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ABSTRACT

This project presents the comparison of the experiment of results which use to measure
the degree of circuit balance for studying the CM noise generation mechanism of the buck and
full-bridge (mode 1 and 2) converters. The unbalanced circuit is caused by unbalanced
transmission path, and unbalanced dc source and load terminals of the circuit with respect to
grounds. The unbalance dc source and load terminals are caused to produce unbalance voltages at
source and load terminals, V ., V 4, and V;, V .., respectively From these effects will be
resulted of CM-voltages V ... =(V . +V . dand V . =V, +V,. ), respectively
The degree of unbalance 3 circuits are presented in this project The degree of unbalance of three

circuit can be compared by the experimental results.
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Intemational
[ror] Rectifier

PD-9.5128

IRFP460

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

¢ Repelitive Avalanche Rated .

*® Isolated Central Mounting Hole
® Fast Switching

¢ Ease of Paralleling

® Simple Drive Requirements

VDSS = 500V

'D = 20A

Description

Third Generation HEXFETs from International Rectifier provide the designar
with the bast combination of fas! switching, ruggedized device design, low

on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industial epplications
where higher power levels preclude the use of TO-220 devices. The T0O-247
is similar but superior to the eadier TO-218 package becauss df its isolated
mounting hale. It alsc provides greater creepage distance between pins to

maeet the requirements ot most satety specifications.

Absoluts Maxtimum Ratings
Paramster { Max. Units
lo@ Tc=25"C | Continuous Drain Current, Vas @ 10V : 20
Io ® Tc=100°C ; Continuous Drain Current, Vgs @ 10V 13 A
tlom Pulsed Drain Current © 80
Po @ Tc = 25°C | Power Dissipation o 280 W
Linear Demating Facior 22 wrcC
Voes Gate-to-Souice Voltage 120 v
Eas Single Pulse Avalanche Enargy @ { 960 mJ
an _|Avatanche Current @ . A
Ean ! Repetitive Avalanche Energy © : 28 ml
dv/dt { Peak Diods Recovery dvidt @ 3.5 Vins
Ty Operating Junclion and -55to +150
Tsma Storage Temperature Range Lo}
o | Sotdering Temperature, for 10 seconds 300 (1.6mm from case) .
Mounting Torque, 6-32 or M3 screw 1 10 sin (1.1 N-rn)
Thermal Resistance
Parameter Min Typ. Max. Units
Ruc Junction-{o-Case — — 0.45
Rucs | Case-1o-Sink, Flat, Greasad Surface — | 024 — *CwW
Raua { Junction-to-Ambient — b 40
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IRFP460 [ToR|

Electrical Characteristics @ T. = 25°C (unless otherwise specified)

Parametsr Min. | Typ. | Max. | Unlis Tast Conditions
Vianyoss Drain-tc-Saurce Braakdown Vohage 500 | — ;| — V | Vas=0V, lo= 250pA
AViaross/AT.: Breakdown Vohage Temp. Coefficient — | 063 — | VrC |Relerence to 25°C. b= 1mA
Ros(on Static Drain-to-Source On-Resistance — | — T027] 0 ivas=10V,lp=12A @
| Vosmy Gate Threshold Voitage 20 | — | 40! V |Vps=Vas, lo= 25004
‘On . Forward Transconductance 13 — — S |Vos=50V, Ip=12A & i
: . —_ —_ 25 Vos=500V, Yas=0V !
Inss Drmain-to-Source Leakage Cument — — 1 250 I—I-A Vos—400V, Vas=0V, T4=125°C |
i lass Gate-to-Source Forward Leakage — — 1 100 nA V55=20V
: Gate-lo-Source Reverse Leakage — | — ;-100 Vgg=-20V :
Q, Totas Gata Chargo — | = ! 210 lp=20A :
Quu Gale-io-Source Charge —_ —_ 29 nC | Vpe=400V :
Qcqy Gate-10-Drain ("Milier”) Chargs — — { 1o Vas=10V See Fig. 6 and 13 %
Tajon) Tum-On Delay Time - T | = Vopa250V
1, Rise Time L — 159 1 — i o jl=20A
Torctty " | Tum-Off Delay Time o= | 1to} — { Re=4.30
t Fall Time . — | =8 1 — {Rp=1302 See Figure 10 @
Lo Intemal Orain Inductance — | 50} — g‘ n!‘:‘e?; 2'%?:) /_1;\
f e LB
ts Imemal Source inductunce P = 13 ] - i cmm?:rto !
:Cias Input Capacitance i — 4200 — Vgs=OV
- Cons Output Capacitance i — 870! ~ | PF |Vps=25V
 Crea Reverse Transter Capacitanca — 350 — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Paramater Min. | Typ. ; Max. | Units Test Conditions
Is Continuous Source Cumrent o 20 MOSFET symbol
{Body Diode) A showing the
Ism Pulsed Source Current . _ 80 integral reverse
{Body Dioda) @ p-n junction diode.
Vsp Diode Forward Voitage — —_ 1.8 V i T=25°C, Is=20A, Vgs=0V @
to Raeveisg Recovery Time —_ 570 | 880 na | T=25°C, |e=20A
Q. Reverse Recovery Charge — 57 { 8.8 | pC |di/d=100AMus @
lon ~ Forward Turn-On Time Intrinsic tum-on time is neglegible (tum-on is dominated by Le+Lo)
Notas:
& Repelitve raling. puise width kmited by D 1sps20A, di/dts160AMs, Vop<V@R)DSS,
max. junction temperature (Sea Figure 11) Tus150°C
@ Vpo=50V. stanting T)=25°C, L=4.3mH ® Pulse width < 300 us; duty cycla <2%.

