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ABSTRACT

This thesis presents “The designing of signal improvement for Engine Control
Unit (ECU)” for four-stroke engine fuel injection type, their gas would contain ethanol
or E85 fuel by using 8-bit microcontrollers to improve a specific signal involved to
combustion of E85. The purpose of “The designing of signal improvement for ECU” is
to learn about the collaboration of fuel and engines for increasing efficiency of E85
gasoline. The result of learning describes the potential of E85 engines would be
increased continuously and no reduction. So We would like to improve an injection
signal and ignition timing in order to increase the efficiency of E85 and worth

changing.
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Fuel AFRst ' FARst | Eq“;"a:'e"ce Lambda

Gasalie stoichiometric (147 | [0.068 |1 1
Gasoline max power rich | 12.5 0.08 [1.176 0.8503
Gasoline max power lean 13.23 10.0755 |1.111 0.900
E10 stoichiometric e 14.0-1417 ?

E85 stoichiometric | (9.765 | (0102351 1

EB5 max power rich | 6.975 0.1434 140 10.7143
E05 max poverlean (84687 |0.118 1153 |0.8673
E100 stoichiometrc | 9.0078 0411 |1 1
E100 max power ich 16428 0.155 |14 0.714
E100 max powerlean |78 (0428 1145 0870

d o ] d‘d’ = =l I " N
JUN 2.6 uansBnsiduveateIndaiiguainim 1 wiae (Air/Fuel Ratio)

NFUN 2.6 uansliiiuin f’]’vﬁaanﬁiﬁmiLmlﬂﬁammaiwaﬁ (Lambda = 1) P
Tdaniuea (ElOO) ’Luﬂimmwmﬂmmaﬂmummma‘l%u smawavmmuauaumam
17nN77 LLG]LSJ’EJLLﬁﬂmEJS’]ﬂ’maﬂﬂ'J’I ANNIORANLAINNIINEAS WasiaRwipsnIl a1vialy

IANAINTY

2.3.2 waswlulanans uaznasausayuianng

2

Storage type s Specific energy (MJ/kg) ¢ Energy densi
— (petm”ﬁ: P | D A2 7GR 464 340
Polypropylene plastic g ) ) | i ® 4641701 y 411;
Polyethylene plastic 46.311% 4256
Crude cil (according to the definition of ton of ol equwalem) ; 46.3 37
Diesel fuel/residential heating ol =l AN = 46.2 373
100LL Avgas 'S, 1T . Z AVagl, = 3159
Gasohol E10 (10% ethanol 90% gasohne byvome) T Y- 1aL 4354, : =
Lithium = 1131 230
Jet A aviation fuel''“fkerosene 42.81 33
Biodiesel oil (vegetable ol (g e e s 42.20 v 33
DMF (2,5-dimethylfuran PR g 4213 378
Palystyrene plastic = = = 41.41101 435
Body fat metabolism 38 35
Butanol b 36.8 s
Gasohol £85 (85% ethanol 15% gasoling by volume) 3341 l 25.657
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Lambda oxygen sensor voltage curve
at 600°C operating temperature
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LONE591994

Video : "Fuel Emissions - Gas, Ethanol, E85, Kerosene"
http://www.youtube.com/watch?v=WOAyoCo3xXA

Web page : "PRICE STRUCTURE OF PETROLEUM PRODUCT"
http://www.eppo.go.th/petro/price/index.html

"Energy Density" http://en.wikipedia.org/wiki/Energy density
"Research Octane Number (RON)" http://en.wikipedia.org/wiki/Octane_rating

Justin E. Negrete , "Effect of Different Fuels on a Turbocharged, Direct

Injection, Spark Ignition Engine"
AP Honda, "flausenaun1seusuansg usud CBR150 CBR250"

Web page : "Oxygen sensor" http://en.wikipedia.org/wiki/Oxygen_sensor
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Features
* High performance, low power Atmel® AVR® 8-bit microcontroller
* Advanced RISC architecture
- 131 powerful Instructions — most single clock cycle execution
- 32 x 8 general purpose working registers
— Fully static operation :
~ Up to 20 MIPS throughput at 20MHz J et e nshisi v D)

= On-chip 2-cycle multiplier
* High endurance non-volatile memory segments
= 4/8/16 Kbytes of in-system self-programmable flash program memory

— 256/512/512 bytes EEPROM i
- 512/1KN1Kbytes internal SRAM 8 bii Atmei
= Write/erase cyles: 10,000 flash/100,000 EEPROM H
- Dala retention: 20 years at 85°C/100 years at 256°CY M ICroco ntro "er
— Optional boot code section with independent lock bits .
In-system programming by en-chip boot program WIth 41811 SK
True read-whlle-write operation
- Programming lock for software security Bytes In 'System
* QTouch® library support
— Capacitive touch buttons, sliders and wheels P rO g I'a mma b I e
- QTouch and QMatrix acquisition
— Up to 84 sense channels FIaSh

¢ Peripheral features
~ Two 8-bit timer/counters with separate prescaler and compare moda

~ One 16-bit timer/counter with separate prescaler, compare mode, and capture mode

- Real time counter with separate osclllator ATmega‘lBN
- 8ix PWM channels

~ 8-channel 10-blt ADC In TQFP and QEN/MLF package ATmegaBSN

— 6-channel 10-bit ADC In PDIP Package
— Programmable serial USART
=~ Master/slave SPI serlal interface ATm € g a 1 BBIV
~ Byle-oriented 2-wire serlal Interface (Philips I°C compatible)
— Programmable watchdog timer with separate on-chip osclillator
- On-chip analog comparator
- Interrupt and wake-up on pin change
« Special microcontraller featuras
— DebugWIRE en-chip debug system
- Power-on reset and programmable brown-out detection
- Internal calibrated oscillator
- External and Internal interrupt sources
— Five sleep mades: idle, ADC noise reduction, power-save, power-down, and standby
* |/O and packages
— 23 programmabile l/O lines
- 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
* Operating voitage:
~ 1.8V = 5,5V for Atmel ATmegad8V/88V/168V
=~ 2,7V - 5.5V for Atmel ATmega48/38/168
* Temperature range:
- -40°C to 85°C
* Speed grade:
- ATmegadBV/8BV/168V: 0 - 4MHz @ 1.8V - 5.5V, 0 - 10MHz @ 2.7V - 5.5V
— ATmegadB/88/168: 0 - 10MHz @ 2.7V - 5.5V, 0 - 20MHz @ 4.5V - 5.5V
* Low power consumption
- Active mode:
250pA at TMHz, 1.8V
16pA at 32kHz, 1.8V (including oscillator)
- Power-down mode:
0.1pA at 1.8V
Note: 1. See “Data retention” on page B for details. Rav. 2545T-AVR-08/11

AIMEL

e L




e e AT MO QA48/88/168

1. Pin configurations
Figure 1-1.  Pinout Atmel ATmega48/88/168.
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1.1 Pin descriptions

111 vce

1.1.2 GND

Digital supply voltage.

Ground.

113 Port B (PB7:0) XTAL1/XTAL2/TOSC1/TOSC2

1.1.4 Port C (PC5:0)

1.1.5 PC6/RESET

1.1.6 Port D (PD7:0)

“4

2545T-AVR-0511

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Depending on the clock selection fuse settings, PB6 can be used as input to the Inverting Oscil-
lator amplifier and Input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting
Oscillator amplifier,

If the Internal Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as TOSC2..1
inpul for the Asynchronous Timer/Counter2 if the AS2 bil in ASSR is sat.

The various special fealures of Port B are elaborated in “Alternate functions of port B on page
78 and “Syslem clock and clock options” on page 27.

Port G is a 7-bit bi-direclional /O port with internal pull-up resistors (selected for each bit). The
PCE..0 output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port G pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a raset condition becomes active,
even if the clock is not running.

If the RSTDISBL Fuse is programmed, PCB is used as an /O pin. Note that the electrical char-
acteristics of PCB differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on this pin
for longer than the minimum pulse length will generate a Resel, even if the clock is not running.
The minimum pulse length s given in Table 29-3 on page 307. Shorter pulses are not guaran-
teed to generate a Reset.

The various special features of Port C are elaborated in “Alternate funclions of port C* on page
B1.

Port D s an 8-bit bi-directicnal /O port with internal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capabilily. As inputs, Port D pins that are externally pulled low will source current if the pull-up

lIEL :
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resistors are activated. The Port D pins are tri-stated when a resel condition becomes active,
even if the clock is not running.

The various special features of Port D are elaborated in "Ailernate functions of pert D on page

84.

1.1.7 AVee
AV is the supply voltage pin for the A/D Converter, PC3:0, and ADC7:6. It should be extarnally
connected to Vi, even if the ADC Is not used. If the ADC Is used, it should be connected to Vee
through a low-pass filter. Note that PC6..4 use digital supply voltage, Vge.

1.1.8 AREF

AREF is the analog reference pin for the A/D Converler.

1.1.9 ADC7:6 (TQFP and QFN/MLF package only)
In the TQFP and QFN/MLF package, ADC7:6 serve as anaiog inputs to the A/D converter.
These pins are powered from the analog supply and serve as 10-bit ADC channels.

2545T-AVR-05/11 L]

ATMEL, .
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2. Overview

The Atmel ATmega48/88/168 is a low-power CMOS 8-bit microcontroller based on the AVR
enhanced RISC architecture. By exacuting powerful instructions in a single clock cycle, the
ATmega48/88/168 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumplion versus processing speed.

