UC1861-1868
UC2861-2868

I INFO
availble | 1)c3861-3868

Resonant-Mode Power Supply Controllers

FEATURES

» Controls Zero Current Switched (ZCS)
or Zero Voltage Switched (ZVS)
Quasi-Rescnant Converters

s Zero-Crossing Terminated One-Shot
Timer

¢ Precision 1%, Soft-Started 5V

Reference

« Programmable Restart Delay
Following Fault

« Voltage-Controlled Oscillator (VCO)
with Programmable Minimum and
Maximum Frequencies from 10kHz to
1MHz

« |ow Start-Up Current {1501A typical)
e Dual 1 Amp Peak FET Drivers
¢ UVYLO Ogtion for Off-Line or DC/DC

DESCRIPTION

The UC1861-1868 family of ICs is optimized for the controt of Zero Current
Switched and Zero Voltage Switched quasi-resonant converters. Differ-
ences between members of this device family result from the various com-
binations of UVLO thresholds and output options. Additionally. the
one-shot pulse steering logic is configured to program either on-time for
ZGCS systems (UC1865-1868), or off-time for ZVS applications (UC1861-
1864).

The primary controf blocks implemented include an error amplifier to com-
pensate the overall system loop and to drive a voltage controlled oscillator
{VCO3. featuring programmable minimum and maximum frequencies. Trig-
gered by the VCO, the one-shot generates pulses of a programmed maxi-
mum width, which can be modulated by the Zero Detection comparator.
This circuit facilitates "true” zero current or voltage switching over various
line, load. and termperature changes. and is also able to accommodate the
resonant components' initial tolerances.

Under-Voltage Lockout is incorporated to facilitate safe starts upon

powei-up. The supply current during the under-voltage lockout pericd is
typically less than 1560uA, and the outputs are actively forced to the low

Applications state. (continued)
Device 1861 1862 1863 1864 1865 1868 1867 1868
UVLO 16.5/10.5 16.510.5 36014 36014 16.510.5 16.5/10.5 36014 36014

Gutputs Alternating Parallel Alternating Paraliel Alternating Paraliel Alternating Parallel
“Fixed" Off Time Off Tima Oft Time Off Time on Timse On Time On Time Oon Time
BLOCK DIAGRAM
Fault [15] | Fault
. and
Logle
SQH.Rgf Precision
Refsrence

vGo

N Stesring
Logle

Pin numbers refer o the J and N packages.
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DESCRIPTION (cont.)

UVLO thresholds for the UC1861/62/65/66 are 18,5V
{ON) and 10.5V (OFF), whereas the UC1863/64/67/68
thrasholds are 8Y (ON)} and 7V {OFF). Alter Voc exceeds
the UVLO threshold, a 6V generator is enabled which
provides bias for the internal circuits and up to 10mA far
external usage.

A Fault comparater serves to detect fauit 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

VG i e e e e e, 22V
Quiput Cuirent

Source or Sink (Pins 11 &14) . ... ... ... ... ....... Q.5A

DCPulSE(05U8) ...... . ... i 1.5A
PowsrGroundVoltage .. . .. ..............ciivin.. 02V
Inputs (Pins 2,3, 10, &15} . ... .. ... .......... 047V
Error Amp Output Current .. ... ...l 2mA
PowerDissipatlon ............. ... .. ..., 1w
Junction Temperature (Operaling). ................. 150°C
Lead Temperature (Soldering, 10 saconds) .......... 300°C

Al woltages are with respect Io signal ground and all currenis
are positive inlo the spaclfied terminal. Pin numbers refer to
ihe J and N packages. Consuit Unitrode Integrated Circults da-
tabook for information regarding hermal spacifications and
limitations of packapes.

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

.
v E @ Sott-Ref

Mz (18] Fautt
Inv[3] 14]8 out
E/A Out[ 4] 18] vec
iy Geals | 12]Pwr Gna
Range s | 1] A out
Rmin E E] Zare
Cves[ 9] DL

uUc1861-1868
UC2861-2868
ucC336t-3868

start delay, and the internal system reference.

Each device features dual 1 Amp peak totem pole output
drivers for direct interface to power MOSFETS. The out-
puts are programmed to alternate in the

UC1861/63/65/67 devices. The UC1862/64/66/68 out-
puts operate in unison alllowing a 2 Amp peak current.

CONNNECTION DIAGRAMS

PLCC-20 & LCC-20 (Top View)
Q & L Package
PACKAGE PIN FUNCTION|
FUNCTION PIN
1
5V 2
NI
INV 4
32 1201 E/A Out 5
:""M" A “ Siq Gnd -]
7
L 7 Amin 8
[] 18 Cvea 9
BC 10
: :: Zaro 11
NC 12
91011213 NG 13
A Out 14
Pwr Gnd 15
Pwr Gnd 16
Vce 17
B Out 18
NC 19
Fauit 20
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UcC1861-1868
ucC28e1-2868
UC3861-3868

ELECTRICAL CHARACTERISTICS unless otherwise stated. all specifications apply for ~-55*C<Ta<125°C for the
UC186x, —25°C=TazB85°C for the UC286x, and 0°C=Tas70°C for the UC388x, Voc=12V, Cvico=1nF, Range=7.15k. RMIN=B6.6K,
C=200pF, R=4.02k, and Csr=0.1pF. Ta=TJ,

PARAMETER TEST CONDITIONS I tan | vr [max Junirs
5V Generator
Output Voltage 12V £ Vee £ 20V, —10MA < lo< 0mA 48 | 50 [ 52 [ v
Shon Circuit Current Vo= oV —150 15 | mA
Soft-Reference
Restart Delay Current V=2V 10 20 35 wA
Soft Start Current V=2V —860 | -500 | —350 | upA

