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In this project you are to design a buck converter with the following specifications:

Input voltage range: 20Vto30V

Input voltage transient limit*: 44V forupto 1 ms
Output Power Range (resistive load): 50 W to 150 W
Output Voltage (static requirement): 12V £ 3%

Output \Voltage (transient limits)?: 12V £ 20%
Allowed output voltage ripple (p-p, any load): 100 mV

Allowed input current ripple (p-p, ideal source): 100 mA

Minimum efficiency (across voltage, load): 85%

Ambient temperature range -20°C to +50°C

As part of this project, you need to:

1. Design and specify numerical component values for the power stage, input filter, and
output filter.

2. Specify the power devices and heatsink(s).

3. Specify/design the passive components (e.g. capacitors and inductors) for the power stage
and input and output filters.

4. Design a feedback controller that results in a stable closed-loop system across line (input

voltage) and load variations and also meets the static and transient control requirements.
(A mathematical description of the controller coupled with supporting simulations is
sufficient.)

You should provide sufficient analysis and simulation to validate that the proposed design will
meet the specifications. Datasheets for a set of components (such as power devices, inductor
cores, etc.) are provided for your use. Reasonable departures from this component set are
permitted but datasheets with sufficient design data must be provided for any such departures.
(Note that pre-designed components, such as EMI filters, wound inductors, and converters are
not permissible.) Provided below are some guidelines to help you with the design:

Power Devices and Heat Sinks

When specifying each power device you must ensure that the device junction temperature
remains sufficiently (e.g., at least 25°C) below the allowable maximum junction temperature
(typ. 150°C) under all operating conditions. A first step is to make approximate calculations of
device losses, including conduction and switching losses. For switching losses of the power
MOSFET you may assume linear rise and fall of the current waveforms, and use the nominal

! The converter must me able to survive this input voltage transient, but does not have to run during the transient.
% The voltage should not vary outside this range during steps between minimum and maximum load.



delay, rise, and fall times provided in the datasheet. You may neglect the switching losses
associated with the diode. Note that the on-state resistance of a power MOSFET varies with
junction temperature; this variation is specified in the data sheet.

Once device losses are calculated, you should select heat sink(s) with sufficiently low thermal
resistance to limit the junction temperature of the devices to acceptable levels. (Junction-to-Case
thermal resistances are provided in the device datasheets.) You should assume a maximum 40°C
ambient temperature when sizing the heat sink(s).

Passive Components

Ripple current capability is an important consideration when specifying capacitors. (For
example, the filter capacitor at the input of a buck converter must sustain substantial ripple.)
Another important consideration for filtering capability is the equivalent series resistance (ESR)
of the capacitor. (For example, the output ripple voltage may be larger than expected for the
selected capacitance value due to the drop across the ESR.) At higher frequencies, the capacitor
equivalent series inductance (ESL) also becomes important. When specifying a capacitor, you
must validate that the ripple capability of the capacitor is not exceeded, and must account for
ESR (and possibly ESL) when calculating ripple voltage on the capacitor.

A set of square-cut ferrite cores is provided for the design of the converter and input filter
inductors. Various values of A_ (nH for one turn) are available in each core (recall that
inductance is proportional to the number of turns squared.) For 3F3 core material you may
assume a maximum allowable flux density of 3000 gauss (0.3 T). You should also assume a
maximum allowable current density in the windings of 500 A/cm? (Of course, the specified
windings must fit within the winding area of the core.) For simplicity, you may neglect inductor
core and winding losses and inductor temperature rise.

For those who are ambitious, the inductor losses and temperature rises may be calculated and a
design selected such that the inductor does not overheat. (A centerpost temperature rise of 50°C
over the 40°C ambient is reasonable.) To do so, you should compute the (approximate) losses in
the inductor (as the sum of winding and core losses) and multiply by the thermal resistance of the
core to find the inductor centerpost temperature rise. Winding power loss may be (crudely)
approximated as the dc winding resistance times the rms inductor current squared. (In more
sophisticated calculations, skin effect may be considered in the windings.) Core power loss in a
3F3 material core can be computed by approximating the ac flux in the core as sinusoidal, and
calculating the core loss as:

P

core —

CM -f '(Bac,pk)ﬂ 'Vcore

where Pcore IS the core loss in mW, Cy is the loss density coefficient, f is the switching frequency
in Hz, Bacpk IS the peak ac flux swing in T, and Ve is the volume of the core in cm?, Empirical
values for Cy, «, and g are shown for 3F3 material over various switching frequency ranges in
Table 1. Note that these values are only approximate curve fits to measured loss for sinusoidal
drive over limited ranges; computed values should thus be used conservatively.



Frequency range Cwm a B
100 — 300 kHz 2.5x10™ 1.63 2.45
300 — 500 kHz 2 x10™ 1.8 2.5
500 — 1000 kHz 3.6x107° 2.4 2.25

Table 1 Core loss curve fit data for 3F3 Ferrite material at 100°C core temperature. Data
extracted from Ferroxcube Application Note “Design of Planar Power Transformers.”

For the cores provided, the thermal resistance values are as follows: RM6 is 60°C/W, RM8 is
38°C/W, RM10 is 30°C/W, RM12 is 23°C/W, and RM14 is 19°C/W.

Feedback Control Design

The controller can be designed using linearized, averaged models of the converter. The closed
loop system should be stable and well damped for all allowed values of input voltage and output
resistance, so you should design for the worst case. (Note that the buck converter is particularly
simple in terms of control design.) Because the static voltage variation is small, an integral
control component is useful for eliminating steady state error. Voltage-mode control (i.e. duty-
ratio control) using a PI controller is one design option. You should specify the control law
mathematically (e.g. as a transfer function from error voltage to duty ratio). Ambitious students
may provide a circuit implementation of such a controller (with a duty ratio signal of specified
scaling at the output). We will not consider the PWM modulator, gate drive, or several other
circuit design issues in this paper design. You should provide clear validation (analysis and
simulation) that the control design is acceptable. As part of this, you should demonstrate that the
output voltage will remain within the allowed transient limits during step changes in load
(between minimum and maximum values).

YOUR REPORT SHOULD INCLUDE A COVER PAGE THAT CLEARLY AND
CONCISELY STATES THE SELECTION / DESIGN OF EACH ELEMENT OF YOUR
SYSTEM (E.G., INCLUDING THE DESIGN OF THE INDUCTORS, SELECTED
DEVICES AND HEAT SINKS, ETC.) AND STATES THE KEY OPERATING
PARAMETERS (E.G., INCLUDING SWITCHING FREQUENCY, COMPENSATOR
TRANSFER FUNCTION). THE SELECTED DESIGN VALUES MUST BE JUSTIFIED
IN THE BODY OF THE REPORT. THE COVER PAGE SHOULD ALSO INCLUDE A
TABLE THAT STATES HOW THE PREDICTED PERFORMANCE COMPARES TO
THE CONVERTER SPECIFICATION REQUIREMENTS ON PAGE 1.
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Philips Components Product specification

RM cores and accessories RM7/1
CORE SETS
Effective core parameters
SYMBOL PARAMETER VALUE | UNIT
Z(I/A) core factor (C1) 0.680 |{mm-!
Ve effective volume 1325 {mmd
le effective length 30.0 mm
As effective area 441 mm?2
Amin minimum area 39.6 mm?2
m mass of set =7.7 g 0
©7.25_ 5+ -
] / 1
J13 Z /// % g4*08 134
+0.25 % N 0 ot
N i |
' 147508 Lo Heco
Dimensions in mm,
Fig.1 RM7/l core set.
Core sets for general purpose transformers and power applications
Clamping force 40 £20 N.
AL AIR GAP
GRADE TYPE NUMBER
(nH) . (um)
3F3 €D 100 £3% =56 =800 RM7/I-3F3-A100
160 £3% =89 =400 RM7/1-3F3-A160
250 +3% =139 =200 RM7/-3F3-A250
2500 +25% =~1390 =0 RM7/-3F3
0
1 83-0.15 0 O 254
o - el
075
208 BT T T T &
i1 |
4 D |
- } |
H 1
L] T i
f o
04_J LI 0 A A N 1 N |
0.9 :J
MGC068
Dimensions in mm, 55 - le1a” 3'15
Fig.2 RM7/I coil former.

Winding data for RM7/ colil former

NUMBER | NUMBER | PIN | SVERASE | wiNDiNG | WiNDING
OF oF  |posmons |“=ETR AREA | WIDTH TYPE NUMBER
SECTIONS |  PINS USED (mm2) (mm)
{mm)
1 2 1,2,5,6 3 21 685 | CSV-RM7-15-4P
1 8 all S 21 6.85 | CSV-RM7-15-8P
2 8 al 35 2x98 | 2x32 |CSV-RM7-25:8P




Philips Components Product specification

RM cores and accessories RM8/1
CORE SETS
Effective core parameters
0
SYMBOL PARAMETER VALUE | UNIT 0197 _pg
Z(/A) core factor (C1) 0.604 |mm-! F /A<
Ve etfective volume 2440 |mm? 0 51 [l J/_ +\ ]
- M-os rot [
lg effective length 384 mm * i \\ \ 'F'/ y
o
Ag effective area 63.0 mm2 -
Amin minimum area 55.4 mm?2 > 9-50 e
m mass of set =120 |g ; B2 g9
68.55_0.3*] -
143 / +0.4 164
£0.25 'é é‘“ 0 *0i
l NN
b
- J17 * 3.8 ! Hacoss
Dimensions in mm,
Fig.1 RM@8/1 core set.
Core sets for general purpose transformers and power applications
Clamping force 30 £10 N.
AL AIR GAP
GRADE ‘ (nH) ‘p, N (”,'P) TYPE NUMBER B
3F3 100 £3% =50 =1100 RM8/-3F3-A100
160 £3% = =550 RM8/1-3F3-A160
250 3% =120 =300 RM8/1-3F3-A250
315 +3% =151 =250 RM8/1-3F3-A315
400 3% =192 =180 RMB8/1-3F3-A400
3000 £25% =1440 =0 RMB8/-3F3
108 3 1y
.l l"""" -gl
508 e o}ia.s minjpe )
A8, .81, .85 - -] 3 oo
281 381 “.i T.;,J ”0.1 - ) L
w02 7\ Lo o
032877 : -+-I 6 04 o189 3, m.ssﬁ,~———---
\\ M // -----
?.a
TV T ¥ £ ~ > .
——— 233 ] £ " wlleq0is o
Dimanaions in mm.
Fig:2 RM&/ ool former (DIL).
Winding data for RM8/ coil former (DIL)
AVERAGE
WINDING WINDING
NUMBER OF LENGTH OF AREA WIDTH TYPE NUMBER
SECTIONS TURN (mm2) (mm)
(mm)
1 42 30.9 8.6 CPV-RM8/i-18-12PD
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RM cores and accessories RM10/1
CORE SETS
Effective core parameters / \
0
SYMBOL PARAMETER VALUE | UNIT S\ D247 14
-1 Z(VA) core factor (C1) 0.462 |[mm TN
Ve effective volume 4310 |mm? 125 g s Hp— { . )_ |
le effective length 4456 mm 1 1 N /
A, effective area 96.6 mm?
Amin minimum area 80.9 |mm? >1069
m mass of set =22 g %313
51093 > -
. |
16.2 +0.6 186
£025 124 07 1o
g \S\ sl
. +0.9 MGCOS7
— @212 o7 e
Dimensions in mm.
Fig.1 RM10/1 core set.
Core sets for general purpose transformers and power applications
Clamping force 60 20 N. ‘
A AIR GAP
GRADE TYPE NUMBER
(nH) P (um)
3F3 160 3% =59 =900 RM10/1-3F3-A160
250 3% =92 =500 RM10/1-3F3-A250
315 +3% =116 =400 | RM10/1-3F3-A315
400 33% =147 =300 RM10/-3F3-A400
630 £3% =232 =150 RM10/-3F3-A630
4050 +25% =1490 =0 RM10A-3F3
- 122 3, =
- 245 3,
5.08 = {10 min. ) -
3.81 - 3.81 0.7 -0 [ — 1.2 D2.54
3.81 L I 3.81 - a3 0.3 : {®[0.05]
| ’
3 )l s )
- E i
=~ N | | 1 T H +0.15
T 0.2 / + \ 0 T 0 b v
27.94 1381117 ek 21083 @21 0 @25 Q- H- ——fo o
0 U // ] 0.2 -0.2 I -
1 I 21
(=1 -] [=] a Q L % & ©
! L ] a2 J
cewia
3—>J e P PR Lms*g"s
233 ————
Dimensions in mm.
Fig.2 RM10/ coil former (DIL).
Winding data for RM10A coil former (DIL)
AVERAGE
WINDING WINDING
NUMBER OF LENGTH OF AREA WIDTH TYPE NUMBER
SECTIONS TURN o
{mm?) (mm)
(mm)
1 52 442 10.0 CPV-AM10/1-18-12PD