2.1 Block diagram

2545T-AVR-05/11

Figure 2-1.  Block diagram.
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The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting

ATMEL, ;
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600V CoolMOS™ C6 Power Transistor IPABOR190C6, IPB60R190C6

IPIEOR190C6, IPPEOR190C6
IPW60R190C6
1 Description _—

CoolMOS™ is a revolutionary technology for high voltage power i Toe3 ,  TO2ER2 10247
MOSFETs, designed according to the superjunction (SJ) principle | @ /
and pioneered by infineon Technologies. CoolMOS™ C6 series

combines the experience of the leading SJ MOSFET supplier with g ' 3' yid

high class innovation. The offered devices provide al benefils of a t TORFUPAR | Tosss

fast swilching SJ MOSFET while not sacrificing ease of use.
Extremely low switching and conduction losses make switching ; @ "y
applications even more efficient, more compact, lighter, and cocler. |

Features s 1y

+  Extremely low losses due to very low FOM Rdson*Qg and Eass
* Very high commulation ruggedness

+ Easy to use/drive

+ JEDEC" quallfied, Pb-free plating, Halogen free

Applications

PFC stages, hard switching PVWM stages and resonant switching | g
PWM stages for e.g. PC Silverbox, Adapter, LCD & PDP TV, LU
Lighting, Server, Telecom and UPS,

Piease note: For MOSFET paralieling the use of ferrite beads on
the gate or separate tolem poles is generally recommended,

Table 1 Key Performance Parameters

i\.t‘alua Unit

e 650 v

Roggmmee 7| 0.18 Q

Yowe 63 nc
!Dmlsa 559 A

Fpes @ 400V 5.2 pd |
\Body diode diid/ 500 TAljis i
(Type/Ordering Code Package | Marking Related Links
ispwsumeecs PG-TO247 ! IFX C8 Product Brief
| IPE6OR190CSH PG-TO263 § IEX C6 Portfolio
IPIGOR180CE PG-TO262 _ 8R180C6 IEX CoolMOS Webpags
\IPPBOR190C6 PG-TO220 g IFX Deslqn toals
i'{ﬁAéoR{ 90C6 TR ) FulPAK
1) J-STD2 JESD22

Final Data Sheet 2 Rev. 2.1, 2010-02-00



l » l PD - 84505A
nternationa
TSR Rectifier e
c IRFU3410
HEXFET® Power MOSFET
Applications VDSS Rps max ]
A on) D
» High frequency DC-DC converters {
gh frequency 100V 39ma 31A®
Benefits
« Low Gate-to-Drain Charge to Reduce
Switching Losses ’
o Fully Characterized Capacitance Including 1
Effective Cpssg to Simplify Design, (See g
App. Note AN1001) -
o Fully Characterized Avalanche Voltage
and Current D-Pak I-Pak
IRFR3410 IRFU3410
Absolute Maximum Ratings
Symbol Parameter Max. Units
Vps Drain-Seurce Voltage 100 v
Vs Gale-lo-Source Vollage +20
Ip @ T =25°C Cantinuous Drain Current, Veg @ 10V 3E
Ip @ T =100°C| Continuous Drain Current, Vps @ 10V 22 A
lom Pulsed Drain Current® 125
Pp @Tg; =25°C Maximum Power Dissipation 110 W
Py @Ta=25C Maximum Power Dissipation a.0
Linear Derating Faclor 0.71 WG
dvidt Peak Dicde Recovery dvidt & 15 Vins
T4 Operating Junclion and 65 o+ 176 *C
Tsto Storage Temperature Range
Soldeting Temperature, for 10 seconds 800 (1 8mmn from case )
Thermal Resistance
Parameler Typ. Max Units
Raje Junction-lo-Case — 14
Haja Junction-ta-Ambient (PCB mounl)” — 40 ‘CIW
Raa Jurnction-to-Amblent — 110
Notes ©  through @ are on page 10
www.irf.com 1

2/27/08
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IGR Rectifier
Static @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. |Units Conditions
Viprioss | Drain-lo-Scurce Greakdown Voltage 100 | —|— 1 V | Vog =0V, Ip = 250pA
AWVprosy’dT, | Breakdown Voltage Temp. Coellicient | — 011 |— VI'C | Relerence lo 25°C, Ip = 1mA @
Rosien Static Drain-to-Source On-Resistance | — | 44 | 38 | mi | Vag = 10V, Ip = 18A" @
Vasun Gale Threshold Vollage 2.0 |[-— | 40 V | Vos = Vas, Ip = 250pA
: - — 1 20 Vps = 100V, Vgg = 0V
Drain-to- t
loss rain-bo Socs LIkl g — |20 " [V = 50V, Vos = 0V, T, = 155°G
| Gate-lo-Source Forward Leakage — | — | 200 A Ves =20V
688 Gale-lo-Source Hoverse Leakage — | —|-200 Vaos = -20V

Dynamic @ T, = 25°C (unless otherwise s cified)

Parameter Min.| Typ. | Max. | Units Conditions
Ois Forward Transconductance 83 [—]— 1 8 | Voy=25V,Ip=18BA
Total Gate Charge — | 37 | B8 Ip=18A
Qgs Gale-to-Source Charge — [ 16 | — | nC | Vpg=5aV
Qgy Gale-to-Drain ("Millor*) Charge —= 1 11 | — Yas = 10V, @
| bitom Turn-On Deluy Time — | 12 | — Vop =50V
1 Rise Time — | 27 | — ng | o =18A
| tatom Turn-Off Delay Time =— | 40 | —— Rg = 8.141
t Fall Time — | 18 | — Ves =10V @
(o Input Capacitance — | 1690| — Veg =0V
Ceous Oulput Capacitance — | 220 | — Vps = 25V
Crs Raverge Translar Capacitance — | 26 | — | pF | f = 1.0MHz
Coss Qulput Capacilance — [ 1840[ — Vos = 0V, Vpg = 1.0V, 7 = 1.0MHz
Cows Output Capacilance - | 180 | — Vas = OV, Vpg = B0V, f = 1.0MHz
Coss elf. Effective Output Capacitance | 250 | — Yog = 0V, Vps = 0V fo 80V
Avalanche Characteristics
Parameter ¢ Typ. Max. Units
Eng Single Pulse Avalanche Energy® —_ 140 mJ
lap Avalanche Current® — 18 A
Diode Characteristics
Parameter Min. | Typ.| Max. | Units. Conditions
Ig Cantinuous Saurce Cutrant MOSFET symbot ¥
(Body Diode) — [ A | shoving the
lsm Pulsed Source Current Vg I Y= integral reverse @
(Body Diode) & p-n junction diede. s
Vsp Diade Forward Voliage {18} V | Ty=25C,lg=18A Vas =0V @
i Reverse Recovery Time i B4 | —| ns [ T,=25"C, Ip=18A
Raverse HecoveryCharge —— | 260] — | nC | diidt=100A/us @
ton Forward Tum-On Time Intrinsic lum-on time is negligible {tum-on is dominated by La+Lp)

2 www.irf.com



Inlernational IRFR/U3410

TR Rectifier

L e =
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i, uEm
£ £ oy 5
£ £ ! e
g £ A 1| L A
(%] a BOTTOM 45V |4 | et
g B L
3 3 T
2 S s | ]
£ £ L]
: A |
E s L Il
20us PULSE WIDTH
, n-17ec | [1]]]
01 1 10 100
Vg, Drain-lo-Source Voltage (V) Vpsg: Drain-to-Source Voltage (V)
Fig 1. Typical Output Characteristics Fig 2. Typlical Output Characteristics
e e T E % Tigaon
HEE - =
A [ '. ) - B R g VG’S _...'10 /
2 nY /RS -\ fe /
z £
g 100 5 ae
g
§ % sl LI N
] e
E 10 : E 10 ra
=} 9 =
=} g P B N b,
——LVpg =50V 2
: 20us PULSEWIDTH | o o
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Vg, Gale-lo-Source Valtage (V) Ty, Junction Temperature (*C)
Fig 3. Typical Transfer Characteristics Flg 4. Normalized On-Reslistance

Vs. Temperature
www.irf.com 3
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IRFR/U3410 Infernational

IGR Rectifier
=0V, f=1MZ 20 . 1
=Gy 4Gy Cp SHORTED I 124 Vpg=8ov |
g VDS=50V b
2 VDS= 20V
w
g :
o
§ g
3 1000 @
g 2 8
S ;]
< 100 [T ,
4
8
10 1] J
. - i D 10 20 30 40 50 60
Vpg, Drain-to-Source Voltage (V) 5 JinkGale Charge (1)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
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1000 T S E RATION IN THIS AREA 2|
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< < i Wb
£ = 100 'S
g g
el § ‘ :
£ {100usec |
g g 10 - p bt
Y A
5 3
2 £
e
& S b=
o a Te = 25°Ci:

T)=175°C i

Single Pulse 1

0.1 - -
00 0.6 1.0 15 2.0 1 10 100 1000
Vg ScurcaolDrain Voltage (V) Vs + Drain-loSpurce Vollage (V)
Flg 7. Typical Source-Drain Diode Flg 8. Maximum Safe Operating Area