RG=2541, 1a5=20A {Sae Figura 12)
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I, Drain Current (Amps)

Drain Current (Amps)
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Fig 5. Typical Capacitance Vs.
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Fig 7. Typical Source-Drain Diode
Forward Voltage

Vgs, Gate-to-Source Voltage (volts)

Ip, Drain Current (Amps)
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Ip. Drain Current (Amps)
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IRFP460
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Fig 108. Switching Time Test Circuit
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IRFP460

Very 1p 1o obtaln Vos >———0

requited las DUT. sco
K) i Lo
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Fig 12e. Unclamped Inductive Test Circuit £ o0 i
% 200 ™ :
g \i‘\,\‘
Vbs R =
5 %0 g 1c0 ] 1%
Starting T . Juncticn Temperature(°C)
hs — — _—— - Fig 12c. Maximum Avalanche Energy
Fig 12b. Unclamped Inductive Waveforms Vs. Drain Currant
ov— — — — G ——y
t - Cas Q6D
i
Ve
- e ¥ b
Charge Current Samping Rasisiors
Fig 13a. Basic Gate Charge Wavatorm Fig 13b. Gate Charge Yest Circuit

Appendix A: Figure 14, Pgak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — See page 1517 Interrlational
Rectifier
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TOSHIBA TLP250
TOSHIBA Photocoupter (GaAlAs Ired & Photo-IC
Transistor Inverter
Inverter For Air Conditionor .
Unit in mm
IGBT Gate Drive
Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting dicde and a
integrated photodetector.

This unit is 8-lead DIP package.

TLP250 is suitatle for gate driving cireuit of IGBT or power MOS FET.

* Input threshold current: {IF=6mA(inax.)
+ Supply current {Icc): 11mA(max.)
+ Supply voltage (Voc) 10-35V
+  Ouiput current (Ig): =1.5A (max))
» Switching time {ipLH/tpHL): 1.5ps{max.)
+ Isolation voltage: 2500V me(min.)
* UL recognized: UL1577, file No E67349
« Option (D4) type
VDE approved: DIN VDE0884/06 92 certificate No. 76823
Maximum operaung insulation voltage: 630VPK
Highest permissible over volage: 4000VpK
(Note) When a VDED884 approved type is nesded,
pleass designate the "cption (D4)"
+ Creepage distance: 6.4mm(min.)
Clearance: 8 4mm{min.)

Schmatic

1 oeA

TOSHIBA 11-10C4

Weight. 0.54 ¢

Pin Configuration (top view)

Yeo t E * t j 8
!
¥ 2 E} R 17
2+ Vo —
VE } 3 3 E :] 6
3‘ Vo ™
o[ . s
GND 1:NC
A 0. 1pF bypass capotor must be s 2: Anode
conrected between pin 8 and & (See Note 5). 3: Cathoda
4:NC.
5: GND
6: Vo (Outpui)
7: Vo
8:Vee
Truth Table
Tl T2
Inpust On Cn Oof
LED of off On
1 2004-06-25



TOSHIBA

TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbot Rating Unit
Forward current is 20 mA
Forward current derating (Ta 2 70°C) Alr i ATa -0.348 mA/*C
& {Peat wansient forward curont {Note 1) - 1 A
Reversa voltage VR 5 v
Junhction temperature T 125 *'C
“H'peak output current (Pw < 2.5ps 1 £ 15kHz) {Note 2} lopr -15
"Lpeak output current {Pyy £ 2.5ps.f £ 15kHz) (Note 2) lopy +1.5
Output {Ta< 70°C) v 35 v
vollage (o]
5 (Ta = 85°C) bz}
] (Ta £ TO°C) v 35 v
Supply voltage cc
8 (Ta=85°C) P2
Quitput voltage derating (Ta 2 70°C) AVo ! ATa 073 vi'C
Supply voltage derating (Ta 2 70°C) AVeo 1 ATa 073 vi'C
JAmChion termperature Tj 125 *C
Operating frequency {Note 3) i 25 *kHz
Opetating lemperature range Toox -20-85 “C
Storage lemperature range Tug -55~125% *C
Lead soldering temperature (13 3) {Note 4) Too 260 *C
Isolation voltage {AC. | mun . RH.< 60%) {Nocte 5) BV 2500 vmmns