RM cores and accessories

RM12/1

CORE SETS
Effective core parameters
SYMBOL PARAMETER VALUE | UNIT D298_4 4
Z(VA) core factor (C1) 0.388 | mm™ ; g
Ve effective volume 8340 |mm? 1810, 5 {0 (-1
lo effective length 56.6 |mm g ¥ YN
As effective area 146 mm? :
Amin minimum area 125 mm2 > 1269
m mass of set =45 g MEEAET
g2l
T i
7L
216 2 A// ) fos 245
L0235 NEN G EELX
N1
‘ SN
g2l
0
Dimnensions in mm.
Fig.t RM12/ core set.
Core sets for general purpose transformers and power applications
Clamping force 70 £20 N.
AL AIR GAP
GRADE TYPE NUMBER
(nH) he ] (1sm)
3F3 160 £3% =49 =1400 RM12/1-3F3-A160
250 +3% =77 =800 RM12/1-3F3-A250
315 +5% =97 =550 RM12/1-3F3-A315
400 £5% =123 =450 RM12/1-3F3-A400
630 t5% =196 =300 RM12/1-3F3-A830
5050 £25% 1560 =0 RM12/1-3F3
-~ 165 0, -
Ay 37 94
5.08 (143 min) =~ [‘ ’
5.08 5.08 0.7 —o l—1,2 02.54
5.08-+ 5.08 R P 03 »1 ‘
7 ji 1 E ’-
TN N T
33.02 165 13702 A + | 26384 o247 5,048 §ar-—-—- +- i) 5
! /4
a1 | e |
x E i J‘m
-2 Q (-] Q -] L .
L | 3.4 .l E
' cBW132
3 b 48 e 164015
28.4
Dimensions in mm.
Fig.2 RM12/ coil former (DiL).
Winding data for RM12/1 coit former (DIL)
AVERAGE
WINDING WINDING
NUMBER OF LENGTH OF AREA WIDTH TYPE NUMBER
SECTIONS TURN 2
(mm?2) {mm)
(mm)
1 61 75.0 143 CPV-RM12/I-18-12PD
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RM cores and accessories RM14/1

CORE SETS
Effective core parameters
SYMBOL PARAMETER VALUE | UNIT
L(I/A) core factor (C1) 0.353 |{mm-!
Ve effective volume 13900 | mm3
le effective length 70.0 mm
Aq effective area 198 mm?2
Amin minimum area 168 mm?2 e— 422, —+
m mass of set =74 9 0
215 _g o™ -
Jj/ A
! 7% P
27 7Y 20,5°06 30.1
+0.25 RN R e foa
; N \ i
t “%\\\ Ny, l
. 229+ 1,2 " MGC106
0
Dimensions in mm.
Fig.1 RM14/! core set.

Core sets for general purpose transformers and power applications

Clamping force 80 20 N.
AL AIR GAP
GRADE TYPE NUMBER
(nH) b (um)
3F3 250 £3% =70 =350 RM14/1-3F3-A250
315 3% =88 =700 RM14/-3F3-A315
400 £3% 112 =550 RAM14/1-3F3-A400
630 5% =177 =250 RM14/1-3F3-A630
1000 5% =281 =150 RM14/1-3F3-A1000
5700 £25% =1600 =0 RM14/1-3F3
- 205 g5 o
o o
7.62 ~= {18 min. )
5.08 5.08 o‘e-—F: a1
D254
5.08 .‘ 5.08 - R4 -»e-03 T r_-
_ il
L E=

/ \
+0.2) - . o . _H
35.56 19.415.2 79 a —-}— bo|ees 412288 3, @168 5

a7
J r“J CBW134
3.4 a8k jl‘ns*‘g'“
l——-314 ]

Fig.3 RM14/ coil former; 12-pins (DIL).

Dimensions in mm.

Winding data for 12-pins RM14/1 coll former (DIL)

AVERAGE
WINDING WINDING
NUMBER OF LENGTH OF AREA WIDTH TYPE NUMBER
SECTIONS TURN ) e
(mm)
1 7 mo 180 | CPV-RM14/-18-12PD




Voltage Ratings Note:

Like all fitm capacitors, Capstick capacitors have "true” voltage
ratings and unlike other dielectric systems require no voltage
deratings for maximizing reliability (MTBF) or use life. With FIT rates
of well under 5 FIT when used at rated voltage, these units provide
only a positive contribution to circuit MTBF calculations,

Circuit designers requiring 500 volt ratings in other dielectric
systems for their 370 volt input applications are being penalized by

Capacitor Types +  Surface mount capability
S ) « ldeal for high frequency switching
power supplies and DC to DC
converters

+ Low ESR/ESL

+ High ripple current/

* High capacitance

+ Operating temperature range:

)

-55°C to 125°C that system's inherent deficiencies. In the film capacitor industry if a
« Volumetrically efficient device is rated at a certain voltage, then the device is designed to be
. MadeinU.S.A fully functional and reliable at that voltage for the fife of the

equipment. Many leading edge circult designs take advantage of a
film capacitor's inherent reliability at rated voitage to both reduce
board size and improve performance.

L W GULL WG LEADS
50n ;L”wLen?th ‘ji —'l Width IL* LEAD STZE L1= 040" .
*.020" T | t=.010"+ 005" 4
T Lo ge Heemaoe] L0
Pin to Pin = ;100" +.020"
Capacitance |  PF DC ESRQ RMS Current| Max Dimensions (inches) | # Leads
wF Code Voltage | @500KHz| @500KHz| W x T x L perside | Type
A7 474 500 011 6.2 700 x .320 x .625 4 CS6
1.0 105 500 .008 9.5 J00 x 320 x 1,135 8 CS6
.33 334 400 012 6.0 J00 x 320 x 435 3 CSé
A7 474 400 011 6.2 700 x 320 x 460 3 CS6
1.0 105 400 .008 9.5 700 x .320 x .880 7 CS6
2.0 205 100 .009 8.3 500 x 250 x 450 3 CS4
4.0 405 100 -.007 11.5 500 x .250 x .450 3 CS4
4.7 475 100 .006 12.2 500 x 250 x 525 3 CS4
10.0 106 100 .003 15.3 500 x 250 x .995 7 CS4
10.0 106 50 003 153 500 x .320 x .620 5 CS4
20.0 206 50 0025 17.8 500 x .320 x 1.150 9 Cs4
ELECTRICAL TEMPERATURE COEFFICIENT CASE
CAPACITANCE RANGE +6% from -55°C to 85°C UL94V0 Rated Epoxy Coating
0.33 iF 10 20.0 4F @ 1KHz SELF INDUCTANCE COMPONENT MARKING
VOLTAGE RANGE <6nH (Typical) CS6 [TW, Type, Capacitance Code,
50, 100, 400, 500 VDC <4nH (Typical) CS4 Tolerance Code, and Voltage
TOLERANCE TEMPERATURE RANGE
+10% (K) PHYSICAL -55°C to 85°C, with no voltage
DISSIPATION FACTOR CONSTRUCTION derating: 50/100 V*
<1.0% @ 1KHz Non-inductively constructed -55°C to 125°C, with no voltage
INSULATION RESISTANCE with metallized polyester derating: 400/500 V
21,000 Megohm x uF. dielectric. * For use at 125°C derate
Need not exceed 1,000 Megohms | p Multilayer Polymer. voltage by 50%.
Test voltage @ one minute:
Raled Vollage [<i00VDC | >100vDG | LEAD MATERIAL PACKAGING
Test Voltage | 10VDC | 100VDC Tinned Cu Alloy Lead Frame Anti-static Tube
DIELECTRIC STRENGTH LEAD SPACING
1.3 x Rated Voltage: .800" {15.0mm) nominal GS6,
50/100/500 V .400" (10.0mm) nominal CS4

1.6 x Rated Voltage: 400 V

EXAMPLE: 4.0 uF +10% 100 VDC =

o

W 405 K 100 CS4

= PF CODE TOLERANCE VOLTAGE TYPE LEAD STYLE
5 334 405 K=+10% 050 = 50 VDC CS4 Add "G" to
= 474 475 100 = 100 VDC css part number
% 105 106 400 = 400 VDC if Gull-wing
£ 205 206 500 = 500 VDC leads required

ITW Paktron « P.O. Box 4539, 1205 McConville Road, Lynchburg, Virginia 24502 « Phone 804-239-6941 « FAX 804-239-4730 « www.pakiron.com



CS/CB Performance Characteristics

@85 C
MAXIMUM RMS CURRENT (AMPS) ’ MAXIMUM RMS VOLTAGE
VS. FREQUENCY US. FREQUENGY

Value Rated Value Rated
uF voc 1KH 10KHz  100KHz 500 KHz 1MHe pF vDe 1 KHz 10KHz  100KHz 500 KHz 1MHz
47 500 0.8 1.9 3.9 6.2 7.1 47 500 250 64 131 4.2 2.4
1.0 500 1.1 2.4 5.9 9.5 10.6 1.0 500 176 38 9.4 3.0 1.6
.33 400 0.7 1.3 3.5 6.0 6.9 .33 400 250 64 17.2 6.9 4.0
47 400 0.8 1.9 3.9 6.2 7.0 A7 400 250 64 13.1 4.2 24
1.0 400 1.4 2.4 59 9.5 10.5 1.0 400 176 38 9.4 3.0 1.6
2.0 100 0.4 2.6 6.0 8.3 8.9 2.0 100 35 21 47 1.3 0.7
4.0 100 1.9 4.2 10.2 11.5 12.0 4.0 100 35 18 4.2 1.0 0.4
4.7 100 2.0 45 10.8 12.2 12.6 4.7 100 35 18 3.7 0.8 0.3
10.0 100 4.3 9.9 141 15.3 15.6 10.0 100 35 18 2.2 0.5 0.3
10.0 50 4.2 9.7 14.0 15.3 15.6 10.0 50 35 18 2.2 0.5 0.2
200 &0 9.3 13.3 18.7 17.8 18.0 20.0 &0 35 18 1.3 0.3 0.1