Reterence Voltage

TJ=257°C, 10 =0A

495 | 500 [ 505 v

12V £ Voc £ 20V, —200uA < 10 < 200uA

4.85 5.15 Vv

Line Regulation

12V = Veec < 20V

Load Regulation

=200uA < 1o < 200pA

10 30 mYy

Error Amplifier (Note 3)

Input Oftset Voltage VoM = 5V, Vo =2V, o= 0A -10 10 my
input Bias Current Vom =0y -20 | ~0.3 A
Voltage Gain Vem =5V, 0.5V < Vo < 3.7V, 10 = 0A 70 100 dB
Powsr Supply Rejection Ratio Vem =5V, Vo =2V, 12V < Voo < 20V 70 100 dB
Enror Amplitier [Note 3) {cont,)
Common Mode Rejection Ratio |9V < Vem <8V, Vo =2V €S 100 dB
Vout Low VD = -1 00mV, lo = 2000A 9147 | 0.25 Vv
VouT High Vio = 100mV, Io = 20004 3.9 42 \
Unity Gain Bandwidth (Note 4) 05 08 MHz

Voltage Controlled Osciliator

Maximum Fraguency

Vio (Error Amp) = 100mV, Ty =25°C

450 | 500 550 | kHz

Vi (Error Amp) = 100mV 425 575 | kHz
Minimum Frequency Vio (Error Amp) = ~100mV, TJ = 25°C 45 50 56 kHz
Vio (Error Amp) = =1 00mV 42 58 kHz

QOne Shot

Zero Comparator Vith

0.45 | G50 | Q.55 V

Propagation Delay

(Note 4}

120 | 200 ns

Maximum Pulse Width

VZERO = 1V

850 | 1000 | 1150 ns

Maximumn to Minimum Pulse
Width Ratio

VZERO = 0V UCx861 — UCxB64

2.5 4 55

VzERo = 0V UCx865 - UCxB68. —55°C 10 +85°C

VzeROo = 0V UCxBEE — UCxB6S, +126°C

38 S5 7

Qutput Stage
Risa and Fall Time CLoap = InF (Nots 4) 25 45 ns
Cutput Low Saturation o =20mA 0.2 05 v
o= 200mA 0.5 22 v
QOutput High Saturation 1o = —200mA. down from Voo 1.7 25 Vv
UVLO Low Saturation lo = 20mA 0.8 1.5 v
Fault Comparator
Fault Comparator Vth 285 | 3.00 | 3.15 Vv
Delay to Output {Note 4) (Nota &) 100 | 200 ns
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UC1861-1868
UC2861-2868
UC3861-3868

ELECTRICAL CHARACTERISTICS Unless ctherwise stated, alil specifications apply for -55°C<Ta<125°C for the
UC 186X, —25°C<Ta<B5°C for the UC288x, and 0°*C<TAs70C tor the UC386x. Yoc=12V, Cvco=1nF, Range=7.15K, RMN=8E.6k,

C=200pF, R=4.02k, and Csr=0.1pF. Ta=Ty.
PARAMETER TEST CONDITIONS | MiN | TYP {MAX [UNITS
UVLO
Vce Turn-on Threshold UCx861, UCxB62, UCxBBS, UCXBAE 15 16.5 18 \i
UCxBB3, UCxe64, UCxB57, UCxBER 7 8.0 9 v
Veco Turn-off Threshold UCxB61, UCxB82, UCxBES, UCXBE6 9.5 105 | 116 Vv
UCxE63, UCxB84, UCxBB67. UCxBES 6 7.0 8 Vv
lcc Stan VoG = Veo(on) — 0.3V 150 | 300 WA
Ice Run Vio = 100mV 25 32 mA

Nole 1: Currenis are defined as positive into the pin.

Nole 2: Pulse measuraman! lechniques ars used Io insure that TJ=TA

Note 3: VID = V(NI) — V(INV).

Nole 4. This paramaler is nol 100% tested in production bt guaranteed by design.

Nole 5: Vi= 0 4V triVi) 10ns

APPLICATION INFORMATION

UVLO & 5V GENERATOR {See Flgure 1): When power
is applied to the chip and Vcc is less than the upper
UVLO threshold. icc will be less than 300uA, the 5V gen-
erator will be off, and the outputs will be actively held low.

When Vcc exceeds the upper UVLO threshold, the 5V
generator turns on. Until the 5V pin exceeds 4.8V, the
outputs will stilf remain fow.

The 5V pin should be bypassed to signal ground with a
Q.1uF capacitor. The capacitor should have low equiva-
lent series resistance and inductance.

FAULT AND SOFT-REFERENCE {See Figure i): The
Soft-Ref pin serves three tunctions: system reference., re-
start delay, and soft-start. Designed to source or sink
2001A, this pin should be used as the input reference for
the error amplifier circuit. This pin requires a bypass ca-
pacitor of at least O.1uF. This yields a minimum soft-start
time of 1ms.

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

tod = {{Vo = 6V) — {{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 Soft-Ref is
above 4V, the delay latch is set. Restart delay is timed as
Soft-Ref is discharged by 20uA. 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.

If a fault is detected during soft-start, the fault latch is set
and the outputs are driven low. The delay latch will re-
main reget until Soft-Ret charges to 4V, This sets the de-
lay latch, and restart delay is timed., Note that restart
delay for a single fault event is longer than for recurring
faults since Soft-Ret must be discharged from 5V instead
of 4V.

