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Abstract

This project is invented for the study of operational principle of Switch-mode audio
amplifier or class-D amplifier which is a popular circuit nowadays as it is accepted as
having more efficiency than the other classes. The basic principle of class-D amplifier is
comparison of the input signal or audio signal with triangle carrier signal which has
higher frequency than the input signal in making pulse width modulate signal (PWM).

IC HIP 4080A , with built-in comparator and MOSFET gate driver is used for generating
PWM signal . The output signal is connected with power amplifier part that using Full-
Bridge method with MOSFETs as the power device. The MOSFET will work as the on-off
switch in class-D amplifier. Then output signal from Full-Bridge circuit will be taken to
Low-pass filter circuit to take the carrier out and get the audio signal back to drive the

speaker.
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Pout vs. Efficiency
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5. Internal Gate Resistance, Rty
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Data Sheet

80V/2.5A Peak, High Frequency Full Bridge
FET Driver

The HIP4080A is a high frequency, medium voltage Full
Bridge N-Channel FET driver [C, available in 20 lead plastic
S0IC and DIP packages. The HIP4080A includes an input
comparator, used to facilitate the “hysteresis” and PWM
modes of operation. Its HEN (high enabile) lead can force
current to freewheel in the bottom two external power
MOSFETs, maintaining the upper power MOSFETs off.
Since it can switch at frequencies up to TMHz, the HIP40B0A
is well suited for driving Voice Coil Motors, switching power
amplifiers and power supplies.

HIP4080A can also drive medium voltage brush motors, and
two HIP4080As can be used to drive high performance
stepper motors, since the short minimum “on-time” can
provide fine micro-stepping capability.

Short propagation delays of approximately 55ns maximize
control loop crossover fraquencies and dead-times which
can be adjusted to near zero to minimize distortion, resulting
in precise control of the driven load.

The similar HIP4081A IC allows independent control of all 4
FETs in a Full Bridge configuration.

The Application Note for the HIP4080A is AN9404,

HIP4080A

July 2004

FN3658.7

Features

- Drives N-Channel FET Full Bridge Including High Side
Chop Capability

» Bootstrap Supply Max Voltage to 85VDC

+ Drives 1000pF Load at 1MHz in Free Air at +50°C with
Rise and Fall Times of Typically 10ns

» User-Programmable Dead Time

+ Charge-Pump and Bootstrap Maintain Upper Bias
Supplies

« DIS (Disable) Pin Pulls Gates Low

* Input Logic Threshokds Compatible with SV to 15V Logic
Levels

+ Very Low Power Consumption
+ Undervoltage Protection
+ Pb-Free Available as an Option

Applications

+ Medium/Large Voice Coil Motors
» Full Bridge Power Supplies

+ Switching Power Amplifiers

« High Perfformance Motor Controls

Ordering Information . Noise Gancellation Systems
PART TEMPERATURE PKG. .
NUMBER RANGE (°C) PACKAGE | DWG.# + Battery Powered Vehicles
HIP40BDAIPZ 40to+85  [201d PDIP £203 * Peripherals
(Nete 1) (Pb-Free) « UPS.
HIP4080AIP -40 to +85 20 Ld PDIP E203 .
Pinout

HIP4080AIB -40to +85 20 Ld SQIC M20.3

HIP4080A
HIP4080AIBZ -40to +85 20Ld s0IC M20.3 (PD#P, SOIC)
{(Note 1) {Pb-Free) TOP VIEW
NOTES:

1. Intersil Pb-Free products employ special Pb-free material sets; eHB [ 1] E BHO
melding compounds/die attach materials and 100% matte tin HEN { 2] E BHS
plate termination finish, which is compatibie with both SnPb and ois 3] T_a] BLO
Pb-free soldering operations. Intersil Pb-Free products are MSL
classified at Pb-free peak reflow temperatures that meet or Vss | 4] E BLS
exceed the Pb-free reguirements of IPG/JEDEC J Std-020B. OuT | 5] E Voo

2. Add "T” suffix for Tape and Reef packing option. HIP4080AIP not N+ {6} EI Vee
available in Tape and Reel, - [7] E ALS

HDEL [6] 13] ALO
LoEL [3] 72] Ans
AHB [ip) [11] AHO
1 CAUTION: Thesa devices are sensitive to slectrostatic discharge; follow proper IC Handling Procedures.

1-886-INTERSIL or 321-724-7143 | intersil (and design) ie a registered trademark of intersil Americas fne.

Copyright Harris Corporation 1995, Copyright Intersil Americas Inc. 2003, 2004, All Rights Reserved

All other tredemarks mentioned are the property of their respective owmers.




HIP4080A

Application Block Diagram
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Functional Block Diagram (1/2 HIP4080A)
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HIP4080A

Absolute Maximum Ratings

Supply Voltage, VppandVeg. .. ... ... ... ... 0.3V to 16V
LogicllOVoltages . ............ ... ... .. -0.3V o Vpp +0.3V
Voltage on AHS, BHS . .. -8.0V (Transient) to 80V (25°C o 125°C)
Voltage on AHS, BHS . . . -8.0V (Transient) to 70V (-55°C to 125°C)

Vollage on ALS, BLS. ... ... -2.0V (Transient) to +2.0V (Transient)
Voltage on AHB, BHB . ... .. Vaus, Bus -0-3V 10 Vays, BHS *VoD
Voltageon ALO, BLO. . ... ..., . .. VaLs, Brs 0.3V to Vg +0.3V
Voitage on AHO, BHO. .. . .. VaHs, gHS -0.3V to Vapp gyp +0.3V
Input Current, HDEL and tDEL .. ... ... .. ... .... 5mA to OmA
PhaseStewRate....... ... ... .................... 20Vins

All Voltages relative to Vigg, unless atherwise specified.