Forward Veltage
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ToR Rectifier
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Fig 11. Madmum Effective Transient Thermal Impedance, Junction-to-Case

www.irf.com



IRFR/ U3410 International

IGR Rectifier
D-Pak (TO-252AA) Package Outline
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600V CoolMOS™ C6 Power Transistor

IPx60R190C6

2 Maximum ratings
at 7} = 25 °C, unless otherwise specified.

Maximum ratings

Table 2 Maximum ratings
Parameter Symbol Values Unit :Note / Test Condition
- Min. | Typ. |Max.
Continuous drain current! b - - 20.2 A T.=25°C
12,8 To= 100°C

Pulsed drain current® ) Io puse - - 59 A Te=25°C )
Avalanche energy, single pulse {Eas - - 418 md =34 A V=50V

(see table 21)
Avalanche energy, repetitive Enr 0.83 1p=3.4 AVpp=50 V
Avalanche current, repetitive lan - - 34 A
MOSFET dv/dt ruggedness dv/dt - - 50 Vins | Vpg=0..480 V
Gate source voltage Vas 20 - 20 v static

-30 30 AC (f>1 Hz)

Power dissipation for Py - 151 w Te=25°C
TO-220, TO-247, TO-262, TO-263
Power dissipation for Pt ! - 34
TO-220 FuilPAK
Operating and slorage temperature | T, Tﬂu -55 - 150 v
Mounting torque - - 60 Nem M3 and M3.5 screws
TO-_220‘ TO-247
Mounting torque 50 i M2.5 screws
TO-220 FullPAK | |
Continuous diode forward current /g - - 17.5 A i T=25°C
Diode pulse current? i putsa - - 59 A Te=25°C
Reverse diode dv/dt? dv/dt - - 15 VInS | Vpg=0...400 V,lgn < Ip,
L o™ : | | TFR5°C
Maximum diode commutation digdt 500 Alus | (see table 22)
speed”

1) Limited by 7, ,,,, Maximum duty cycle D=0.75
2) Pulse width £, limited by 7, ..

3) ldentical fow side and high side switch with identical /i

Final Data Sheet

Rev. 2.1, 2010-02-09
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600V CoolMOS™ C6 Power Transistor

IPx60R190C8

Th

ermal characteristics

3 Thermal characteristics
Table 3 Thermal characteristics TO-220 (IPP60R190C6),TO-247 (IPWBOR1T 90C6),TO-262 (IPIEOR190CE)
Parameter | Symbol Values {Unit | Note/
Min. Typ. Max. | Test Condition
P = |- 083  ‘CW
Thermal resistance, junction - Rpin - - 62 leaded
ambient ! A i
Soldering temperature, Lo - - 260 1.6 mm (0.063 in,)
wavescldering only allowed at | from case for 10 s
. WD+« PG\ 11 EV VPR . O IR
Table 4 Thermal characteristics TO-220 FullPAK (IPABOR190CE)
Parameter Symbol Values 'Unit | Note/
Min. [ Typ. iMax. || Test Condition
Tnéfmal resistance, junction - casé R.N; 197 " S ¢ 3.7 2 “Cw
Thermal resistance, junction - Riik - s a0 [ leaded
ambien : = |
Soldering temperature, T e - - 260 10 1.6 mm (0.063 in.)
wavesoldering only allowed at | l from case for 10 s
leads | i
Table 5 Thermal characteristics TO-263 (IPB60R190C6)
Parameter Symbol Values Unit | Note /
Min. [Typ. Max, oL Test Condition
Thenﬁéll";é;-isl;;]céﬁunéticn - case | Ry - - 0.83 | “CwW
Thermal resistance, junction - Ria - |- 162 ! SMD version, device
ambient ! | on PCB, minimal
! - focteh®  J
{35 1 SMD version, device
! i on PCB, Bem? cooling
] ! area’
Soidering temperature, o5 . - 260 (*C | reflow MSL1
wave- & reflow soldering allowed ! | !

1) Device on 40mm*40mm*1.5mm one layer opoxy PCB FR4 with Bem?

PCB is vertical without air slream coaling,

Final Data Sheet

| { _
copper area (thickness 70um) for drain connaction.
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Electrical characteristics

4 Electrical characteristics
Electrical characteristics, at 7j=25 °C, unless olherwise specified.

Table 6 Static characteristics

Parameter Symbol Values Unit  Note / Test Condition
Min. | Typ. Max. B
Drain-source breakdown voltage | Fgppss 600 - - v Vgs=0V, 15=0.25 mA
Gate threshold voitage Vasan 2.5 '3 3.5 Vos=V g 1,=0.63mA
Zero gate voltage drain current ;IDSS - = 1 (HA V=600V, Fge=0V,
{ | ; T=25°C
. 110 c ! Vps=600 V, Fas=0 V,
i T]=1 50 °C
Gate-source leakage current lzss - - 100 nA Veg=20 V, ¥pe=0 V
Drain-source on-state resistance ' Rpgp - 1017 0.19 £ Vag=10 V, [p=9.5 A,
; | 1725 °C
. 10.44 g i | Ves=10 V, [;=9.5 A,
i | [1=150°C
Gate resistance Rg 7.5 i8.5 - 10 /=1 MHz, open drain

Table 7 Dynamic characteristics

Parameter Symbol Values [Unit |Note/
Min. ETyp. ' Max. 1 Test Condition

Input capacitance - 'l - 1400 - P [Veem0V, Fpg=100V,
Oulput capacitance 04! - 85 - J=1 NHz
Effective output capacitance, Cotn i 56 - - /5e=0 V,
energy related” | Vps=0..480 V
Effective output capacitance, time | Cy, - 266 - Iy=constant, Vg=0 V
related? Vps=0...480V
Tum-on delay fime Lton) - {18 - ins Vpp=400 V,
Rise time f, W 1 e Vas=13 V, I;=9.5A,
Tumn-off delay time L 110 - L 4

dRavigoelns vae \ W\ VSN L ) o R (see table 20)
Fall time % < 9 3

1) Copy 18 a fixed capacitance thal gives the same stored energy as C,,, while Vi is rising from 0 lo 80% Visross
2) gy is a fixed capacilance that gives the same charging time as ', while Vi, is rising from 0 to 80% Virioss

Final Data Sheet 6 Rev. 2.1, 2010-02-09
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600V CoolMOS™ C6 Power Transistor

IPx80R190C6

Electrical characteristics

Table 8 Gate charge characteristics
Parameter Symbol Values Unit | Note/

Min. [ Typ. Max. | Test Condition
Gate to source charge B, . (76 - NG | Voom480V, Iy=9.5A,
Gale to drain charge . 32 - Ves=0to 10V
Gate chargé total N . 63 -
Gate plateau voltage Vousau |~ 5.4 - v
Table 9 Reverse diode characteristics
i’ararrleier , Symbol Values ‘Unit  Note/

Min, Typ. Max. Test Condition
Diode forward voltage W - 09 5 7v T Veg=0V, 1;=9.5A,

B f 1j=25 *C

Reverse recovery time I - 430 - 'ns Vr=400 V, [:=9.5A,
Reverse recovery charge On - 6.9 - uc | digldr=100 Alps
Peak reverse recovery current f,,,,; » Xa~Vr 1A A &

Final Data Sheet

Rev. 2.1, 2010-02-09
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600V CoolMOS™ C6 Power Transistor

IPx60R190C8

Electrical characteristics diagrams

5 Electrical characteristics diagrams
Table 10
Power dissipation Power dissipation

TO-220, TO-247, TO-262, TO-263

TO-220 FullPAK

7% - 40 T -
] i i |
| | ] }
i | 35 T
150 \ ; T i a
\ ! | » §
126 ! |
| ! ! e
: | | 26 t
100 - + \ |
% ' ' \ ‘ Q E! 2 \ ‘E
oo Y i { a \ E
~RII Bg— N
o ; \ 1% \ E
i A
25 oo I \ i 5 \\
, L3 , \
° 4 ] 120 150 0 a0 % 120 160
Te[*C Te '€l
P =1(T5) Py = K1)

Table 11

‘Max. iransient thermal impedance
TO-220, TO-247, TO-262, TO-263

Max. transient th;rmai impedance
TO-220 FullPAK

10*

T TN

b1 i
Rl =

10?
10* 10 10 10? 10" 10°
1, 5]

10!

110'::‘.

