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ABSTRACT

This thesis presents a method of controller of power output inverter in high
frequency induction melting. That uses the principle of adjustable of number of pulse
(POM). In one period of switching frequency from inverter with 4, 3, 2 and 1 pulses, if
induces AC voltage square wave connected with RLC series resonant of high frequency
induction melting. For voltage and current waveform from input inverter, output inverter from
50 Hz AC square, it can take these results for calculating output power from spectrum. it
also calculates efficiency between output inverter and 50 Hz AC source. To confirm this
method is true, we wili compare the result between simulation resuit and the experiment

result, and we found both of them is the same.
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Current
Diameter over capacity in
Insulation(inches) Nominal Resistance milliamperes
circular per 1000 based on

AWG Min. Max. mail area ft 1000c.m./A
8 0.130 0.133 16510 0.6281 16510
9 0.116 0.119 13090 0.7925 13090
10 0.104 0.106 10380 0.9985 10380
11 0.0928 0.0948 8230 1.261 8226
12 0.0829 0.0847 6530 1.588 6529
13 0.0741 0.0757 5180 2.001 5184
14 0.0667 0.0682 4110 2.524 4109
15 0.0595 0.0609 3260 3.181 3260
16 0.0523 0.545 2580 4.020 2581
17 0.0476 0.0488 2050 5.054 2052
18 0.0425 0.0437 1620 6.386 1624
19 0.0380 0.0391 1290 8.046 1289
20 0.0340 0.0351 1020 10.13 1024
21 0.0302 0.0314 812 12.77 812.3
22 0.0271 0.0281 640 16.20 640.1
23 0.0244 0.0253 511 20.30 510.8
24 0.0218 0.0227 404 25.67 404

25 0.0195 0.0203 320 32.37 3204
26 0.0174 0.0182 253 41.02 252.8
27 0.0157 0.0164 202 51.44 201.6

A191971 2.3 LROIAN BUTTDIVARIANDIUAINUDTAI 9
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- AWG

10
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13
14
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16
17
18
19

20
21
22
23

24
25
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27
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32
33
34
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A15197 2.3 WRAIANHMEUDITAAIANDIUANLBIA1 9 (da)

~ Current
Diameter over capacity in _
Insulation(inches) Nominal Resistance milliamperes
circular per 1000 hased on

Min, Max. mail area ft 1000c.m./A AWG
0.0141 0.0147 159 65.31 158.8 28
0.0127 0.0133 128 81.21 127.7 29
0.0113 0.0119 100 103.7 100 30
0.0101 0.0108 79.2 130.9 79.21 31
0.0091 0.0098 64 162 64 32
0.0081 0.0088 50.4 205.7 50.41 33
0.0072 0.0078 39.7 261.3 39.69 34
0.0064 0.0070 3.7 330.7 31.36 35
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Resistivity Relative Skin Surface Melting

Material pS 20°¢ [1] permeability | depth resistivity Point [1]
(Qm) (#m ) 55_ RS (OC)

(mm.) (Q) |

Iron 9.71%10" 100 00592 | 1.6402x10" 1538
Silver 150%10° "1 0.2398 0.0663%10" 962
Aluminium* | 285%10° 1 0.3096 0.0856X10" 660
Lead | 20.65x10" 1 0.8644 0.2383X10° 327
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Memory Products

DESCRIPTION

Philips Components—Signatics 27C64A
CMOS EPROM is a 85,536-bit 5V read
only memery organized as 8,192 words
of 8 bits each. It employs advanced
CMOS circuitry for systems requiring
law power, high-performancs speeds,
and immunity to noise. The 27C64A has
anan-multiplexed addressing interface
and is configured in the JEDEC
standard EPROM pinout.

Quick-pulse programming is employed
on plastic devices which may speed up
programming by as much as ane
hundred times. In the absence of

27C64A

64K-bit CMOS EPROM (8K x 8)

FEATURES
* Low powar consumption
- 100zA maximum CMOS standby
currant
# High-parformance speed
- 90ns maximum access time
* Noise immunity features
~ £10% V¢ tolerance
- Maximum lateh-up immunity through
Epitaxial processing
* Quick-pulse programming aigorithm

PIN DESCRIPTION

quick-pulse programming equipment, AQ - A12 Addresses
the intelligent programming algorithm 00 -07 Outputs
may be utilized. CE Output Enable
Tho 27C64A is avaitable in windowed Gt Chip Enable
Ceramic DIF, the Plastic DIP and the NC No Connection
PLCC packages. This device can be GND Graund
programmed with standard EPRQM Vep Program voltage
programmers. Vee Power supply
Du Don't Usa
PGM Program strobe
BLOCK DIAGRAM
DATA QUTPUTS
00.-07
Lttt
™ ——+]  CUTPUT ENABLE
PCH ——a PROGHAMMING LOGIC QUTPUT BUFFERS
CE —— CHIP EMABLE
¥ DECODE Y=GATHG
5,538 BT
AD - a32 X DECODE CELL MATREX
ADDRESS —*
HPUTS

Id

PIN CONFIGURATIONS

FA, N Packages

_ A Package

T AT A12Vpp DU Ve cPGM HE
juiniaiaiziai:]

as[5] . [25) As

as[e] 58] a0

M[T] AT

A} 7] wc

az[v] [25] OE

A1 [t [73) a0

Ao (T3] 23] CE

a5




Philips éompmems—signeﬂcs Memory Products

Preduct Specification

64K-bit CMOS EPROM (8K x 8)

27C64A

READ MODE:

The 27CB4A has two cantrol funciions, both
of which must be logically ective in order 1o
obtain data at the outputs. Chip Enable (CE)
is the power control and should be used for
devica selection. Output Enable (OE) is the
output control and should be used to gate

ORDERING INFORMATION

data trom the owtput pins. Data is available at
the oulputs atter a delry of toc from the
falling edge of OF, atsuming that CE has
beon low and addrasses have been stable for
atleast tace - log

STANDBY MODE

The 27CE4A has a slandby mode which
reduces the maximum Ve curment to 100pA.
Itis placed in the Standby mode when TE is
in the High state. When in the Standby mode,
the: outputs are in a high-impedance state,
independant of the OF input

PACKAGE DESCRIPTION ORDER COOE
COMMERCIAL MDUSTRIAL AUTOMOTIVE
2TCE4A-80 FA
b s i : f 27CE4A-12 FA 27C64AN2 FA 27CE4AA12 FA
zsgop"i‘l_%:"‘” Dual In-Line with quartz window 27CE4A-15 FA 27CH4A115 FA 27CE4AA1S5 FA
27C64A-17 FA 27C64A120 FA 27C64AA20 FA
27CE4A-20 FA
27CEB4A 90N c
o : " 27CEB4A-12 N 27CB4A112 N 27C64AA1ZN
28 F‘uﬁﬂ;;bc Dual in-Line 27CB4A-15N 27C64AIT5N 27CB4AMIS N
27CB4A-1T N 27C64AI20N 27CBAAAZ0N
27C64A-20 N
27C64A.90 A
. . . . 27CE4A-12 A 27Ce4Al12 A 27C64AA12 A
350 S 2000 Chip Camer 27C64A-15 A 27C64A1I5 A 27CB4AA1S A
27CB4A- T A 27CB4A120 A 27C64AA20 A
27CE4A-20 A
ABSOLUTE MAXIMUM RATINGS!
SYMBOL PARAMETER RATING UNIT
‘r“9 Storage temperature range 8510 +125 *C
V. Va Voitags inputs and outputs 2010 {Veg + 1} v
Wy Voltage on AS? (During inteliigent klentifier interrogaton) -2.010+13.5 A
Yrp Voltage on Vpp {During programming} -2.010 +14.0 v
Veo Supply valtage? -2.010 +7.0 v
NQTES:

1. Stesses above those listed under "Absolute Maximum Ratings ™ may cause permanent damage to the devico This is a siress rating only and
functonal operation of the dovice al these or any othar condilions above those ndicated in the operational sections of (his spacitication is not
implied. Exposure to absolute maximum rating condiions for extended periods may affect device refiability.