The restart delay to soft-start time ratio is 24:1 for a fault
oceurring during normal operation and 19:1 for faults oc-
curring during soft-start. Shaorter ratios can be pro-
grammed down to a limit of approximately 3:1 by the
addition of a 20k or larger resistor from Soft-Ref to
ground.

A 100k2 resistor from Soft-Ret to 5V will have the effect
of permanent shut down after a fault since the internal
20pA current source can't puli Soft-Ret low. This feature
can be used to require recycling Vce after a fault. Care
must be taken to insure Soft-Ret is indeed low at start up,
or the fault latch will never be reset.
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Uc1861-1868
UC2861-2868
ucCae61-3868

APPLICATION INFORMATION

On/Oft G“E.“E.“;;TE& 5v sv
. Ue Blam [T I
T T Inhiblt Output{s) (UVLD) )
4.9Vwi> > =
Pwr Gnd R, ﬂ 8ig @nd
> [nkibl¢ Qutput(s} (Feult)
Fault] H——;\ i(,}ms — s —
3.0V Fault : fLJ Delay
Latch! [V Latoh
0.2Vi N ) Soft-Start
i-(;/ R - R {-‘L@G ar D.ﬁm
Soft-Ret,. s
T 200 & Precision
T 8V Zener
- Resiart
L = (LDslay 20pA
‘UCxB61/82/65/68 thresholds are 18.5V and 10.5V.
UCxB83/64/87/88 thrasholds are BV and 7V. LDG-ER20
18,6V (BV)
_ /\_,_f
!o

.......... 0.6V (TV)

)

/

‘BOV - —
. s v Restart

: Soft ‘ ."\\\ Dﬂlly
Soft-Ret : Start

Fault |

VD3R -92021-1

Figure 1. UVLO, 5V, fault and sofl-ref.
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uc1861-1868
UC2861-2868
UCl861-3868

From NI J Etror Amg fa’v
Feadback ~.

and l.—h——ﬁ{] ' P K

~ S | 2
Refarence l.E!A OutrL 3

IR
Range - |

Aml ‘I‘ Emin Irange
T a8

One Bhot Pulse

=y {Resenant Tims)
5vY ——'-M:—r‘*-—‘X —{ y e T |
F £
BV -
Vthe e ool
15K Lo -

Vihi ._._{IEf\’ T

_.pLM.. 2e70 | 12K ol'v_—rdﬁt}' .

UDGe2a2-1
one shet | | | I
Minimum Maximum Zero Controlled
Pulse Pulse Puize S

Figure 2. Error Amp, Veitage Conlrolfed Osceillafor. and One Shot



APPLICATION INFORMATION
Minimum oscillator frequency is set by Rmin and Cvco.
The minimum frequency is approximately given by the
equation:

F 43
M = Ry *Creo
Maximum oscillator frequency is set by Rmin, Range &
Cveo. The maximum frequency is approximately given by
the equation:

33

(RMIN H Range ). Cvco

FMAXE

STEERING LOGIC

uC1861-1868
UCc2861-2868
UC3861-3868

The Error Amplifier directly contrals the oscillator fre-
quency. E/A output low corresponds to minimum fre-
quency and oulput high corresponds to maximum
frequency. At the end of each oscillator cycle, the RC pin
is discharged to one diode drop above ground. At the be-
ginning of the oscillator cycle, V(RC) is less than Vih1
and so the output of the zero detect comparator is ig-
noted. Atter V(RC) exceeds Vth1, the one shot pulse will
be terminated as soon 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:

Tpwimin} 03 R C.
The maximum pulse width is approximately given by:

Towimax} 12 A C.

) UCxa6T, 83
JL_
one mm-[:-x

Fault Latoh « ‘r_) vljoms
— !
uvLo i-...-.....m{_'j rar Gag
E
UC2019

UCx8B2, 64 |
0One 8hot—

Fault Latch i"}

uvLo

UDG-62014

The sleeving logic is confipured on the (X0 1861,63 to result in
dual non-overiapping square waves at oupuis A & B. This is
sulted to drive qual swilch ZV'S systems.

Ucxaes, 87 |

JL_

Ong Mt

'~
;
i
H
{

Fault Latoh
uvLo

i Pwy and

[Haxs - cit]

The steering logic is configured on the UC 1865, 67 to resuitin
afternaling puise trains at oulputs A & B. This is suited to drive
dual swilch ZCS syslems.

The steering fogic i configured on the UG 1882,64 1o rasull in
inverted puise rains occurring identicaly a! both outpul pins.
This ks sulted to drive single swilch ZvS systems. Both owtpuls
are avallable to drive the same MOSFET gate. i Is advisable fo
Jjoin the pins with 0.5 ohm resislors.

UCx8e8, 68
Ona Shet— L;“;:."A
Fault Lateh-zl ) —
uvLo-d ! e.5q
: > Qutput
i out B %0.5&1
L', Pwr Qnd

UDG-e016

The steering legic is configred on the (JC1866,68 1o resulf in
hotrinverted puse Irains occwring identically at both owtput
pins. This is sulfed to drive single swlch ZCS systems. Bath
oulputs are avalable to drive the same MOSFET gate. it is ad-
wisable 1o join the pis with 0.5 ohm resistors.

63
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uc18e1-1868
ucC2861-2868
UC3861-3868

APPLICATION INFORMATION (cont.)