Thermal Information

Thermal Resistance (Typical, Note 3) 8y ("CMV)
SOICPackage . . ........................... 85
PDIPPackage . .............. .. ............ 75

Maximum Power Dissipation at +85°C
SOICPackage . . ...................cuuiinni i, 470mw
PDIPPackage . ........ ... ... .. iiivvie ... 530mw

Storage TemperatureRange . . . ............... -65°C to +150°C

Cperating Max. Junction Temperature. . ................ +125°C

Lead Temperature (Soldering 10s) .. .................. +300°C

{For SOIC - Lead Tips Only)

Operating Conditions

Supply Voltage, VppandVee. ... ..o oL +9.5V to +15V
VoltlageonALS, BLS. ........................ -1.OVto+1.0v
Voltage on AMB, BHB . . ... ... VaHs, BHS *5V 10 Vaps, pHs +15V
Input Current, HDELand LDEL . .. ... .......... -500uA to -50uA
Operating Ambient Temperature Range . .. ... .. .. -40°C to +85°C

CAUTION: Stresses above those iisted in "Absoluts Maximum Ralings™ may ceuse parmenent damage to the device. This is a stress only reting and operation of the
device at these or any other conditions above those indicated in the operational sactions of this specification is not implied.

NOTE:

3. 94 is measured with the component mounted on a low effective thermal conductivity test board in free air. See Tech Brief TB379 for details.

Electrical Specifications Vpp=Voo = Vane = Veug = 12V, Vs = Vars = VaLs = VaHs = VeHs = OV, Rupei. = RupeL = 100K, and
Ta = +25°C, Unless Otherwise Specified

T,=-40°C
T, =+425°C TO +125°C
PARAMETERS SYMBOL. TEST CONDITIONS MIN | TYP | MAX | MIN { MAX | UNITS
SUPPLY CURRENTS AND CHARGE PUMPS
Vpp Quiescent Current lop IN- = 2.5V, Other Inputs = OV 8 11 14 7 14 mA
Vpp Operating Current lbpo | Outputs switching f = 500kHz, NoLoad | 9 12 | 15 8 15 | ma
Ve Quiescent Current lec IN- = 2.5V, Other Inputs = OV, = 25 | 80 - 100 | pA
lno=leLo=0
Ve Operating Current lcco f = 500kHz, No Load 1 125 | 20 08 3 mA
AHB, BHE Quiescent Cument - lane: laHp | IN-=2.5V, Other Inputs = 0V, 50 | 26 | -1 60 | -10 pA
Qpump Cutput Current lapo = lgHo =0,
Vpp =Vee =Vang = VeHe = 10V
AHB, BHB Operating Cumrent laHBo. | f = 500kHz, No Load 062 ] 12 15 | 05 | 19
lBHBO
AHS, BHS, AHB, BHB Leakage Current IHLK VaHs = Vaus = 80V, - Q.02 1.0 - 10 HA
Vang = Vaup = 93V
AHB-AHS, BHB-BHS Qpump Vaue- | laHB = lang = 0. No Load 115 | 126 | 140 | 105 | 145 | V
Output Voltage VaHs
VaHs -
VeHs
INPUT COMPARATOR PINS: IN+, IN-, OUT
Offset Voltage Vos Over Common Mode Voltage Range -10 0 +10 | 15 | #15 mv
Input Bias Current B 0 05 2 0 4 pA
Input Offset Current los -1 0 +1 -2 +2 HA
Input Common Mode Voltage Range CMVR 1 - V?DS 1 V‘Pg \
4 intersil




HIP4080A

Electrical Specifications

Voo = Vg = Vane = Vang = 12V, Vgg

=VaLs = Va5 = Vans = Vens = OV, RypeL =Ry pgp = 100K, and

Ta =+25°C, Uniess Otherwise Specified (Continued)
Ty=-40°C
T, =425°C TO +125°C
PARAMETERS SYMBOL TEST CONDITIONS MIN | TYP | MAX | MIN | MAX | UNITS
Voltage Gain AVOL 10 25 - 10 - Vimy
OUT High Leve! Output Voltage Von IN* > IN-, lop = -250pA Voo | - - Voo | - \
0.4 -0.5

QUT Low Level Output Voltage Vo IN+ < IN-, I = +250pA - - 0.4 . 05 Vv
Low Level Output Current oL |Vour=6v 65 | 14 | 19 | 6 | 20 | mA
High Leve! Output Current lox Voutr = 6V -17 | <10 3 20 | 25 mA,
INPUT PINS: DIS
Low Level input Voltage ViL Full Operating Conditions - - 1.0 - 0.8
High Level Input Voltage Viy Futl Qperating Conditions 25 - - 27 - \'
Input Voltage Hysteresis - 35 - - - mv
Low Level Input Current I Vin = OV, Full Operating Conditions -130 ¢ 100 | 75 | -135 | -65 pA
High Level Input Current hH Vin = 5V, Full Operating Conditions -1 - +1 10 | +10 pA
INPUT PINS: HEN
Low Level Input Voltage ViL Full Operating Conditions - - 10 - 08 v
High Level Input Voltage ViM Full Operating Conditions 2.5 - - 27 - V'
Input Vottage Hysteresis - 35 - - - mv
Low Level Input Current e Vin = OV, Full Operating Conditions <260 | <200 | 150 | 270 § 130 | pA
High Level Input Current {7 Vin = 5V, Full Operating Conditions -1 - +1 -10 | +10 pA
TURN-ON DELAY PINS: LDEL AND HDEL
LDEL, HDEL Voltage VHDELY | IHDEL = ILDEL = -100uA 49 | 5.1 [ 53 | 48 | 54 | v
GATE DRIVER QUTPUT PINS: ALO, BLO, AHO, AND BHO
Low Leve! Output Voltage Voo  |touT = 100mA 07 |085) 10 | 05 | 11| V
High Level Output Voltage Ve - Vor | lout = -100mA 08 | 095] 11 | 05 | 1.2 %
Peak Puliup Current lo* Vour =0V 17 | 26 | 38 14 | 41 A
Peak Pulidown Curmrent o Vour = 12V 17 | 24 | 33 |13 | 36 | A
Under Voltage, Rising Threshold Uv+ 8.1 8B 94 8.0 95 vV
Under Voitage, Falling Threshold Uv- 7.6 83 84 75 a0 Vv
Under Voltage, Hysteresis HYS 025 | 04 | 065 | 02 07 vV

5
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HIP4080A

SWitChing Specifications Voo =Vec = VaHs = Veug = 12V, Vgg =

VaLs = VBLs = VaHs = Veus = OV, Rypg = Ry per = 10K,
CL = 1000pF, and Ty, = +25°C, Unless Otherwise Specified