2. All voltages are with respect ta network ground

DEVICE OPERATION!

OPERATING TEMPERATURE RANGE

MODE CE OE PGH Vep?2 | OUTPUTS PARAMETER RATING (°C})
Raad Vo Vo Vi Veo Dout COMMERCIAL
Oto +70
Qutput Disable ViL Vi Vi Veo Hi-Z
. . INDUSTRIAL
Standby Vi X3 3 Ve Moz Operating temperatsre range’ Ty 40 10 485
NOTES: | AUTOMOTIVE
1. Afl voltages are with respact to network ground. 4010 +125

2. Vpp may be one diode valtage drop below Vee, and can be con-

nectad directly o Vee.
3. Xcan be Vi or Vg

November 12, 1990




Phitps Components-Signetics Memery Products Product Specification
64K-bit CMOS EPROM (8K x 8) 27C64A
DC ELECTRICAL CHARACTERISTICS
Qver operating temparature range, +4.5V < Ver < +5.5V
SYMBOL PARAMETER TEST CONDITIONS uMITS UNIT
MIN 1 TYP* | MAX
Input ctrrent
I Leakaga Vin = 5.5V = Vi 0.01 10 uA
I Low Vo =045V 0.01 -1.0 WA
‘pp Vpg read Vpp = Vcc 10 u.A
Quiput current
o Leakage OF or TF = Vg, Vout = 5.5V = Vo 3.0 1.0 uA
log Short circuit™- ¢ Vout = 0V 100 mA,
Supply current
lee TTL Operating {TTL inputs)® & E,E:E\Fc;-\ga _' 6; 1_ 101':_'”'::\: 3o mA
lec CMOS | Operating (CMOS inputs)®- & n mﬁ?ﬁ?{ "3;101 Jgﬂ‘om A 18 mA
Isg TTL Standby (TTL inputsy* TE a V, 1.0 mA
lsp CMOS | Standby (CMOS inputs)® CE « Vy 100 nA
Input voltage?
Vi Low {TTL) Ve = Voo 05 0.8 v
Vi Low {CMOS) Ve = Voo 0.2 0.2 v
Viu High (TTL) Vep = Yeo 2.0 Vee + 0.5 v
Vi High {CMOS) Vop = Ver Vee -0.2 Veo + 0.2 ¥
Vep Read® (Operaung) Vec-0.7 Veo v
Cutput vollage?
Var Low log = 2.1mA Q.45 v
You High low = -2 SmA 35 v
Capacitance® Ty, = 25°C
Cin Address and contol Voo = 5.0V 1= 1 0MHZ [} pF
Cout Oulputs Vi = OV, Vigyr = OV 12 pF
NOTES:

Minimum DC input vollage is -0.5V. Dusing transinons the mnputs may undershosl 10 -2 GV lor panods loss than 20ns

1
2. Alivoltages are with respect 1o network ground.
3. Typical limits are 8t Vg = 5V, Ty = 25°C.
4, TTL inpuls: Spec V), Vy, levels.

CMOS mputs: GND + 0.2V 10 Ve £ 0.2V

. TEis Ygg £ G.2V. Al other inputs can have any vatue within spec
. Maximum active power usage is the sum ot lpp + tee and is measurad at a trequency of 11.1MH2,

. Vpp may be ona diode voltage drop below Ve, and can be connected directly to Vec

5
6
7. Teslone output at a time, duration should not cxceed 1 second.
1]
g

. Guarantged by design, not 100% lested.

November 12, 1990
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Philips Companenis-Signetics Memory Praducts

Product Specificabion-

64K-bit CMOS EPROM (8K x 8) 27C64A
AC ELECTRICAL CHARACTERISTICS
Over aperating lemperalure range, +4.5V < Vee < +5.5V, Ry = 66012, C, = 100pF*
2TCSAA-12 ATCB4A15 27C64A-20
SYMBOL T0 FROM 27C6AAQ0 27CeaAl2 27CB4AHS 2TC64AT 27C64A120 UNIT
2TCEAAA12 27C84AALS 2TC64AA20
MIN | MAX | MIN | MaX | aiv | Max [ aiN T MAX [ wiN ] max
Access lime’
tace Cutpul Address 80 120 150 170 200 ns
Tce Cutput CE 90 120 150 170 200 ns
tog? Cutput OE 40 60 65 70 75 13
Disable time?
tor Output Hi-Z [213 25 o a5 50 55 ns
or Output hold Airess. o ) ) 0 0 ns
NOTES:
1. AC characteristics are wesled at Vi = 2.4V and Vy_ = 0.45V Timing measurements made a1 Vg, = 0.8V and Vo = 2.0V.
2. Guarantaed by design, not 100% tesied.
3. UE may ba dalayed up 10 icg - lor aher the falling edge of TE without impact on (o
4. For 90ns pent, C| = 30pF.
AC VOLTAGE WAVEFORMS
T cens ¥iu
ADDRESSES X( *m‘
XY Vi
YiH
CE
Lese YiL
¥IH
o
suve Yo
oF ]
b
- .
oUTPUT ne VAUD QUTPUT )E\ 2
NAWY .74
i ¥iL
AC TESTING LOAD CIRCUIT
.l.#.v
AL
DEVICE
UnDER |— ouT
TEST
T &
——

Flgure 1. Test Configurstion

November 12, 1990




Philips Components—Signetics Memary Produdts

Product Specification

64K-bit CMOS EPROM (8K x 8)

27Ce4A

PROGRAMMING INFORMATION
Complete programming systam specfications
for both the ntefligent programming method
and for the quick-pulse programming method
arg avallable upon request from Signetics
Memory Marketing.

Signetics encouragas the purchase of
programming equipment from a manufacturer
who has a lull line of programming products
w0 offer. Signetics alse encourages the
manufaciurers of EPROM proagramming
equipment to submit their equipment far
veritication of elactrical paramaters and
programming procadures. Information on
manutacturers olering equipment ceriified by
Signetics is avaitable upon request from
Signetics.

PROGRAMMING THE 27C64A
Cautlon: Excoeding 14.0V on Vpp Pin may
parmanenty damaga the 27C64A.

Initially, all bits ol the 27C64A are in the "t~
state. Data is introduced by selectivaly
programming "0"s into the desired bit
locations. Although only “07s will be
programmad, both *1°s and *0"s can be
present in the data word,

The data to be programmed is applied 8 bils
in paraliel 1o the data cutput ping, The levels
required for the address and data inpuis ane
standard TTL logic lavels.

QUICK-PULSE PROGRAMMING
ALGORITHM

Signetics plastic EPROMSs can ba
programmad using the quick-pulse
programming algorithm to substantially
reduce the through-put Bme in tha production
enviranmaent. This algorithm typically allows
plastic devices 10 ba programmed in under
four seconds, a significant improverment aver
previous algarithms, Actual programming
time is a unction of tha EPROM
pragremming equipment being used.

The quick-pulse programming algorithm uses
inilial pulses of 100us followed by a byte
verilication 10 detarmine when the address
byte has baen succasstully programmed. Up
10 28 100us pulsas per byle are provided
belora a failure is rocognized (rafer ta the
lofawing pagos for algedthm spociications).