Zpc KW

1°A 4

10*

tys]

LLASE F AR L T T T U T €
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600V CoolMOS™ C6 Power Transistor
IPx60R190C6

Table 12

Safe operating area 7,25 °C

Electrical characteristics diagrams

Safe operating area 7,=25 °C
TO-220 FuiEP{K

10*

10"}
2 z
< I L
L
i 1} Todk |
T 10' 10 16! 10° 10" 10 1
Vos [V] Vﬁtm
I,frr(vns_)i Te=25 °C; D=0; parameter 4
Table 13

I5=f(Vps): 75=25 °C; D=0; parameter f,

Safe op'erating éreé T;;é
TO-220, TO-247, TO-262, TO-263

Safe operating area 7,=80 °C
TO-220 FullPAK

10! =

In[A}

1o=(Vos); Te=80 °C; D=0; parameter t,

10" o

T

,‘g;.
i

1
oLl L ait 4
10°

1
i

1w
V"m_[‘ﬁ

16=f(Vpe); TQ=BU-:CE‘b=0; parameter f,

Final Data Sheet
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600V CoolMOS™ C6 Power Transistor
IPx60R190C6

Table 14

Electrical characteristics diagrams

Typ. output characteristics 1,=25 °C

Typ. output characteristics T=125 °C

o L 19 15
Vas [V]

0

40

2V
Yy 4
7

38 oo

30

w

A8 fome

1s[A]

b1, - IR, L5 T—r——

—

0 £ 10 15 20
Vo V]

T[}'._.f(voé)hi“"j};é-s c; barame{er: Vas

Ip=f(Vpg): T=125 °C; parameter: Vg

Table 16

f Typ. drain-sour‘éé on-state resistance

12 - .
! i
4 -..:, o { -
i 1 ; .‘i"“
| i
o DR

02 fmmd oot

o

|
0 10 % 30
o [A]

40

Drain-source on-state resistance

Rosion=Tp); T=125 °C; parameler: Vg

08 : T
08§ : ! i -
' ITI\ T / i
04 bty /
: vz an
(3 0 A .
| 4 |
0.2 o T
84 - : -
" | i i i
S0 20 20 0 100 o 180
B Tiel
Rosiony=TT); 1p=8.5 A; Vgg=10 V
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600V CoolMOS™ C6 Power Transistor

27
Infineon IPX60R190C6

Electrical characteristics diagrams

Table 16
Typ. transfer characteristics Typ. gate charge
70 T ! T 10 I T
o §
8 1 s o f
i # bt ;
| - e
Y OO ¥ i
T g ==
& - POV IV PV 0 SO TR 108
b : o
! et
20 oo . |
:
19 : : ; ol o
’ } _%
0 L l
] 2 4 & s 10 2 BQR W
Vs V] Qmi“ci
1p=1(Vgg); Vpe=20V Vos=(Qque). 15=9.5A puised
Table 17
ﬁyﬁlﬁng@g energy o Drain-source breakdown voltage R
5 ‘ : il s .
e ' O e |
el L) L) BL = M/ BT ! i
P | ! %0 ! ! /
00 A ! ! | | /
_\ ¥ NEN .o W o) ¥ I ft
A i i § /
X S TN v
¥ 1 i
3 ; e : i i ( ‘ § i
<« \ E 600 | ...; . JS— - ; ;
!
. Fi W HARIG) FW | ! /
] 1 4] - —
i '
i i { /
100 t $ i
¥ G /
b | R 4 { ]
[ i
0 540 ‘
20 60 100 140 180 40 20 20 60 100 140 180
el T1°C]
Ens=f(T)); [p=3.4 A; V{;p=50 V Varpss=HT); [p=0.25 mA
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600V CoolMOS™ C6 Power Transistor

IPx60R190C6

Table 18

Electrical characteristics diagrams

Typ. capacitances

Typ. Coye Stored energy

E o 0]

o 100 200 300 400 500 800

| Eoss=1(Voe)

1w

1¢=I(Veo); parameter: T;

Final Data Sheet
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600V CoolMOS™ C6 Power Transistor
IPx60R190C8

Package outlines

E A

A B AT

T35 Blhen
= ]
G -
— i & =
i
a el
£1
b.‘I ¥ - ~

Ditd MILLIMETERS INCHES
MR MAX Mt MAX
A 130 457 163 0,180
AL 147 1.40 046 0.065
A2 215 2.7 006 0.107
b o5 0,58 0,026 0,03
s 95 1.4 0037 ooss |
b 5 1.1 0.037 0.045
b [ 315 o028 ).045
c 033 0.60 0013 0.024
D o1 55 B ()
[*1] 557 g45 335 372
o 1) e y T EUROPEAN FROJECTION|
E 8,70 10.36 382 AGH.
[4] 8.50 260 .25 ).330
®l 5.08 0.200
N i
H1 L 9% 6.90 0232 0.272 'ﬁ‘éﬁ.ﬁﬁ
L : % 1400 0.512 0551
Ll - 480 - 0.100 REVISION
P W 346 0.147 0153 %
7] 5 3.00 0,102 _ 0118

Figure 2 Qutlines TO-220,

Final Data Sheet

‘imensions In mm/inches
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PD - 84505A

Internationail B
TGR Rectifier IRELIR410
HEXFET® Power MOSFET

App}icatlons Vpss ﬁDS(on) max In
¢ High frequency DC-DC converters e St Y
Benefits
e« Low Gate-to-Drain Charge to Reduce

Switching Losses g
e Fully Characteriz~d Capacitance Including 23,

Effective Cogs 1o “implify Design, {See L

App. Note AN1001)
e Fully Characterized Avalanche Voltage

and Current D-Pak |-Pak
IRFR3410 IRFLI3410

Absolute Maximum Patings

Symbol Parameter Max. Units
Vos ~ Drowr irco Voltage 100 ) v
».!95;- Gl -uurce Vollage =20
Ip@T0=285'C | oo us Drain Gurrent, Vos @ 10V 31®
Ip @ T =100°G| Caivouous Drain Current, Vs @ 10V 22 A
Tom Pulscd Lirain Gurrent® 125
Pp @Tg =25°C | Meaximum Power Dissipation 110 W
Pp @Ta=25"C Maxismum Power Dissipation 3.0

Linear Derating Faclor 0.71 wC
dv/dt Peak [Jode Recovery dvidl & 15 Vins
Ta Opuratng Junclion and <565 lo+ 176 'C
Tsta Storane Temperature Range

Sie i :ui\pqrahim, for 10 seconds 300 {1.86mm from case )

Thermal Resistance

Parameter Typ. Max. Unils
Raic H vl Case e 1.4
Ria © . on Ambient (PCB mount)” — 40 *CIW
Rua Ambient = 110

Notes @ through © ar= onpage 10
www.irf.com 1
2/27/08



IRFR/U3410 Infernational

IGR Rectifier
Static @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units{ Conditlons
Vigrioss Drain-to-Source Breakdown Voltage 100 | =— | =1 V | Vig=0V,Ip=250pA
AVierppss'aTy | Breakdown Vollage Temp. Coeflicient | ~— [0.11 |[— [V/°C | Relerence 10 25°C, Ip = ImA @
Rosieny Static Drain-to-Source On-Resistance | — | 84 [ 89 | mQ | Vos « 10V, o = 16A @
Vosung Gale Threshold Vollage 20 | — | 40 V | Vps =Vas, Ip = 250pA
! — | — 20 Vps ~ 100V, Vg = 0V
Insg Drain-to-Source Leakage Current S HA Vos = B0V, Vs = 0V, T, =150°C
| Gate-to-Source Forward Leakage — | — | 200 R Ves =20V
il Cale-to-Source Roverse Loakage =T Vas = -20¥
Dynamic @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
Ois Forward Transconductance e iy~ | 8 | Vps=25V,Inp=1BA
Qy Tolal Gate Charge — 137 |58 Ip = 18A
Qg Gate-to-Source Charge — {10 | — | nC-{ Vps=50V
Qga Gale-to-Draln (*Millery Charge —_— 1| — Vg = 10V, @
| bt Turn-On Delay Time —_— 12 [ — Vo = 80V
1 Rise Time — | 27 | — g lp = 18A
|ttt Tumn-Off Delay Time e | 40| — Rg =918
i Fall Time st | 13, | — Vos =10V @
Cisa Input Capacitance — | 1690| — Vs = 0V
Coss Output Capacitance — 220 | — Vpg = 25V
Comg Reversa Transler Capacitance — | 26 | == | pF | f=1.0MHz
Come Qulput Capacitanca — | 1640] — Vpg =0V, Vpg = 1.0V, § = 1.0MHz
Coss Output Capacilance -— | 130 | — Ves = OV, Vog = 80V, f = 1.0MHz
Cosy eff. Effective Output Capacitance | 250 | — Ves = 0V, Vpg = OV to 80V @
Avalanche Characteristics
Parameter Typ. Max. Units
Eag Single Pulse Avalanche Energy® | e 140 mJ
lag Avalanche Currenmt® — 1B A
Diode Characteristics
Parameter Min. | Typ.| Max. | Units. Conditions
Is Caontinuous Source Current MOSFET symbol &
{Body Diode) — Tzl 4 A | shoving the
lsm Pulsed Scurce Current — 4 integral reverse -
{Body Dicde) & p-n junction dicde. 3
Vsp Diode Forward Vollage —|—1 18 V | T;=25, 1= 18A, Vg = OV @
tr Reverse Recovery Time -~— | B4 | — | ns | Ta=25"C, I[r=18A
Qe Reverse RecoveryCharge — | 260] — | nC | diidt =100Mis @
ton Forward Tun-On Time Intrinsi: lum-on time is negligible {tum-on is dominated by La+Lp)

2 www.irf.com
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International IRFR/U3410

IOR Rectilier

i Hi= =il
TOP kL I
v
z g R R g
= = sV = I
§ 1l g 45y
£ = 50V || |t e
3 - 1E] B BOTTOM 4 5V | fetettd. BY =1~
8 g |
i B g i0 T
- I
= &
H P i O R N
=l = | %A o il
~|~1-120us PULSE WIDTH 20ps PULSE meI
. n=zsc| |1 i n=drec | HI
01 1 10 100 01 1 10 100
Vpg, Drain-lo-Source Voltage (V) Vpg: Drain-to-Source Voltage (V)
Fig 1. Typical Output Characteristics Fig 2. Typical Quiput Characteristics
=] el B P
e o e st A p =30 /
& Vag =10
g - g GS /
= &
5 il
£ 100 = 5 20
8 175°C e
o i i
L TP 2 "
_’z 10 - £2 .0 Ve
£ B § A
=} - 1
& B T e el NI Y Y
Vg = 5OV @
20us PULSEWIDTH | &
! a0
40 50 6.0 70 B8O 80 -80 -40 -20 0 20 40 @ 80 100 120 140 180 180
V(g Gate-lo-Source Voltage (V) Ty 1 Junction Temperatura (*C)
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance

Vs. Temperature
www.irf.com 3



IRFR/U3410 International

IoR Rectifier
20 T
Vos =V, 1= 1MEZ s ’
| Cgy =G+ Gy Gy SHOATED e tEA Vpg=8OV |
- d Cray =Gy = 18 VDS=50V
ED! i Gy WA ® VDS=20V T
‘088 s Cm g
o == 2
s b s 2
2 e Mgy
; 1L 2
£ 1000 e B e — 5
2 S e s 8
3] ST 2
(&] Yt (5]
1000 freees = G4
= =
10 i 5
: ¥, s D 10 20 3 40 50 60
Vipg, Draito-Source Voltage (V) Qg Total Gate Charge (1C)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
1000.0
R GPERATION TN THIS AREA T
LIMITED BY Rg(on)-
A | z S0 T O ™ !
3’ 100.0 = 100 L
E g
3 3
= g
10.0 10
g 8
§ 2
3 =
T
5 10 c5 A
0 2
Single Pulse .
0.1 0.1 -
0.0 05 1,0 15 20 1 10 100 1000
Vgp. Source-toDrain Veltage (V) Vg + Drain:-loSource Vollage (V)
Flg 7. Typical Source-Drain Dicde Fig 8. Maximum Safe Operating Area
Forward Voltage
4

www.irf.com
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International IRFR/U3410

TOR Rectifier

32 . T by
| LIMITED BY PACKAGE Vos > it
28
N e M—Dour
24 N Rg I x
Z Ve
E 20
Vas
% 18 N Pulse Width = 1 i
.g " '\ Duly Faziar £0. %
k3
D 4 Fig 10a. Switching Time Test Gircuit
4 Vos
oh— N7 SN\
0

)
25 50 75 100 125 150 175 |
Tg . Gase Tamperalure (°C) J

10% : :
Fig 8. Maximum Drain Current Vs. b b tgom 1
Case Temperature
Fig 10b. Swilching Time Waveforms
10— i £ e e o 3 e e
%) ¢
3 -_.Dm?."“
X —0.20
= T
g —o.10
e
e | R
% B
£ all
g 001 = _f_"sm =
=1 I THERMAL RESPONSE )
o i i [
1E-008 1E-005 ©.0001 0.001 a0 [+3]

14, Rectangular Pulse Duralion {sec)

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

www.irf.com 5
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IRFR/U3410 International

TGR Rectifier
D-Pak (TO-252AA) Package Outline

Ll
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D-Pak (TO-2 2AA) Part Marking Information
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i B ety ew ~
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IRFR/U3410 Infernational

IGR Rectifier
D-Pak (TO-252AA) Tape & Reel Information

Dimenslons are shown in millimeters (Inches)

- p
J t1eafedny 100,841 )
st ey 1571(.61)
i | :
S el
:f;{ i78) dsnind  FEED DIRECTION ! FEED DRECTION
L } ——— a(. e e

N
1

LLING DIMENSION : MILLUIMETER,
NSNS ARE SHOWN IN MILLIMETERS {INCHES ),
3. QUTLINE CONRORMS TO Eid-481 & EIAS41,

16 im—vm e

KoTES
1, QUTLINL ©ONFOIME TO ElIA81.
Notes;
O Repelibve rating; pulse width limited by @ Pulse width < 300us; duty eycle <2%.

reschnetiun tmoeraidre. ® Goua off. s a fixed capacitance that gives the same charging time
@ Starting T, = 25", L - 0.85mH 86 Cyaa while Vo is rising from 0 to B0% Vpgg
Bem260, lyge 187 ® GCaloulated continuous current basad on maximum allowable
@ Isn £18A, dVdt £ 360Aus, Vop € Vigrpss, juncti 7 . Package limitalion current is 30A.
Tis176°C
= When mounted on 1* square PCB (FR-4 or G-10 Material).
For recommende faotrint and soldering technicues refer to application note #AN-994,

Data and specifications subject to change without notice.
This produet has been designed and qualified for the Industrial market,
‘Qualification Slandards can be found on IR's Web site.

International
IR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105

TAC Fax; (310) 252-7903
Visit us at www.irf.com for sales contact information.2/08

10 www.irf.com
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LM193
LM293 - LM393

LOW POWER DUAL VOLTAGE COMPARATORS

B WIDE SINGLE SUPPLY VOLTAGE RANGE
OR DUAL SUPPLIES : 42V TO +36V OR +1V
TO £18V

M VERY LOW SUPPLY CURRENT (0.4mA)
INDEPENDENT OF SUPPLY VOLTAGE
(1mW/comparator at +5V)

LOW INPUT BIAS CURRENT : 25nA TYP
LOW INPUT OFFSET CURRENT : £5nA TYP
LOW INPUT OFFSET VOLTAGE : +1mV TYP

INPUT COMMON-MODE VOLTAGE RANGE

INCLUDES GROU!

M LOW OUTPUT SATURATION VOLTAGE :
250mV TYP. (Io = 4mA)

B DIFFERENTIAL INPUT VOLTAGE RANGE
EQUAL TO THE SUSPLY VOLTAGE

W TTL, DTL, ECL, MOS, CMOS COMPATIBLE

OUTPUTS

DESCRIPTION

These devices consi<t of two independent low
voltage comparators o igned specifically to oper-
ate from a single supply over a wide range of volt-
ages. Operation from - it power supplies is also
possible.

These comparators a'<c have a unique character-
isticin that the input co'mon-mode vollage range
includes ground even 1" sugh operated from a sin-
gle power supply voltioo.

PIN CONNECTIONS (10 view)

N
DIP8 (Plastic Package)

<

D
S08 (Plastic Micropackage)

*

P
TSSOPS (Thin Shrink Small Oulline Package)

s
Mini 808 (Plastic Micropackage)

ORDER CODE
Part Temperaturs Package
Number ange N 5 ; 3

LM193 -55°C, +125°C | e . * .

LM283 -40°C, +105°C | » . . .

LM383 0°C, +70°C . . . .

Example : LM363D

N= Dualin Line Packaga Dl!-‘g
D= Small Culline Package (SO) - also avaieble in Taps & Reel T]}
P= Tnn 5#! kSmall Qulmo Packape (TSSOP) - only available in Tape

§= MIMSD Package (MiniSO) only available in Tape & Reef (5T)

s

1~ Oulpul 1

2 - Inverting input 1

3 - Non-inverting input 4
4-Vee

§ - Non-inverting input 2
6 - Inverting input 2

7 - Quiput 2

3

-Veg'

July 2002

111
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& National
Semiconductor
LM1117/LM11171

General Description

The LM1117 is a series of low dropout voltage regulators
with & dropout of 1.2V at 800mA of load current. it has the
same pin-out as Nalional Samiconductor's industry standard
LM317.

The LM1117 is available in an adjustable version, which can
set the output voltage from 1.25V to 13.8V with only two
extarnal rasistors. In addition, it is also available in five fixed
voltages, 1.8V, 2.5V, 2,85V, 3.3V, and 5V,

The LM1117 offers currant limiting and tharmal shutdown. its
circuit includes a zener trimmed bandgap reference to as-
sure output voltage accuracy to within £1%.

The LM1117 series Is available in LLP, TO-263, SOT-223,
TO-220, and TO-252 D-PAK packages, A minimum of 10pF
tantalum capacitor is required at the output to improve the
transient raspense and stability,

Cctober 2002

800mA Low-Dropout Linear Regulator

Features

u Available in 1.8V, 2.5V, 2.85V, 3.3V, &V, and Adjustable
Varsions

® Spaca Saving SOT-223 and LLP Packages

® Current Limiting and Thermal Protaction

8 Quiput Current 800mA
= Lina Reguiation 0.2% (Max)
a Load Regulation 0.4% (Max)
= Temperature Range
— LM1147 0'Cto125C
— LM11171 -40°C t0 125'C
Applications
® 285V Modal for SCSI-2 Active Termination
® Post Regulator for Switching DC/DC Converter
u High Efficiency Linear Regulators
= Battery Charger
= Battary Powerad Instrumantation

Typical Application

Aclive Terminator for SCS1-2 Bus

5.25v

li]——-ill

. IR
GXD
4,75Y 10 +

1100
1100
LM 11 17=2.85 44
our ? A= lﬁ:Ef 3
10 uf _L J—zz Fi 1100
H =
AV S
100

Fixed Output Regulator

LMIT17-XX

“eu- T
10 uf

loje|nBay Jeaury inodoig-moT YWoos IZLELINVZLLLIAT

70

10 pf
Tantalum l Taniaium

" Requiced if he regulntcr is located far frem the power supply flter.
TROU

2002 National Semiconductor Corporation DS100919 www.national.com



Block Diagram

'Klf"
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7 \

t O Vi

IA/ el
L I Theeeal I
Limit

L1
o

Current
Limit

AAA
YV
——AAA

?