T;=-40°C
T, = +25°C TO +125°C
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | MIN | MAX | UNITS
Lower Tum-off Propagation Delay (IN+/IN- to ALO/BLO) TieHL - 40 | 70 - 90 ns
Upper Tum-off Propagation Delay (IN+/IN- to AHO/BHO) THPHL - 50 | a0 - 110 ns
Lower Turn-on Propagation Delay (IN+/IN- to ALO/BLO) TipLH - 49 [ 70 - 90 ns
Upper Turn-on Propagation Delay (IN+/IN- to AHO/BHO) THPLH - 70 1 110 - 140 ns
Rise Time Tg - 10 | 25 - 35 ns
Fall Time Tk - 10 | 25 - 35 ns
Turn-on Input Pulse Width Tewin-ON 50 - - 50 - ns
Tum-off Input Pulse Width TrwIN-OFE 40 - - 40 - ns
Disable Turn-off Propagation Delay ToisLow - 45 | 75 - 95 ns
{DIS - Lower Cutputs)
Disable Tum-off Propagation Delay ToiSHIGH - 5 | 85 - 106 ns
{DIS - Upper Qutputs)
Disable to Lower Turn-on Propagation Delay ToLPLH - 45 | 70 - 90 ns
{DIS -ALO and BLO)
Refresh Pulse Width (ALO and BLO} TREF-PW 240 | 380 | 500 | 200 | 600 | ns
Disable to Upper Enable (DIS - AHO and BHO) Tuen - | 480|830 | - 1790 ns
HEN-AHO, BHO Turn-off, Propagation Delay THenPHL |RupeL =Ripe = 10K | - 40 | 70 - 90 ns
HEN-AHO, BHO Tumn-on, Propagation Delay TuenrtH |RHDEL= RipeL = 10K - 60 | 90 - 110 ns
TRUTH TABLE
INPUT OUTPUT
IN+ > [N- HEN uNv Dis ALO AHO BLO BHO

X X X 1 0 0 0 0

0] 0 0 0 0 0 0

1 1 0 0 0 1 1 0

o 1 0 0 1 0 c 1

1 0 0 0 0 0 1 0

X X 1 X 0 0 0] o

& imtersil




HIP4080A

Pin Descriptions
PIN
NUMBER | SYMBOL DESCRIPTION

1 BHB B' High-side Boqtstrgp supply. External bootstrap diode and capacitor are required. Connect cathode of bootstrap
dlcx_:le afnd positive side of bootstrap capacitor to this pin. Intemal charge pump supplies 30uA cut of this pin to
maintain bootstrap supply. Internal circuitry clampe the bootstrap supply to approximately 12.8V.

2 HEN High-side Enable_input Logic level input that when low overrides IN+/IN- (Pins 6 and 7) to put AHO and BHO drivers
(Plns.11 and 20} in low output state. When HEN is high AHO and BHO are controlled by IN+/IN- inputs. The pin can
be driven by signal levels of OV to 15V (no greater than Vpp).

3 Dis DiSable input. Logic level input that when talen high sets all faur outputs low. DIS high overrides all other inputs.
When DiS s taken low the outputs are controlied by the other inputs. The pin can be driven by signal levels of OV to
15V (no greater than Vpp).

Vgsg Chip negative supply, generally will be ground.

ouT OUTput of the input controf comparator. This output can be used for feedback and hysteresis.

IN+ Neninverting input of control comparator. if IN+ is greater than IN- (Pin 7) then ALO and BHO are low level outputs
and BLO and AHO are high level outputs. If IN+ is less than IN- then ALO and BHO are high level outputs and BLO
and AHO are low level outputs. DIS (Pin 3) high level will override IN+/IN- controf for all cutputs. HEN (Pin 2) low level
will override IN+/IN- corttrol of AHO and BHO. When switching in four quadrant mode, dead time in a half bridge leg
is controlled by HDEL and LDEL (Pins 8 and 9).

IN- Inverting input of control comparator. See IN+ (Pin 8) description.

8 HDEL High-side tum-on DELay. Connect resistor from this pin to Vgg to set timing curent that defines the tum-on defay of
both high-side drivers. The low-side drivers turn-off with no adjustable delay, so the HDEL resistor guarantees no
shoot-through by delaying the turn-an of the high-side drivers. HDEL reference voltage is approximately 5.1V.

9 LDEL Low-side turn-on DELay. Connect resistor from this piti to Vgg to set timing current that defines the tum-on detay of
both low-side drivers. The high-side drivers tum-off with no adjustable delay, so the LDEL resistor guarantees no
shoot-through by detaying the turn-on of the low-gide drivers. LDEL reference voltage is approximately 5.1V,

10 AHB A High-side Bootstrap supply. Extemnal bootstrap diode and capacitor are required. Connect cathode of bootstrap
diode and positive side of bootstrap capacitor to this pin. Internal charge pump supplies 30uA out of this pin to
maintain boctstrap supply. Intemnal circuitry clamps the bootstrap supply to approximately 12.8V.

11 AHO A High-side Quiput. Connect to gate of A High-side power MOSFET,

12 AHS A High-side Source connection. Connect to source of A High-side power MOSFET. Connect negative side of
bootstrap capacitor to this pin.

13 ALO A Low-side Qutput. Connect to gate of A Low-side power MCSFET.

14 ALS A Low-side Source connection. Connect to source of A Low-side power MOSFET.

15 Veo Positive supply ta gate drivers. Must be same potential as Vpp (Pin 16). Connect to anodes of two bootstrap diodes.

16 Vop Positive supply to lower gate drivers. Must be same potential as V¢ (Pin 15). De-couple this pin to Vgg (Pin 4).

17 BLS B Low-side Source connection. Connect to source of B Low-side power MOSFET.

18 BLO B Low-side Qutput. Connect to gate of B Low-side power MOSFET.

18 BHS B High-side Source connection. Connect to source of B High-side power MOSFET. Connect negative side of
tootstrap capacitor to this pin.