TYPICAL APPLICATIONS

Litin 1 Lt TR B TIS TR

10KHz e 1100KHZ I MHE

ITW Paktron « P.O. Box 4539, 1205 McConvitle Road, Lynchburg, Virginia 24502 » Phone 804-239-69471 » FAX 804-239-4730 = www.paktron.com
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U767D Series —
Standard Voltage Ratings - VH/RadialLead Aiuuminem ELgcreoiyric
. ESR Maximum Maximum
vﬂatod Capacitance Caiaiog cNomg)lzaé‘ {mQ}) at +25°C impsdance | Rippls Cuirent |
w‘;."};%e; (wF) Part Number DxLiinches) | 120Hz | 20x-100kHz | (mQ)at | (Arms)at +85°C
Max. ] *30%  |+25°C,100kHz| 120Hz | 20kHz
3,900 U767D16VH392M25X29LL | 1.000 x 1.125 | 51.0 150 21 5.37 9.04
8,200 UTBTDI6VHE22M25X41LL | 1.000 X 1.625 | 26.0 3.0 14 8.62 12.87
16 Volits 12,000 U75?D1BVH123M25X54LL | 1.000 ¥ 2125 180 n 1 1151 16.19
20 Voits Surge 15,000 UT67D16VH153MISXE7LL | 1.000 x 2.625 | 14.0 59 9__ 14.26 18.23
18,000 U767D16VH183M25X79LL | 1.000 x 3.125 12.0 5.0 8 1650 | 2344
22,000 U787016VH223M25X92LL | 1.000 x 3.625 | 10.0 a2 8 19.43 26.18
1,200 U7687025VH122M19X281L. | 0.750 x 1.125 | 114.0 220 29 3.01 530
1,500 U767025VH152M19x41LL | 0.750 x 1625 | 850 22.0 29 4.00 6.91
2,200 U767025VH222M19X41LL | 0.750 x 1.625 | 58.0 19.0 26 4.86 7.44
3,800 U787D25VH392M19XS4LL | 0.750 x 2.125 | 40.0 13.0 19 6.53 10.01
4.700 UT67D25VHATEM1SKE7LL | 0.750 x 2.625 | 31.0 11.0 18 8.2 11.87
§ 800 UTETD2SVHARIMIOX7aLL | 0750 x 3125 | 250 44 12 957 1395
1,800 U767D25vH182M22X291L | D.875 x 1.125 | 74.0 21.0 27 4.09. 6.75
3,300 U767025VHII2M22X41LL | 0.875 x 1.625 | 44.0 13.4 19 8.09 9.72
25 Volits 3,900 U7E7025VH3g2M22X41LL | 0.875 x 1.625 | 37.0 119 17 667 .| 10.30
32 Valts Surge 5,600 UTSTDRSVHSE2MAZXS4LL | 0.875 = 2.125 | 25.0 8.8 12 3. 13.33
6.800 U767D25VHERIMI2XBTLL | 0D.875 x 2.625 | 200 6.9 10 11.04 18.48
8.200 U767D25VHB22M22X78LL | 0.875 x 3.125 | 16.0 8.0 9 13.33 19.10
2,700 U767D25VHE72M25X20LL | 1.000 x 1.125 | 55.0 15.0 21 517 9.04
4,700 U767D25VHAT2M25X41LL 1.000 X 1.625 28.0 9.0 14 8.32 12.87
6,500 U767Da5VHEBSMASXEALL | 1.000 x 2.125 | 20.0 7.0 11 10.91 16.12
10,000 U767D25VH103M25X67LL | 1.000 x 2.625 | 16.0 5.9 9 13.33 19.23
12,000 U767D25VH123M25X79LL | 1.000 x 3.125 | 13.0 5.0 8 15.95 22.44
15,000 U767D25VH153M25X92LL | 1.000 x 3.6825 | 10.0 42 8 1943 | 2618
220 U767D35VHB2MIGX2SLL | 0.750 % 1.105 | 1300 32.0 ag 280 530
1,000 L UTB7D3SVHI02M19X41LL | 0.750 x 1625 | 103.0 2.0 29 3.61 6.9
1,500 U767D35VH152M1aX41LL | 0.750 x 1.825 | 70.0 19.0 25 4.42 7.44
2,200 U767D35VH222M19X54LL | 0.750 x 2.125 | 4B.0 13.0 19 596 10.01
> 3,300 U787035VHIIZMIUXBTLL | 0.750 x 2.625 | &7.0 11.0 16 7.44 1.9/
R Yty s 11, M 0.760 x 3,125 | 500 9.4 13 8.9 13.35
1,200 UTE70D35VH122M22X29LL | 0.875 x 1.125 | ©0.0 21.0 27 3.72 6.75.
: 2,200 U767D35VH222M22X41LL. | 0.875 x 1.825 | 45.0 11.9 7 6.03 10.30
35 Voits 2.700 UT67D35VH272M22X54LL | 0.875 x 2,125 38.0 10.2 5 7.39 12.41
44 Voiis Surge 3,300 U767D35VHI32MZZX54LL | 0.875 x 2.125 | 31.0 8.8 32 5,12 i3.33
4,700 U767D3SVHA72M22X67LL | 0.875 x 2.625 | 24.0 6.9 10 10.08 16.48
5,600 U767D35VH562M22XT9LL | 0.875 x 3.125 | 15.0 6.0 9 12,23 19.10
1,800 U787035VH182M25%28LL | 1.000 x 1.125 | 67.0 15.0 21 4.69 9.04
3,300 U767D35VH332M25X4TLL | 1.000 x 1.625 | 94.0 8.0 14 7.55 12.87
4,700 U787D35VHATEME5K54LL | 1.000 % 2425 | 23.0 7.0 [0 i0.93 | 18.39
6.800 U7R70D35VHEAZM25X671LL | 1.000 x 2 525 180 59 9 12.58 1923
8,200 U767D35VHB22M25X79LL | 1.000 x 3.125 15.0 5.0 8 1485 | 2044
10,000 U767D35VH10IM25X92LL | 1.000 x 3.825 | 13.0 42 ) 17.03 | 2618

*The case sizes in tabls are with no sleeve, refer to diagrams for case sizes with sisova.
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CAPACITORS

¥

ALUMINUM ELECTROLYTIC

High Ripple Low Impedance

e Lower impedance at high frequency range.
® Smaller case size and high ripple current.

M Specifications

Lowimpedance Anti-Solvent

Low
He

w4

Feature

HV

Item Performance Characteristics
Category Temperature Range | —40 ~ +105°C

Rated Voltage Range 6.3 ~ 50V

Rated Capacitance Range 22 ~ 6800uF

Capacitance Tolerance

+20% at 120Hz, 20°C

Leakage Current

After 2 minutes' application of rated voltage, leakage current is not more than 0.01CV or 3 (uA), whichever is greater.

Rated voltage (V) 6.3 10 16 25 35 50 |100Hz
tan & tan & (MAX.) 0.22 0.19 0.16 0.14 0.12 0.10 20°C
For capacitance of more than 1000uF, add 0.02 for every increase of 1000uF.
Rated voltage (V) 6.3 10 16 25 35 50 120Hz
Stabifity at Low Temperature Impedance ratio | Z-25C/Z10°G 2 2 2 2 2 2
ZT/Z20 (MAX) | Z-40/Z+20C 3 3 3 3 3 3

After an application of D.C. bias voltage plus the rated ripple current for 5000 hours ( ¢D £ 6.3 : 2000 hours,
¢D=8 : 3000 hours, $D=10 : 4000 hours) at 105°C the peak voltage shall not exceed the rated D.C. voltage, capacitors

meet the characteristic requirements listed below.

Endurance
Capacitance change Within % 25% of initial value
tan s 200% or less of Initial specified value
Leakage current Initial specified value or less

Marking Printed with white color letter on black sleeve,

MRadial Lead Type

Sieeve (PE.T.)

AN

1essure

relis! venl |+ EMAX 15MIN 4MIN
{98.3up) T ¥ 1
(mm)
5 [63] 8 [ 10 [125] 18
L<20)15
05| 05| 06|06 [* 0.8

#(n case L > 25 for the $12.5 dfa. unit, lead dia. ¢ d = 0.8mm.

Please refer to page 19, 20, 21 about the formed or taped product spec.
Please refer to page 3 for the minimum order quantity.

® Dimension table in next page.

Type numbering system (Example :

123 45 6 7 8
U HDI1]A[3[3[2]

10V 33004F)

Size code

Configuration 3

Capacitance tolerance (+ 20%)

Rated Capacitance (3300uF)

Rated voltage (10V)

Series name

Type

¥ Configuration
) gg-gree leadwire Sn-Pb finished leadwire
-free PET sleeve PVC sleeve {containing P
5 oD DH
83 ED EH
8:10 PD PH
125-16 HD HH

% Please contact to us if other configurations are required.

CAT.8100T



ALUMINUM ELECTROLYTIC CAPACITORS

MStandard ratings

V (Code) 35 (1V) 50 (1H)
Case size Impedance (2 MAX.) Rated ripple Case size Impedance (Q MAX.) Rated ripple
Item oD XL (mA rms) oD XL (mA rms)
Cap.(uF) \_Coda (mm) 20°C/100kHz | =10°C/100kHz |105°C / 100kHz (mmy) 20°C/100kHz | ~10°C / 100kHz | 105°C / 100kHz
22 220 5x 11 0.34 1.18 238
33 330 5x11 0.30 1.0 250
56 560 6.3 11 0.13 0.41 405 6.3x 11 0.14 0.50 385
100 101 ‘ 8x115 0.074 0.22 724
120 121 8x15 0.061 0.18 950
150 151 8x 115 0.072 0.22 760 10x12.5 0.061 0.18 979
180 181 8% 20 0.046 0.14 1190
220 221 L. 85 f _ 0ose L 017 ... 10X 16 0.042 0.12 1370
A10Xx 126 0.053 0.16 1030
270 271 8x20 0.041 0.13 1250 10 % 20 0.030 0.090 1580
330 331 10X 16 0.038 0.12 1430 10x25 0.028 0.085 1870
470 47 10x 20 0.023 0.069 1820 12,5 % 20 0.027 0.068 2050
560 561 10X 25 0.022 0.066 2150 12.5%25 0.023 0.059 2410
680 681 125X 20 0.021 0.053 2360 125x 315 0.021 0.052 2860
820 | et | __12sxsss | o019 | oost | 2960 __|
A16 X 20 0.023 0.059 2730
1000 102 12.5 X 25 0.018 0.045 2770 16X 25 0.021 0.056 3010
1200 | 122 |..128x318 | oot | 0041 | 8200
A16X20 0.018 0.045 3140
1500 152 12.5 X 35.5 0.015 0.039 3400
1800 182 16 % 25 0.016 0.043 3460
A : In this case, [B]will be put at 12th digit of type numbering system.
e Frequency coefficient of rated ripple current
Cop. ) Frequeny | 50Hz | 120Hz | 1kHz | 10kHz | 100kHz
22 ~ 33 0.45 0.55 0.75 0.90 1.00
39 ~ 330 0.60 0.70 0.85 095 | 1.00
390 ~ 1000 0.65 0.75 0.90 0.98 1.00
1200 ~ 6800 0.75 0.80 0.95 1.00 1.00

CAT.8100T



LXG Series

Standard Voltage Ratings - VN/Snap Mount Arvminumnm ELteresiyric

. . Maximum Maximum
V%?tted Capacitance Catalog Nomlr}al . Maximum ESR Impedance Ripple Current
age Case Size (Q) at
(WVDC) (4F) Part Number DXL (mm) +20°C, 120Hz (mQ) at (A rms) at
+20°C, 30kHz | +105°C, 120Hz
8,200 LXG25VYNB22M35X25T2 35 X 25 0.061 65 219
25 Volts 12,000 LXG25VYN123M35X30T2 35 X 30 0.041 45 | 2.76
32 Volts Surge 15,000 LXG25VN153M35X35T2 35 X 35 0.033 38 3,16
18,000 LXG25VN183M35X40T2 35 X 40 0.028 30 3.61
27,000 LXG25VN273M35X50T2 35 X 50 0.018 23 4.7
2,200 LXG35YN222M22X25T2 22 X 25 0.188 120 1.1
3,300 LXG35VYN332M22X30T2 22 x 30 0.126 100 1,42
3,900 LXG35VN392M22X35T2 22 % 35 0.106 80 1.58
4,700 LXG35VN472M22X40T2 22 X 40 0.088 70 1.78
6,800 | XG35VNB82M22X5072 22 X 50 0.061 50 2.26
3,300 LXG35VN332M25X25T2 25.4 X 25 0.126 90 1.41
3,900 LXG35VN392M25X30T2 25.4 X 30 0.106 70 1.58
5,600 LXG35VN562M25X35T2 25.4 X 35 0.074 60 1.98
6,800 LXG35VN682M25X40T2 25.4 X 40 0.061 50 224
35 Volts 8,200 LXG35VNB22M25X50T2 25.4 x 50 0.051 40 2.57
44 Volts Surge 4,700 LXG35VN472M30X25T2 30 X 25 0.088 70 1.77
5,600 LXG35VN562M30X30T2 30 % 30 0.074 50 1.98
8,200 LXG35VNB22M30X35T2 30 x 35 0.051 40 2.5
10,000 LXG35VN103M30X40T2 30 x 40 0.041 35 2.86
12,000 LXG35VN123M30X50T2 30 X 50 0.035 25 3.32
5,600 LXG35VN562M35X25T2 35 X 25 0.074 65 2.03
8,200 LXG35VNB22M35X30T2 35 % 30 0.051 45 2.55
10,000 L XG35VNT03M35X35T2 35 x 35 0.041 38 2.88
12,000 LXG35VN123M35X40T2 35 X 40 0.035 30 3.3
18,000 LXG35VN183M35X50T2 35 x 50 0.023 23 4.29
1,600 LXG50VN152M22X25T2 22 X 25 0.221 120 1,02
1,800 LXG50VN182M22X30T2 22 X 30 0,184 100 1.17
2,200 LXG50VN222M22X35T2 22 % 35 0.151 80 1.33
2,700 LXG50VYN272M22X40T2 22 X 40 0.123 70 1.51
3,900 LXG50VN392M22X50T2 22 X 50 0.085 50 1.91
1,800 LXG50VN182M25X%25T2 25.4 X 25 0.184 90 1.17
2,700 LXG50VN272M25X30T2 25.4 % 30 0.123 70 147
3,300 LXG50VN332M25X35T2 25.4 X 35 0.10 60 1.7
3,900 LXG50VN392M25X40T2 25.4 X 40 0.085 50 1.89
50 Volts 5,600 LXG50VN562M25X50T2 25.4 % 50 0.059 40 2.38
63 Voits Surge 2,700 LXG50VN272M30X25T2 30 X 25 0.123 70 15
3,300 LXG50VN332M30X30T2 30 X 30 0.10 50 17
4,700 LXG50VN472M30X35T2 30 X 35 0.071 40 2,11
5,600 LXG50VN562M30X40T2 30 % 40 0.059 35 2.39
6,800 LXG50VNB82M30X50T2 30 X 50 0.049 25 2.79
3,300 LXG50VN332M35%25T2 35 X 25 0.10 B5 1.74
4,700 LXG50VNA72M35X30T2 35 X 30 0.071 45 2,16
5,600 LXG50VN562M35X35T2 35 X 35 0.059 38 2.41
6,800 LXG50VNB82ZM35X40T2 35 % 40 0,049 30 2.78
10,000 LXG50VN103M35X50T2 35 X 50 0.033 . 23 3.57
1,000 LXG63VN102M22X25T2 22 X 25 0.249 120 1.0
1,200 LXG63VN122M22X30T2 22 % 30 0.207 100 116
1,500 LXGB3VN152M22X35T2 22 % 35 0.166 80 1.32
1,800 LXGB3VN182M22X40T2 22 X 40 0.138 70 1.49
2,700 LXG63VN272M22X50T2 22 X 50 0.092 50 1.92
63 Volts 1,200 LXGB3VN122M25%2572 25.4 X 25 0.207 90 1,15
79 Volts Surge 1,800 LXGB3VN182M25X30T2 25.4 X 30 0.138 70 1.45
2,200 LXG63VN222M25X35T2 25.4 x 35 0.113 60 1.67
2,700 LXG63VYN272M25X40T2 25.4 X 40 0.092 50 1.9
3,300 LXG63VN332M25X50T2 25.4 X 50 0.075 40 2.2
1,800 LXG63VN182M30X25T2 30 X 25 0.138 70 1.48
2,200 LXGB3VN222M30X30T2 30 x 30 0.113 50 1.68