%‘\ | S
" NX

l 0 Yeyr

1 Substrale
>
>
P o OKOD {FIXED OUTPUT}
= = = O ApJ. {ADJUSTABLE DUTPUT)
10081601
Connection Diagrams T0-263
S0T-223 -
L .': s
i [xeur — PLve
. ety 1
[ Az /eun Top View
W00 1004
Top View o — i
10061345
TO-220 Side View
Your [ I}
O Pl T LLP
B P LT T
ot ROT QCANPCTED
Top View
aeaga ‘I“"
T0-252 2 i
- v | 123 L8] e
1oats
e =i W Vhen using the LLP package
& Ping 2, 3 & 4 must be connoctod logether and
— Pins 5. 6 & T musl be connacted fogather
Top View
1000145
Top View
a www.nalional.com
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LM1117/LM11171

Absolute Maximum Ratings (vote 1)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availabilily and specifications.

Maximum Input Voltage (V) to GND) 20V

S0OT-223 (IMP) Package
ESD Tolerance (Note 3)

Operating Ratings (ot 1)

260°C, 4 sec

Power Dissipation (Note 2)
Junction Temparature (T )
{Note 2)
Storage Temperature Range
Lead Temperature

TO-220 {T) Package

Internally Limited

Input Voltage (Vi to GND)

Junction Temparature Range (T,)(Note 2)

150°C
-65'C to 150°C

LM1117

260°C, 10 sac

LM1117 Electrical Characteristics

Typicals and limits appearing in nomal type apply for T, = 26'C. Limits appearing in Boldface type apply over the entire junc-
tlon temperature range for operation, 0°C 10 125°C.

LM11171

2000V

15V

0'Cto 125'C
-40"C t0 125°C

Min Typ Max
Symbol Parameter Condltions (Mot 5) (Nota 4) (Nota 5) Units

Vage Reference Voltaga LM1117-ADJ
lour = 10MA, VpeVour = 2V, T, = 25°C 1.238 1,250 1,262 v
10mMA € lour < 800mA, 1.4V € Vi -Veur 1.225 1.250 1.270 v
<10V

Vour  |Output Veoltage LM1117-1.8
loyr = 10MA, V), = 3.8V, T, =25'C 1782 1.800 1.818 v
0 5 loyr < BOOMA, 3.2V < Vi 5 10V 1.746 1,800 1.854 )
LM1117-2.5
lout = 10MA, Vi, = 4.5V, T, =25'C 2475 2,500 2525 v
0 £ loyr £ BOOMA, 3.9V < V< 10V 2.450 2,500 2,550 %
LM1117-2.85
lour = 10mA, Vy = 4.85V, T, = 25'C 2820 2.850 2.880 \
0 5 lgyr 5 B00MA, 4,25V 5V, < 10V 2.790 2.850 2910 v
0 5 g7 < B00MA, Vyy, = 4,10V 2.790 2,850 2,910 \
LM1117-3.3
lour = 10mA, Vi = 5V T, = 25'C 3,267 3,300 3333 v
0 £ loyr € 800mA, 4.76V< Vi, S 10V 3,235 3.300 3.365 v
LM1117-5.0
lour = 10MA, V= 7V, T, = 25'C 4.950 5.000 5.050 v
0 < Igyr € BOOMA, B8V < Vjp, € 12V 4.800 5.000 5.100 v

AV |Line Regulation LM1117-ADJ

{Noto 6) lour = 10MA, 15V £ V- Vour s 13.75V 0.035 0.2 %o

LM1117-1.8 1 6 mv
lout = OmA, 3.2V £ Vi, 5 10V
LM1117-2.5 1 6 mV
lour = OmA, 3.8V 5V, €10V
LM1117-2.85
lour = OMA, 4,25V £ Vi, £ 10V 1 6 mv
LM1117-3.3
lour = OMA, 4,78V £V, < 15V 1 6 mv
LM1117-5.0
loyr = OmA, 8.5V < V) < 15V J 10 mv

wwy.national.com
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LM1117 Electrical Characteristics (continued)
Typicals and limits appearing in normal type apply for T, = 25°C. Limits appearing in Boldtace type apply aver the entire junc-
tien temperature range for operation, 0°C to 125°C,
Symbol Parameter Conditions {N:|t|: 5 (Ng ;’ 4 (N':;"s) Units
AVeyr | Load Regulation LM1117-ADJ
(Note 6) VirVour = 3V, 10 S Igyr < 800mA 0.2 0.4 Yo
LM1117-1.8 1 10 mV
Vin = 3.2V, 0 £ loyr < 800mA
LM1117-2.5 1 10 mV
Vi = 3.8V, 0.3 |y < B00mMA
LM1117-2.85
Vi = 4.25Y, 0 2 lgur < BOOMA 1 10 mv
LM1117-3.3
Vi = 4,75V, 0 < gy < 800MA 1 10 mv
LtM1117-5.0
Vin = 6.5V, 05 Iy < BOOMA 1 15 mv
VNV our | Dropout Voltage lour = 100mMA 1.10 1.20 v
{Nota 7} lour = 500mA 1.15 1.25 v
layr = 800MA 1.20 1.30 v
lumer | Current Limit VinVour= 8V, T, = 25'C 800 1200 1500 mA
Minimum Load LM1117-ADJ
Currant (Noto B) Vin =15V 1.7 5 mA
Quiescent Current LM1117-1.8 8 10 mA
Vi < 15V
LM1117-2,5 5 10 mA
Vi % 16V
LM1117-2.85
Vi 5 10V 5 10 mA
LM1117-3.3
Vin =15V 5 10 mA
LM1117-5.0
Vi S 15V 5 10 mA
Thermal Regulation Ta = 25'C, 30ms Pulse 0.01 0.1 %
Rippla Regulation fruppee =1 20Hz, Vi-Vaur = 8V Vigppe 60 75 daB
= 1Vpp
Adjust Pin Current 60 120 HA
Adjust Pin Gurrent 10 & lgus BOOMA,
Change 1.4V < Vi Vour € 10V 0.2 5 yA
Temperature Stability 0.5 %
Long Term Stabllity | T = 125°C, 1000Hrs 0.3 Yo
RMS Qutput Naise (% of Viyr), 10Hz 5 f 510kHZ 0.003 %
Thermal Resistance | 3-Lead SOT-223 15.0 ‘oW
Junction-to-Casa 3-Lead TO-220 3.0 ‘CIW
3-Lead TO-252 10 ‘CW
Thermal Resistance | 3-Laad SOT-223 (No heat sink) 136 CW
Junction-to-Amblent  |3-Lead TO-220 (No heat sink) 79 ‘CW
(No alr flow) 3-Lead TO-252 (Note 9) (No heat sink) 92 ‘CW
3-Lead TO-263 55 ‘CW
8-Lead LLP(Note 10) 40 ‘CwW

wwew.national.com
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LM1117/LM11171

LM1117I Electrical Characteristics
Typicals and limits appaaring in normal type apply for T, = 25°C, Limits appearing in Boldface typa apply ovar the entire junc-
tion temperature range for operalion, -40°C to 125°C.

Symbal Parameter Conditions [N?tl:s) (N:r: 2 (NI:; X 5) Units
Vper Reference Voltage LM11171-ADJ :
lour = 10MA, ViVt = 2V, T, = 25'C 1.238 1,250 1.262 v
10MA < lour < 800MA, 1.4V <€ Viy-Vour 1.200 1.250 1.280 v
=10V
Vour | Qutput Voltage LM11171-3.3
lour = 10MA, V= 5V, T, = 25°C 3.267 3,300 3.333 v
0 % loyr < BOOMA, 4.75Y < Vi 5 10V 3.168 3.300 3.432 v
LM11171-5.0
lour = 10mA, Vi = 7V, T, = 25'C 4.950 5.000 5.050 v
0 < Iy < BOOMA, BSV £V, % 12V 4.800 5.000 5.200 v
AVour | Line Regulation LM11171-ADJ
. {Note 6) lour = 10mA, 1.5V 8 Vip-Vour 5 13,765V 0,035 0.3 Yo
LM1117/:3.3
lour = OMA, 4.75V <V, £ 15V 1 10 mVy
LM11171-5.0
lour = OMA, 8.5V £V, < 16V 1 15 mv
AVour | Load Regulation LMI1171-ADJ
{Nota &) VieVour = 3V, 10 € lgyr < 800mA 0.2 0.5 %
LM11171-3.3
Vi = 4.76V, 0 £ |5+ % BOOMA 1 15 mv
LM11171-5.0
Vi = 8.5V, 05 Io,7 < 800mMA 1 20 mv
VinV our | Dropout Voltage loyr = 100mA 1,10 1.80 v
(Note 7) Jour = 500mA 1.15 1.35 v
loyr = 800mA 1.20 1.40 Vv
lumrr | Current Limit ViVour = 8Y, T, = 25°C 800 1200 1500 mA
Minimum Load LM11171-ADJ
Current (Note 8) Vi = 15V 1.7 8 mA
Quiescent Current LM11171-3.3
Vi 5 15V 5 15 mA
LM11171-5.0
Viy 3 15V (] 15 mA
Thermal Reqgulation Ty = 25°C. 30ms Pulso 0.01 0.1 YalW
Ripple Regulation Trippug =1 20HZ, Viy-Vour = 3V Vappie 60 75 dg
= 1Vpp
Adjust Pin Current 60 120 HA
Adjust Pin Current 10 & Iyys 800mA,
Change 1.4V € Vi-Vour 5 10V 0.2 10 A
Temperature Stability 0.5 %
Long Tem Stabilty | T, = 125°C, 1000Hrs 0.3 %
AMS Output Noise [ (% of Vi), 10Hz < { S10KHzZ 0.003 %
Thenmal Resistance | 3-Lead SOT-223 15.0 'CIW
Junction-to-Case 3-Lead TO-252 10 oW
Thermal Resistance | 3-Lead SOT-223 (No heat sink) 136 CwW
Junction-to-Ambient 3-Lead TO-252 (No heat sink)(Nota 9) 92 ‘oW
No air flaw) 8-Lead LLP(Note 10) 40 CW

noa is not For g o

and the test

Nale 1: Absoiute Maximum Ratings indicate limils bayond which damaga io tha daviee may oceur. Oparaling Ratings Indicata conditions far which the davice is

intended lo be funclonal, bul specitic per see the Electrical Characleristics.
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Hote & The maximum power dissipation & a lunction of Tymax ; Bua and Ta. The lowable powsr 1 at any ambiant tempesature s
Pp = (Tigmax=TAVBx. Al numbers apply for packages soldered direcily info & PG board,

Note &t For testing purposes. ESD was applied using human body model, 1.5kE2 in series with 100pF.