20 BHO B High-side Cutput. Connect to gate of B High-side power MOSFET.

7 | _interxil




BURR - BROWN®

Sorr

OPA134
OPA2134
OPA4134

DT, . High Performance
AUDIO OPERATIONAL AMPLIFIERS

FEATURES

@ SUPERIOR SOUND QUALITY
@ ULTRA LOW DISTORTION: 0.00008%
® LOW NOISE: 8nV/NHz
@ TRUE FET-INPUT: I, = 5pA
@ HIGH SPEED:

SLEW RATE: 20V/us

BANDWIDTH: 8MHz
@ HIGH OPEN-LOOP GAIN: 120dB (6005)
@ WIDE SUPPLY RANGE: +2.5V to +18V
@ SINGLE, DUAL, AND QUAD VERSIONS

APPLICATIONS

@® PROFESSIONAL AUDIO AND MUSIC
@ LINE DRIVERS

@ LINE RECEIVERS

@ MULTIMEDIA AUDIO

@ ACTIVE FILTERS

® PREAMPLIFIERS

@ INTEGRATORS

& CROSSOVER NETWORKS

DESCRIPTION

The OPA 134 series are ultra-low distortion, low noise
operational amplifiers fully specified for audio appli-
cations. A true FET input stage was incorporated to
provide superior sound quality and speed for excep-
tional audio performance. This in combination with
high output drive capability and excellent dc perfor-
mance allows use in a wide variety of demanding
applications. In addition, the OPA134's wide output
swing, to within IV of the mils, allows increased
headroom making it ideal for use in any audio circuit.
OPA 134 op amps are easy to use and free from phase
inversion and overload problems often found in com-
mon FET-input op amps. They can be operated from
12.5V to I8V power supplies. Input cascode cir-
cuitry provides excellent common-mode rejection and
maintains low input bias current over its wide input
voltage range, minimizing distortion. OPA134 series
op amps are unity-gain stable and provide excelent
dynamic behavior over a wide range of load condi-
tions, including high load capacitance. The dual and
quad versions feature completely independent cir-
cuitry for lowest crosstalk and freedom from interac-
tion, even when overdriven or overloaded.

Single and dual versions are available in 8-pin DIP
and SO-8 surface-mount packages in standard con-
figurations. The quad is available in 14-pin DIP and
SO-14 surface mount packages. All are specified for
—40°C to +85°C operation. A SPICE macromodel is
available for design analysis.

OPA134 OPA4134
2 14| outo
Oua |1
Offset Trim II E' Offsed Trim _—
nAa|z H- E' -inD
—In IZ 7| v+ = A
OPAZ134 +ina |3 H+ 12| sinD
+n E 6 | Quiput —
1| v-
V- E E! NG OutA | 1 8| v+ v 4= !
—nA | 2 7! outB +inB ; + B E HnC
B-Pin DIP, SO-8 = -
“inA |2 5] -nB -nB ; 8§-C
v E _ﬂ B OutB |7 | 8| ouce
14-Pin DIP
8-Pin DIP, 50-8 5014

Irtarnational Alvport industzial Park + Mafiing Address: PO Box 14400, Tucsan, AZ B57TM ~ Strest Addrass: $730 5. Tucson Bivd., Tucson, AZ 86706 + Tel: (520} 745-1111 + Tw: 5108521111
Intemat; hitp:Awww.byre-brown.coms + FAXLine: {800) S48-#113 (&/Canmis Only) + Cable: CIRCORP ~ Talex: 086-8431 « FAX: {520) B33-1510 » mmedists Product tafo: {B00) 548-8132

£ 1996 Burr-Brown Corporelion

PDS-1339C
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SPECIFICATIONS

Al Ty = +26°C, Vg = +15V, unless otherwise noted,

OPAIPA, UA
OPAIPA, UA
OPA4TMPA, UA
PARAMETER CONIHTION MIN TYP MAX UNITS
AUDIO PERFORMANCE
Total Harmonic Distorion + Nolse G =1, f= fkHz, Vi = Fvms
Ry = 2k} 0.00008 %
_— R, = 6004 0.00015 %
Intermodulation Distortion G=1,1= 1kHz, V4 = 1Vpp -98 48
Headrooemn( THD < 0.01%, Ry = 210), Vg = 218V 238 dBu
FREQUENCY RESPONSE
Gain-Banawidth Praduct 8 MHz
Slew Ratel® 15 +20 Vips
Full Power Bandwidth 1.3 MHz
Setfing Time 0.1% G = 1, 10V Step, € = 100pF (%4 s
0.01% G =1, 10V Siep, €, = 100pF 1 13
Qverload Recovery Time (V) * {Gan) = V4 0.5 ps
NOISE
Input Voltage Noise
Noise Voltage, f = 20Hz to 20kHz 1.2 nvms
Noise Density, f = 1kHz 8 VINAZ
Curant Nofse Density, f = 1kHz 3 fANHzZ
OFFSET YOLTAGE
Input Offest Voltage +0.5 +2 my
Ty = ~A0°C to +85°C +1 +30) v
vs Tomperatre Tp = —40°C to +B85°C +2 nvre
va Power Supply (PSRR) Ve = 125V {0 +18V 20 106 daB
Channel Separation {(Dual, Quad) de, B = 262 135 a8
1 1= 20uHz, R, = 2ki} 130 dB
INPUT BIAS CURRENT
Input Bias Cument®) Vey =0V +5 +100 oA
vs Temperature® See Typical Curve +5 nA
Inpui Offset Currenti* Ve =0V +2 150 pA
INPUT VOLTAGE RANGE
Common-Mode Yollage Range {V-p25 £13 (V+-2.5 v
Common-Mode Rejection Veu 5125V 10 +125V 86 100 d8
T, = —40°C fo +85°C 80 dB
INPUT IMPEDANCE
Differentiat 1oe 2 QfioF
Common-Mode Vi = —125V fo +12.5V 10% || 5 12 || pF
OPEN-LOOP GAIN
- Oypari-Loop Voitapge Gain = TORLL, Vg = ~T45V D +13.3V 194 20 B
R = 22, Vg = 138V 1o +13.5V 104 120 d8
Ry = 80042, Vi = —12.8V to +12.5V 104 120 dB
OUTPYT dod- v
Vioitage Output Ry = 1042 (V-)+05 b’
Ry = 2ki2 V12 Ve-15 v
Ry = 60012 (V-p2.2 v+-25 | v
Cutput Current 35 mA
Cuipul krpedance, Closed-Loop® t = 10kHz o Q
Opan-Loop f= 10kH2 10 Q
Capacitive Load Drive (Stable Operation) See Typica Curve
POWER SUPPLY
. Spactisd Opsoating Voltage 215 v
Operating Voltage Range £25 +18 v
Quiescent Current (per amplifier) =0 4 s mA
TEMPERATURE RANGE
Spectiied Range —40 +85 b ¥
Operating Range 55 25 <
Storage 55 +125 °C
Therms Rusiohmee, 0,
8-Pin DIP 100 T
S0-8 Surface-Mount 150 “Cw
14-Pin DIP 80 °CIW
S0-14 Surface-Mount 110 CW