Internal Ons Shot _ﬂ H |_‘ ‘_|_

on A

I I e
UCx882,64 U U U

i
s [ i
i i

al

UCxsge.o8 J—[ l—l ﬂ

Figure 3. Current waveforms.

ucxae1,83

UcxB885,67

UBG-@0tT
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Intemational

IOR ReCtiﬁer PRELIMINARY

PD -

IRFZSZE

HEXFET® Power MOSFET

Description

Fifth Generation HEXFE Ts from intemational Rectifier utilize advanced processing
technigues 1o achieve the lowest possible on-resistance per silicon area. This
benefit, combined with the fast switching speed and ruggedized device design that
HEXFET Power MOSFETs are weli known for, provides the designer with an

Advanced Process Technology
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

T

Q/ i’-—w“

VDSS = b5V
RDS{OH} = 0.040Q

Ip = 26A

extremely efficient device for use in a wide varety of applications.

The TO-220 package is universally preferred for all commercial-industrial

applications at power dissipation levels to approximatety 50 watls.

thermal resistance and low package cost of the TO-220 contribute to its wide

acceptance throughout the ndustry.

Absciute Maximum Ratings

The low

TO-220AB

Parameter Max. Units

b @& T =25C Cortinuous Drain Current, V' g @ 10V 25
lo@ Tec=100"C | Continuous Drain Cuent, 'V 55 & 1Y 18 A
lom Pulsed Drain Cument @ 100
Po@Tc=25C Power Dxssipsation 56 W

Linear Derating Factor 0.37 WrC
Vas Gateto-Source “oltage +20 Y
Eas Single Pulse Avalanche Energy © 110 mJ
Iam Avalanche Curent & 16 A
Ean Repeliive AvaBnche Energy @ TG ™J
it FPeak Diode Recovery duidt & 45 s
Ty Operatng Junckon and 55 to + 175
Ts1g Siorage Tenperature Range °c

Sokdering Temperature, for 10 seconds G (1. 6mm from casa)

Mounting torque, 5-32 or M3 scew 10 thfein (1.1N-m)

Thermai Resistance
Parameter Min. Typ. Max. |Units

Rasc Junction-to-Case _ I 27
Rocs Case-to-Snik, Flat, Greased Surface E— 3.50 — CIW
Roa Junction-to-Amixent —_— —_— &2
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IR

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

Parameter Min. | Typ. {Max.| Units Conditions
Visross Drain-o-Scurce  Breekdown Voltage 55 | — | — b Yag =0V, Ip = 250pA
AV prpss/AT,| Breakdown Voltage Temp. Coeficient — 0852 — | vrC | Reference 0 25°C, Ip = 1mA
Roron: Static Dran-to-Source On-Resistance — | — |0.040] £ | Veg =10V I3 = 16AD
VG&‘HHI Gate Threshoxd Voltage 20| — | 40 W Yoe = Vag, Ip = 250pA
[+7] Foraard Transoonductance 85 | — | — S Vos =268V, Ip = 1BA
) ] —|—1] 2 Wpg = 88, Veg =DV

foss DrantoSource Leakage Cutert — =0 " [Vog =@V Vos =0V, T, < 150C
lass Gate-{o-Source Forwand Leakage — | —| 100 a, Vag = 20V

Gate-to-Scurce Reverse Leskags — | — }|-100 Veg = -200
Qg Total Gate Charge — i — | M Io =164
Qs Gate-io-Source Charge — | — | 88 | nC | Vo =44
Qga Gate-to-Drain {"Millery Charge ——] t4 Yaz =10V, SeeFig. Gard 13 @
taom Tum-On Celay Time —_— | Te | — Voo = 28V
i Rese Time — | 48 | - ns ip = 16A
tacom Tum-Off Celay Tme — | 31 | — Rg = 18L1
tr Fall Tme — | 40 | — Ro=180.5eeTig. 10 ®

inéemal Drain Incuctance —|a5 |— Between lead, H

oH Brom {3.25n.}
from package
ks niermal Soures Induttance — |75 | and center of die contact :
Cs Irgut Capacitance — 70 | — Ves =0V
Coss Cutput Capacitance — 240 [ — | pF | Vpz =28V
Creg Reverse Transfer Capacitonce — 1180 | — f =10z, See Fig. &
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. [Max. | Units Conditions

[ Continucus Source Cument MOSFET symbol

(Body Dicde) — || % o | srowing the
[ Pulsed Source Cument integral reverse RN

(Body Diode) @ —|— "™ p-n junction diode. ety
Vap Dixde Forward Weltage: — | — 18 Vo Te=25C, Is=168A, Vo =0V &

Reverse Recovery Time — | 57 | 86 ng [ T,=25C Ir =164
Qr Reverse Fecovery Charge — [ 130 [200 | nC | déck = 100ANus @
ton Forwaed Tum-On Time Infrinsic Jumon fme is negigble (bm-on is dominabed by L s+l a)

Hotes:
(O Repetitve rating;, pulse width limited by
ma. functicn tempesalire. { See fig. 11)

@ Vpp = 259, starting T, = 25°C, L = 610¢H
Rg = 2502, 1 = 164 (See Figure 12)

@ lgz s 16 A, it < 420418, Vop £ Viarisss.
T, 175

@ Puise width < 300us; duty cwole = 2%




68

IRFZ34N

1000 —
ToF "
1oV
v
z &
< eV
- &ov
5 BOTTOM &3V
[
E 100
(&)
g
2 :
= L
g “
© 1T
& T
- 454
o 5] T
/ 20ps PLLSE WIDTR
3 TC.=25°C
g1 10 Hty

Vpg- Drain-to-Source Vottage (V)