Note 1:  Pulse width Pyy £ 1ps, 300pps
Note 2. Exporenential wavefom
Note 3
Note 4:  Itis 2 mm or mote from a lead root.
Note 5:

together.
Note 8:

Exporenential wavetom, tapy S -1.0A{ < 2.5ps), lopL S +1.0A( 5 2.5ps)

Device considerd a two terminal device: Pins 1, 2. 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

A ceramic capacitor(0.1uF) shoutd be connected from pin 8 1o pin 5 to stahilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The totai lead
length between capacitor and coupler should not exceed 1cm,

Recommended Operating Conditions

Characteristic Syrubol Men. Typ. Max Unnit
input current, on {Nota 7) IF(oN) 7 8 10 mA
input voltage, off VEOFF) 0 - 08 v
Supply voltaga Vee 15 — | v
Peak output cument loprlopt — —_ +0.5 A
Operating \emparature Toor 20 2 7 i 85 c

Naote 7. Input signal nise time (fall tme) < 0.5 ps.

2004-Ub-25
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TOSHIBA TLP250

Electrical Characteristics {Ta = -20~70°C, unless otherwise specified)

Test
Charactenistc Symbot | Cir- Test Condition Min. Typ. Max. Unit
cuit
Input foreard voltage Ve — |E=10mA Ta=2°C 1.6 18 v
Temperature coefficient of .
forvrd voitage AVesaTal —  |tewiOmA - -20 - |mvic
Input reverse current Ia — 1Vp=5V, Ta=25C - 10 uA
Input capacitance Cr ¥ =D {= IMHz Ta=25C - 45 250 pF
p Ir = 10 mA R _
H level lopH 3 Voo 230¢ |Ves=dV 05 15
Output curent ('i)c A
- ir=0 -
1 level lopL 2 Vg g = 25V 05 2 —
Wiheel | vow | 4 [pSCe BNV e |~
Outpud voltage 5 v
*lev Vg1 = #15Y, Vegy = -15V
1" level vou 5 1R°S2000, Vi < 6.4V — | -2 | 128
Vee = 3.0V r = 10mMA - 7 _
+H eved en | - |135°C
Vee = = — — n
s cument ce =30V, iF = 10mA A
Vcc = 3'0\’. ‘F = DA — 75 —
1’ level leeL — Ta=25'C ’
Vee = 30V, Ir = OmA - - 11
Threshold input “Oviput 1 Vees = HI5V, Viegy = -15V _
cument L—H FLH TR = 2000, Vg > OV 1.2 5 mA
Threshold input "Qutpd . e _ Veoy = #18Y Vegy = -15V 0.8 _ _ v
voltage H—L Ry = 2000, Vo < 0V )
Suppty voltage Ve - 10 - 35 v
Capacitance c Vg=0 f= IMHz
S - : - 1.0 20
{input-output) Ta: 25C o
: - Vg = 500, Ta=25C 12 1
Resistance{mput-output) Rg - RH.5 E0% <10 10 —_ Q

* Al ypical values are at Ta =25°C  (*1): Duration of IQ time < 50us

3 : 2004-06-25



TOSHIBA

TLP250
Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test .
Characternistc Symbol Cir- Test Conditon Min. Typ.* Max. | Unit
cult
Piopagation L-H toLH — 0.15 05
delay tme Hool, - Ir = BmA (Nate 7) - 0.15 0.5
[} Veer = +15V, Veg = ~15V ¥s
Ouput rise time & R, = 2000 — - -
Qutput fall time s - - —_
Common mode transient Ve = 600V b = Smit
immunzy 3t high lavel Cuan 7 oA -5000 - - [ Vrips
output Voo = 30V, Ta= 25°C
Common mode ransient = Wz
immunity 3t low level oy RN A vy 500 | — — v
outpul cem AN, At es

* All typical values are at Ta = 25°C

Note 7: Input signal rise tme (tall tme) < 0.5 ps.

2004-U6-25



TOSHIBA

TLP250

Test Circuit 1.

Test Crcuit 3 : IOPH

+f]

—~

E

ol

Test Circurt 5: Vg,

-]

I
T

o

T T

s

e pom
1t
-

11 i
|: )] T 0.1pF

!