Navemnber 12, 1990

ERASURE CHARACTERISTICS
The erasure characteristics of tha 27C64A
are such that erasure begins to ocour upon
exposure to light with wavelengths shorier
than appraximately 4000 Angstroms (A). tt
should be noted that sunkight and certain
types of fuorescent lamps have wavelengths
in the 3000 - 4000 A range. Data shows that
constant axposure to reom evel flucresceny
lighting could erase the typical 27C644 in
approximately three yaars, whie it would take
approximatgly one week o cause erasure
when exposed ta direct sunight. I the
27CE4A is to ba expossd 10 thesa lypes ol
lighting conditions kor extended periads of
time, opaqgue labails should be placed aver
the window to prevant unintanthonal erasura.

The recommended erasure procedure for

the 27C64A is exposure i shortwave ukra-
violat light which has a wavelength of 2537
Angstroms (A). The integrated dose (ie., UV
intensity x exposura tima} for arasure should
be minimum of 15Wsec’cm?. The erasure
time with this dosage is appraxsmately 15 lo
20 minutes using an wiravioiet lamp with a
12,000uWicm? power rating The 27G64A
should be placed within one inch of the lamp
tubes during erasure. The maxmum
inegrated dose a 27C64A can be exposed 1o
without damage is 7258Wse/cm? (1 week @
12000uW/cm?). Exposure of Mese CMOS
EPROMs ta high intenmity UV kght for longer
pericds may cause permanent damage.

INTELLIGENT PROGRAMMING
ALGORITHM

The 27CB4A intelligant programming
algorithms rapidly program CMOS EPROMS
using an efficient and reliable method
panicularly suited to the production
programming environment. Aciual
programming times may vary due o
differancas in programming equipment.

The inteligent identifier also provides the
reading ou? of a binary code from an EPROM
that will identdy its manufacturer and type,
This is intended for use by programming
equipment for the purpose of automatically
matching the device to be programmed with
its comespending programming algoritvn.
This mode is funcuonal in tha 25° + 5°C
ambient tamperatura range that is required
when programming the 27CE4A. To sclivate
this mode, the pragrarming equipment must
force 15.5V to 12.5V on address AB ol the
27C64A Two byles may then be read from
the device cutputs by toggling address line
AD from Vy to V. The TE. OF and all other
address linas must be at Vy_dunng
inlerrogaton.

The dentfier intarmation for Signetics
27CB4A is as follaws

When AQ = Vl
daty is “Manufacturer” 150
When AQ = ¥y
data s “Product” OBgexy

Programming reliability iz also ensured as the
incremental program margin of each byte is
continually monitored to determine when it
has been successiully programmed. The
pregramming algorithm utiizes twa different
puise types: initial and overprogram. The
duration of tha initial PFGM puisa(s) is 1ms.
which [s then followed by a langer
averprogram pulse of AXms. X is an itaration
countar and is equal lo the number of the
initial 1ms pulses applied to a paricular
location betfara a carrect verity accurs. Up to
25 1ms pulses per byte are provided for
belore the overprogram pulse is appiied.

When the intelligent programming cycle has
beencompleted, all bytes should be compared
o the original data source with Voo = 5.0V
{raferto the following pages for algorithm spaci-
fications).

CMOS NOISE
CHARACTERISTICS

Special epitaxial proce ssing tachniques have
enablad Signetics 1 build CMOS with
leatures that add to system reliability. Thesa
include input’cutput protection to fatch-up lor
stresses up to 100mA on Address and Data
pins that range from -1V to (Voo + 1V). In
addition, the Vpp (Programming} pin is
dasigned to resist latch-up to the 14V
maximum device fimic

SIGNETICS DISCOURAGES THE
CONSTRUCTION AND USE OF
“HOMEMADE" PROGRAMMING
EQUIPMENT

In ordar to consistently achieve exceilent
programming yields, periodic calibration of
the programming equipmen is required,
Consut the equipment manufacturer for the
recommended calibration interval. Signatics
wamanty for programmability extends only 1o
preduct that has been programmed on
certified equipment that has been serviced to
the manutacturers recommendation,



Philips Components—Signetice Memory Products

Producl Specitication

64K-bit CMOS EPROM (8K x 8) 27C64A
INTELLIGENT PROGRAMMING ALGORITHM
OC PROGRAMMING CHARACTERISTICS
Tamo = 25°C £5°C. Vg = 6.0V £0.25V, Vpp = 12.5V 0.5V

SYMBOL PARAMETER TEST CONDITIONS LINITS UNIT

MIN MAX

l) Input current (all inputs) Vi = Vi or vy 1.0 e

Vi, input tow level {all inputs) 0.1 0.8

WViH Input high level 24 6.5 v

VoL Output low voliage during verify loy = 2.1mA 0.45 v

Vou Output high voltage during verify lon = -2.5mA s A

leca Voo supply current 00- 15 « OmA 50 mA

lppz Vpp supply current {program) TE = V. 50 mA
AC PROGRAMMING CHARACTERISTICS

SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT

MIN TYP MAX

lag Addrgss setup time 2 ns

oEs DOE setup tima 2 us

tos Data sewp time 2 us

tan Address hald time 0 us

[ Data hold time 2 [T

e’ OFE high to output foat delay 0 130 ns

typs Vpp setup tirne 2 1S

tvgs Voo sotup ma 2 us

fces CE setup time 2 us

tow CE initial program puise width Now 1 0.95 1.0 1.05 ms

lopw CE overprogram puise width Nota 2 2.85 7875 ms

log Data valid from TF 150 us
AC CONDITIONS QF TEST
Input Rise and Fall Times (10% to 90%) . 20ns
Input Pulte Levels . .. . . .. 0.45¥ 10 2 4V
Inpul Timing Reterenca Level .. ., . - 0.8V and 2.0V
Ouiput Timing Reference Leved . .......... 0 . 0.8Vand20V
HOTES;

1. Initial program pulse width 1olerance is 1ms 5%,

2. The length of the overprogram pulse may vary from 2.85msec w 78 75msec Bs a function of laration counter valug X,
3. The parameter is only sampled and is not 100% rested. Output Floal is defined as the point where data is no longer driven — see Bming

diagram.

4. During programming, a . 1uf capaditor is required rom Vpp to GND noda, to supprgss voliage fransients that can damage the davice,

November 12, 1390




Philips Components—Signetics Memory Products

Producs Spacification

64K-bit CMOS EPROM (8K x 8)

27C64A

INTELLIGENT PROGRAMMING ALGORI{THM WAVEFORMS

ADDRESS

DATA

PROGRAM in-rie READ VERIFY
I ¥
X ADDRESS STABLE ADDRESS VALD
Vi
b tas~ ! ‘DFP‘] ~ |——ucc—-
§ ¥ Vie
DATA IN DATA OU YALID
STABLE VALID ouTPUT
¥ie
I Kl

L 125V

Vin

l hiid]

— OV

Yo ’ | s.0v

| tyes {

¥in

YiL

Ces —
.\ i \ Vin
H | N
ol e e [0 ] o
—\, YiH
YL

Noevember 12, 195D
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Philips Camponents—Signetics Memary Products Product Specification

64K-bit CMOS EPROM (8K x 8) , 27C64A

INTELLIGENT PROGRAMMING ALGORITHM FLOWCHART

Voo = 60V
¥pp = 123¥

FAIL DEVICE
FAILED

IHCREMENT ADDR

DEVICE
FARLED

November 12, 1590 lier



Philips Components-Signetics Memary Products Praduct Specificavon

64K-bit CMOS EPROM (8K x 8) 27C64A
QUICK PULSE PROGRAMMING ALGORITHM
DC PROGRAMMING CHARACTERISTICS
Tamt = 25°C #5°C, Vpg = 6.25V +0.25V, Vpp = 12.75V $0.25V

SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT

MIN MAX

I input current {alt inputs) Vin = Vg or Viy 1.0 WA

Vi, fnput low level (sll inputs) 1 08 v

Vin tnput high tevel 2.4 8.5 v

Voo Output low voltage during verily ko =2 TMA 0.45 v

Von Output high voltage during varify lows = -2.5mA 3as A

Icca Ve supply current Q0+ 15 = 0mA 50 mA

fapz Vep supply current (program) TE « ¥y 50 mA

Vpp Pregramming voltage 125 13.0 vV
AC PROGRAMMING CHARACTERISTICS

SYMBOL PARAMETER TEST CONDITIONS udITS UNIT

MIN TYR MAX

tas Address setup lime 2 pus

toes OE setup time 2 Hs

tos Data setup time 2 Hs

taw Address hold ima Qo KE

o Data hold ime 2 Rns

toep? OF high to output float delay o 130 ns

typg Ve setup time 2 S

tves Ve setup time 2 s

tow CE initial program pulsa width Noto 1 .085 0.100 | 0.105 ms

loPw CE overprogram pulse width Nota 2 2.85 78.8 ms

e Data valig from TF 150 us
AC CONDITIONS OF TEST
Input Rise and Fall Times (10% to 90%) . . 2Ons
Inpui Pulse Levels . ... .. ...... . . 0.45V 10 2.4V
Inpul Timing Reference Level ........ ., . . .. .. 0.8Y and 2.0V
Output Timing Reference Level . . 0.8V and2 0V
NOTES:

1 Imtal program pulse width tolerance 15 1ms =5%.
2 The length of the overprogram pulse may vary lrom 2 BSmsec to 78.75msec aa a functon of neraten counter value X

3. The parameter is enly sampled and is not 100% tested. Output Float 15 defined as the point where data is no longer driven — seq uming

dragram.

4 During programming, a 0.1t capactor is roquired from Vee 10 GND node, 1o suppress voltage transients that can damage the dawice.

November 12, 1990
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Philips Components-~Signolics Memary Produets Product Specification
64K-bit CMOS EPROM (8K x 8) 27C64A
QUICK PULSE PROGRAMMING ALGORITHM WAVEFORMS
‘ i PROG iy i READ VERIFY
i | i
ADDRESS ADORESS STABLE ADDRESS VALID
YiL
Fl-lAs-b IDFPW - L‘* Im——
g L{
DATA IN DATA OUT A wue "
DATA STABLE VAUD A R
Vi
—n - 1pg - [+ gy L:-A-H—
; 12.75¢
| -. L
ViH
‘ '\rpsl
A : ; sy
| ' . sov
Voo : v
Lves, f
| Vin
e |
: viL
wes —=
- Vv Yin
PCH I \
vig
tpw Lo aga—srt [+ o
\ ¥iu
[+
\_/ i
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Philips Components-Signetics Mamory Praducts

Product Specification

64K-bit CMOS EPROM (8K x 8) 27C64A
QUICK PULSE PROGRAMMING ALGORITHM FLOWCHART
¥pp x 1275V
_—C PROGRAM ONE 1004a PULSE )
YERFY FAIL
WORD
PASS
DEYICE
FAILED

YES
Yoo = Yep s S0V

COMPARE
ALL WORDS TO

ORGINAL
DATA
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#ff TEXAS

TL494
INSTRUMENTS PULSE-WIDTH-MODULATION CONTROL CIRCUITS
www.ti.com SLVSQ74E—JANUARY 1983—REVISED FEBRUARY 2005
FEATURES L D, DB, N, NS, OR PW PACKAGE
¢ Complete PWM Power-Control Circuitry (TOP VIEW)
+ Uncommitted Qutputs for 200-mA Sink or )
Source Current 1IN+ ] + 16 ] 2IN+
» Output Control Selects Single-Ended or UN-[2 15[ 2IN-
Push-Pull Operation FEEDBACK[|3 4] REF
* Internatl Circuitry Prohibits Double Pulse at DZ?E ; 1; % SUTPUT CTRL
Either Output arlls wl Cgc
+ Variable Dead Time Provides Control Over ano[l7 10f] E2
Total Range cil]s sl E1
¢ Internal Regulator Provides a Stable 5-V

Reference Supply With 5% Tolerance

¢ Circuit Architecture Allows Easy
Synchronization

DESCRIPTION

The TL494 incorporates all the functions required in the construction of a pulse-width-modulation (PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply control circuitry to a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control {DTC) comparator,
a pulse-steering control flip-flop, a 5-V, 5%-precision regulator, and output-control circuits.

The error amplifiers exhibit a common-mode voltage range from =0.3 V o0 Vo — 2 V. The dead-time control
comparator has a fixed offset that provides approximately 5% dead time. The on-chip oscillator can be hypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous muitiple-rail power supplies.

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which can be selected through the output-control
function. The architecture of this device prohibits the possibility of either output being pulsed twice during
push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494l is characterized for operation from
~40°C to 85°C.

AVAILABLE OPTIONS

PACKAGED DEVICES!Y
T i SHRINK SMALL THIN SHRINK
A SMALL OUTLINE PLASTIC DIP | SMALL OUTLINE OUTLINE SMALL OUTUINE
OCo70°C | TL494CD TL4G4CN " TL494CNS TL494CDB TL494CPW
—40°C 10 B5°C | TLA94ID TLAG4IN — - -

b

A

The D, DB, NS, and PW packages are available taped and reeled. Add the sufiix R to device type {e.g., TL494CCR).

Please be aware that an imporani notice concerning availaoility, standard warranty, and use in critical applications of Texas
Instruments semicenductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information 15 current 83 of publication dats,
Products conform to specificalions per the tarns af the Texas
Instruments standard warranty. Production processing does not
necassanly include 1esling of all parameters,

Copyright © 1983-2005. Texas instruments Incorporated
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FUNCTION TABLE

INPUT TO
OUTPUT CTRL QUTPUT FUNCTION
V| = GND Singie-ended or paralle! output
V)= Vigr Normai push-pull operation

FUNCTIONAL BLOCK DIAGRAM

OUTPUT CTRL
(see Function Table)
RT 2 Oscillat "
eT.5 scillator a1

1D c1
Dead-Time Control 4 9
E1

4 - 0.1V Comparator
DTC —— N, c1
—
0.7V
07 PWM az 44 2
) Error Amplifier 1 Comparator 3—"—_D_
TNy — 17 [ 10 E2
1|N-2____.___ - ' Pulse-Steering
Flip-Flop
Error Amplifier 2 12 v
2N+ 18 s¢
2IN- 15 Reference 14
REF
Regulator
7
u——-{D GND
3
FEEDBACK 0.7 mA
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Absolute Maximum Ratings'"
over operating free-air temperature range (unless otherwise noted)

MIN MAX | UNIT
Vee Supply voltage 2! 41 v
Vi Ampiifier input voltage Voc + 0.3 v
Vo Collector output voltage 41 \4
lg Collector output current ) 260 mA
'LD package 73
f DB package 82
8, Package thermal impedance (3}4) T—N package 67 <“ChW
NE package 64
 PW package 108
Lead temperature 1,6 mm (1/16 inch} from case for 10 seconds 260 *C
Tsig Sterage temperature range -85 150 °C

(1) Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions” is not implied. Exposure to abselute-maximum-rated conditions for extended periods may affect device reliability.

{2) Allvoltages are with respect to the network ground terminal,

(3) Maximum power disipation is a function of T,(max), 8, and Ta. The maximum allowable power dissipation at any allowable ambient
temperatire is Pp = (T (max) — Ta}8;4. Operating at the absolute maxsmum T of 150°C can affect reliability.

{4} The package thermal impedance is calculated in accordance with JESD 51-7.