*The case sizes in table are with no sieeve, refer to diagrams for case sizes with sleeve.
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HEAT S1mics

tnformation on roll pins on page A28,

The Productivity Enhancements shown in the
circles above are for use with the 6098 Series only

Ry (°CM)
16.7

Model
ML24

REDAOIOT THECh G LLOY

Vo, REDTHEEZM .Co . LK

20,00
(.79)
AIR VELOCITY —— {
misec 0 1.0 20 30 40 50 (2[?;’)
f/min 0 200 400 600 800 1000 = - 1&3?
62100 20 25
= £ 300
=5 80 16 w -t DIA.
el 2t 5.50 (1)
&= 80 12 =3 (1)
=t w0 >
= P = .
Ed 40 8 8= ‘ i
z3 =g '
o 20 \ 4 2x 25.00
22 o 0 B Lo (-58)
EE T4 s 8 10 EE B B
HEAT DISSIPATED - WATTS = ¥

Dim. A Dim, B R Dim. A R
Model mm (inches) mm {inches) (’CXV) Model mm (inches) (°CXV)
60988 - - - - - 2540 (1.000) ------miecieinaaens 14.0 ML73/A <= meemmmeeee 25(984) ~--emeiemeeiaes 14.0
60998 ---- - 38.10 (1.500) - ----- 25.40 (1.000) ----- 11.0 ML73.8- e meeean- 3B(150) ---mmeeeeeen 1.0
6100B -- - -~ 50.80 (2.000) - -~~~ 25.40 (1.000) «----- 9.0 ML73/2--neemeenn 50 (1.97) ~«-vmmmemeeenn 9.0
6101B ----- 63.50 (2.500) -~ -~~~ 25.40 (1.000) ------ 7.1 541
- 00!
6098 Series B, L3N 1T
(063 %553 1500)
< 60988 a3z
P r — (1.375) —™ 3A;g)|)m
AIR VELOCITY o LIZ5TYP
i Lt L
fsec 0 10 20 30 40 50 MR T oy
mrﬂ"?g‘oo 200 400600 8001000, sg collll 58 0|
=X S BT o AR
S5 80 Vel 8w {ise] hesc
52 OAsrs 25
== “rp " ES
' Accepts CLP-204 §L>u 20 %\ 473
; =2 5 o
Noles: (6098 Series) T order optional solderablaroll % 20 A=t z "
: pin with shoulder, add “-P2" after model number, FA ¢ | 0 £5
: e.g. 6093B-P2, Shoulder washer is 127 +.98.18 <& 0 2 4 6 § 10 Hr
(.050 +.015/-005) thick. These paris are also HEAT DISSIPATED - WATTS =}
available without roll pins: 6090B is 95 40mm x
(1.0") tall without roll pins, 60918 is 38.Jomm ~ ®80% @609 © s Ostot
(1.5 tall without roll pins, and 60928 s ML73A ML73/1.5 L7372
50.80mm (2.0") tall without roll pins. See

AIR VELOCITY 110“7) s
.4
m/sec i0 20 30 40 50 s T TT ooy
ft/min 0 200 400 600 8OO 1000 & 1150
< {45
we 400 203 = 200 -
=N 4 £ i L_ 2900 _l
<= B0 16 5 - .14
£ EH
E 60 12 GE 500 (3320) i
B o g B2 19
2 e S
RN [~ ] 4 2= 50
E% E = 1.96)
wi== 0 (77}
== N s 8 W0 £% [:m —
HEAT DISSIPATED - WATTS - 23 -J-—J-" 00




Hear $INKS T T ' ' *%
(R ea (Do\mlf _YY‘\UMF\\\@LS LW LD ;("‘Q,,A P, ey . LA \/\ |

o -
=
(7] Model - Orientation Rg ('CW) €
— : ; ‘
= : S ANl m = e s e = e a e .-
= § 95V - emmmemeee Honzpntal 6.8 .
= Vertical = === - - =emmm- 88
N AIR VELOCITY o®n —
(o } M 7200 FOl
= misecQ 10 20 30 40 50 T 30 Moo
ft/min < &
Wl in 0 200 400 50 800 100 =2 i ™ (1_;‘% Poon
° o a - M
=R i RN ‘ B
] 80 6 = & 3830 CAS FOR (J‘%l oA
=] 53 {1508 %0, 5 SCAEWS &
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w < T o e {165
w 9 &
w> 20 (7 2 i [
=2 0 EE2 e ] i [ i
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gg HEAT DISSIPATED - WATTS ¢

4426 (T0-220) 4473 (T0-218/ T0-247)
* 4525 (T0-220) 4597 (T0-218/T0-247)

Length R ) Length R
Model mm (inches) (“CXN) Model mm (inghes) (°0X‘l)
KMBO- == <= === === 50.00 (1.969) - <= <= ===+~ 48 KMI00-1 === neene- 100.00 (3.937) ==+ - ===---+ 33
KM75-4- === m e mem e 75.00 (2.953) < -+ - = e - e o 37 KM1BO- == == nmxse- 150.00 (5.906) - <= ===+~ 27

30,00
= 7 = PROPRIETARY
- . SLOT FEATURE
IS ACCEPTS ,
til CLIP 4428
© 100
W ] J 45,00
25 80 O {7
<@ A
£8 o ~ 23.00
iy
=
w40 y/
Eé 550§ LT L300
B2 g 75161 e
53 e
e} , SUITABLE FOR GRIP TAG 76
z 0 ‘ SEE PAGE A24) OR NO.4 1.00 (276)

o 10 2 30 4 S - L D TROMING SCREW | (439)
HEAT DISSIPATED - WATTS

®xms0 ®Kkmrs ©KM100 @ KM150

S €
T0-218 )

A KM75-1 + 4426 Clip

il B

4426 (T0-220) 4473 (T0-218/ T0-247) i
4525 (T0-220) 4597 (T0-218/ T0-247) -

KL Series

Length . . Length
Model mm {inches) Rg ("C/W) Model mm (inches) Rg (/W)
KLE0-1--wmmmmmmnn-- 50.00 (1.969) ------------ 5.2 KL100-1-----=vnn--- 100.00 (3.937)----=-n--- 34
KL75-1 = cmmemmmneen- 7500 (2.953) - ------xn- 43 KL150-1=-===-meun-- 150.00 (5.906) - = =< -------- 29

PROPRIETARY SLOT FEATURE

_
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E8 0 1316
o T i
g2 60 28.00 1
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By ol 10 00 10
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c 0 (:276) (157
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; - i _ Conversion Chart

! Given:  Multiply By: To Obtain;

% infin 2.54 em®/em

& Ibvit 1.5 ge/mm’ | Note: The

: o . H : profiles are not to

: Crwr 102 CANTSmm scale in relation to each other.

g :
g —| 1184 (\
& ._._. ||7o (30.07) )
; (2972) \ ;

1111 125

I — i e T
] |“(ah.|or l | (gbogg) (40.64)
L J 4 ,~ |
f {15.88) | I
{ 1’56 —T A70 ' i (1%5 501% ) |

(3.96) (4.32) R .

61440 443in%in  2.8lb/ft  1.5°C/W/3in
60470 19.0in%in 1.4ib/t  3.7°C/W/3in S

n 62410* 51.8in%in 2.7Ib/ft 1.5°C/W/3in T
(st | 1180 . pres
l._i.soo_. 500 P l (30.00) ,— ¢ =

138.10) (12.70) } R
TTITE ol S ey p—
| . L f 4 “bf" 64985 44.2in%in  1.7b/ft 1.6°C/W/3in
! ‘ (3.18) a0 | | ,« 200 a0
i (5.08) | (1.’3.‘3'5:1) | (5.08) hw&r

60845* 21.0in%in 1.2Ib/ft 3.3°C/W/3in

| n 61910 36.9in%in 25lbMAt  1.9°C/W/3in

1.312,
“1a3.05"

3 ‘ t |25 895 —L e e

2% U g l l

- it , T HWr e &l (558, .
t

i
1
j ,a,f 138 f 60795 42.2in%in  4.20b/t  1.7°C/W/3in
@75 (112,67} t £.000 .
! (152.40)
60120 27.0in%in 1.8lb/ft 2.6°C/W/3in d

62790 29.8in%in 2.0lb/ft 2.2°C/W/3in
n 1.625 “52"9%00) ‘ ' —e| 1.184
’ !“ “' ' (30.07)l_—

(!00 ¥ (177'70.0&) !
'161340* 44.5in%in  2.4lb/ft  1.6°C/W/3in

_.,
B
g 2 Qe
i
83
=
=
i
2
—
&
Ea
o

(;“-%) l 6.100 |
. oy o . I (154,34 ' i 6190 -
60715* 29.4in%in  1.9lb/ft 2.4°C/W/3in 61690 43.7in%in 2.6/  1.6°C/W/3in 1 e (157.23)
- P TR e
t—- o - (‘1 06%) (310.50)
=0 U Q| F '
.J. 2 | (177'3.0590)
| 1—f '[ | 61265 42.8in%in 2.3Ib/At 1.6°C/W/3in
| (1525%%) ‘(k‘g) o081 “65 0 ! H
61525 305in%in 23/t 23°C/W/Bin  |65545 37.9in%in 28l  1.8°C/W/3in e _’1 ity % b
. S - (28.58) 4.
t 4 { .425 .
n uéfo%) Lt , r ) (-;ﬁg,! oS0 e |
NI l l l I I I I l I I [ |62435* 61.0in%in 300t 1.25CW/3in
t (oeh
.183! 5.625 4 l
(4.75) (142.88)
125 ) "l - 250 +
(3.18) ) (6.35)

6,500
61545* 20.7in%in 1.8lb/ft 3.4°C/W/3in (188.10) |

61200 457in%in 24lb/ft  1.6°C/W/3in P
- ) I
——-’(é«;{;g) l — (:1;‘59,8(5)) !__ .