I

i

|
E 4
*

|

]

|
77

=
I
4[ hoa ves

Test Circust 4 VOH

VIE ’:}_8‘ thc:
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TOSHIBA

TLP250

Teost Circuit 6; 'pLH- tllHl.‘ 4t

C

J Ly

|
P T

3

Test Circut 7: Coris Coat

31 [For e,

AT
@
-

<
=N

| Vec

. L A

.. Yeu ;
= i
Rl T
00V
0% |
Vem
ﬂ{/ . \‘F————
T T
SW :A(lp=BmA)
v cur
Vo /\— W — 26V
ChL
SW B{lF=0)

Co . 38O (W)
)

Cun - 480 (V)
[T

Camp (CmH) 1s the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output

voltage in the iow {(high) state.
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TOSHIBA

65

TLP250

IF=-VF AVr ATa-df
0% 28
Ta=25°C
k) T ~
3 ] Z g
< ' -
g - = [
. 7 i3 I~
- f fa :
3 '%—g%———w Fo oo
2 os 7 3 3
§ &2 F g _§ e
w 61 § ?
3 10
G034 T
0.0 L BE]
X v2 1.4 1.8 [F) 20 I [T 3 5 16 E]
Forwerd voiage  WF () Forward cuter  IF  (mA)
lg-Ta Vcc -Ta
2 a
z
T 3] Q3
13 o \
[
3 - \
o -
3¢ i
-
i : i
: H
< i 8
2
<
[
[ EJ o) 20 & 100 ° x [ [ 30 100
Ambient temperatwe Ta {*C) Ambient tarparstura 78 {'C)

lopy, lopL - Ta

PYIZ5m {3 10KR

Afowible paak OUtpt CuTen|
o, lopr (A}

20

“

eo =« 100

Amtienl Tenperatwe Ta ('C)
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

+ The information contained harein s subject to change vathout hotice.

+ The information containad herein s presentad only as a guide for the applications of our products. No responstbility is assumed
by TOSHIBA for any infringenients of patents or other rights of the third parties ~hich miay result from its usa No license
granted by implicabon or otharwisa under any patent of patent rights of TOSHIBA or othars.

« TOSHIBA is contnually working to impiove the quality and reliability of its products. Navertheless, semiconductor devices m
genaral can matfunciion or fail due to thew nherent eledrical sensitivity and vulnecabulity to physical strass. It is the responsibility
of the buyer, when utiizing TOSIHIBA products, to comply with the standards of salety in makmg a safe design for the entire
syslem, and 10 avodd situations i which a malfunction or fadure of such TOSHIBA products could cause Joss of human e,
bodily inury or damage o property.

In developing your designs, please ensure that TOSHIBA products are used within specified oparating ranges as set forth in the
most recent TOSHIBA products specifications. Also, please keep in mind the precautons and conditions set forth m the
“Handling Guide lor Semiconductor Uevices,” or “TOSHIBA Semiconductor Reliabiity Handbook™ etc..

+ The TOSHIBA products hsted in this document are intended for usage in general efectronics applications (computer, personal
equipment, office eguipment, measuring equipment, ndustrial robotics, domestic appliances, etc.). These TOSHIBA products
are neither ntended nor wamamed for usage n equipment that requires extraordinanly high quality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury ("Unintended Usage™). Unintendad Usage include
atomic energy control instruments. airplana or spaceship instruments, transportation mstruments, traffic signal instruments,
combustion control instruments, medical instruments, 2! types of safety devices, etc.. Unntended Usage of TOSHIBA products
listed m this document shall be made al the customer’s own risk.

« The products described in this document are subject to the foreign exchange and foreign trads faws.

« TOSHIBA products should not ba embaddad to the downstream products which ase prohibitad to bs produced and sold, under
any law and regulations.

« GaAs{Gallium Arsenide) is used in this product. Tha dust or vapor is hamiful to the human body. Do nol break, cut, crush or
dissotve chemically.

8 2004-06-25
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1N4148 / 1N4448

FAST SWITCHING DIODE

Features

« Fast Switching Speed
s Genesal Purpose Hectification
« Silicon Epitaxial Planar Construction

Mechanical Data

= Case: DO-35

+ Leads: Solderable per MIL-STD-202,
Msthod 208

. Polaﬂl’y Cathode Barmd

o Marking: Type Number

+  Weight: 0.13 grams (approx.)