Recommended Operating Conditions

MIN MAX| UNIT
Vee Supply voltage 7 40 v
Vi Amplifier input voltage -0.3 Vee —2 v
Vo Collector cutput voitage 40 v
Collector output current {gach transistor) 200 mA
Current into feedback terminal - 3| mA
fosc Oscillator frequency 1 300 kHz
Cq Timing capacitor 0.47 10000 nF
Rt Timing resistor 1.8 500 k2
. TL484C 0 70
Ta Operating free-air temperature °C
TL494l ~40 85
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Electrical Characteristics -

over recommended operating free-air temperature range, Vec = 15 V., f = 10 kHz {unless otherwise noted)

Reference Section

PARAMETER ] TEST CONDITIONS (Y T1494C, TLA94I UNIT
. MIN TYP@ MAX
QOutput voltage (REF) lg=1mA 4.75 5 525 v
Input regulation Voo = 7V1i0 40V 2 25 mv
Output regulation lp=1mAto 10 mA 1 15 my
Qutput voltage change with temperature “ATa -~ MIN to MAX 2 10 mviv
Short-cir¢uit output curent {REF =0V 25 mA

(1) For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
{2) All typical values, except for parameter changes with temperature, are at T4 = 25°C.
{3) Duration of short circuit should not exceed ane second.

Osciilator Section
Cy = 0.01 uF, Ry = 12 ki (see Figure 1)

i TL434C, TL494I
PARAMETER TEST CONDITIONS(Y UNIT
MIN TYP(Z  MAX
Frequency 10 kHz
Standard deviation of frequency® All values of Ve, Cr, Ry, and T4 constant 100 Hz/kHz
Frequency change with voitage Vec =7V 1040V, Ty = 25°C ] 1 Hz/kHz
Frequency change with temperature 4! AT A = MIN to MAX : 10| Hz/kHz

(1) For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
(2) Alltypical values, except for parameter changes with temperature, are at T, = 25°C.
(3) Standard deviation is a measure of the statistical distrbution about the mean as derived from the formula:

{4) Temperature coefficient of timing capacitor and timing resistor are not taken into account.

Error-Amplifier Section

See Figure 2
TL494C, TL494I
PARAMETER TEST CONDITIONS UNIT
MIN TYP{ MAX

Input offset voltage Vg (FEEDBACK) =25V 2 10 mv
Input offset current Vo (FEEDBACK) = 2.5V ! 25 250 nA
Input bias current Vg (FEEDBACK) = 2.5V ‘ 0.2 1 LA
Common-mode input voltage range Vee =TV io40V V_c?c'a_ig v I
Open-loop voliage amplification AVg=3V, Vp=05VIL3LV. R =2kQ 70 95 dB 1
Unity-gain bandwidth Vo=05Vto 3.5V, R =2kQ 800 kHz .
Commen-mede rejection ratio AV =40V, Ty = 25°C 65 80 d8
Output sink current {FEEDBACK) Vip=-15mV to -5 V, V (FEEDBACK) = 0.7 V 0.3 0.7 mA
Oulput source current (FEEDBACK) Vp=15mVto 5V, V (FEEDBACK)=35V -2 \ mA

(1) Al typical values, except for parameter changes with temperature, are 8t T, = 25°C.
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Electrical Characteristics

over recommended operating free-air temperature range, Ve = 15V, f = 10 kHz (unless otherwise noted)

Cutput Section

PARAMETER TEST CONDITIONS MIN TYP{! MAX| UNIT
Collector off-state current Vg =40V, Voo =40V 2 100 pA
Emitter off-state cumrent WVes =V =40V, V=0 —-100 MA
) ) Common emitter Vg =0, Ig = 200 mA 1.1 1.3
Collector-emitter saturation voltage - v |
Emitter follower Voct or gy = 15 V, |g = -200 mA 1.5 25 |
| Qutput conirei input current V= Vi i 35 maA .
(1} All typicat values, except for temperature coefficient, are at T = 25°C.
Dead-Time Control Section
See Figure 1
PARAMETER T TEST CONDITIONS ; MIN TYP(D  MAX UNIT
Input bias current {DEAD-TIME CTRL) :V| =0to 525V ‘ -2 -10 uA
Maximum duty cycle, each output Vi (PEAD'TME CTRL} =0, Cr=0.01pF, 45 %
Ry =12 kQ2
: Zera duty cycle 3 a3
Input threshold voltage (ODEAD-TIME CTRL) - v
Maximum duty cycle 0
(1} Al typical values, except for temperature coefficient, are at T, = 25°C.
PWM Comparator Section
See Figure 1
PARAMETER TEST CONDITIONS MIN TYPIY  MAX UNIT
Input threshold voltage (FEEDBACK) Zero duty cyle 4 4.5 v
Input sink current {FEEDBACK) V {FEEDBACK)} = 0.7 V 0.3 0.7 mA
(1)  All typical values, except for temperature coefficient, are at T, = 25°C.
Total Device
PARAMETER TEST CONDITIONS MIN TYP{U MAX UNIT
| =
R = Vg, Wee =15V i 6 10
Standby supply current Alt other inputs and outputs open chc =40V ; 9 15 mA
A
Average supply current V) (DEAD-TIME CTRL) = 2 V, See Figure 1 ) 7.5 mA
(1) Al typical values, except for temperature coefficient, are at T, = 25°C,
Switching Characteristics
T, =25°C
| PARAMETER | TEST CONDITIONS : MIN TYP)  MAX UNIT
"Rise time _ _ ’ 100 200] s
- Common-emitter configuration, See Figure 3
Fall time 25 100 ns
Rise time e tter ol Couration. See Fioure 4 100 200  ns
+ Emitter-follower configuration. See Figure
Fall ime . 9 9 | 40 100 ns )

)

All typical values. except for temperature coefficient. are at Ty = 25°C.
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PARAMETER MEASUREMENT INFORMATION

Vee= .15 v
T12 ; 150Q < 1500
v 2w 2w
cc
DTC cil® Qutput 1
FEEDBACK Et 9 L
1 B
RT cz2 Output 2
10
CT E2 —1
1IN+
2
16 UN- | Error
2IN+ [ Amplifiers
_l_ P ] PV
13] ouTPUT REF 114
CTRL
50 k2 L
TEST CIRCUIT

w1 T U
wT LU U -
= NN

Threshold Voltage — —

DTC |
|
ov | i
|
| I Threshold Voltage ————
FEEDBACK | | |
0.7V : I |
Duty Cycle 0% —la—pf—— max le— 0% —»

VOLTAGE WAVEFORMS
Figure 1. Operational Test Circuit and Waveforms
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PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test

FEEDBACK

Other Amplifier

Figure 2. Amplifier Characteristics

15V

[m—————— — 68 O
| Each QOutput | 2w
| Circuit Cutput
R
| CL=15pF
[ —f {See Note A)
L]

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NCTE A: C| includes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

) : 15V
- ——————(— —

% Each Output f

| Circuit

| Qutput
———— e J 68 Q
C_=15pF W
{See Note A)
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NOTE A: C includes probe and fig capacitance.

Figure 4. Emitter-Foltower Configuration
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TYPICAL CHARACTERISTICS -

OSCILLATOR FREQUENCY AND

FREQUENCY VARIATIONt
V5
TIMING RESISTANCE
£ 100k == = N RBEE
L — Vec= 15V 1
S 4ok[—f7 = TaF25°C  TH
5 o I L 11l
g M T TN 0,001 pF
% 10k =t 1% ====$é._.. SRl
= ' T . .
5 o4k = 0% i 0.01 F 2P
§' i |} ™
[ 7 i N = P — \
T 1k ! Mae 0.1 uF L
S I ! PR
g 400 ! }i; N
g ; Df =1% _|'N
g " T
£ 100 s N4
= Cy=1yuF . N
4 G TS
= N
"
& N N
T 10 ! N ]
- 1k 4k 10k 40K 100k 400k 1M

Ry - Timing Resistance - Q
t Frequency variation (Af} is the change in oscitlator frequency that occurs aver the full temperature range.