Note 4: Typical Values reprosont the most Exely parametric norm.

Note 5: All fimits are guaranised by testing or statistical analysis.

Note 8: Load and line regulation are measured at constant junetion room temperature.

Note 7: The dropeut voitage is the inauvoutput differential at which the cireult ceases ko reguiate against fusther redietion in input voltage, I Is measured when the
output voitage has droppad 100mV trom the nominal value oatained at Viy = Vour +1.5V,

Nole B; The minimum output current required 1o maintain regulation,

Note 9: Minimum pad siza of 0.038in%

Nate 10: Thermal Performance for the LLIP was obtained using JESDS1-7 board wilth six vias and an amblent temy ol 22°C. For s b d
thermal parlormance and power dissipation for tha LLB. refer 1o Application Note AN-1187.

Typical Performance Characteristics

Dropout Voltage (Vi-V guy) Short-Circuit Current
1.4 1.4 TERFIL
1.2 T, = 259¢ — 1.2 e
J p— =
5 ,,._—-'r——""'"/ - 1, = 259
8 |~ ¥ = i2500 g
£ oz 3 03
]
S =z
« 06 2 06
2 S
£ o4 T o4
5
g8
0.2 g T
o 0
o] 200 400 £00 800 ] 5 10 15
Cutput Current {mA) Input/Oulput Oifferential (V)
18T 10001923
Leoad Regulatlon LM1117-ADJ Ripple Rejection
0 TN B Y, 30
- Algap =800 mA B : 3
® ~0.5 J""![] i
7 = 70 ptrr LTI li;'
g =01 € /o "u'“’m*—"‘mor:n
r
T 5
aa P s %50
& -0.2 ] &
3 S &
= 025 B ‘i 30 T :
3 ‘~\ g |Capy = 200 uF AT 1< 60 K2
3 (-0.3 ¥ g | Caa = 25 WE AT £ > 60 He
=0.35 ]
=-50-25 0 25 S0 75 100 12% 10 100 fk 10k 100k

Temparature (©C)

Frequency (Hz)

HOG4Y 100U 908

7 www.national com
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LM1117/LM11171

Typical Performance Characteristics (contnued)

LM1117-ADJ Ripple Rejectlon vs. Current Temperature Stability
e rippLe = 120 82, Vgap e = 3Vep 2
8 —] 1.5
- [ —— g
g 50 . & 1
5 50 |, RppLE = 20 KHz, Ypppyp S 0.5 Vip g%
8 ® 0 /
& 40 K "
S -
é 30 : 0.5
& g0 Your =V E
jo |- a0y = 25 4F 8 s
Cour = 25 kF
i - -7
0 200 400 60O 80O -50 -25 0 25 50 75 100 325 150
Lanp (mA) Temperature (9C)
1006 B0Y OOk RS
Adjust Pin Current LM1117-2.85 Load Transient Response
100 0.3
90 | w Gy = 10 3F I |
o 02+ Coyr = 10 k¥ Tantalum
w80 £ Vi = 4,257
2 5 £ g % rbad = 0.1
T 60 it oo
& 30 ] &8 gV
e
& 40 -0.2
ERE = DS:: -~
T 20 - Q6 |
10 8= ¢
e
0 E -0.5
=d0=25 0 25 .56 25 100 125 150 G 10 20 30 40 50 60 70 80 80 100
Tempernturs (°C) TME (ps)
s 10081508
LM1117-5.0 Load Transient Response LM1117-2.85 Line Transient Response
0.3 7.25
tn=voar 1 1] Gus Tur™ 177
o 02} Coyy 10 4F Tankal & 528 Cogr * 10 F Tantalum L]
_E"i'- iy ™ 657 = boyr = 9-14
B & 01} prefoad = 1 \ >z 8
= NEYE g p .3
22 g | A Sppifd 5
8%
0.2 =E
w et o > &
03 =5l 0
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b=
5 03 -40
© 10 20 30 40 50 60 70 BC 90 100 0 20 40 §0 80 100120 140160 180 200
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LM1117/LM11171

unlass otherwise notad

Physical Dimensions inches (milimeters)

D

1
T

- 8.5¢0.2 (3.3~
328.1 r ]
‘
11.5) ;
@ I
"N
698030 386001 L '
3 (8.5 TIP) ] ITI
P
JI!.JI

LAND PATTERN HECOMMENDATION

RO. 152005 Trp
70.1540,03 Trp -\

I.SI!I.N L

_\ (x_.f&) o430
= l ’l‘w-_L_, L - PR

ILME

Ele1k]
8.1415 38 1P -

£.03-0, 10 ¥
1P h

Wa
7, 5.3 MIK TYP SEATING PLANE
LT b

CIMENSIGNS ARE N MILLIMETERS

3-Lead SOT-223
NS Package Number MPO4A

=
o1
e
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Physica] Dimensions inches (milimeters) uniess otherwise noted (Continued)
0.240-0,260(_ 0.330-0.350
{6.10-6.50] [8.38-8.88)

0.100-0.120 0.149-0.153
[2.54-3.05] /¥ [3.78-3.881

-
0018 0.090-0.110

0.400 ges | 7R e _ o remaTsl g 900,210
Tioia b f | | {4.NI5.53]
5

-0.13
_/f ! 0.048-0.055 _t
0.130-0,150 [1.22-1.40]
e
PIN #1 10 liis

[3.30-4.08]

1.005-1.035 0.027-0,037
[25.53-26.29] —— Eo&i;gu]

PO i

L

b /\ +0.007 0.0
' 0.525-0.555 0.015 1987 [0.38 %
{ / 7° - {15.34-14.10]) | 1_ & W
0.175-0.185 . e b

[4.45-4.70] r A f
1 = ,
0.810 +0.1%
L 0.045-0.052 — 0.105 Lgg1s [2.67 5y ]
T2 SFATING PLANE
TAPERZD
sipgs 1@ TOIE (REV 1)

3-Lead TO-220
NS Package Number T038
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LMT117/LM11171

BACK Wiw

Physical Dimensions inches imilimeters) unless otherwlse noted {Continued)

100230 0 9.080-0.110 -
rm" {2.29-2.79)
-
t[:.zsu-a.:'s?
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i f 0.028-0.038 1. 425
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[4.45-4.65) _L i - ,
R £.004[0.10
EETF 1| iapemen
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{0.0v-0.15] 5;*::0 OFE:
e 0 A
‘ [12.45} MAY, =
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D250 | o
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i
0,200, 1,
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NS Package Number TS38
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=n
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TP
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o e
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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[ 5362515~ ARG —| o 0sze008
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g0 o

NS Package Number TDO3B
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B
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“““““ 2 [T LDOOGA e A

B-Lead LLP
NS Package Number LDCOSA
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LM193-LM293-LM39

3

SCHEMATIC DIAGRAM (1/2 LM183)

Vﬁ*
3.5uA 100u. 3.5uA @ 100pA
Non-inverting
Input
8 VO
Vea [ Veo
Inverting =
Input 4 ..___{
I i
'_l__} Voc
ABSOLUTE MAXIMU!! RATINGS
Symbel Parameter Value Unit
Vec | Supply voltae +18 or36 v
Vig Differential b Voltage 368 \'
Vi Inpul Vo ltag- -0.3 1o +38 Vv
Oulput Shoit- il to Ground - note 1 Infinite
Powar Dissicuion®  DIPB 172150
508 o
Pa TS50P8 825 L
Mini SO8 580
Tag | Slorage Teu: - ie Range 6510 +150 'C

1. Shon<circuks rom the
independent of the mis)

2 Pdis calculited with T,

‘~c" can cause excessive hoating and eventual destruction, The maximum output current is approxdmately 20mA
Y .

<C
= 28°C, T, = +150°C and Rygy = 100°C/W for DIFS packoge
i thia "
= 175"CW for SO8 package
=200°C/W l’gr ?55834 p?gcknw

= 215°CAW for Mini SO8 package

OPERATING CONDIT 1S
Symbol Parameter Value Unit
Viem  |Common 1oul Voltage Range D10 Vge*-1.5 v
Operaling Fre- “ir Temperature range LM183 -551t0 #125
Topar LM283 =40 {0 +125 ©c
LM383 010 +70
21'11.