I T T
D
DO-3s5
Dim Min Max
A 25.40 -
B8 — 4.00
[ — 0.60
| D - 2.00
All Dimeasions in mm

Maximum Ratings @ T. = 25:C unlass otherwise specified

Characteristic Symbol a4 | 1Nesse Unit
Non-Repetitive Peak Reverse Voltage Vau 100 v
Pe&_ﬂe%aﬁtive Revarse Voitage Vera
Working Peak Reverse Volage Viwa 75 v
DC Blocking Voltage Va
RMS Reverse Voltage Vrrus) 53 v
Forward Continuous Curment {Noto 1) bres 300 ] 500 mA
Avarage Rectified Output Cument (Nota 1) o 150 mA
Non-Repetitive Peak Forward Surge Curret @ t= 1.08 4 10 A

@ta21.0p8 Su 20
Power Dissig;l\i'on (Nota 1) P 500 mvy
Derate Above 25°C e 1.68 mwWrEC

Thermat Resislance, Junction to Ambient Alr {Nota 1} Rasa 300 KW
Operating and Storaga Temperatura Range T;. Tara 8510 4175 *C

Electrical Characteristics @ Ta= 25°C unless otharwise specifisd

Cheractenstic Symbol Min Max Unit Teat Condition
Maximum Forward Voltage 1N4 148 - 1.0 le= 10mA
1N4448 Veu 0.52 0.72 v lr= 5.0mA
1N4443 - 1.0 Iz = 100mA
% VAT Tov = 1sec
. - nA a=70V, )= 150
Maxmum Peaak Reverse Cument frea 30 HA Vg = 20V, ‘IJ, = 150'C
25 nA Va =20V
Capacitance G — 4.0 pF Va=z0,1=$.0MHz
= 10mA Lo g =1.0mA
Raverse Recovery Time b —_ 40 ns Va= 6.0V, R = 1000}

Noles: 1. Valid provided that device terminals are kep! at ambiem temparahure.

DS12019 Rev. B-2

1ot2 1N4 148 / 1N4448
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Vi. INSTANTANEOUS FORWARD VOLTAGE (V)
Fig. 1 Forward Characteristics

DS12019 Rev. B-2 20f2

Vi = 20v -

100 200

T, RINCTION TEMPERATURE (°C)
Fig. 2, Leakage Cumend va Juncton Temperalure

1N4148 7 {N4448
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SN5407, SN5417, SN7407, SN7417
HEX BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE QUTPUTS

SDLSE32G - DECEMBER 1963 - REVISED MAY 2004

SNS407, SNSA1T ... J OR'W PACKAGE
SNT407, SN7417 .. . 0. N, OR NS PACKAGE
{TOP VIEW)

® Convert TTL Voltage Levels to MOS Levels

& High Sink-Current Capability

® Input Clamping Diodes Simplify System
Design

® QOpen-Collector Driver for Indicator Lamps
and Relays

® Inputs Fully Compatible With Most TTL
Circuits

description/ordering information

These TTL hex buffersidrivers featurs

high-voltage open-collector outputs for interfacing SN3407 ... FK PACKAGE

with highJlevel circuits (such as MOS) or for (10 VIEW)
driving high-cutrent loads {such as lamps or > g «‘._:) ;d <
- - ©

relays) and also are characlerized for use as

butters for driving TTL inputs. The SN5407 and 112019
SN7407 have minimum breakdown voRages of 24 Hjd 18 6v
30V, and the SN5417 and SN7417 have ne S 1 e
minimum  breakdown voltages of 15 V. The 2y e 16[] 54
maximum sink current is 30 mA for the SN5407 ne fj7 15[InC
and SN5417 and 40 mA for the SN7407 and JA Yl ‘ 5Y
SNT41T 9101t 1213
These devices perform the Boolean function »2%% 3
Y = Ain positive logic ©
NC - Na intema! eocnnacton
ORDERING INFORMATION
T PACKAGE! panstr | SR
Twe SNT40TD
Tape andreal | SNTZ0TDR 1407
SOC-0 e SNTATTD
Tape andreel | SNTATOR mn
rCemre SNTAGTN TN
POP-N - Tube SNTMTN SNT41TN
SNTADINSR | S1407
SOP-NS Tapeandreel Iomiiner | Shiat7
SNIS40T SNI5A07)
Com-1 | Tbe SNIB417) SNIB4 174
ECRIET [EETw e SNJSAOTW SNIS4OTW
LCCC - FK | Tube SNJSA07EK SNISA07FK

TPackaga drawings, standard packing quaniities, thermal data, symbolization, and PCB
design guidetines are available at www i.com/scipackage.

Please be aware that an important notita conceming avaiabifity, standard warranty, and use in crtical apphcations of
Texas Instruments samiconducior products and disciaimers theneio appaars at the end of this data sheet.

B>

PROGICTON QAT iesnnfun b coved o of e
Pbdnts cheloin i pacibctines pur e boms ol Ty iespemah
hﬁdrummumuﬂ

Copyright & 2004, Tezas insrumarnts ncomoniad
Onpraducts thouplunt b WLPE-- L ] e
wittes Khruin Wl On lno‘ .::-
neneuing deoe ael nessserlly Inchule ol sl pacmenm.