NOTES: (1) dBu = 20°log (Vrms/0.7746) whore Vims Is the maximum output voitage for which THD+Nolse is lass than 0.01%. Soe THO+Noise {ext. (2) Guarenteed
by design. {3) Guaraniced by water-level tesi fo 85% confidence level. {4) High-wpeed 1est at T, = 25°C. (5) See *Closed-Loop Quiput Impedance vs Frequency”

typical curve.
WURR - IR
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ABSOLUTE MAXIMUM RATINGS™

Supply Voltage, ¥+ 10 Ve v smsssss st sestsesnsss s srsesens 38V
Input Voltane | {V-) DTV to D) DTV
Output Shorl-Circuitt® . Connuous
Operating Temperature ... .. 40°C 10 +125°C
Slorage Temperature.. -65°C to +125°C
Junction Temperature ... w1500
Lead Temperature (soldering, 10s) 00°C

NOTES: (1) Stresses above fhesa ratings may cause permanent damage.,
(2) Shoricireuil 1o ground, one ampiifier per package.

PACKAGE

DRAWING | TEMPERATURE
PROGUCT FPACRAGE NURBER™ RANGE
Single
QPA134PA 8-Pin Plastic DIP 006 —40°C fo +85°C
OPAT34UA 50-8 Surface-viount 82 —~40PC 1o +55°C
Dual
OPA2134PA 8-PIn Plastic DIP 006 —40°C fo +85°C
OFAZI340A 3058 Swipue-Muuni 182 —30°C v +85°C
Quad
OPA4134PA 14-Pin PlagticDIP [oa]0} —40°C 10 +85°C
OPAS1240A S0 14 Surface Mount 235 A0°C o +8E°C

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheel, or Appendix C of Burr-Brown IC Data Book.

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtie performance degrada-
tion to complete device failure. Precision integrated circuits
may be more susceptible to damage because very small
parametric changes could cause the device not to meet its
published specifications.

TYPICAL PERFORMANCE CURVES

At Ty = +25°C, Va = +15V, R, = 2k(2, unless otherwise noled.
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International

ISR 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
technigues 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

Vpsgs = 55V
RDS(OI‘I) =0.07Q

Ip=17A

levelstoapproximately 50 watts. The lowthermalresistance TO-220A8
and low package cost of the TO-220 contribute to its wide
acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tg=25°C Continuous Drain Current, Vgs @ 10V 17
Io @ Tc =100°C | Continuous Drain Current, Vs @ 10V 12 A
oM Pulsed Drain Current © 68
Po@Tc = 25°C Power Dissipation 45 w
\L.inear Derating Factor 0.30 wW/°C
Vs Gate-to-Source Voltage 120 A
Eas Single Pulse Avalanche Energy @ 71 md
lag Avalanche Current® 0 A
Ear Repetitive Avalanche Enermgy® 45 md
dvidt Peak Diode Recovery dvidt @ 5.0 Vins
T, Operating Junction and -55 to + 175
Ts1 Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.8mm from case)
Mounting tomue, 6-32 or M3 screw. 10 ibfein (1.1Nm)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reic Junction-to-Case — —— 3.3
Rocs Case-to-Sink, Flat, Greased Surface o 0.50 o *CIW
Rgua Junction-to-Ambient o o 62
www.irf.com 1
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IRFZ24N International

IGR Rectifier
Electrical Characteristics @ T; = 25°C (uniess otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
Visrpss Drain-to-Source Breakdown Voltage 85 | — | — | V | Vgs =0V, p=250pA
AVarpss/AT, | Breakdown Voltage Temp. Coefficient | —— [0.052] — | V/°C| Refersnce to 25°C, Ip = 1TmA
Rpson) Static Drain-to-Source On-Resistance | — | — J0.07 | Q | Vgs =10V, Ip = 10A @
Viss(ny Gate Threshold Voltage 20 | — | 40 V | Vos = Vags, Ip = 250pA
Gis Forward Transconductance 45 | — | — S Vps =25V, Ip = 10A
loss Drain-to-Scurce Leakage Current i : 22550 LA \\:gz ; ii:' ziz ; g: T I150°C
lass Gate-to-Source Forward Leakage — { — | 100 - Vg = 20V
Gate-to-Source Reverse Leakage — — | -100 Vgg = 20V
Qg Total Gate Charge — | —] 20 Ip = 10A
Qgs Gate-to-Source Charge — 1 — [ 53} nC | Vpg=44V
Qga Gate-to-Drain ("Miller*} Charge — | —1 786 Ves = 10V, See Fig. 6 and 13 @
taon) Turn-On Delay Time — [ 49 | — Vpp = 28V
i Rise Time — 3| — o= 10A
tarom Turn-Off Delay Tima — 48 | —1 ™ | Rg=240
ts Fali Time — .27 | — Rp = 2.611, See Fig. 10 ®
o infermal Drain Indudtance 1/ N B b 2
o | 6mm (0.25in.) @
from package g
Ls intemeal Sguios Ejuctghe Y)Y AN and center of die contact =
Ciss Input Capacitance —_— 370 — Vgs = 0V
Coss Output Capacitance - | 140 | — | pF | Vpg =25V
Cres Reverse Transfer Capacitance — | 656 | — f = 1.0MHz, See Fig. 5
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
Ig Continuous Source Cument = MOSFET symbo) @
(Body Diode) A | showing the g
) Pulsed Source Curent _{__ |68 integral reverse a A
{Body Diode) O p-n junction diode. 5
Vso Diode Forward Voltage —1 —1 1.3 v T,=25°C, Ig=10A, Vs =V @
tr Reverse Recovery Time — 1 56 | 83 { ns | T,=25°C, g = 10A
Qpr Reverse RecoveryCharge ——] 120} 180 | nC | di/dt = 100A/ps @
Notes:
D Repetilive rating; pulse width limited by @ Igp < 10A, difdt < 280A/us, Vop < Vieoss.
max. junction temperature. { See fig. 11) T,£175°C
@ Vpp = 25V, starting T, = 25°C, L = 1.0mH D Pulse width < 300us; duty cycle 5 2%.