&
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LM193-LM293-L M393

ELECTRICAL CHARACTERISTICS
Vec" = +5V, Vo™= 0V, Ty, = +25°C (unless otherwise specified)

Symbol Parameter Min Typ. Max, Unit
Input Offset Voltage - note "
Vie Tamp = +25°C 1 5 my
Tirin = Tamp % Tmax 9
Inpul Bias Curreni - nole 2
fip Tamp = +25°C 25 250 nA
Tovin % Tam S Trnax 400
Input Offset Current
ho Tamp = +25°C 5 50 nA
Toin S Tamp S Tmax 150
Large Signal Vultage Gain
A Voo =15V, Ry = 15KL V, = 1V Lo 11V 50 200 Vimv
Supply Current (all comparators)
lec Ve = 5V, no load 0.4 1 mA
Vee =30V, no load 1 2.5
Input Common Mode Vollage Range - nole ¥ .
Vem Tamp = +25°C 0 Vet -1.5 v
Troin S Tamty S Trnax 0 Vet -2
Via | Differential Input Vollage -note % Veo v
i Output Sink Currrept
Isink V= 140 Vy = 1.5V 8 18 mA
Low Level Oulpul Vallage
i Vig = =1V, lgjoy = 4mA
& Tamp = 125°C 250 400 mv
ToinSTamp S Trnax 700
High Level Cuiout Current (Vig = 1V)
I Vig = 1. Veg =V, = 30V
oA Tatt = $25°C 0.1 nA
Trin S Tamb S Thax 1 Bé
Te Response Tin- - note %
Ry=5 1% to Vgg' 1.3 ps
| Large Signal . - ponse Time
ml V=T 1L, Vygp = +1.4V, R= 5.1K02 1o Vet 300 ns
1. Aloulputswitch point, V- 1.4V, Ry = 0 with Vo from 6V fo 30V, and over the full common-mode range (OV o Veg©-1.5V)
2. Thedirection of the inpur 1on1 & oul of the IC dua o the PNP input staga. This current Is essentially constant, independent of the stale of the
oulpul, 0 rto loading ci exists o the reference of input lines.
. Theinput -moda - upe of ejt { signal Bowod § i
S g N S SR B A ety o e 05V, e uopar ara o e
4 Positive axeursions of inp: ltage may axoed tha power supply level, As h;g a5 tho othar voltage remaina within the comman.moda mnge, the
:um;;lmm will pravide # - par output state. The low input vogtge state must not be lexs then -0 3V (o 0.3V bellow the negative power supply, if
useg)

8. Theresponse time speci’

& for a 100mV input step with 5mV overdrive. For larger overdrive signals 300ns can be oblained

3411
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LM193-LM293-LM393

SUPPLYCURRENTversus SUPPLY VOLTAGE

INPUT CURRENT versus SUPPLY VOLTAGE

ey

Tume s -55°C .
— T“.- o'c

\

Tuewm 420°C

~

SUPPLY CURRENT (mA)
e
o

4
(53

0 10 20 30 40
SUPTLY VOLTAGE (V)

3

Tamp=|-55"

g

3

INPUT CURRENT (nA)
2
o

0 10 20 30
SUPPLY VOLTAGE (V)

QUTPUT SATURATICI VOLTAGE versus
QUTPUT CURRENT

RESPONSE TIME FOR VARIOUS INPUT
OVERDRIVES - NEGATIVE TRANSITION

1 e e e ¥y - vy
s =N SN |
= e ut of saturation s f fofoy
# 0] ‘ P Al |
5 - +4 255 :/
=z
o
= i i
g Tomb= #25°C
- A NN

107 10" 10° 10’ 10?

OUTPLT © hK CURRENT (mA)}

RESPONSE TIME FC @ VARIQUS INPUT
OVERDRIVES - PO VE TRANSITION

INPUT VOLTAGE (mV)
OUTPUT VOLTAGE (V)

m o
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g g ; “Bomv | | 2uly
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LM193-LM293-LM393

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

o
E
M < -
1
‘;1 - bl
Bl
- -h“ _‘-‘_‘ L;_‘
2
z o
D
I _ER
] 5
.
1 4
g B O P o
Millimeters Inches
Dimensions
Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
ai 0.51 0.020
B 115 1.85 0.045 0.085
b 0.356 0.55 0.014 0.022
b1 0,204 0.304 0.008 0.012
D 10,92 0.430
E 7.85 8.75 0.313 0.384
] 2.54 0.100
ed 7.82 0.200
ed 7.62 0.300
B 68 0260
i 5.08 0.200
L 3.18 3,81 0.125 0.150
2 1.52 0,080
811 o7
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LM193-LM293-LM393

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (S0)

Jo ] SENERE
el E
Millimeters Inches
Dimensions
Min. Typ. Max Min. Typ. Max.
A 1.75 0.089
al 0.1 0.25 0.004 0.010
a2 1.85 0.085
ad 0.85 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.18 0.25 0.007 0.010
c 0.25 0.5 0.010 0.020
¢l 45° (typ.)
D 4.8 5.0 0.189 0.197
E 5.8 8.2 0.228 0.244
3 1.27 0.050
el 3.81 0.150
F 3.8 4.0 0.150 0.157
L 0.4 1.27 0.016 0.050
M 08 0.024
S 87 (max.)
‘ﬁ 9111
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LM193-LM293-LM393

PACKAGE MECHANICAL DATA
8 PINS - THIN SHRINK SMALL OUTLINE PACKAGE

PIN 1 IDENTIFICATION 4

Millimeters Inches
Dimensions

Min. Typ. Max, Min. Typ. Max,
A 1.20 0.05
Al 0.05 0.15 0.01 0.008
A2 0.80 1.00 1.05 0.031 0.038 0.041
b 0.19 0.30 0.007 0.15
[:] 0.06 0.20 0.003 0.012
o] 2.80 3.00 3.10 0.114 0.118 0.122

E 6.40 0.252
E1 4.1 4.40 4.50 0.169 0.173 0177

e 0.85 0.025

k 0 8° 0 3°

| 05 0.60 0.756 0,09 0.0236 0.030
L 0.4 0.600 0.75 0.018 0.024 0.030

L) 1.000 0.039

10741
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LM193-LM283-LM393

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (miniSQ)

Millimeters Inches
Dimensions

Min. Typ. Max, Min. Typ. Max,
A 1.100 0.043
Al 0.050 0.100 0.150 0.002 0.004 0.008
A2 0.760 0.860 0.940 0.031 0.034 0.037
b 0.250 0.330 0.400 0.010 0.013 0.018
[ 0.130 0.180 0.230 0.005 0.007 0.008
D 2.900 3,000 3.100 0.114 0.118 0122
I 4,780 4.800 5.050 0187 0.183 0.189
Eq 2.900 3.000 3.100 0.114 0.118 0.122

e 0.850 0.028
I 0.400 0.550 0.700 0.016 0.022 0.028

L1 0.950 0.037

Od ad 8d 0d 3d &d
aaa 0.100 0.004
Information fumished is believed to be accurate and reliable, H v STMicroele ctroni no respongibility for the

consequences of use of such infonmation nor for any infringement of patents or other rights of third parties which may result from
its use. No license is granted by implication or olherwise under any patent or patent rights of $TMicroelectronics. Specifications
mentionad in this publication are subject to change without notice. This publication supersedes and raplaces all information
proviously supplied. STMicrceloctronics products are not authorized for use as critical components in life support devices or
systems without express writien approval of STMicroelectronics.

© The 8T logo is a registered trademark of STMicroelectronics

® 2002 3TMicroelectronics - Printed in Maly - All Rights Reserved
STMicroalactronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - Finland - France - Gamany - Hong Kong - India - Israel - Italy - Japan - Malaysia
Malta - Maroceo - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States
hitp:/iwww.st.com
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Quartz Crystal Units o
NX8045GB For OA/AV

A small surface-mount type crystal unit, ideal for OA (office automation) and AV
(audiovisual) applications.

Compatible wilh frequencies slarting from 4 MHz. (8.0 x 4.5 x 1.8 mm typ.)
sExcellent electrical parformance, kleal for OA and AV applications.
wExcellent environmental performance, including heat and shock resistance
eMaoals the requirements for re-flow praliling using lead-free soider.

RoHS Compliant

200285EC

EJ% ns P g e JER— R VA R SRR
ek S

-101%0 +70 °C
«mﬁy—wm%.c ——— —
jo Relor 10 "1 ]
_ BOuW (Max. BOOWW)
f : 8 pF
The above spadllcanons are mnd-nﬂ Iorlhls NDK prodtt.i.
Custom-made specifications such o« 10ad capacitance and temperature characteristics are also available.
Please contact NDK sales with your nqulties.
£ W Hou o Sty an O 7 R i
When ordering our mets. spocil. 1oem with an *Ordering Codo® that cansists of the following -
| Model name | - [Frequency (! 4 - 0 digits) | M - [ Number for specilying an order | Example NX8045GB-13.560M-STD-CSF-4
I you have any querios concirning our s'.rJard frequencies and for specifying orders, please conlact our sales rep tives of visil our b 9
{nttp:/Awww ndlk com).
'Di ST 1 ; prw o ¥ O R T R SR TR

*1 Equivalont Sorios Resistance

-
1.5

NIHON DEMPA KOGYQ CO., LT7, U1 091016 NGBO45CE o
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