Fig 1. Typical Output Characteristics,

Te = 25°C
160
e
E o,
bt T,=25C
z i~
E Ty=175°C
a o’
g /
g " P
c
i
(]
\.’33 =25V
. 20us PULSE WIDTH
4 £ £ E H 2 12

Vs . Gate-to-Source Voltage (V)

Fig 3. Typical Transfer Charactenstics

1000 e
TP 18V

"°y

0V
- i

-
= e
E BATIOM &0
—
5 100
I3
Q
S ——— v ———
@
2
5 10

4.5y
& —_
H
2Cps PULSE WIDTH
, To=175°C
1 ’ 10 100

Wng . Drain-to-Seurce YYoltage (V)

Fig 2. Typical Output Characteristics,

20

{Nomalzed)

08

0.4

Rogiom » DRIND-Souce On Resistance

00

Te=175°C

D= 204

Vs = 10V

0 43 20 ¢ 20 40 62 ED 1) 12D 140 1£0 30
T, . Junction Temperature {*C)

Fig 4. Normalized On-Resistance
Vs. Temperature
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1200

o [

Vg =0V, f= 1MHz

Cies = Cgs + Cgo . Cos SHORTES
dres T g

Ciss [Soss = Ces + Cag

% e -
=3 Y -
b | Coss [~
£ -
E e
§ A
N
P,
. 4%
o ™~ N
Crss\ \\
0 \\ \u
p: KET
M
a
1 1 100
Yag . Drain-to-Source Voltage (V)
Fig 5. Typical Capacitante Vs.
Drain-to-Source Voltage
1ooc
<
&
8 100
&
2 T = e
[+
§
T,=25°
: . /] = 26°C
o s
8 —
- J 4
JA
. / l VG5 = OV
34 3 12 16 29

L}
Ve , Source-to-Drain Voltage (V)

Fig 7. Typical Source-Drain Diode
Forward Voltage

Ip , Drain Current (A}

L ro=ea ]
- Vg = 44V,
= Vps = 28V |
g’ 12
>
3 2
o <
3 /f
: A
3 )i
Q
)8 4 /

FOR TEST CIRCUET
. SEE FIGURE 13

D 10 20 32 a0
Qg ., Total Gate Charge {nC)

Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage

1:"‘": 1 I 1 | . - 1 T h 4 I
[ DPERATION IN THIS AREA LIMITED:;
— ~ BY RDS{on;
=4 N/
Y - ma
v Ty 10psH
<D | by
. ~ ~,
4 <~y = <1
M~ ~ 3
N ~ L 100us
Y X 2
h. Y ]
5
< h.] an
3 Irrs[]
= 1]
T =28°C b [ |
Ty =178°C “R10ms
Sirgle Pulsa 111
1 0 1c0

Vpg . Drain-to-Source Voltage (V)

Fig 8. Maximum Safe Operating Area
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I‘{!' Drain Currert {Amps)

Thermal Response (Ze e )

Ra
» o 5 DUT.
Rs | h !
L ¢ - Yo,
25 - B )
Loy
0 ~ Pulbe WHt1 S 1 96
l Duly Facr=n) &
M e " s
- .
18 Fig 10a. Switching Time Test Circuit
k\
Yerg oo
hiv] 68
903
5
a 0 .*"
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Appendix A:Figure 14, Peak Diode Recovery dv/dt Test Circuit
Appendix B:Package Outline Mechanical Drawing

Appendix C:Part Marking Information |nternati0na|
[zer|Rectifier
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Appendix A

-
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Package Outline

T0-220AB Outline
Dimensions are shown in milimeters {inches)
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STTH3003CW

HIGH FREQUENCY SECONDARY RECTIFIER

MAJOR PRODUCT CHARACTERISTICS

lFiavy 2x15A
VRRM 300V
Tj {max) 175°C
VF (max} 1V
trr {max) 40 ns
FEATURES AND BENEFITS
a COMBINES HIGHEST RECOVERY AND
REVERSE VOLTAGE PERFORMANCE

a ULTRA-FAST, SOFT ANG NOISE-FREE
RECOVERY

DESCRIPTION

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

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

ABSOLUTE RATINGS (limiting values, per diode)

Symbol Parameter Value Unit
VReat | Repetitive peak reverse voltage 300 v
Irerms) | RMS forward current 30 A
IFiavy | Average forward current Tc=135C Per diode 15

§=05 Per device 3o
IFsM | Surge non repetitive ferward current tp = 10 ms sinusoidal 140
IRsmt Non repetitive peak reverse current tp = 20 ps square 7 A
Tsiw | Storage temperature range 65 +175 “C

Tj Maximum operating junction temperature +175 C
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THERMAL RESISTANCES
Symbol Parameter Value Unit
Ru <) | Junction to case Per diode 20 ‘o
Tatal 1.05
Rinie) Coupling 0.1
STATIC ELECTRICAL CHARACTERISTICS (per diode)
Symbol Parameter Tests conditions Min. | Typ. | Max. [ Unit
IR* | Reverse leakage Vr=300V Tj=25°C 40 HA
current Tj=125°C 40 400
Ve™ | Forward voltage drop | ls = 15 A Tj=25C 1.25 v
Tj=125°C 085 | 1
Pulsetest: *tp=5ms,6<2%
**tp = 380 s, 5< 2%
To evaluate the maximum conduction losses use the following equation :
P =0.75 % Iriav; + 0.017 I5"rms)
RECOVERY CHARACTERISTICS
Symbol Tests conditions Min. | Typ. | Max. | Unit
trr F=05A  Ir=025A lr=1A[ Tj=25°C 30 ns
lk=1A dle/dt=-50Alus Vg =30V 40
tir k= 15A dir/dt = 100 Alus Tj=25C 360 ns
VEp Vrr = 1.1 x VF max. 35 v
Stactar_| Vec=200V  lE=15A Tj=125"C 03 -
Iam dlerdt = 200Afus 8.5 A
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Fig. 1: Conduction losses versus average current
(per diode).