= 62495 64.21n%in  4.6lb/ft  1.1°C/W/3in
4 % ]
- ! 1250
f { (los.gg) i -~ |+ @i
470 5,640 4 ] 1850
(4.32) (143,26 _i (46.99).1.
190 T 1 R
4,83 6.500 10.687 i
“ea (165.10) i égg! (271.45) ! P

62460 31.6in%in 2.1/t 2.2°C/W/3in 61715  44.4in%in 29Ib/t 1.5°C/W/3in 63910 95.5in%in 7.5/t 0.7°C/W/3in
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SIL-PAD® Standard Configurations

Part
4 Lead Number
TO'66 Suff'x llA" HBII "CII "D" "E" "F" IIGII
-84 1.312 .762 - 140 062 .960 .200 100
Part ) . Part . .
N Plastic Number Dimensions Number Dimensions
A Power SUfle llAll |IBII "Cll llDll SUﬁIX "AIV HB" llCll "Dll
TO-126  -50 437 312 .140 .093 Various -62 750 .600 .240 150
TO-126 -60 437 312 140 122 Various -63 750 600 .240 115
Various -64 .500 .385 170 120 Various -56 .855 562 - .218 125
| | B TO-202 -55 610 560 245 125  Various -52 .855 .630 .230 093
Various  -51 687 562 218 125 TO-218 -90 .860 740 .200 160
Various -35 710 500 .160 141 -Various -68 1.125 625 .200 145
Various -61 750 410 225 156 Various -70 1.410 .810 355 147
DDM__/ 4 L TO-220 Various -102 .866 .650 217 142
¢ (Clip Mount) -43 750 500 Various -103 .750 .800 150 .160
TO-220 -54 750 .500 187 147 TO-3P -104 1.000 .750 .300 140
TO-220 -58 750 .500 187 125 -122 1.140 .810 .355 147
{7) FRAD. Part
r Power Number
M — Module SUfle IlAll I|Bll HC" I|DII "E" "Fll
LL -67  1.500 900 150  1.200 450  .075
"l:"_ ) -101 2.500 .000 344 1.812 1.000 .156
i A e
P ) Part
Plastic Number
'—1 Power SuffIX uAn nBu uCn uDu uEu an nGu
i ) ¢ ]
j j -57 810 500 .200 125 .580 .046 265
-89 983 750 432 156 .665 101 217
DDA, F.DIA.
) Part
Plastic Number
POWGr Sufﬂx "A" 'IIBII IICH IlD" IIEII HFI' "G" "Hlv
-66 1.000 .500 .200 144 .626 .046 .219 .032
-123 1.614 102 118 157
A Part
F DA, o Power Number
m —\ ¢ Res'stors Suff]x IIAH "Bll llC!l “DH IlEI! HFI! llG!l "H" l|||l
T RH-25 -94  1.187 1.205 234 .469 212 156 719 781 140
H EF g RH-50 -95 2,093 1.265 .265 530 .210 255 1.563 .845 140
R — e_ﬁl RH-5 -96 725 771 140 .280 .140 156 445 491 .093
RH-10 -97 .805 .890 127 .250 130 180 551 630 121
RH-25 -98 1.150 1.180 231 425 190 270 .688 .800 147
° RH-50 -89  1.965 1.236 .198 404 132 263 1.569 972 130
Part
T0O-220  Number
£ __r T F A j Mutltiples Suffix "A" "B" "C" "D" "E" "F" # Of Holes
L L1 2 Parts 34 1.000 750 187 125 250 500 2
\IJ ~Tf \r \[z 3 Parts -36 1.500 750 187 .125 .250 500 3
B -37 2000 750 187 125 250 500 4
-38 2.500 .750 .187 125 250 500 5
DDIA, -39 3.000 750 187 125 .250 500 3]
G = £ OF HOLES -40 3.500 .750 .187 125 .250 500 7
-41 4,000 .750 187 125 .250 500 8
c Part
Number
.__1 Quarz Sufﬂx llAll "Bll IICU IID"
B
_ ¥ -115 A72 196 192 .031



International
TSGR Rectifier

HEXFET® Power MOSFET

Advanced Process Technology
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

Description

Fifth Generation HEXFET® power MOSFETs from
International Rectifier utilize advanced processing
techniques to achieve the lowest possible on-resistance
per silicon area. This benefit, combined with the fast
switching speed and ruggedized device designthat HEXFET
power MOSFETs are well known for, provides the designer
with an extremely efficient device for use in a wide variety
of applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation

PD - 91354A

IRFZ24N

D
Vpss = 55V
RDS(On) = 0.07Q
s Ip=17A

levelsto approximately 50 watts. The lowthermalresistance TO-220AB
and low package cost of the TO-220 contribute fo its wide
acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc=25°C Continuous Drain Current, Vags @ 10V 17
Ib @ Tc = 100°C | Continuous Drain Current, Vgg @ 10V 12 A
Y} Pulsed Drain Current ® 68
Pp @T¢ = 25°C Power Dissipation 45 W
Linear Derating Factor 0.30 WG
Vas Gate-to-Source Voltage +20 \
Eas Single Pulse Avalanche Energy @ 71 md
AR Avalanche Current® 10 A
Ear Repetitive Avalanche Energy® 4.5 md
dv/dt Peak Diode Recovery dv/dt @ 5.0 Vins
T, Operating Junction and -65 to+ 175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting torque, 6-32 or M3 screw. 10 ibfein (1.1Nsm)
Thermal Resistance
Parameter Min. Typ. Max. Units
ReJc Junction-to-Case e s 3.3
Recs Case-to-Sink, Flat, Greased Surface _— 0.50 C— °C/W
Roua Junction-to-Ambient _ e 62
www.irf.com 1
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IRFZ24N

International

IGR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
V(BR)DSS Drain-to-Source Breakdown Voltage 8 | — | — V | Vgs =0V, Ip = 250pA
AVgrpss/ATy | Breakdown Voltage Temp. Coefficient | — |0.062] — | V/°C| Reference 10 25°C, Ip = 1mA
Rps(on) Static Drain-to-Source On-Resistance | —— | — {007 | Q | Vas=10V,l[p=10A®
Vasith) Gate Threshold Voltage 20 | — | 4.0 \Y) Vps = Vas, Ib = 250u4A
Ois Forward Transconductance 45 | — | — S | Vps=25V,Ip=10A
loss Drain-to-Source Leakage Current — _—_ 22550 HA \\;gz : ii& xg: : g:; T7o150°C
lass Gate-to-Source Forward Leakage — | — | 100 nA Vas = 20V
Gate-to-Source Reverse Leakage — | — | 100 Vas = -20V
Qq Total Gate Charge — -1 20 Ib=10A
Qgs Gate-to-Source Charge — |~ | 63 | nC | Vps=44V
Qg Gate-to-Drain ("Milier") Charge — | — 7.6 Vas = 10V, See Fig. 6 and 13 @
1d(on) Turn-On Delay Time — | 4.9 | — Vpp =28V
t Rise Time — | 34 [ — ip=10A
(ol Tum-Off Delay Time —— 719 |— | " | Ra=24Q
1 Fall Time —_— ] 27 | — Rp = 2.6Q, See Fig. 10 @
Lp Internal Drain Inductance ~— ] 45| — Between le‘ad, ' 2
4 | 6mm (0.25in) Q
- trom package e
Ls Intemal So_urce Inductance — 75— and center of die contact 7
Ciss Input Capacitance — | 870 — Vas =0V
Coss Output Capacitance — | 140 — | pF | Vpg =25V
Crss Reverse Transfer Capacitance — | 85 | — f =1.0MHz, See Fig. 5
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
ls Continuous Source Current 1 17 MOSFET symbol! °
(Body Diode) A | showing the
Ism Pulsed Source Current — 11— 68 integral reverse 8
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage —_ —] 1.3 V | Ty=25°C, Ig=10A,Vgg=0V ®
ter Reverse Recovery Time — | 56 ] 83 ns | Ty=25°C, l[r=10A
Quy Reverse RecoveryCharge — 1 120| 180 | nC | di/dt= 100A/us ®
Notes:

@ Repetitive rating;‘ pulse width limited by
max. junction temperature. ( See fig. 11)

@ Vpp = 25V, starting Ty = 25°C, L = 1,0mH
Rg = 25Q, 5g = 10A, (See Figure 12)

® lgp < 10A, difdt < 280A/ps, Vpp £ V(BH)DSSn
T,£175°C

@ Pulse width < 300ps; duty cycle < 2%.

www.irf.com



International

IRFZ24N

TSR Rectifier
100 v 100 VoS
TOP 18V TOP 15V
10V - 10V
8.0V 8.0V
= Tov = o /
<t q <t 3
~ .5V ~ .5V
b= g.DV /Z o E ggv //
&) BOTTOM 4.5V //, 93 BOTTOM 4.5V /;
5 / 5
o S
(] 4
o e
S 10 S5 10
[} Q .
@ L@ -
2 2 7
= e k= A k
E /7 E 7.5V
a 7 a ¢
o /| L 4.5\{ o /
20ps PULSE WIDTH 20ps PULSE WIDTH
1 Tc = 25°C 1 Tg = 175°C
0.1 1 10 100 0.1 i 10 100

Vps: Drain-to-Source Voltage (V)

Fig 1. Typical Output Characteristics,

Ty=25°C
100 3.0
[0
2
—_— [
< — 0 2.5
= Ty=25°C L1 A4 é
e A
= A Tu=175°C S 0
< 7 8T
® 2 a
8 g 5 1.5
5 10 7] =
@ ¢ E
S v £z
E 77/ g =10
o /// .
o —
- =3
o / % 0.5
V ps= 25V IID
1 20us PULSE WIDTH 00
4 5 6 7 8 9 10

Vas , Gate-to-Source Voltage (V)

Fig 3. Typical Transfer Characteristics

Vpg: Draln-to-Source Voltage (V)

Fig 2. Typical Output Characteristics,

T,=175°C
Ip = 17A
7
P4
'/
4
¥ |
prd
’/
b’}
]
]
Vgs = 10V
80 -40 -20 0 20 40 60 B0 100 120 140 160 180

T, , Junction Temperature (°C)

Fig 4. Normalized On-Resistance
Vs, Temperature
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IRFZ24N

C, Capacitance (pF)

Isp Reverse Drain Current (A)

700 '
Vgg =0V, f=1MHz
Ciss = Cgs +Cyd » Cgs SHORTED
600 Crss = Cygg
b Coss= Cds + Cqd
500 p—"iss
N ~
\C [ “\..
400 —=Coss
N D
N
300
200 >C ‘\~\
RNEEEEINSN
M sy
100
0
1 10 100
Vps , Drain-to-Source Voltage (V)
Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage
100 T
I
/,
T)=175°C | /
4
/1 fr-zs0
10 f—H
r 4 f 4
]
" / / VGs =0V

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Vgp » Source-to-Drain Voltage (V)

Fig 7. Typical Source-Drain Diode
Forward Voltage

2.0

Ip» Drain Current (A)

— —_ ne
oo [} @ [=3

Vg Gate-to-Source Voltage (V)

1000

100

International
TSGR Rectifier

Ip = 10A

Vpg = 44V
Vpg =28V

/7
A

FOR TEST CIRCUIT
SEE FIGURE 13

0 4 8 12 16 20
Qg, Total Gate Charge (nC)

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

[ OPERATION IN THIS AREA LIMITED
— BY RDS(on)
— - P p—
S ~3
{aY > 4
W NS 10Us
,/ ~ N\ ~
4 4
” ~ \\‘ N \\‘ \\\.
~ 10048
L
~ i
\A‘ ~ []
~. | 1]
Te =25°C ~, ims
T, =175°C ~ [
Single Puise Ndi0ms
1 10 100

Vpg » Drain-to-Source Voltage (V)

Fig 8. Maximum Safe Operating Area
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@ Repetitive rating; pulse width limited by
max. junction temperature. ( See fig. 11)

@ Vpp = 25V, starting Ty= 25°C, L = 410uH
Rg = 25Q, Iag = 16A. (See Figure 12)

IRFZ34N International
TR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. {Max. | Units Conditions
V(eR)Dss Drain-to-Source Breakdown Voltage 55 |— | —— | V | Vgs=0V,Ip=250pA
AVgrppsy/AT,| Breakdown Voltage Temp. Coefficient | — [0.052| — | V/°C | Reference to 25°C, Ip = 1mA
Rbs(on) Static Drain-to-Source On-Resistance —— [0.040] Q | Vgg =10V, Ip=16A®
Vasith) Gate Threshold Voltage ' 20 |— | 4.0 V | Vps = Vgs, Ip = 250uA
Ofs Forward Transconductance 65 |— | — S | Vps=25Y,Ip=16A
Ibss Drain-to-Source Leakage Current — : 22550 HA \\;';z z ii& \\;zz z gx’ T
lass Gate-to-Source Forward Leakage — | — | 100 nA Vgs = 20V
Gate-to-Source Reverse Leakage — [ —|-100 Vgs = -20V
Qq Total Gate Charge —|— ] 34 o= 16A
Qgs Gate-to-Source Charge — | — | 6.8 | nC | Vps =44V
Qgq Gate-to-Drain ("Miller") Charge —_—|— 14 Vags = 10V, See Fig. 6 and 13 @
taon) Turn-On Delay Time — | 7.0 | — Vpp = 28V
tr Rise Time — | 49 | — ns Ip=16A
td(otf) Turn-Off Delay Time —_— | 31 } — Rg=18Q
t¢ Fall Time — | 40 | — Rp = 1.8, See Fig. 10 ®
Lp Intemal Drain Inductance — | 45 | — Between Ie'ad, :
’ | 6mm (0.25in) JC: >
from package @
Lg Internal Source Inductance — | 75 | — and center of die contact 1
Ciss Input Capacitance — | 700 | — Vgs = 0V
1 Coss Output Capacitance — (240 | — | pF | Vpg =25V
Crss Reverse Transfer Capacitance — 1100 | — f = 1.0MHz, See Fig. 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. [Max. | Units Conditions
Is Continuous Source Current 1 29 MOSFET symbol e
(Body Diode) A showing the
lsm Pulsed Source Current integral reverse @
(Body Diode) @ — | | 100 p-n junction diode. s
Vsp Diode Forward Voltage — | — | 1.6 V | Ty=25C, Ig=16A,Vgs=0V ®
tir Reverse Recovery Time — | 57 | 86 ns | Ty=25C, I =16A
Qe Reverse Recovery Charge — 1130 | 200 | nC | di/dt = 100A/us @
fon Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg+Lp)
Notes:

@ Igp< 16 A, di/dt < 420A/us, Vpp £ V(BR)DSSr

Ty<175°C

@ Pulse width < 300us; duty cycle < 2%.