Rg = 25Q, |ag = 10A. (See Figure 12)

2 www.irf.com




international

IR Rectifier
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IRFZ24N

C, Capacitance (pF)

Igp , Reverse Drain Current {A)

o0 VGS=0V. = 1MHz

Ciss = Cgs +Cgg, Cys SHORTED
600 Creg = ng

Coss=Cds +Cqg
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Fig 5. Typical Capacitance Vs.
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IGR Rectifier
Ip = 10A |
Vps = 44V
Vog = 28V \\\\
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FOR TEST CIRCUIT
/ SEE FIGURE 13
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International

TGR Rectifier
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IRFZ24N
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IRFZ24N International

IGR Rectifier
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International
TR Rectifier
Peak Diode Recovery dv/dt Test Circuit
D.UT + Circuit Layout Considerations
-  —| « Low Stray Inductance
i > » Ground Plane
: l + Low Leakage Inductance
Current Transformer
—C
+
'l
® 1 ®
16
A AN
o) 3
7'y
Rg + dv/dt controlled by Rg 1L
+ Driver same type as D.U.T. T+ Voo
+ lgp confrofled by Duty Factor "D” 2
+ D.U.T. - Device Under Test
D Driver Gate Drive . L] D_._PM’-_
._w.__p,W'—PGM Period
i
VGS=10V *
{¢ B =
1T
@louT lgp Waveform ()[)
Ravarse
Regcovery | | Body Diode Forward '\’
Cumreni rron il
@ |o.U.T. Vg Waveform )
Diode Recovery - -5
dvidt Ky v
/ ‘ o
Re-Applied R R €
Voltage Body Diode !’ Farward Drop
@ [inductor Curent
\/”A“SM
;'Bipple s 5% isp
" [)

* Vgg = 5V for Logic Level Davices

Fig 14. For N-Channel HEXFET® power MOSFETs
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IRFZ24N International

IGR Rectifier
Package Outline

TO-220AB
Dimensions are shown in millimeters (inches)
sy ] et Ve sy [+
82 [ 4 6%
j o 13
EF | e T
15.24 {.800) ‘
14,44 {.584)
—t ?.1:'&&45) LEA? AGSAS:OENMEHTS
k| 3 ZZURAIN
3-S0URCE
4 -DRAIN
14.09 (555}
134T (530} 456 (.160}
155 {40}
tastosy || o e St
135 (048} [&] 036 tovay Q) [mfa (W 2.920115)
- N ~or
22X
No:Elet;dENSK)NNG & YOLERANCING PER ANS1Y14.5M, 1982, 3 QUTLIME CORFORMS TO JEDEC OUTLME TO-220-AB.
2 CONTROLLING DRIEMSION - NCH 4 HEATSINK & LEAD MZASUREMENTS DO NOT NCLUDE BURRSE.
Part Marking Information
TO-220A8
EXAMPLE : THIS IS AN IRF1010
WITH ASSEMBLY O
LOT CODE 9BtM INTERNATIONAL /PART NUMBER
RECTIFIER \ RE1010 1
SN ¢ TOR9246 ~_
\AEIEY AW DATE COOE
ASSEMBLY YW W)
LOT CODE YY = YEAR
WW = WEEK

TCGR Rectifier

WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, Tei: {310} 322 3331

IR GREAT BRITAIN: Hurst Green, Oxted, Surray RH8 98B, UK Tel: ++ 44 1883 732020

IR CANADA: 15 Lincoln Court, Brampton, Ontario L6T3Z2, Tel: (905) 453 2200

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 6172 96590

IR ITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: ++ 39 11 451 0111

iR FAR EAST: K&H Bldg., 2F, 30-4 Nishi-lkebukurn 3-Chome, Toshima-Ku, Tokyo Japan 171 Tel: 81 3 3983 0086

iR SOUTHEAST AS!A: 1 Kim Seng Promenade, Great World City West Tower, 13-11, Singapore 237994 Tel: ++ 65 838 4630

IR TAIWAN:16 Fl. Suite D. 207, Sec. 2, Tun Haw South Road, Taipei, 10673, Taiwan Tel: 886-2-2377-9936

hitp:/fwww.irf com/ Data and specifications subject to change withou! nolice. 9/99
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General Description

Tha LMSEBCN is & general purposa voltage controtied ascil-
lator which may be used to generate square and triangular
waves, the frequency of which is & very inear function of a
control voltage. The frequency is also & function of an exter-
nal registor and capacitor.

The LMSE6CN is specified for operation over the 0°C to
+70°C temperature ranga.

Features
B Wide supply voltage range: 10V 10 24V
W Vary Hnesr modulation characteristics

ﬂNational Semiconductor

February 1995

LM566C Voltage Controlled Oscillator

m High femperature stability

B Excellent supply voltags rejection

B 10 to 1 frequency range with fixed capacitor

u Frequency programmable by means of current, voltags,
resistor or capacitor

Applications

u FM madulation

B Signal generation

H Function gensration
® Frequency shift keying
& Tone genoration

Connection Diagram
Dual-fn-Line Package

GND Vier

TIMING CAPACITAR

SNUARE WAVE
D TIMING RESISTOR
TRFANGLE RADDLATION
VAVE OUTPUT et
TL/HF54-2
Order Number LM56GCN
See NS Package Number NOBE

Typical Application
1 kHz and 10 kHz TTL Compatible
Voitage Controed Oscillator
2
h‘:'ﬂ'trf
Ly =X
_“1 1 wescen =1

2o S LI d.s
4T
=59 IR 1 432
j‘”"-«m 19k

-
o JRTeL
]
W 1 a8Y
ADRATURE
I COMPATLE
I COmPATBLE
TUH/TAE4A-3

1095 Majlona Semicorductor Corparation  TL/RITES

RAD-B30M115/Printed in U 5. A

l03e|[1980 pajjoauo) abejoA D99SIN7



Absolute Maximum Ratings

it Miltary/Aerospace specified devices are required,
please contact the HNatlonal Semiconduclor Sales
Otfice/Distributors for avaiiability and specifications.