“9 TEXAS
INSTRUMENTS

POST CFFICE BOX GLI30] # DALLAS. TEXAS 72105 1
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SN5407, SN5417, SN7407, SNT417
HEX BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

S 5032G - CECEMBER 1843 - REVISED MAY X004

description/ordering information {continued)

These circuits are completely compalibte with most TTL {amilies. tnpuls are diode clamped to minimize
ransmission-line effects, which simplifies design. Typical power dissipation is 145 mW, anc average
propagation delay time 15 14 ns.

logic diagram, each bufferidriver (positive logic)

A {> Y

schematic

-
-
x
=

1 Voo
216k

T

]

!

]

Inpm A - ? o A

v
i @
—peag g
/v—/ \—’-/‘\N--il

_’I.
3
1 .;- —\:.
L lw
g 2
° 1

Supplyvoltage, Veg -0 o e e PPN A%
nputvoltage, Vi (SEe NOIO 1) ... ... L. e e e 55V
Outpst voltage. Vo (see Notes 1 and 2); SN5407 SN7407 ...... .. ....... ...ooon ceien o .en v
SNS417 SN7AYT 15V

Package thermal mpedance, 8, (seeNote 3): Dpackage .................... .. e 86C/W
Npackage ........... ... .... .... .... ....80C/w

NSpackage .......... . ....coiiiiininiionin. T6°C/W

Storage temperature fange. Tgrg ... .. o o -65°C to 150°C

1 Streases beyond those listed under “abach/ie Madmum ratings” may cause permanant damage to the device. These are stress ratings onfy. and
functional aperation of the device at (hese or any other conditions bayond those indicated under “reccmmendad apecating condibons” is not
mplied. Exposise o absolute-maximum-rated conditions. for extended periods may affact device raliabdity.
NOTES: 1. All voltage vakses are with respect to GND.
2. This is the maximum voltage that shoukl be appind 10 any output whan i 18 in the off state.
3. The package thermal impsdance is caladated i accordance with JESD 51-7.

TEXAS
INSTRUMENTS

2 FOIT OFFICE BOX 60100 * DALLAS, TERAS P10



SN5407, SN5417, SN7407, SN7417
HEX BUFFERS/DRIVERS
WITH OPEN-COLLECSTD%I HIGH-VOLTAGE OUTPUTS

32G -~ DECEMBER 190) - REVISED MaY 2004

recommended operating conditions {see Note 4)

MIN  NOM  MAX{ UMNIT

e Sttt SMSAOTSNeATT | &5 5 58|
CC Supply wiag SNTADT SNTAVT | 475 & 525

Viy  Hgh-level npwe voltage 2 Y

Vi, Leow-level input voltage 0e \'
SNG407, SNTA07 R

Vor  Hgh-fevel output voftage SNBA17, SNTANT w5y 7
SNSDT, SNSA 1T 30

oL Lowlevel output curtent SNTG0T, SNTATT | ™
, _ SNoI7 A 17 | 55 125

Ta  Operating free-ar lemperture SN 407 SNTA17 2 o]

NOTE 4: Al ynused inputs of the device must be held at Vo of GND to ensure proper device operation. Ratfer to the T1 appbcation report,
implications of Slow or Fioebng CMOS Inputs. Berature number SCBADOY

slectrical characteristics over recommended operating free-air temperaturs range (unless
otherwise noted)

PARAMETER TEST CORDITIONST MIN TYPT  MAX| UNIT
Vi Vo = MIN, I = ~12mA -15F v
'OH Voo = MIN V=2 Yo © 30 ViSNEIT, SaaD) 21 B

' Vi = 15V [SNE41T7. SNTLET) 0.25
1ot = 16 mA 0.4
VoL VGE = MIN, Vg =08V I = 30 mA (SNS4Q7, SM5417) Q.7 v
toL = 40 mA (SNT407_SNT41Ty 0.7
[ VG = MAX. V=55V 1] ma
™ Voo = MAX V=224V 40F pA
I Ve = MAX, Vi =04V =18} ma
IccH Ve = MAX 23 41
ca Ve = MAX 21 30| ma

1 For conditions shorn as MIN of MAX, usa the appropeiate value specified under recommended operating conditions.
T Al typicat values are al Ve = S V. Tp = 25°C,

switching characteristics, Voo =8 V, T = 25°C (see Figure 1)

FROM TO
PARAMETER {INPLT) {OUTPUT} TEST CONDITIONS MIN TYP MAX | UNIT

PLH - _ [} 10
ey A Y R =10Q C =15pF 3 1 B
PLH 15
vy A Y R =1500 ) =50pF xl =

R 1,

EXAS
INSTRUMENTS

POST OFFICE BOX A8T30) ® DALLAS, TEXAS 71288 3
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SN5407, SN5417, SN7407, SN7417
HEX BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE QUTPUTS