International

IRFZ34N

TOR Rectifier
1000 VGe 1000 7 e ———
TOP 15V TOP 15V
10v 10V
8.0V 8.0v h
- i - i
= o : = o .
S 190 lgorrom 4V S = 190 fsorrom 45v
= 5
T o
o)) ey 5]
& S
g 10 - 3 10
- @ §=—— 4.5 =
= A 4.5 aii )
£ “ £
s P =
e 1 (o 1
= =
20ps PULSE WIDTH 20us PULSE WIDTH
- 0 = [
0 Tc = 25°C 04 Te=175°C
0.1 1 10 100 0.1 1 10 100

Iy, Drain-to-Source Current (A)

Vpg s Drain-to-Source Voltage (V)

Fig 1. Typical Output Characteristics

100
il
=
Ty=25°C
| /4,
T;=175°C
10 y 4
7/
VAN i
VAV
g
{ Vpg= 25V
’ 20us PULSE WIDTH
4 ] 8 7 8 ] 10

Vgs , Gate-to-Source Voltage (V)

Fig 3. Typical Transfer Characteristics

2.4
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Rps(on) » Drain-to-Source On Resistance

0.0

Vpg, Drain-to-Source Voltage (V)

Fig 2. Typical Output Characteristics
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T, , Junction Temperature (°C)

Fig 4. Normalized On-Resistance
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IRFZ34N Internationall

TSR Rectifier
1200 20
Vas =0V,  f= 1MHz Ip = 16A [
Ciss = Cgs + ng y Cds SHORTED . VDS = 44V
™, |_|Crss =Cgd > Vpg =28V
1000 Ciss lCoss = Cds + Cqd o 16 A
s )
E \ \\'5_‘ % .
£ 800 % aT > : /
2 Coss S~ © 12 7
=4 - =
"g 600 8 ///
(&} . [22]
H M 2 y 4
S ™ o 8 /
Y S s /
Crsse \\ -
™~ \.__ o 4
200 ~ - /
L I/ FOR TEST GIRCUIT
. ‘ 6 SEE FIGURE 13
1 10 100 0 10 20 30 40
Vps , Drain-to-Source Voltage (V) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
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Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area
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Infernational - IRFZ34N

TIGR Rectifier

30 Rp
Vps > AN
N
% | \D.U.T.
~ \\ m_A
< P e 4
= 2 \ T- VDD
o N ,
= AN 310V
O 15 N Pulse Width <1 ps
£ \ Duty Factor < 0.1 %
g \\ =
Ao N Fig 10a. Switching Time Test Circuit
5 \ >\ / N
\ 90% l
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Tc, Case Temperature  (°C)

10%
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| 4
| A\

Vag—/! N ! !
Fig 9. Maximum Drain Current Vs, as tk_—’L =
don) taoty U

Case Temperature

Fig 10b. Switching Time Waveforms
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t1, Rectangular Pulse Duration (sec)

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case



International IRFZ24N
TR Rectifier
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International
TGR Rectifier

PD -9.1276C

IRFZ34N

Advanced Process Technology

Ultra Low On-Resistance

Dynamic dv/dt Rating

175°C Operating Temperature

Fast Switching

e Ease of Paralleling

Description

Fifth Generation HEXFETs from International Rectifier
utilize advanced processing techniques to achieve
the lowest possible on-resistance per silicon area.
This benefit, combined with the fast switching speed
and ruggedized device design that HEXFET Power
MOSFETSs are well known for, provides the designer
with an extremely efficient device for use in a wide
variety of applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 waits. The low thermal

HEXFET® Power MOSFET

Vpss = 55V
Rps(on) = 0.040Q

Ip=29A

resistance and low package cost of the TO-220 T0-220AB
contribute to its wide acceptance throughout the
industry.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ To=25°C Continuous Drain Current, Vgg @ 10V 29 ‘
Ip @ Tc=100°C | Continuous Drain Current, Vgg @ 10V 20 A
fom Pulsed Drain Current © 100
Pp @T=25°C Power Dissipation 68 w
Linear Derating Factor 0.45 W/°C
Vas Gate-to-Source Voltage + 20 Y
Ens Single Pulse Avalanche Energy® 65 mJ
Iag Avalanche Current® 16 A
Ean Repetitive Avalanche Energy® 6.8 mJ
dv/dt Peak Diode Recovery dv/dt ® 5.0 - V/ns
Ty Operating Junction and -55 to + 175
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 [bfein (1.1Nem)
Thermal Resistance
Parameter Min. Typ. Max. |Units
Reic Junction-fo-Case — — 2.2
Recs Case-to-Sink, Flat, Greased Surface _— 0.50 _ °C/W
RaJa Junction-to-Ambient — —— 62

8/25/97
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TSGR Rectifier

PD - 94053

IRFZ44N

HEXFET® Power MOSFET

Advanced Process Technology
Ultra Low On-Resistance
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

2%
Ip = 49A

Vpss = 55V

Rps(on) = 17.5mQ

Description
Advanced HEXFET® Power MOSFETs from International
Redtifier utilize advanced processing techniquesto achieve
extremely low on-resistance per silicon area. This benefit,
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETs are well
known for, providesthe designerwith an extremely efficient

and reliable device for use in awide variety of applications.-

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal

resistance and low package cost of the TO-220 contribute TO-220AB
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units

Ip @ Tg=25°C Continuous Drain Current, Vgs @ 10V 49
Ip @ Tc=100°C| Continuous Drain Current, Vgg @ 10V 35 A
lIom Pulsed Drain Current ® 160
Pp @Tg =25°C Power Dissipation 94 w

Linear Derating Factor 0.63 W/eC
Vas Gate-to-Source Voltage +20 \
lag Avalanche Current® 25 A
Ear Repetitive Avalanche Energy® 9.4 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.0 Vins
Ty Operating Junction and -85 to +175
Ts1a Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (1.6mm from case )

Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1N*m)
Thermal Resistance

Parameter Typ. Max. Units

ReJc Junction-to-Case _— 1.5
Recs Case-to-Sink, Flat, Greased Surface 0.50 —_— °C/W
ReJa Junction-to-Ambient — 62
www.irf.com 1
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IRFZ44N

International

IR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min.| Typ. | Max. |Units Conditions
V(BR)DSS Drain-to-Source Breakdown Voltage 55 | — | — | V | Vas =0V, [p = 250pA
AVprpss/ATy | Breakdown Voltage Temp. Coefficient | —— |0.068| —— | V/°C | Reference to 25°C, Ip = 1mA
Ros(on) Static Drain-to-Source On-Resistance — 175 | mQ | Vas =10V, lp =25A ®
Vasiin) Gate Threshold Voltage 20 | — | 4.0 V | Vps=Vas, Ip = 250pA
Ofs Forward Transconductance 19 | — | — S | Vps =25V, Ip=25A®
Ibss Drain-to-Source Leakage Current : : 22550 HA xsz : ii\\;: gg: : gx. To750°C
lass Gate-to-Source Forward {eakage — | — {100 A Vas = 20V
Gate-to-Source Reverse Leakage — | —{~100 Vgs = -20V
Qq Total Gate Charge -— | — 63 In = 25A
Qgs Gate-to-Source Charge —_— —1 14 nC | Vpg =44V
Qg Gate-to-Drain ("Miller") Charge —_— = 23 Vas = 10V, See Fig. 6 and 13
td(on) Turn-On Delay Time — ]| 12 | — Vpp = 28V
ty Rise Time — | 80 | — ns lp=25A
td(omm Turn-Off Delay Time — | 44 | — Rg = 12Q
Y Fall Time — | 45 | — Vag = 10V, See Fig. 10 @
Between lead, p
Lp Intemal Drain Inductance — | 45| — " 6mm (0.25in.)
from package .
Lg Intemal Source Inductance —| 75— .
and center of die contact s
Ciss Input Capacitance — | 1470 —— Vag =0V
Coss Qutput Capacitance — | 360 | — Vpg = 25V
Crss Reverse Transfer Capacitance — | 88 | — | pF | f =1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy®@ —— 15300[150®@ | md | lag=25A, L=0.47mH
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
Is Continuous Source Current | 49 MOSFET symbol °
(Body Diode) A showing the
Ism Pulsed Source Current — 1 —1 160 integral reverse &
(Body Diode)® p-n junction diode. s
Vsp Diode Forward Voltage —_—f—1 1.3 V | Ty=25°C, s =25A, Vas=0V®
te Reverse Recovery Time —| 63| 95 ns | Ty=25°C, Ir = 25A
Qir Reverse Recovery Charge — | 170 | 260 | nC | di/dt = 100A/us ®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turm-on is dominated by Lg+Lp)
Notes:

@ Repetitive rating; pulse width limited by

max. junction temperature. (See fig. 11)

@ Starting T;=25°C, L = 0.48mH
Ra = 25Q, 145 = 25A. (See Figure 12)

@ Igp < 25A, di/dt < 230A/us, Vpp £ V(BR)DSS
T,<175°C

@® Pulse width < 400ys; duty cycle < 2%.

® This is a typical value at device destruction and represents
operation outside rated limits.

® This is a calculated value limited to Ty = 175°C .

www.irf.com



International IRFZ44N
TSGR Rectifier
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IRFZ44N | Infernational

IGR Rectifier
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TSR Rectifier
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International
TSR Rectifier

PD - 91406

IRFZ48N

HEXFET® Power MOSFET

Advanced Process Technology
Ultra Low On-Resistance
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

Description

D
Vpss = 55V

Rps(on) = 14mMQ

Ip = 64A

(/2]

Advanced HEXFET® Power MOSFETs from International
Rectifier utilize advanced processingtechniquesto achieve
extremely low on-resistance persilicon area. This benefit,
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETSs are well
knownfor, providesthe designerwith an extremely efficient
and reliable device for use in a wide variety of applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal

resistance and low package cost of the TO-220 contribute TO-220AB
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg=25°C Continuous Drain Current, Vgg @ 10V 64
Ip @ T =100°C| Continuous Drain Current, Vgg @ 10V 45 A
lom Pulsed Drain Current @ 210
Pp @Tg =25°C Power Dissipation 130 W
Linear Derating Factor 0.83 WG
Vas Gate-to-Source Voltage + 20 \
lar Avalanche Current® 32 A
Ear Repetitive Avalanche Energy® 13 md
dv/dt Peak Diode Recovery dv/dt ® 5.0 Vins
Ty Operating Junction and -65 to+ 1756
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Typ. Max. Units
Rauc Junction-to-Case — 1.15
Recs Case-t0-Sink, Flat, Greased Surface 0.50 —_— °C/W
Resa Junction-to-Ambient _— 62
www.irf.com 1
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IRFZ48N

International

TSR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
V(sr)DsSs Drain-to-Source Breakdown Voltage B | — | —— V | Vas =0V, ip = 250pA
AVripss/ATy | Breakdown Voltage Temp. Coefficient | — |0.088] — | V/°C | Reference to 25°C, Ip = 1mA
Rps(on) Static Drain-to-Source On-Resistance | — | — | 14 | mQ | Vgs=10V,Ip=32A @
Vasqh) Gate Threshold Voltage 20 | — | 4.0 V | Vps =Vas, b = 250pA
Ois Forward Transconductance 24 | — | — S | Vpg =25V, Ip = 32A®
Inss Draln-to-Source Leakage Current : : 22550 pA \\;z: : ii& xzz : ?\2 T o500
less Gate-to-Source Forward Leakage — | — | 100 nA Vas = 20V
Gate-to-Source Reverse Leakage — | — | -100 Vgs = -20V
Qq Total Gate Charge — | —| 81 Ip =32A
Qgs Gate-to-Source Charge — | —| 19 | nC | Vps=44V
Qgd Gate-to-Drain ("Miller") Charge —_— | — | 30 Vas = 10V, See Fig. 6 and 13
td(on) Turn-On Delay Time _— 12 | — Vpp = 28V
tr Rise Time —_ 78 | — ns Ip = 32A
{dtolf) Turn-Off Delay Time —_ 84 | — Rag = 0.85Q
Y Fall Time — | 80 | — Vas = 10V, See Fig. 10 @
Between lead, P
Lp intemnal Drain Inductance — | 45| — " Brmm (0.25in.)
from package 2
Ls Internal Source Inductance -— 75| — .
and center of die contact s
Ciss Input Capacitance — (1970 — Vags = 0V
Coss Output Capacitance — | 470 | — Vpg = 26V
Crss Reverse Transfer Capacitance — | 120 | — | pF | f = 1.0MHz, See Fig. &
Eas Single Pulse Avalanche Energy@ — |7000]|180® [ md | las= 32A, L =0.37mH
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
Is Continuous Source Current ! &4 MOSFET symbol °
(Body Diode) A showing the
Ism Pulsed Source Current — 1 —1 210 integral reverse e
(Body Diode)® p-n junction diode. s
Vsp Diode Forward Voltage —] —] 1.3 V | Ty=25°C, Is=32A,Vgg =0V ®
trr Reverse Recovery Time — 1| 68 | 100 ns | Ty=25°C, Iz = 32A
Qrr Reverse Recovery Charge —— 12201 830 | nC | di/dt=100A/us @
ton Forward Turn-On Time intrinsic turm-on time is negligible (turn-on is dominated by Lg+Lp)

Notes:
® Repetitive rating; pulse width limited by
max. junction temperature. ( See fig. 11)
@ Starting Ty=25°C, L =0.37mH
Rg = 25Q, |5 = 32A. (See Figure 12)

T,<175°C

@ Igp < 32A, di/dt £ 220A/ps, Vpp £ V(gRribss:

@ Pulse width < 400ps; duty cycle < 2%.
® This is the destructive value not limited to the thermal limit.