Power Supply Voltage 26V
Power Dissipation (Note 1) 1000 mW
Operating Temperatura Ranga, LM566CN  0°C to +70°C
Lead Tamperature (Soldaring, 10 sec.} +260°C

Electrical Characteristics vec = 12v, Ta = 25°C, A Test Circutt

Parameter Conditions Lu566C Units
Min Typ Max
:ﬁn’:yo"m“““ gg - :‘; oF 05 1 MHz
VCO Fres-Running Co= 1.5nF
Frequancy Rp = 20k —30 4] +30 %
tg = 10 kHz

Input Yoltage Range fin 5 Voo Voo
ey ™" 0 pnre
Supply Voltags Rejection 10-20V o1 2 %IV
Input Impedance Pin 5 05 1 M2
VOO Senshiviy < :;':," f::’:"; ” < 8.0 86 72 KHz/V
FM Distortion 110% Deviation 62 1.5 W
Measdmum Swoop Rate 1 MHz
Sweep Range 101
Output tmpedance

Pin3 50 o

Pin 4 50 it
Square Wave Output Level Ry = 10k 50 5.4 vp-p
Triangle Wave Cutput Level Rys = 10k 24 2.4 vpp
Squara Wave Duty Cycle 40 50 B0 %
Square Wava Risa Time 20 ns
Square Wave Fall Time 50 ns
Ttiangle Wave Linearity -+ 1V Segment &t 0.5 %

Voo

Note 1: The maximum junciion temparatrs of the LMSGBCH is 150°C. For opeoration &t okevatid amction 1enpersiures, madmuemn power dissipation mutl be

deratod based on 8 thermal reslsmanca of 115°C/W, junction to amblert

Applications Information

The LM5B6CHN may be operated from dither a single supply
as shown In this test circuit, or from a spiit [ £} power sup-
ply. Whan oporating from a spiit supply, the square wave
output (pin 3) is TTL compatible (2 mA current sink) with the
addition of a 4.7 k{2 resistor from pin 3 to ground.

A 0.001 pF capacior s connected between pins & and 6 to
prevent perasitic oscillations that may occur during VCO
switching.

. 24Vt — Vg)

O~ TRaCov®

whare

2K < Ry < 20K

and Vg is voltage between pin 5 and pin 1.
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Typical Performance Characteristics

Operating Frequency as a Operaling Frequsncy as a Mormalized Frequency as a
Funclion of Timing Rastator Function of Timing Capacitor " Function of Control Voitage
e : T L ] Tt ' 'r,:-llré T ,’
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1 5 1 N 1 ¥ oas
g 3 N | g A
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N : 3 :
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| A i
1K H h - 4
[ 3] 1 | w 1 moF w o w w L] £ 18 5 20 15 30
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Efficient Fast Rectifier Diode COMCHIP :E
MUR160

CASE-DO41
Voitage: 600 Volfs \
Current: 1.0A ;
Features 1005.4)
l.ow power loss, high efficiency MIN¥
Low Leakage
Low Forward Voltage Drop - *ﬁ_;(%%
Hgh Current Capability !
High Speed Switching Teain
High Refiability
High Current Surge | l"%:?ﬁn)
Glass Passivated Chip Junction
1.025.4)
MIN
Mechanical data
Case:GMolded Plastic _L
Epoxy: GUl 94v-0 Rate Flams Retardant
Lead: GMil-Std-202e Method 208c Guaranteed imensions Ia In illi
Mounting Position: GAny Dimensions ches And (Millimeters)

Maximum Ratings and Electrical Characterics

RATINGS SYMBOL| __ MUR160 UNITS

MAXIMUM RECURRENT PEAK REVERSE VOL TAGE Ve 600 vV
MAXIMUM RMS VOLTAGE T 420 v
MAXIMUM DC BLOCKING VOLTAGE Voo 600 v
MAXIMUM AVERAGE FORWARD RECTIFIED CURRENT| - : A
375" (9.5mm) LEAD LENGTH AT TA=55°C
PEAK FORWARD SURGE GURRENT, 8.3ms SINGLE u a5 A
HALF SINE-WAVE SUPERIMPOSED ON RATED LOAD
TYPICAL JUNCTION CAPACITANCE (NOTE 1) C, 20 PF
TYPICAL THERMAL RESISTANCE (NOTE 2) Rya 15 "C/W
STORAGE TEMPERATURE RANGE Tete | - 5570 + 150 °C
OPERATING TEMPERATURE RANGE Top | -55T0 +150 °C
ELECTRICAL CHARACTERISTICS (A; T, =25°C UNLESS OTHERWISE NOTED)

CHARACTERISTICS SYMBOL| __MUR160 UNITS
MAXIMUM FORWARD VOLTAGE AT i, DC Ve 1.25 v
MAXIMUM REVERSE CURRENT AT 25°C Ir 5 mA
MAXIMUM REVERSE CURRENT AT 100°C In 250 mA
MAXIMUM REVERSE RECOVERY TIME (NOTE 3) Trs 50 nS

NOTE:

1. MEASURED AT 1 MHZ AND APPLIED REVERSE VOLTAGE OF 4.0 VOLTS
2, BOTH LEADS ATTATCHED TO HEAT SINK 20%20% 1t{mm) COPPER PLATE AT LEAD LENT H 5mm
3. REVERSE RECOVERY TEST CONDITIONS: IF=0.54A, IR=1.0A, IRR=0.25A

MDS030300C1 Page 1



INSTANTANEQUS REVERSE CURENT (uA)

PEAK FORWARD SURGE CURRENT (A)

Efficient Fast Rectifier Diode COMCHIP :E

Www.comchiptech.com

Rating and Characteristic Curves (MUR160)