Figure 5.

AMPLIFIER VOLTAGE AMPLIFICATION

vs
FREQUENCY
100 E ]
—— 1 Ve =15V
90 } AV =3V
Ta=25°C
80 ' AT

70 \\
60 \
50 ' \
40 \
30 \
20 \
10 r

0 | N\
1 10 100 1k 10k 100k 1M

f - Frequency - Hz

A - Amplifier Voltage Amplification - dB

Figure 6.
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PACKAGING INFORMATION

Orderable Device Status () Package Package Pins Package EcoPlan® Lead/Balt Finish MSL Peak Temp 13
Type Orawing Qty
TL494CD ACTIVE S0IC D 16 40 Green {RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CDBR ACTIVE SSCOP DB 16 2000 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
TL494CDBRE4 ACTIVE SSOP DB 16 2000 Green {ReHS & CU NIPDAU  Level-1-260C-LUNLIM
no Sb/Br)
TL494CDE4 ACTIVE SOIC D 16 40 Green{RoH5 & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
TL494CDR ACTIVE SQIC D 16 2500 Green (RoHS & CUNIPDAU  Levei-1-260C-UNLIM
no Sb/Br}
TL494CDRE4 ACTIVE SQIC D 16 2500 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sh/Br)
TL494CJ OBSOLETE CODIP J 16 TBD Calt Ti Call Tl
TL494CN ACTIVE PDIP N 16 25 Pb-Free CUNIPDAL  Level-NC-NC-NC
{RoHS)
TL494CNE4 ACTIVE PDIP N 16 25 Pb-Free CUNIPDAL  Level-NC-NC-NC
{RoHS)
TL4GACNSR ACTIVE SO NS 16 2000 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no SbiBr)
TL494CNSRG4 ACTIVE SO NS 16 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
na Sb/Br)
TL494CPW ACTIVE TSS0P PW 16 90 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494CPWG4 ACTIVE TSSOP PW 16 90 Green (RoHS & CU NIPDAU  Levei-1-260C-UNLIM
no Sb/Br)
TL494CPWLE OBSOLETE TSSOP PW 16 T8D Call TI Call Tl
TL494CPWR ACTIVE TSSOP FW 16 2000 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no SbiBr}
TL494CPWRG4 ACTIVE TSSOP PW 16 2000 Green{(RoHS & CUNIPDAU Level-1-260C-UNLIM
no ShiBr}
TL494ID ACTIVE Sjelle D 16 40 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
. no ShiBr)
T
‘ TL494IDE4 ACTIVE S0IC D 16 40 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
TL494IDR ACTIVE SOIC D 16 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no SkhiBr)
TL49410RE4 ACTIVE SOIC D 16 2500 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
na Sb/Br)
TL494IN ACTIVE FDIP N 16 25 Pb-Free CUNIPDAU  Level-NC-NC-NC
{RoHS)
TL494INE4 ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU  Level-NC-NC-NC
{RoHS)
TL494MJ OBSOLETE CDIP J 16 TBD Cali T Call Ti
TL494MJB OBSOLETE  CDIP J 16 TBD Call TI Cali TI ,‘

" The marketing status values are defined as follows:

ACTIVE: Product device recommended far new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a iifetime-buy period is (n effect.

NRND: Not recommended for new designs. Device is in produgtion to suppar existing customers, but Tl does not recommend using this part in
a new design.

Addendum-Page 1
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PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: Tl has discontinued the production of the device.

® Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS) or Green (RoHS & no Sb/Br) - please check
http:/www ii.cam/producicontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversian plan has not been defined.

Pb-Free (RoHS}): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RaHS requirements
for afl & substances, including the requirement that lead not exceed 0.1% by weight in hemogeneous materials. Where designed to be scidered
at high temperatures, T Pb-Free products are suitable for use in specified lead-free processes.

Green {RoHS & no Sb/Br): T) defines "Green™ 1o mean Pb-Free (RoHS compatible), and free of Bromine {Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous matenal)

B) MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowiedge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation cr warranty as to the
accuracy of such information. Efforts are underway ta better integrate infoermation from third parties. T1 has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
inceming materials and chemicals. Tl and Tl suppliers consider cerain information to be proprietary, and thus CAS numbers and other fimited
infarmation may not be available for release.

In no event shall TI's liability arising out of such information exceed the tolat purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annuat basis.

Addendum-Page 2




J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

FINS +e) 4y 16 18 20 .
DI
0.300 0.300 0.300 .300
8 (162 | (762 | (762 | (7.62)
1 B BSC BsSC BSC g5¢
NN —_— 0.785 | .B40 | 0.960 | .060
‘T (19,94) | (21,34) | (24.38) | (26.92)
) C B MN — e o e
l 0.300 | 0.300 | 0310 | D.300
DIVAVEVEVEY C MAX (7.62) | (762) | (7.87) | (7.62)
1 7

0245 | 0245 | 0220 | 0.245

0.065 (1,65 C MN
%W% 6.22) | 6.22) | (559) | (6.22)

0.200 (5 08) MAX
Seating Plane

0.060 (1,52 '
— ¢ 0.005 (0,13) MIN 0015 0.58 r‘—- —;]
* 0.130 (3 30) MIN
_.l L_ 0.026 (0,66 !
0.014 éo 36§ 015
[0.100 (2,54)] 0.014 (0,36
0.008 (0,20

4040083/F 03,03

NOTES: A Al linear dimensions are in inches (milimeters).

B. This drowing is subject te change without notice.

C. This pockoge is hermetically sealed with @ ceramic lid using giass frit,

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
E

Fails within MIL STD 1835 GDIP1-T14, GDIP1~-Ti6, GCIP1-Ti8 and GDIP1-T20.



MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN ’
" PINS **
L] A
v o 14 16 18 20
'8 y 0.775 | 0775 | 0.920 | 1.060
(N T e et e e ) aown | ST Cee | 035 | (Baed)
0.260 (6,60 0.745 0.745 0.850 0.940
) W}s‘.@) ACMN G 0802) | (18,92) | (21.59) | (23.88)
MS—001
A A VA B o | M| B | e |

J L 0.070 (1.78
0.045 51 145‘ A
0.045 (1,14) 0.325 (8.26
—* "‘ 0.030 go 7 & 0.020 (0,51) MIN 0.300 57.52)

0.200 (5,08) MAX = T——Gauge Plane
¥ l Seoting Plane

T 0,125 (3,18) MIN 0.010 (0,25) NOM

—-l 0.430 (10,92) MAX L—

|
|
|

10.100 (2:54)]-

0.021 {0,53
0.015 (0,38

[&]o.010 (0,25) (] /

] |-

\ / 14/18 Pin Oniy @

20 Pin vendor optian

4040049/E 12/2002

NOTES: A, All linear dimensions ore in inches {millimeters).
B. This drowing is subject to change without notice,

[e}, Falis within JEDEC M5-001, except 18 and 20 pin minimum body fength (Dim A).
A\ The 20 pin end lead shoulder width is a vendor aption, either holf or full width,

TEXAS
INSTRUMENTS
www ti.com



MECHANICAL DATA

D (R-PDSO~-G16) PLASTIC SMALL-OUTLINE PACKAGE

L 0.394 (10,00)
0.386 (G,80)

100 o0ac T T

- - - 0.157 {4,00)
w 0.150 (3.80)

>

t}\\%\\%\}}f H H t H l
/ | ; 5

Pin 1

Index Areg 0.050 (1,27) [ %gfg 58211)}

&]0.010 {0,25) ()]

S/  —

. Ay s — (] —J ] - i .__7 ¢
0.010 {0,25)
— 0.069 (1,75) Mox 0.004 (0,10)
0.010 (0,25)1
0.007 (0,17}
7 .\
f

Gauge Plone ——+— =

/
! ! (e [0.004 {0,10)
- Seating Plane

0-8"

0.010 (0,25)

0.050 (1,27}
0.016 (0,40)

4040047-4/F 07/2004

Al lineor dimensions are in inches (millimeters).