® This is the thermal limited value.

www.irf.com



International
TSGR Rectifier
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IRFZ48N | International

TR Rectifier
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International IRFZ48N
IGR Rectifier
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International
TGR Rectifier

PD -9.1325B

- IRL2505

Logic-Level Gate Drive
Advanced Process Technology
Ultra Low On-Resistance
‘Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

Description

Fifth Generation HEXFETs from International Rectifier
utilize advanced processing techniques to 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 well
known for, provides the designer with an extremely efficient
device for use in a wide variety of applications.

_ The TO-220 package is universally preferred for all
rommercial-industrial applications at power dissipation

HEXFET® Power MOSFET

Vpss = 55V
Rps(on) = 0-008Q

Ip=104A®

levels to approximately 50 watts. The low thermalresistance T0-220AB
and low package cost of the TO-220 contribute to its wide
acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc=25°C Continuous Drain Current, Vgs @ 10V 1040
Ip @ Tc=100°C | Continuous Drain Current, Vgg @ 10V 74 A
lom Pulsed Drain Current @ 360
Pp @Tc=25°C Power Dissipation 200 W
Linear Derating Factor 1.3 W/°C
Vas Gate-to-Source Voltage +16 \'%
Eas Single Pulse Avalanche Energy @ 500 mJ
lar Avalanche Current® 54 A
Eag Repetitive Avalanche Energy @ 20 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.0 V/ns
TJ Operating Junction and -55 to + 175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
| Parameter Min. Typ. Max. Units
ReJc Junction-to-Case —_—  — 0.75
Rocs Case-to-Sink, Flat, Greased Surface _ 0.50 _ °CW
Roua Junction-to-Ambient —_ _— 62

8/25/97



IRL2505

International

IOR Rectifie’
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
V(BRr)DSS Drain-to-Source Breakdown Voltage 55 | — | — | V | Vags =0V, Ip=250pA
AV@rpss/AT,| Breakdown Voitage Temp. Coefficient | — |0.035] — | V/°C | Reference to 25°C, Ip = 1mA
— | — 10.008 Vgs =10V, Ip =54A @
Rbsion) Static Drain-to-Source On-Resistance — | —10.010] Q@ | Vas =5.0V,Ip=54A @
— | —|0.013 Vas = 4.0V, Ip = 45A ®
Vasith) Gate Threshold Voltage 10 | — | 2.0 V | Vbs= Vas, Ip = 250pA
Ot Forward Transconductance 50 | — | — | S | Vps=25V,Ip=54A
. — | —1 25 Vpg = 55V, Vggs = 0V
Ibss Drain-to-Source Leakage Current — T T30 HA Voo =44V Vs = OV T; = 150°C
Gate-to-Source Forward Leakage — | — | 100 Vgs = 16V
lass Gate-to-Source Reverse Leakage ——T[400| ™ Vgs = -16V
Qq Total Gate Charge — | — | 130 Ip = 54A
Qgs Gate-to-Source Charge — | — | 25 nC | Vps =44V
Qgd Gate-to-Drain ("Miller") Charge — | — | 67 Vgs = 5.0V, See Fig. 6 and 13 @
td(on) Turn-On Delay Time — | 12 | — Vop =28V
tr Rise Time — | 160 | — ns Ip = 54A
ta(oft) Turn-Off Delay Time — | 43 | — Rg = 1.3Q, Vgg = 5.0V
t Fall Time 84 Rp = 0.50Q, See Fig. 10 ®
. Between lead, b
Lp Intemal Drain Inductance — 1 45 | — " 6mm (0.25in.) Q >
Ls Internal Source Inductance — 75 |— from package . : .
and center of die contact 3
| Ciss Input Capacitance — |5000] — Vs = 0V
Coss Output Capacitance — | 1100 — | pF | Vps=25V
Crss Reverse Transfer Capacitance — [ 390 | — f = 1.0MHz, See Fig. 5
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.{ Max. | Units Conditions
Is Continuous Source Current MOSFET symbol o
(Body Diode) — | — |1040® A | showing the F——ii
 Ism Pulsed Source Current 1 30 integral reverse e ;:l_
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage —_— 13 V | Ty=25°C, |lg=54A,Vgs=0V @
trr Reverse Recovery Time — | 140| 210 | ns | Ty=25°C, I[p=54A
Qrr Reverse RecoveryCharge —| 650| 970 | nC | di/dt = 100A/us ®
ton Forward Turn-On Time Intrinsic tumn-on time is negligible (turn-on is dominated by Lg+Lp)

Notes:

® Repetitive rating; pulse width limited by
max. junction temperature. ( See fig. 11)

® Vpp = 25V, starting T, = 25°C, L = 240uH
Rg = 25Q, 15 = 54A. (See Figure 12)

(©) Isp £ B4A, di/dt < 230A/us, Vpp £ V(BR)DSSr
T,<175°C

@ Pulse width < 300us; duty cycle < 2%.

® Caculated continuous current based on maximum allowable
junction temperature;for recommended current-handling of the
package refer to Design Tip # 93-4
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IRL2505

Infernational

C, Capacitance (pF)

lsp , Reverse Drain Current (A)

IGR Rectifie
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TOR Rectifier
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MBR340

SCHOTTKY RECTIFIER

Major Ratings and Characteristics

Characteristics MBR340 |Units

IF( AV) Rectangular 3.0 A
waveform

VRRM 30/40 \'

req @tp=5us sine 430 A

Ve @B3ApkT,=25°C 0.6 \%

T -40t0150 °C

3.0 Amp

Description/Features

The MBR340 axial leaded Schottky rectifier has been opti-

mized for very low forward voltage drop, with moderate

leakage. Typical applications are in switching power sup-

plies, converters, free-wheeling diodes, and reverse battery

protection.

* Low profile, axial leaded outline

o High purity, high temperature epoxy encapsulation for
enhanced mechanical strength and moisture resistance

» Very low forward voltage drop

» Highfrequency operation

» Guard ring forenhanced ruggedness and long term
reliability

CASE STYLE AND DIMENSIONS

5.8 (0.23)
MAX, DA,

GATHODE HBANO
21 0 (0.53) MIN.
[} PLCS)
100 (o an)
CATHOOE

21.0 (0.83) MIN. 254(0 100) MAX,
(2 PLCS.) 1000 FLASH (2 PLCS)
.0 (0,39 ot
MAX, 150 (0059
130(0051)
\'3/ {2 RCS)
" 5.8 (0.2)
150 (0. 05 o
1.30 (0.051)
{2 PLCS.) OutlineC - 18
Dimensions in millimeters and inches
www.irf.com 1



MBR340

Bulletin

PD-20593 04/01

Infernational
TSR Rectifier

Voltage R.atings

Partnumber MBR340
Vg  Max. DC Reverse Voltage (V) 0
Vrww Max. Working Peak Reverse Voltage (V)
Absolute Maximum Ratings
Parameters - | MBR340 | Units Conditions
IF(AV, Max. AverageForwardCurrent 3.0 A | 50%dutycycle@T, =92°C, rectangularwaveform
*SeeFig.4 Withcoalingfins
ey Max.PeakOneCycleNon-Repstitive 430 Bys Sineor3psRect.pulse | Followingany rated
' A joad condition and with
SurgeCurrent *SeeFig.6 80 10ms SineorémsRect. pulse | rated Vi applied
Electrical Specifications
Parameters MBR340 | Units Conditions
Vew Max. Forward Voltage Drop 0.5 vV |@1.0A
* See Fig. 1 1) 0.6 V {@83.0A T,= 25°C
0,85 V | @94A
0.37 vV |@1.0A
0.49 V | @3.0A T,= 125°C
072 vV |[@%4A
lkw  Max. Reversel.eakage Current 0.6 mA [T;= 25°C
*See Fig. 2 [0} 8 mA |[T,=100°C| V =ratedV,
20 mA | T;=125°C
Cr  TypicalJunction Capacitance 180 pF | Vg = 5Vp¢ (test signal range 100Khz to 1Mhz) 25°C
lg  Typical Series Inductance 9.0 nH | Measured lead to lead 5mm from package body
dv/dt Max. Voltage Rate of Change 10000 Vius
(Rated V)
(1) Pulse Width < 300us, Duty Cycle <2%
Thermal-Mechanical Specifications
Parameters MBR340 | Units Conditions
T,  Max.JunctionTemperatureRange -40t0150 | °C
Tag Max, StorageTemperatureRange -40t0150 | °C
Ry, TypicalThermalResistanceJunction 28 *C/W | DCoperation(*SeeFig.4)
toLead 2)
wt  ApproximateWeight 1.2(0.042) }g(oz.)
Case Style C-16

(2) Mounted 1 inch square PCB, thermal probe connected to lead 2mm from package

www.irf.com
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TR Rectifier Bulletin PD-20583 04/01
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Square wave (D = 0.50)
80% Rated Vr applied

Allowable Lead Temperature °C)
Average Power Loss (Waitts)

0 1 2 3 4 5
Average Forward CurrenHF(Av) (A) Average Forward Current-lF(Av) (A)

Fig.4-Max, Allowable Lead Temperature Fig.5-Forward Power Loss Characteristics
Vs. Average Forward Current

At Any Rated Load Condition
And With rated Virm Applied
Following Surge

Illllllllllllﬂlll

1000 10000
Square Wave Pulse Duration~tp (microsec)

Nen-Repetitive Surge Current- | eem(A)
g

Fig.6-Max, Non-Repetitive Surge Current

{2) Formula used: T, = T-(Pd+PE xR,

Pd =Forward Power Loss= IE(WXVFM @ (IF(AV) /D) (see Fig. 6);

Pdgey = Inverse Power Loss = \é‘ Xl (1-D); Iz @ Vg, = 80% rated A
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6TQ...
6TQ...

SCHOTTKY RECTIFIER

Major Ratings and Characteristics

Description/Features

6 Amp

Irav) = 6Amp
VR = 35 to 45V

The6TQ Schottky rectifier series has been optimized for low
Characteristics 8TQ Units reverse leakage at high temperaturq. The proprieutary ban:ler
technology aliows for reliable operation up to 175° C Junction
temperature, Typical applications are in switching power
lF(AV) Reotangular 8. A supplies, converters, free-wheeling diodes, and reverse bat-
waveform tery protection.
Vgry Fange 351045 v » 175° C T operation
- « High purity, high temperature epoxy encapsulation for
legm @tp=5ussine 690 A enhanced mechanical strength and moisture resistance
« Low forward voltage drop
Ve  @BAPKT=125°C 053 v « High frequency operation
« Guard ring for enhanced ruggedness and long term
T, range -55t0175 °C refiability
Case Styles
TO-220 D?PAK
www.irf.com 1