P1{W¥}
20 [ T%e01; 0u ege
18 benns : Fy '01, LLRE > o~
16 Fd % 1
{1 i A
12 r4 7 ’1
10 Fi ) il

a 7

g r A _
; j:Eﬁ
2 - IFlav) 1A) i AT AT
0 e i

0 2 4 6 8 10 12 14 8 18 20

Fig. 3: Relative variation of thermal impedance
junction to case versus pulse duration.
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Fig. 3: Reverse recovery time versus dl=/dt (30%
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
die/dt (90% confidence, per diode).
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Fig. 6: Softness factor versus dir/dt (typical
values, per diode}.
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Fig. 7: Relative vanation of dynamic parameters
versus junction temperature (reference: Tj = 125°C).
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Fig. 9: Forward recovery time versus dl=/dt {90%
confidence, per diode).
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Fig. 8: Transient peak forward voltage versus
dir/dt (30% confidence, per diode).
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PACKAGE MECHANICAL DATA

TO-247
DIMENSIONS
W L REF. Millimeters Inches
s S
- — i ] Min. | Typ. | Max. | Min. | Typ. | Max.
y BN T oia. 1 — A lass 5.15 [0.191 0.203
e ' /:J D [220 260 }0.086 0.102
H E [040 0.80 [0.015 0.031
A F [1.00 1.40 [0.039 0.055
f — F1 3.00 0.118
: F2 2.00 0.078
: 1 F3 (200 2.40 [0.078 0.094
N W
o R@f F4 [ 300 340 [0.118 0.133
. # N G 10.90 0.429
: H [15.45 15.7510.608 0.620
5 L2 | L [19.85 2015|0781 0.793
' ; ol il 1370 430 [0.145 0.169
AN 'Fi 2 2 18.50 0.726
] 3 1420 14.80]0.559 0.562
e | 4 34 60 1.362
T R e — L5 550 0.216
S ' M |200 3.00 10.078 g.118
L=—G:—-J o V Sn 5u
V2 60° 60°
Dia [ 355 365 (0.139 0.143
Ordering code Marking Package Weight Base gty Delivery mode
STTH3003CW [ STTH3003CW TO-247 4369 30 Tube

» Cooling method: by conduction {C)

m Recommended torque value: 0. N.m.
a Maximum torque value: 1.0N.m.

s Epoxy meets UL 94, V0
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S EE CORES
Mooree g Gl [ Wi, [V | 7ot [
Swpocode |, A le |V A, Amin. A | e e, | tpege)

(mm™) | (mm? ; (mm) | (mm?} {mm?) {mm?) {mm?)

2.4057 124 | 27 | 3% 126 121 L | 263 | 1% - -
11934 21 | 300 | 752 249 238 B | 26 | 3m a7 -
1.8662 189 | 352 | 663 18.2 182 c | a6 | 32 48 59
17168 B1 | 06| s 28 228 c | 557 | as8 49 -
17718 27 | 401 | o0 27 27 1BC | 59 | 4%6 - -
1.9594 261 | 512 | 1340 244 . | 244 ¢ | 102 | 138 - -
1.2387 98 | 492 | 1960 411 371 B | 856 | 996 - -
1.1970 402 | 481 | 1940 40.3 40.0 B 81.0 1051 50 -
1.1561 426 | 293 | z100 a0 410 ¢ | 805 | 103 - -
052756 | 110 | 579 | 6360 114 107 L | 78 | 322 51 )
11538 573 | &1 | 3790 478 4786 c | 134 | 207 52 -
085153 | 821 | 638 | 670 85.9 797 B | 14 | 295 - -
054339 | 142 | 775 | 11000 137 137 c | 167 | s20 53 —
060782 | 127 | 774 | 9860 114 114 c | 118 | s20 54 60
052569 | 149 | 78.1 | 11600 155 145 L | 178 | 588 - | -
066917 | 145 | 972 | 14100 137 137 c | 28 | Ny - -
054243 | 180 | 978 | 17600 180 180 BC | 276 | ®89 55 -
041512 | 208 | 9782 | 23000 26 6 BC | 27 | 118 56 -
1. oarreo 165 | 78.7 | 13000 159 159 " C m 65.0 — —
038524 | 232 | eos5 | 20800 243 23 B | 226 | 106 - -
042677 | 226 | 963 | 21700 2713 273 c | aa 13 57 60
034989 | 353 | 124 | a3700. 352 ;%2 cC | 40 | 28 58 -
031597 | 339 | 107 | 36400 352 229 B | 202 | 186 - -
049137 | 377 .| 185 | 69700 202 382 AL | 1480 | 384 - -

W& Minimum cross sectional area  B; Back area  C; Center leg area  L; Side leg area

:i Y ’
AINN 4.1 VYA uaqtznuaﬂﬂﬂsﬁlsuu EE
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ATTNN Y.2 VOYDA§ ﬂﬂ“lﬂu!ﬂﬂﬂ‘iﬂuu‘u ETD