This drawing is subject to chonge without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
Falls within JEQEC MS-032 varigtion AC.

NOTES:

Com»

TEXAS
INSTRUMENTS

www.li.com



MECHANICAL DATA .
NS (R-PDSO-G**)

PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN :

= s
CARRRAR 7

.f 0.15 NOM

560 820 l
500 7.4

R .

0,25

<

]

1,05
+*-———— A —

0,55

ng Plane

Seath
2,00 MAX T E! V

oo [ ﬁ —h

PINS
OlM 4 16 20 24

A MAX 10,50 10,50 12,90 15,30

A MIN 9,90 9,90 1230 | 14,70

4040062/C 03/03
NOTES:  A. Al lineor dimensions ore in millimeters.
B. This drawing s subject to change withaut notice.

C. Body dimensions do not include mold flash er protrusion. not to exceed 0,15.

1
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MECHANICAL DATA

MSSO002E —~ JANUARY 1995 — REVISED DECEMBER 2001

DB (R-PDSO-G**} PLASTIC SMALL-QUTLINE
28 PINS SHOWN

B
—
.
J

hég

:

ﬁHHHHHHHHHHHH”ﬁ ,

Gage Plane *

O .
ARRLLHLEE R

A

[ \ [y
o VUTHITHIOIIATIIH 4 sestngrine 4\

L. 2,00 MAX 0,05 MIN —T ~—~

PINS **
14 16 20 24 38
oM 28 30
A MAX 6,50 6,50 7.50 8,50 10,50 { 10,50 | 12,90
A MIN 5,90 5,90 6,90 7.90 9,90 9,890 | 12,30

4040065 /E 12/01

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion mot to exceed 0,15,
Falls within JEDEC MC-150

oow

“.’P TEXAS
INSTRUMENTS

POST OFFICE BOX ES5303 ® DALLAS TEXAS 75265




MECHANICAL DATA

MTSS001C — JANUARY 1985 - REVISED FEBRUARY 1999

PW (R-PDSO-G**)
14 PINS SHOWN

-PLASTIC SMALL-OUTLINE PACKAGE

S

0,30

0,19

&1 010 ()

RAHART *

+

4,50
430

«— A —

C
SLE L E—

¥ Seating Plzne ¥_ G\

6,60
6,2

¥

(=]

0,15 NOM

T T i
X T TTY
w 1.20 MAX 815 | |Q|010 T f N
0,05
i : - r T
H PINS = . 14
) - , | 16 20 24 28
AMAX a0 i 5.0 S0 6.60 TO0 . 980 .
e - e I —_ - 4 —
A MmN 200 V aee 590 840 | 770 | gs0
i — . :
4040064/F 01/97
NOTES. All linear dimegnsions dre in mil'imeters
A0

RSN

ELEC G-+

This crawing '3 subect i0 shange withai.,
Body vimensions da rot irclede meia fash or orolree
Falls withy

atte avcaeed 308
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- IMPORTANT NOTICE -

Texas Instruments ncorporated and its subsidianes |7 ., reserve the right to make corrections, modifications.
enhancemenis, improvements. and other changes to = products and services at any time and to discontinue
any product or service without notice. Customers shou'd obtain the latest retevant information before placing
orders and shoutd verify that such information is current and complete. All products are sold subject to T!'s lerms
and conditions of sale supplied at the time of order acknowledgment.

Ti warrants performance of its hardware products (¢ the specifications applicable at the time of sale in
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Data Sheet

CMOS Hex Buffers/Converter

CD4009UBMS Hex Buffer/Converter may be used as a
CMOS to TTL or DTL logic-levei converter ar a CMOS high-
sink-current driver.

The CD4049UB is the preferred hex buffer replacement far
the CD4009UBMS in all applications except multiplexers.
For applications not requiring high sink cumrent or voltage
conversion, the CD4069UB Hex Inverter is recommended.

The CD4008UBMS is supplied in these 1€ lead outline pack-
ages:

Braze Seal DIP  H4S

Frit Seal DIP H1E

Ceramic Flatpack H3X

CD4009UBMS

November 1994 File Number 3293

Features

* Inverting Type

* High-Voltage Type {20V Rating)

= 100% Tested for Quiescent Current at 20V

* Maximum Input Current of 1pA at 18V Over Fuli
Package-Temperature Range;

- 10nA at 18V and +25°C
* 5V, 10V and 15V Parametric Ratings

Applications

* CMOS To DTLU/TTL Hex Converter

* CMOS Current “Sink” or “Source’ Driver
+ CMOS High-to-Low Logic-Level Converter
* Multiplexer-1to6or6to1

Pinout Functional Diagram
CD40095UBMS
TOP VIEW 3 2 _
A G=A
o
vee [T] [1€] voo
6=%[2] i8] . = F B 05—>—4o H=E
YE] 1] 7
H=B [1] [13] NG 7 6 *
— c =G
B [5] 12] K =E
1=T[6 111 E
E —_-! g 10 _
=D D J=0
¢ [7] 0] J=D0 1
vss [5] 9] NG o—
Voo o 11 12
NC = NO CONNECTION o E K=E
8
VES o—
16 14 15 _
voD o— F L=F
NC = NQ CONNECTION
1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

*-BBB-INTERSIL or 321-724-7143 | Copyright © !ntersil Corporation 1999
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Absolute Maximum Ratings

DC Supply Voltage Range, (VODD). . .............. -0.5V to +20V
(Veoltage Referenced to VSS Terminals}

Input Voltage Range, All Inputs .. ........... -0.5V to VDD +0.5V

DC Input Current, Any One Input. ........................ +10mA

Operating Temperature Range ............... -550C to +125°C
Package Types D, F K, H
Storage Temperature Range (TSTG). ..........

Lead Temperature {During Soidering) . ................

-65°C 1o +150°C
+265°C

At Distance 1/16 £ 1/32 Inch {1.58mm f 0.79mm) from case for

Reliability Information

Thermal Resistance. . .............. Ba e~
Ceramic DIP and FRIT Package .... 80°C/w 20°Cw
Flatpack Package................ T0OC/W 20°Ccw

Maximum Package Power Dissipation (PD) at +125°C
For TA = -55°C to +100°C (Package Type D, F,. K) ... ... 500mw
For TA = +100°C to +125°C (Package Type D, F,K).. ... Derate

Linearity at 12mwW/°C to 200mwW
Device Dissipation per Qutput Transistor. ... ............ 100mw
For TA = Full Package Temperature Range (All Package Types)