FIG. 1-TEST CIRCUTY DIAGRAM AND REVERSE
RECOVERY TIME CHARACTERISTIC

5003 100 FIG. 2-TYPICAL FORWARD
NONINDUCTIVE NONINDUCTIVE Tor CURRENT DERATING CURVE
1 —/ rel
| O +0.5A 15 R
DUT. a SINGLE PHASE
S <~ RESKTIVECR.
o) GENERATOR 0 B 0 N TRDUCTIVE LOAD 1
= 25V, (NOTE 2) P o \
T (epprox) 1110 -0.25A o N
O | e (O ) _4\ / 8% o5 \
< . N
20 P.C.B MOUNTED ON \
§ 0.3%0.3"(8,0°8,Groum)
4 COPPER PAD AREAS \\
NOTE; 1, RISETIME=7ns MAX. INPUT =3 REOR e
IMPEDANCE= MEGOHM 22PF ylm}é 0D 406 %000 1014 10 10 20
2, RISE TIME =10ns MAX. SOURCE SET TIME BASE
IMPEDENCE=50 OHMS FOR 10/20 ns/em LEAD TEMPERATURE (°C)
" FIG. 4-TYPICAL INSTANTANEQUS
FIG. 3-TYPICAL REVERSE CHARACTERISTICS oA RACKEERISTICS
100
~ 10 =
b
: ===
10 [
T=125°C =17 AP
| o [ ]
I et N ; & 5 /- Y
1.0 T=80°C SN 7 MUR160
T=25°C y 4 z
— 2 .01 ;
< Y i
E
.0 =
0 20 40 60 80 1060 120 140 E 001
PERCENT OF RATED PEAK REVERSE VOLTAGE (%) 2 4 6 8 10 12 14 16 1.8 20
INSTANTANEOUS FORWARD VOLTAGE (V)
FIG, 5-MAXIMUN NON-REPETITIVE
FORWARD SURGE CURRENT FIG, 6-TYPICAL JUNCTTON CAPACITANCE
200 T
100 [TT77 T 1 11711 100 T=25°C
8.3 ms Single Half Sine Wave @
80 9 (JEDEC Method) H
N B 40
%
60
™ b W
40 N z i0
| 8]
\\ o |
Ml e 6
20 % 4
0 2
0 10 100
1
NUMBER OF CYCLES AT 60H; 1 2 4 10 2 4 10 20 40 100
REVERSE VOLTAGE (V)
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Polypropylene (PP) Capacitors for Pulse Applications with
Double-Sided Metallized Electrodes and Schoopage Contacts

PCM 7.5 mm to 37.5 mm

Special Features

O Pulse duty construction

81 Self-healing

B Very low dissipation factor

B Negafive capacitance change
versus temperature

O According to RoHS 2002/95/EC

Tfpical Apﬁ_liénﬁdhs

For pulse applications e.g.

O Switch mode power supplies
B TV and monitor sets

B Lighting

A Auvdio/vides equipment

R ' -
Construction 1, j

Dielactric: Polypropylene (PP film
Capacitor electrodes:
Double-sided metallized plastic film
Internal construction:

MKP 10: 43 VAC, 180 VAC, 250 VAC
= Plostic ilm
Elacirode confer

plostic Tilm metcllized
on baeth si

Metal contact loyer
{schoopage}

Tarminating wire

MKP 10: 400 VAC, 400 VAC, 650 VAC, 700 VAC

F— Plostic film

-4— Elactmda correr

0 plostic film metcllizad]
on both sides

Plgstic film metnHized
on one side

Metol contact ioyer
{schoopoge}

Terminaling wrire

MKP 10: 900 VAC (PCM 15 = 3-section)

Plastic {dm

Elactrode carrier
plastic film mewllized
on both sides

Flostic film mefoRizad]
on one side

Matal comtact loyer
lschoopoge)

Tarmineting wire

Encapsulation:

Solvent-resistant, flame-retardent plastic
case with epoxy resin seal, UL 94 V-0
Terminations: Tinned wire.

Marking: Colour: Red.

Marking: Black. Epoxy resin secl: Red

E.I:\'bcfricul Data

Capacitance range:

1000 pf to 15 yF (E12-values on request!
Rated voltages:

100 VDC, 250 VDC, 400 VDC, 630 VDC,
1000 VDC, 1600 VDC, 2000 VDC, 2500 VDC
Capacitance tolerances:

+20%, +10%, +5%

Qperating femperature range:

-55° Cto +100° C

Climaotic test cotegory:

551100456 in accordonce with 1EC
nsulation resistance at +20° C:

C €033 uf: = | x 10° MQ

mean value: 5 x 105 MQ)

C > 0.33 uF: = 30000 sec (MQ x pF)
{mean volue: 100000 secl

Megsuring voltoge: 100 V/ | min.
Dissipation factors af + 20° C: fon &

Tost voltage: 1.6 U, 2 sec.

Dialactric ahsorption:

0.05%

Voltage derating:

A voltage derating factor of 1.35 % per K
must be applied from +85° C for DC
voltages and from +75° C for AC
voltoges.

Reliability:

Operotional lite > 300000 hours
failure rote < 1 it 10.5 x U, end 40° C

at C <01 uf 01 pF<C < 10 yF C>10ufF
I kHz € 3xI10* € 3x K < 3 x 104
10 kHz 5 4x 104 <€ 6x 104 -
100 kHz g 5% 104 - -
Meximum pulse rise time:
Copacitonce max. pulse rise time V/usec of Ty, < 40° C
pF/uF 100 VOC | 250 VDC | 400 YDC | 630 VDC [1000 VDCH 600 VDC2000 VDC|2500 VDO
1000 ... 2200 1000 | 1800 | 1800 | 1800 | 2800 [ 5400 | 9000 | 1000
3300 ... 6800 200 | 1200 | 1200 [ 1200 } 2800 | 5400 | 9000 | NOOC
001 ..0022 700 oG 1200 1800 | 2100 | 3000 § 3400 | 11000
0.033 ... 0.068 400 BOO 200 1800 § 2100 | 2100 1 2100 -
01 022 200 500 500 Q00 } 1400 | 1400 { 1400 -
033 ..068 100 300 400 700 900 200 900 -
10 .22 70 200 200 400 A00 500 - -
33 .47 50 80 100 150 - - - -
68 .15 35 50 70 - - - - -
for pulses equal to the roled voltoge
Mechanical Tests Packing

Pull test on feads:

d < 0.8 @: 10 N in diredion of leads
d > 08 @: 20 N in direction of leads
accoerding to IEC 60068-2-21
Vibration:

é hours at ¥... 2000 Hz and 0.75 mm
displacement amplitude or 10 g in
accordonce with IEC &0068-2-6

Low gir density:

1kPa = 10 mbor in accordance with
16C 60068-2-13

Bump test:

4000 bumps at 390 m/sec?

in accordance with (EC 40068-2-29

Available taped end reeled up to and
including case size 15x 26 x 31.5/
PCM 27.5 mm.

Detoiled toping information and grophs
at the end of the catologue.

for further details and graphs please
refer to Technical Information.
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