EER CORE!
TYPE 2
— 3
] _q J &
- R
¢ <.
8 [:]
Dimensigns (mmj} Generat
Shapecode | Type [™—1 B | Cc-y D Emin.| _F_ |Hoom, | standard
EERGB/0S | 1 931020 | 230:010 . 5054015 | 335:015 . 77 | 161010 070
EERMAG | 1 | 108:020 | 245:000 | 590:010 | 410£015 | 87 161010 100 |
EERJB/24 | 2 | 1921040 | 1213015 6601030 | 560:030 | 136 | 891020 260 |
EER6/33 | 2 2623040 16.310.20 7.20+0.30 7201030 | 196 | 128:020 | 3.10
EER28/20 | 3 | 28.0+040 | 1012025 | 1191030 | 8503020 | 204 | 664020 | 360
EER?78/34 | ' | 2861050 | 189:025 | 11.4:030 | 9901020 | 212 | 126:030 | 340
EER2/30 | 3 | 7931040 | 1461030  119:030 | 830:020 | 216 1103020 360 |
EER20/32 | 1 | 298:080 | 1584020 = 950:+030 | 9605030 | 220 . 1104030 356 = ETD2
EER30/26 | 1 | 3011060 | 132:035 1201025 | 120:025 | 200 831030 476
EER3/33 | 3 | 3304030 | 167:035 | 1304020 | 105020 | 234 | 1201020 | 465 |
S Jeeraarss | 1| 3421080 | 1731020 | 1084030 | 108:0.30 | 256 | 1213030 | 395 | ETOM
EER35/41 | 1 | 3504050 | 207:030 | 1133026 | 1131025 | 266 | 147:030 | 443 | &S
"EERGA/A4 | 1 | 3751080 | 2201020 | 152:025 | 1621025 | 265 | 1551020 | 525 |
m@ 1 39.1+0.90 19.810.20 12.51+0.30 12.51+0.30 29.3g ‘ 14.610.40 4.50 _thag
EER39/45 | 1 | 39.0:040 | 227:020 | 1281025 | 128:025 | 286 | 1713020 | 500 | Js
EER0/45 | 1 | 400:070 | 2241030 | 1334030 | 133:030 | 288 | 1544030 | 525 | JS
EER42/42 | 1 | 420$080 | 21.2:020 | 1524025 | 1524025 | 305 | 153:030 | 550 | JS
EER42/43 | 1 | 422:+000 | 216:020 | 1474030 | 147:030 | 304 | 160:040 | 568
EER2/45 | 1 | 420$080 | 2243020 | 1551025 | 1551025 | 294 | 1544030 | 615 A
EER4Z/49 | 1 | 4203050 | 247:020 , 1964040 | 17.3:025 | 31.8 | 18:8:0.30 s ] B
EER44/45 | 1 | 440:100 | 223:020 | 149:030 | 149:030 | 325 | 1651040 | 535 A ETD4
EER45/38 | 2 | 4403050 | 193:020 | 1524025 | 152:025 | 310 | 1331020 | 6.00
EERAB/41 1 48.0+1.00 20.6+0.60 20.94.0.40 18.040.30 372 15.0:0.30 510
EERAS/49 | 1 | 4874110 | 2471020 | 1641030 | 1642030 | 361 | 181:040 | 585 | EVD4
EER49/62 | 1 | 4901050 | 312:030 | 172:026 | 1725025 | 34 | 2271020 |{ 600 | S
EERS3/37 | 1 | 535:100 | 1833020 | 17.04040 | 1794040 | 398 | 1111030 | 643 |
EERSS/S7 | 4 | 650050 | 2843040 | 2474040 | 2065030 | 417 | 1901030 640 |
EERS0/65 | 2 | 800:080 | 325040 | 200:050 | 240:050 ' 592 | 220:030 | 100 |
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EE Type Cores