504 50326 - CECEMBER 190 - REVISED MAY 2004

PARAMETER MEASUREMENT INFORMATION

vee
[a]
<
s R
Fr°m| 0"}‘::( —T—L—.u Test Poimn
. CL
’[‘ |see Note A)
LOAD CIRCUIT
______ v
Input 1.5v 15V
} oV
le |
PLH T -~—-—H' (e >:~ tPHL
—— VOH
HighLevet in-Phose |
15V 15v 15V | 15v
Pulse Cimput m VoL
:+--- tw - b{ tPHL ~ta—-B l4-—-Bi- PLH
| ! v
Lowlevel g | | OH
owLevel —U O‘"*’fgl?l“;: 15V 15V
——— VoL
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE WIDTHS PROPAGATION DELAY TIMES

CL includas prebe and pg capactance

In the exampies above, ne phase reiationships betveeen tnputs and cusputs have been chosan artiganty.

Allinput putses are supphed by generarxs having the following characenstics: PRR = IMHZ. Zo = S0 0L 4T ns y< T s
The outputs are measwrad one 3t a lime. wih oNe NPLT TINSHIoN par Measurenent,

cowyr

Figure 1. Load Circult end Voltage Wavsforms

{'f TEXAS
INSTRUMENTS

4 3057 OFFICE BOX 42100 ® DALLAS, TEXAS 722870



TEXAS PACKAGE OPTION ADDENDUM

INSTRUMENTS
w5 som 28-Feb-2005

PACKAGING INFORMATION

Orderahle Device Stetus ! Package Package Pins Package EcoPlan™ Leod/Ball Finish MSL Peak Tempa'-
Type  Drowing Cry
MIUSI0BIBCA  ACTME  COIP J " None CalTl  LewdNC-NGNC
JMIESI000803304  ACTME  CFP W 5 None CATl  Level-NCNCNC
SNSAOT) ACTVE cowp J 14 1 None CalTi Level-NC-NC-HC
SN541TY ACTVE  CDIP J T None CatTl  LevelNC-NCANC
SNTA0TD ACTME  SOIC b) 14 50  PbFre  CUNIPDAU Levei2-260C1 YEARS
{RoHS) Levek1-235C-UNUIM
SNTA0TDR ACTVE  50IC D 15 250 PoFree  CUNIFDAU Level2-260C-1 YEARY
{RotS} Levek 1-23EC-UNUM
SNT407) OBSOLETE  CDWP J 1 None Cali  cAm
SNT4O0IN ACTVE PO N 1 25  PoFree  CUNIPDAU Level-NC-NCNC
{RoHS)
SNT407N3 OBSOLETE PDIP N 14 Norta Camn  Ccal
SNT40TNSR ACTNE SO NS 12 000 PbFree  CUNPDAD Level2-260C-1 YEAR]
{RoHS) Leve-1-235C-UNLIM
SNTAITD ACTME  S0IC ) 15 50 PoFree  CUNIPDAU Level-2-260C-1 YEARS
{RoHS) Levl-1-235C-UNLIM
SNTAITDR ACTVE SO D 15 2500 Pbfree  CUNIPDAU Level-2-260C-1 YEAR;
{RoHS) Level-1-235C-UNLIM
SNTATIN ACTVE  POIP N 4 2% PbFree  CUNIPDAU  Leve-NC-NGHNC
{RoHS)
SNTHIN3 CBSOLETE  PDIP N T None CalTl  CaTM
SNT4{INSR ACTVE SO NS 4 2000 Phfree  CUNIFDAU Lewed-2-260C-1 YEARS
{RetS) Lol 1-Z35G-UNLIM
SNSADTFK ACTVE  LCCC  FK K None CalTl  LevebNCNCNC
SN0 ACTVE  CDIP J W1 Nane CalTl  Level-NC-NCNC
SNISOTW ACTVE  CFP W Moo None CaTl  LevelNC-HCNC
SNU5A17 ACTIVE  COIP J | Nona CalTl  LevedNCHONC

" The marketing status vatues are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that tha devica will be descontinued, and a bfetime-buy period & in effecl

NRND: Not recommended for new designs. Device s in production 1o support existing customers, but Tl does nat recommend using this part m

a ngrw design.
PREVIEW: Dewice has been announced but is mot in production, Samples may of may nol be avatiable.
0BSOLETE: TI has dscontinued tha production of the device.

™ Eco Plan - May nol be currently available - please check htip:/Avawi.comiproductcontent for the Latest avallability information and additional
product content details.

None: Not yet avastable Lead (Pb-Free).
Pb-Free(RoHS):Trsten'nsWra‘w%Fm‘mWMUﬂnmmhdeﬁm
for 24 6 substances, in the requirement that kead not exceed §.1% by weight in homogeneous matenals. Where designed to be soldered
at high temperatures, T1 Pb-Free products are suitable for use n specified Jead-free processss.