International

BTQ... Series
Bulletin PD-20283 01/01 IGR Recnﬁer
Voltage Ratings
Part number 6TQO35 6TQO040 6TQ045
Vg Max. DC Reverse Voltage (V)
Ve Max. Working Peak Reverse Voltage (V) 35 40 45
Absolute Maximum Ratings
Parameters 6TQ |Units| Conditions
IF(AV) Max, AverageForwardCurrent 6 A 50%dutycycle @7 =164°C, rectangularwaveform
*SeeFig.5
I Max. PeakOneCycle Non- iti 690 5us SineorausRect. pul Following any rated
-— ax, PeakOneCycleNon-Repetitive A Hs ln.eor psRect.pulse load condidon and
SurgeCurrent*SeeFig.7 140 10ms Sineoréms Rect. pulse |withrated Vrru@Pplied
E,s Non-RepetitiveAvalancheEnergy 8 mJ | T,=25°C, |,,=1.20Amps,L=11.10mH
lig  RepetitiveAvalancheCurrent 1.20 A | Currentdecayinglinearlytozerocin1ysec
Frequency limited by T, max.V, =1.5xV, typical
Electrical Specifications
Parameters 6TQ |Units | Conditions
Ve Max. Forward Voltage Drop (1) 0.60 v @ 6A T = 25
* See Fig. 1 0.73 V | @12A !
0.53 \ BA
e T,=125°C
0.64 vV | @12A
| Max. Reverse Leakage Current (1 0.8 mA | T,=25°C
RM ) ¢ o J Vg = rated Vi
* See Fig. 2 7 mA | T,=125°C
Veqoy Threshold Voltage 0.35 V| T;=T,max
N Forward Slope Resistance 18.23 | mQ
Cy  Max. Junction Capacitance 400 PF | Vg =5V, (test signal range 100Khz to 1Mhz) 25 °C
Ls  Typical Series Inductance 8.0 nH | Measured lead to lead 5mm from package body
dv/dt Max. Voltage Rate of Change 10,000 | V/pus
(Rated V)
(1) Pulse Width < 300us, Duty Cycie < 2%
Thermal-Mechanical Specifications
Parameters 6TQ |[Units | Conditions
T,  Max. JunctionTemperatureRange -55t0175| °C
Tey Max. StorageTemperatureRange  |-55t0175] °C
Ric Max. Thermal Resistance Junction 2.2 *C/W | DCoperation *SeeFig.4
toCase
Rycs TypicalThermalResistance, 0.50 *C/W | Mounting surface, smoothand greased
CasetoHeatsink
wt  ApproximateWeight 2(0.07) |a(oz.)
T Mounting Torque Min. 8(5) |Kg-cm
Max, 12(10) | {bFin)
2 www.irf.com
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TSR Rectifier Bulletin PD-20283 01/01
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Bulletin PD-20283 01/01 TSR Rectifier
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Fig. 8-Unclamped Inductive Test Circuit

(2) Formula used: T =T - (Pd+ PdREV) XRyjci
Pd = Forward PowerLoss = IF(A\,)XVFM @ (IF(AV)/ D) (seeFig.6);
P, = Inverse PowerLoss =V, xI . (1-D) [, @ Vqy =B80% rated V,,

4 ' www.irf.com
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10TQ...
10TQ...S

SCHOTTKY RECTIFIER

Major Ratings and Characteristics

10 Amp

Iravy = T0Amp
VR = 35 to 45V

Description/ Features

L . The 10TQ.. Schottky rectifier series has been optimized for
Characteristics 10TQ | Units low reverse leakage at high temperature, The proprietary
barrier technology allows for reliable operation up to 175° C
IF( AV) Rectangular 10 A junction temperature, Typical applications are in switching
power supplies, converters, free-wheeling diocdes, and re-
waveform verse battery protection.
Verm 351045 \% « 175°C T, operation
‘ « High purity, high temperature epoxy encapsulation for
legy @tp=5ussine 1050 A enhanced mechanical strength and moisture resistance
tome » Low forward voltage drop
Ve @10ApK T =125°C 0.49 v « High frequency operation
T range -55t0175 oG o Guard .ring for enhanced ruggedness and long term
4 reliabllity
Case Styles
10TQ...
TO-220 D?PAK
www.irf.com
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10TQ... Series
Bulletin PD-20057 01/01 TGR Rectifier
Voltage Ratings
- Part number 10TQO35 10TQ040 10TQ045
Vg Max. DC Reverse Voitage (V)
Vrwm Max. Working Peak Reverse Voltage (V) 35 40 45
Absolute Maximum Ratings
Parameters 10TQ | Units Conditions
IF(A Max. Average Forward Current 10 A 50%dutycycle @ T, =151°C, rectangularwave form
*SeeFig.5
lesy Max.PeakOne CycleNon-Repetitive | 1050 5us Sineor3ps Rect. pulse Following any rated
) A - ioad condition and
Surge Current *SeeFig.7 280 10ms Sineoréms Rect, pulse | with rated Vrry @pplied
E,s Non-RepetitiveAvalancheEnergy 13 mJ | T,=25°C,1,;=2Amps,L=6.5mH
lag  Repetitive AvalancheCurrent 2 A Currentdecaying linearly tozeroin 1 ysec
Frequency limited by T, max. V, =1.5xV,, typical
Electrical Specifications
Parameters 10TQ |Units Conditions
Vi Max. Forward Voltage Drop (1) 0.57 v @ 10A T = 25
* See Fig. 1 0.67 vV | @20A !
0.49 vV | @10A T,=125°C
0.61 V | @20A
lry  Max, Reverse Leakage Current (1) 2 mA [T;= 25°C V, = rated Vi,
* See Fig. 2 15 mA | T,=125°C
C;  Max. Junction Capacitance 900 PF | Vg =5V, (test signal range 100Khz to 1Mhz) 25 °C
Ly  Typical Series Inductance 8.0 nH | Measured lead to lead 5mm from package body
dv/dt Max. Voltage Rate of Change 40,000 | V/ps
(Rated Vp)
(1) Pulse Width < 300ps, Duty Cycle < 2%
Thermal-Mechanical Specifications
Parameters 10TQ |Units Conditions
T, MaxJunctionTemperatureRange |-55t0175| °C
Tag Max. Storage TemperatureRange |-85t0175) °C
Ryue Max. Thermal Resistance Junction 2.0 *C/W | DCoperation *SeeFig.4
toCase
Rics Typical ThermalResistance, Caseto 0.50 °C/W | Mounting surface, smoothand greased
Heatsink
wt  ApproximateWelight 2(0.07) {g(oz.)
T Mounting Torque Min. 6(5) |Kg-cm
Max. 12(10) |{IbFN)

www.irf.com
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10TQ... Series
TSR Rectifier Bulletin PD-20057 01/01
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18TQ...
18TQ...S

SCHOTTKY RECTIFIER

Major Ratings and Characteristics

18 Amp

Irav) = 18Amp
Vg = 35 to 45V

Description/Features
The 18TQ Schottky rectifier series has been optimized for low

Characteristics 18TQ Units reverse leakage at high temperature, The proprietary barrier
technology allows for reliable operation up fo 175°C junction
| FlAv) Rectangular 18 A temperature, Typlcal applications are in switching power
waveform supplies, converters, free-wheeling diodes, and reverse bat-
VRRM range 35 10 45 Y tery protection.
® 175° C T operation
lFSM @tp=5pssine 1800 A ¢ High purity, high temperature epoxy encapsulation for
enhanced mechanical strength and moisture resistance
Ve @18APK T,=125°C 0.53 v ¢ Low forward voltage drop
*® High frequency operation
T, range .5510175 oG * Guard ring for enhanced ruggedness and long term
J reliability
Case Styles
TO-220 D?PAK
www.irf.com 1



International

18TQ... Series
Bulletin PD-20178 rev. A 01/01 IR Rectifier
Voltage Ratings
Part number 18TQO35 18TQ040 18TQ045
Vg Max. DC Reverse Voltage (V)
Veww Max. Working Peak Reverse Voltage (V) 35 40 45
Absolute Maximum Ratings
Parameters 18TQ |Units Conditions
!F(Av) Max. Average Forward Current 18 A 50% dutycycle @ T = 149° C, rectangularwave form
*SeeFig.5
. it Following any rated
lesy Max.Peak One CycleNon-Repetitive] 1800 A 5us Sine or3us Rect. pulse load condlition and
Surge Current *SeeFig.7 390 10ms SineorémsRect. pulse |with rated V., applied
Ens Non-Repetitive Avalanche Energy 24 mJ | T;=25°C,|,=3.6Amps,L=3.7 mH
l,g  RepetitiveAvalanche Current 36 A | Currentdecaying linearlyto zeroin 1 ysec
Frequency fimited by T ,max.V, =1.5x V, typical
Electrical Specifications
Parameters 18TQ | Units Conditions
Vey Max. Forward Voltage Drop (1) 0.60 \4 @ 18A T.= 25°C
* See Fig. 1 072 v [@s3sa )
0.53 V | @18A T,=125°C
0.67 Vv | @36A
lew  Max, Reverse Leakage Current (1) 2.5 mA | T,= 25°C V, = rated Vg
*See Fig. 2 25 mA | T,=125°C
C,  Max. Junction Capacitance 1400 pF | Vg =BV, (test signai range 100Khz to 1Mhz) 25 °C
Ly Typical Series Inductance 8.0 nH | Measured lead to lead 5mm from package body
dv/dt Max. Voltage Rate of Change 10,000 | Vius
(Rated Vi)
(1) Pulse Width < 300us, Duty Cycle < 2%
Thermal-Mechanical Specifications
Parameters 18TQ | Units Conditions
T, Max.JunctionTemperatureRange |[-55t0175| °C
T, Max StorageTemperatureRange [-55t0175| °C
Ry Max ThermalResistance Junction 1.50 | °C/W | DCoperation *SeeFig.4
_toCase
Rycs Typical ThermalResistance, Caseto | 0.50 | *C/W Mounting surface, smooth and greased
Heatsink
wt  ApproximateWeight 2(0.07) [ g(oz.)
T Mounting Torque Min. 6(5) |Kg-cm
Max. | 12(10) |{PFin)

www.irf.com
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30CPQO035
30CPQ040
30CPQ045

30 Amp

Infernational
TSR Rectifier

SCHOTTKY' RECTIFIER

Major Ratings and Characteristics Description/Features

The 30CPQ...centertap Schottky rectifier has been optimized
forvery low forward voltage drop, with moderate leakage. The
proprietary barrlertechnology allows for reliable operation up to
150° C Junction temperature. Typical applications are in
switching power supplies, converters, free-wheeling diodes,
and reverse battery protection.
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* 150°C T operation
* Centertap TO-247 package

« High purlty, high temperature epoxy encapsulatton for
enhanced mechanical strength and moisture resistance

« Very low forward voltage drop
» Highfrequency operation

¢ Guardring for enhanced ruggedness and long term
reliability

CASE STYLE AND DIMENSIONS
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30CPQO35, 30CPQO40, 30CPQ045

International

PD-2.297 rev. A 12/97 TSR Rectifier
Voltage Ratings
Part number 30CPQO35 30CPQ040 30CPQO45
Vy  Max, DC Reverse Voltage (V)
VY] - 35 40 45
v Max. Working Peak Reverse Voltage )
Absolute Maximum Ratings
Parameters 30CPQ...{Units Conditions
IF(AV) Max.AverageForwardCurrent 30 A | 50%dutycycle @ T;=124°C, rectangularwaveform
*SeeFig.5
- iti Following any rated
leqy Max.PeakOneCycleNon-Repetitive 1020 A 5us Sineor3ps Rect. pulse oad aon itio% and with
Surge Current (Per Leg) *SeeFig.7 265 10msSineor8msRect. pulse|rated Ve, applie
E,s Non-RepetitiveAvalancheEnergy 20 mJ |T,=25°C,|,g=3Amps,L=44 mH
(Perteg)
lin  Repetitive AvalancheCurrent 3 A | Currentdecayinglinearlytozeroin 1usec
(PerLeg) Frequency limited by T max. V ,=1.5xV, typical
Electrical Specifications
Parameters 30CPQ...|Units Conditions
Ve Max. Forward Voltage Drop 0.54 vV |@15A T = 25°C
(Per Leg) * See Fig. 1 (1) 0.68 VvV _ |@30A J
0.50 V {@15A .
0.64 V |@30A Ty=128°C
lay Max Reverse Leakage Current 1.75 mA [T,= 25°C V, =ratedV,,
(Per Leg) * See Fig. 2 (1) 70 mA |T,=125°C
C,  Max.Junction Capacitance (PerlLeg) 900 pF [V =5Vp. (test signal range 100Khz to 1Mhz) 25°C
Ly  Typical Serles Inductance (Perleg) 75 nH  |Measured lead to lead 5mm from package body
dv/dt Max. Voltage Rate of Change 10,000 | V/ps
(Rated V)
(1) Pulse Width < 300us, Duty Cycie <2%
Thermal-Mechanical Specifications
Parameters 30CPQ...|Units Conditions
T, Max.JunctionTemperature Range -55t0150 | °C
Ty g Max. Storage TemperatureRange -55t01650 | °C
i Max.ThermalResistanceJunction 2.20 °C/W | DCoperation *SeeFig.4
toCase (Perleg)
R,.c Max.ThermalResistanceJunction 1.10 °C/W | DCoperation
toCase(Per Package)
Rycs Typical ThermalReslstance, Case 0.24 °C/W | Mountingsurface, smoothandgreased
toHeatsink
wt  ApproximateWeight 6(0.21) |g(oz.)
T MountingTorque Min. 6(5) Kg-cm| Non-lubricatedthreads
Max. 12(10) | (bHn)
CaseStyle TO-247AC(TO-3P) | JEDEC
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Infernational 30CPQO35, 30CPQO40, 30CPQO45
TSR Rectifier . PD-2.297 rev. A 12/97
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30CPQ035, 30CPQ040, 30CPQ045
PD-2.297 rev. A 12/97

International
TOR Rectifier
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