M Ordering Code R DR ]
2G8-EE-16 . -
I -
Material Type  Length(A) F
#HH iz Atk a L ¢ ]
B Dimensions and Effective Parameter 1ERUBDOOERIITEN
l» Cores [ Demansions{mem; <tk B Efctrvo Paramater OIS J vg‘ﬂ—’ Bt
23 A B o D E F crm | Aelm) | lotm) | Veom) | Awpm | oo | Avelale
£S5 55+01 | 533015 | 1@1 | 38201 | 1B20® | 40006 | 47 264 | 126 B2 506 | 016 P
EE5 55 555401 | 5.3+006 | 1.9+01 41501 | 1.35<008 | 40x016 | 502 251 | 129 <N 556 0.16
EE-6 3 6370 Lo | 54T L, | 207390 1 oaa=z0n 1472 9% 378 40 3| 123 99 51 02
EE-6 5 652015 | 652015 206°0 L 49t E [t 46.° ¢ 130 460 | 1516 8.7 [ 80 016
EE-8. T3, 65 8.3x02 8.0z02 3,.62015 63107 2,00 15 6002 2m T4 195 8.9 | 130 0.68
h& B3 9 8377 ., | 80=n2 304015 6012 |20t 6 0%02 257 75 | 194 160 | 129 073 &
" e 3 B5x02 | 83%° 20, 5 65t02 | 2070 | i 617 % 5.3 3W | 04 T3 | 146 019
89082 Box0s | 82'0 (9x013 | G303 [ 1 8=613 4%230% | 3% 4% | 1BE | ™At 1.3 0.52
EE-10 10.0x03 | 110202 4919 . 17y | 2402 84402 2.3 11 %0 | 287 | 28 1.4 ®
B0 2075 | 10.2ea2 | (1007 | S507,C | 18<0z | 242015 | Boxuz | 227 | 1.6 | %4 | 369 | m2 | 15 o
12X, 4% 12002 | 104703 a0ty ) 8,802 1_3.212 N 12703 1.9 12,6 52 | 383 | w6 1.55
-1 125403 | 120403 35015 | 85%°% 307,74 16202 219 120 6.4 34 | 26 17 -4
E-125 12503 11.3z03 48202 9.4£0.25 | 24x07 8 1203 —ZLIEJ 135 2.4 370.6 284 19 &
E-12 66EF12 631 12620 5 s ott EA I RN 90" ¢ 2.3 124 N7 | M5 | %3 1.84
127 127075 Twxou | 65,5 [nixez | 318x0 5754015 | 1.3 16.0 2o | %o | 1we | 18 -4
EE-IXIZ63 | 13.0803 | 120=04 637 , jos=3 |28 | saees | 1g 63 | 05 | w0 | Jo | 24 1P
EE-13 130202 | 12.0+03 6355 10202 W; 92402 (s 171 30.2 5173 | 3.3 26
=) 140203 | 112504 | 50202 | 055203 | 3.5¢07 13203 | 160 | 114 | 29 | 44 | 21 | 24
EE-16 16.0+03 | 14.3+04 507,% pi20+03 |40, .0 | 102203 [ ] 104 1 48 3 6B 4 42 | 33 &
FEL-16 16,0202 | 245304 50,9 1zox03 | 427 9 040" 283 195 %52 | 10m BI.6 52
B0 | 16.0503 | W43x04 | 70,0 | (30203 | 32,0 | lo0zes 1% 1 20 | %9 | 7m2 | S50 | 38 P
Eﬂn&‘m) w0ty | 64TS 477, [ L7, ety 187 }—El 316 O | ALE 19
EE-16.7 6770 0 | M2ees | 35x01s [ 107'0% | 3540 8 1=03 184 | 163 | 301 | 495 | W5 | 28
EE18.4 18.4:04 | 19.0+04 45402 1 12 hin 5502 126204 | 166 } 5.2 4.9 | 1085 454 51
19 19003 | 15,9404 51,5 1Ho+as 61T, 1.3203 1 “’W /2 | 942 | 517 44 ®
€AL-19 19.0x03 | 271304 510, 14.020.3 5150 22 6+0.6 2.64 2.4 6.7 | 1443 108.4 67
156 191203 | 15.67°0 52%, ¢ 146x03 | 4790 et d 172 B 96 | o047 | 557 5.9
EEISUS 896 | 1915%05 | 158205 | 9675 | 1403 46600 | 112203 | 09l T_uﬁs_#_sﬁ—wﬁé—‘i?— s1 |
FE-1H 19.3+031 | 1616203 | 47570 5| M45%03 | 4B 20 Moz | 1 | 24 | 400 [e82 | %2 | 44
EE-XF (£F20) | 20470 . | 20470 5975, | M1t 59°, 402 1.46 38 { 63 uB 2.6 7.2
| E2 2004 | B6=04 } 607, | 140:03 | 6072 10.6£0.3 Loz | %6 | 42 |15 mo | 90 4
ERL-22AT 2003 | 286204 5.7x02 | 15.B7%Y [ 5702 21 6tud 180 | 3.4 636 | 246 nz |[is
EE-28 noros | 20003 55z | 115+03 | 40202 15 u:‘;‘;_\ 2.0 24.4 ] 1016 6.2
B2 20+03 | 186204 | 57x02 | (57°% | 57x02 108203 116 1 %4 | 420 | 15w 56 | 12 ®
B2 2%5.0x04 | 20004 6.55+03 18.6+0.3 6.56£03 13 6+0.3 [ 117 422 49.4 284 B9 10.6 &
20 =% | 5,000 5 | ®e'Y EA AP B X A I R 4t [ 51.8 57.8 | 2094 %3 | 136
BH-% 25.0+04 | 33.6%05 6.55+0.3 18 6£0.3 6.55+03 21 2+as5 1.8t 423 76.6 3238 163.9 15.3
EE-25.4 %5404 | 19.0+05 6.35:£02% | 19,0503 | 63203 | 127x03 119 403 8O |15 03 | 100 g
B4 - TS T A 6354075 | 19.0%03 mﬂ,a 54708 1.82 40.4 B4 | 2063 w7 | is |
EE-28A 28.0£04 | 21.5+05 1.9, et 757, 12504 0.5 887 50.0 429 B0 2.6 WP
£n B0 | J6x04 | 107, 27204 | 6bun B0t | 1w | 426 | w4 |3m1 | @ |65
B33 33 005 B 2+04 13077, 24,0205 o . | 18.2+0.4 057 __(117 7 { 6.0 7887 } 368 315 e B

«DIN Standard 41984

= EY T 4
ATTNN 4.3 ‘Uﬂlﬁlﬂﬂ‘Nc] ﬂﬂ\i!tﬂulﬂﬂﬂ'jﬂuuu EI
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A1519% .1 MINVUIAATIAA TN

wos SITALTLATTALY yuadurugudnatg uiinshida
AWG # Auona1 mm 1§05 90AUI 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




A519N .1 (@fi’r)) M5 19U IAIAAN

€|

wof ITETAT T inaFuRIugudna 1 Aufinihdntng
AWG # AuBna1e mm (fi0370RuM mm mm’
19 0.9119 1.003 0.653
18 1.024 1.118 0.823
17 1.151 1.247 1.040
16 1.290 1.389 1.308
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
1 2.304 2.431 4.168
10 2.588 2.720 5.261
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