Green (RoHS & no SbVBi): Ti defines "Gieen™ to mean "Pb-Free” and in additon, uses package matesials that do nol contain halogens,
induding brormane (Br) or antimony (Sb) above 0.1% of total product weight

1 MSL. Peak Temp - The Moisture Sensitivity Level rating accordmg to the JEDECindustry standard classifications, and pea. sokder
temperature.

Important lnformation end Disclaimer: The mformaton provided on this page represents TT's knowledge and belief as of the date thal t 5
provided. T1 bases its and betief on informabon provided by thd partres, and makes no 1 ion or warranty as o the
accuracy of such information. Efforts are undenvay to better imtegrate information from third parties. T1 has taken and continues lo ake

Addendurn-Page 1

73



Te PACKAGE OPTION ADDENDUM

XAS

INSTRUMENTS
wwe li,com 28-Feb- 2005

reasonable steps o provide representative and accurate information but may net have conducted destructive {esting or chenmeal analysis on
meomng matenals and chemicals. T1 and T suppliers consider certain information to be propeietary, and thus CAS numbers and other mited
information may not be available for release.

In no event shall TT's liablity arising out of such information exceed the total purchase price of the T! part(s) at ssua in this document sokd by T1
to Customes on ap annual basis.
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NOTES: Ab lnegr dimensions are in inches {milimeters).
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This package Is hermeticclly seafad with o ceramic lig using gloss it

Index pont is provided on cop for termingl Kentification only on press ceromic gloss hit seal onty.
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MECHANICAL DATA
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NOTES:

. Al lnecr dimensions ore in inches {mitimelers).

. This drawing is subject to chonge without notice.
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HLCCO068 - OCTOBER 1956
e
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NOTES: A Al tinear dmensions are in inches (mllimeters),
B. This drawing is sublect to change without nofice.
C. Thas package can be hermetically sealed with a metal lid.
D. The terminals are gokd piated.
E. Fals within JEDEC MS-004
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MECHANICAL DATA
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MECHANICAL DATA

D (R-PDSO-G14) PLASTIC SMALL-OUTLINE PACKAGE
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right 10 make comrections, modifications,
enhancements, improvements, and other changes to its protducts and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placmng
orders and should verify that such information is currens and compiete, Al products are Scid subject to TI's terms
anda conditions of sale supptied at the time of order acknowledgment.

Tt warmants performance of its hardware products {o the specifications applicable al the time of sale in
accordance with Ti's standard warranty. Testing and other quality control techniques are used to the extent TI
deems necessary to support this warranty. Except where mandated by govemment requirements, testing of ait
paramelers of each product Is not necessarily performed.

Ti assumes no llabiilty for applications assistance or customer product design. Customers are responsitie fur
their products and applications using T components. To mirumize the risks associated with customer products
and applications, tustormers should provide adequate design and operating safequards.

Ti does not warmant or represent that any Ucense, either express of implied, is granted under any Ti patent right,
copyright, mask work nght, of other Ti intellectual property right reating to any combination, machine, of process
in which T} products of sefvices are used. Information published oy Ti regarding third-party products of services
does nol constitute a license from Ti 1o use such products OF services or a wamanty or endorsement thereof.
Use of such information may require a license from 2 third party under the patents of other intellectual property
of the third party. or 2 license from T under the palenle or other inlellectual property of Ti.

Reproduction of information In Ti data books of data sheets is permissibie only it reproduction is without
alteration and is accompanied oy all associated warantes, conditions, imitations, 2ng notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. T is not responsibie or liable for
such altered documentation.

Resale of Ti products or services with statements different from or beyond the parameters stated by T1 for that
product or service voids all express and any implied warranties for the assoclated T product of service and
is an unfair and deceplive business practice. Tl is not respensible or liable for any such statements.

Foilowing are URLs where you can obtairi information on other Texas instruments products and application
solutions:

Products Applications

Amplifiers ampufier.ti.com Atxtio www_{I.com/audio

Data Converters dataconvener.tl.com Automotive www_li.comvautomotive

Dsp dsp.t.com Broadband " www.l.combroadband

intertace interface ti.com Dignal Control www.tl_corvdigitaicontrot

togic loglc.4.com Military www._tl. comymilitary

Power Mgmt power.i.com Oplical Networking www.ti.comr/oplicainetwork

Microcontroliers microcontrolleri.com  Securty www.l.comusecurity
Telephony www. li.comvteiephony
Video & Imaging www. li.comvideo
Wireless www li.comywireless

Mailing Address: Texas Instruments
Post Ofce Box 655303 Dallas. Texas 75265

Copyright @ 2005, Texas Instruments incorporated
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