10s Maximum Junction Temperature . ....... ... .. ... .. i, +175°C
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS TEMPERATURE MIN MAX | UNITS
Supply Current IDD VDD = 20V, VIN = VDD or GND 1 +250C - 2 HA
2 +125°C - 200 | pa
VDD =18V, VIN = VDD or GND 3 -559C - 2 HA
Input Leakage Current L VIN = VDD or GND VDD = 20 1 +25°C -100 - nA
2 +125°C -1000 - nA
VDD = 18V 3 -55°C -100 - nA
input Leakage Current IH VIN = VDD or GND vDD =20 1 +25°C B 100 nA
2 +1259¢C - 1000 | nA
VDD = 18V -55°C - 100 nA
Output Voltage VOL15 |VDD = 15V, No Load 1,2, 3 +259¢, +125°C, -559%C - 50 my
Output Voltage VOH15 VDD = 15V, No Load {Note 3) 1,2, 3 +25°C, +125°9C, -55°C | 14.95 - v
Qutput Current (Sink) iOLS  |VDD =5V, VOUT = 0.4V 1 +25°C 3.0 - mA
Qutput Current (Sink) IOL10  |VDD =10V, VOUT = 0.5V 1 +25°C 8.0 - mA
Qutput Current (Sink) IOL15  |VDD =15V, VOUT = 1.5V 1 +25°C - 24.0 - mA
Output Current {Source) IOH5A  |VDD = 5V, VOUT = 4.6V 1 +25°C - -0.2 mA
Qutput Current (Source) ICH5B |VDD =5V, VOUT = 2.5V 1 +250C - -0.8 mA
Output Current (Source) IOH10 VDD = 10V, VOUT = 9.5V 1 +259¢ - -0.45 mA
Cutput Current (Souyrce) IOH15 VDD =15V, VOUT = 13.5v 1 +25°¢C - -1.5 mA
N Threshold Voltage VNTH VDD =10V, IS8 = -10pA 1 +259C -2.8 -0.7 v
P Threshoid Voltage VPTH |VSS =0V, IDD = 10pA 1 +259C a7 28 A
Functional F VLD = 2.8V, VIN = VDD or GND 7 +25°C VOH> | VOL < v
VDD = 20V, VIN = VDD ar GND 7 +259C VDD/2 [ VDD/2
VDD = 48V, VIN = VDD or GND 8A +125°C
VDD = 3V, VIN = VDD or GND 8B -55°%C
lnput Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 1,2.3 +259C, +125°¢C, -55°C - 1.0 v
{Note 2)
Input Valiage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 1.2,3 +25°C, +1258°C, -55°C | 4.0 - v
(Note 2)
Input Voltage Low ViIL VDD = 15V, VOH > 13.5V. 1.2,3 +25°C, +125%C, -55°C - 2.5 v
{Note 2) VOL < 1.5V
input Voltage High ViH VDD = 15V. VOH > 13.5V, 1.2,3 +259C, +125°C, -55°C | 125 - v
{Note 2) VOL < 1.5V
NOTES: 1. All voitages referenced to device GND, 100% testing being 'm- 3. For accuracy, voltage is measured differentially to VDD. Limit is

plemented.

2. Go/No Go test with limits applied to inputs

0.050V max.
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

3 LIMITS
GROUP A
PARAMETER SYMBOL CONDITIONS (NOTE t, 2) SUBGROUPS | TEMPERATURE MIN MAX UNITS
Propagation Delay TPHL JVvDD =5V, VIN = VDD or GND g +25°C - 60 ns
10, 1 +125°¢, -55°C - 81 ns
Propagation Delay TPLH VDD = 5V, VIN = VDD or GND 9 +25°C - 140 ns
10, 11 +1259C, -55°C - 189 ns
Transition Time TTHL VDD = 5V, VIN = VDD or GND 9 +25°C - 70 ns |
10, 11 +125%C, -55°C - 95 ns
Transition Time TTLH VDD = 5V, VIN = VOD or GND 9 +259C - 350 ns
10, 11 +125°C, -559C - 473 ns
NOTES: .
1. CL =50pF, RL = 200K, Input TR, TF < 20ns,
2. -559C and +125°C limits guaranteed, 100% testing being implemented.
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS
Supply Current IDD VDD = 5V, VIN = VDD or GND 1,2 -55°C, +25°C - 1 MA
+125°¢C - 30 A
VDD = 10V, VIN = VDD or GND 1,2 -55°C, +25°C - 2 BA
+1259%C - 60 tA
VDD = 15V, VIN = VDD or GND 1,2 -55%C, +25°C - 2 uA
+125°C - 120 HA
Output Voltage VOL VDD =5V, No Load 1,2 +259C, +1259¢C, - - 50 my
55°C
Output Vaoltage VoL VDD = 10V, No Load 1,2 +25°C, +125°C, - - 50 my
55°C
Quiput Voltage VOH VDD =5V, Ne Load 1,2 +250C, +125°%C, - 4.95 - WV
559C
Output Voltage VOH VDD = 10V, No Load 1,2 +25°C, +125°¢C, - 5.95 . v
55°C
Output Current (Sink) oL4 VDD = 4.5V, VOUT = 0.4V 1.2 +25°0C 26 - mA
+125°C 1.8 - mA
-55°C 3.2 . mA
Cutput Current (Sink) 10L5 VDD =5V, VOUT = 0.4V 1,2 +125°C 2.1 - mA
-55°C 3.75 - mA
Output Current {Sink) 1OL10 VDD = 10V, VOUT = 0.5V 1,2 +125°C 5.6 - mA
-55°%¢ 10.0 - mA
Output Current (Sink) 0L1S | VDD = 15V, VOUT = 1.5V 1,2 +1259¢ 16.0 - mA
-55°C 30.0 - mA
Output Current {Source) IOH5A | VDD = 5V, VOUT = 4.6V 1,2 +125%C - -0.15 mA
-55°C - -0.25 mA
Output Current (Source) IOH58 VDD =5V, vOUT = 2.5V 1,2 +125°C - -0.58 mA
-559C - -1.0 mA
Cutput Current (Source) IOH10 VDD = 10V, VOUT = 9.5V 1,2 +125°C - -0.33 mA
-55°C - -0.55 ma
Output Current {Source} IOH15 | VDD =15V, VOUT = 13.5v 1.2 +125°C - -1.1 mA
-55°C - -1.65 mA
Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V 1,2 +25°C, +125°C, - - 2 v
55%¢C
3 inter5||
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued}

- LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNLITS
Input Voltage High VIH VDD = 10V, VOH > 8V, VOL < 1V 1,2 +259C, +125°C, - 8 - v
- 55°C
Propagation Delay TPHL | VDD =10V, VCC = 10V 1,23 +259C - 40 ns
VDD =15V, VCC = 15V 1,2,3 +25°C - 30 ns
Propagation Delay TPLH VDD =10V, VCC = 10V 1,2, 3 +25°C - 80 ns
VDD 5 15V, VCC = 15V 1,2, 3 +25°C - 60 ns
Propagation Delay TPHL VDD =10V, VCC = 5V 1,.2,3 +259C - 30 ns
VDD =15V, VCC = 5V 1,2, 3 +25°C - 20 ns.
Propagation Delay TPLH VDD =10V, VCC = 5V 1,23 +259C - 70 ns
VDD = 15V, VCC = 5V 1,2,3 +25°C - 80 ns
Transition Time TTHL [vDD = 10v 1,23 +25°C - 40 ns
VDD =15V 1,2,3 +250C - 30 ns
Transition Time TTLH VDD = 10V 1,2,3 +25°C - 150 ns
VDD = 15V 1,2, 3 +25°¢C - 1106 ns
!Input Capacitance CIN Any Input 1.2 +25°C - 225 pF

NOTES:
1. All voltages referenced to device GND.

2. The parameters listed on Table 3 are controtled via design or process and are not directly tested. These parameters are characterized on initial
design release and upon design changes which would affect these charactenstics.

3. CL =350pF, RL = 200K, Input TR, TF < 20ns.

TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS

LIMITS
FARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS
Supply Cumrent IDD VDO = 20V, VIN = VDD or GND 1,4 +25°%¢C - 7.5 HA
N Threshald Voltage VNTH | VDD = 10V, 1SS = -10pA 1,4 +25°C -2.8 0.2 v
N Threshold Voliage AVNTH | VDD = 10V, ISS = -10pA 1,4 +25°C - +1 v
Delta
P Threshold Voltage VPTH |VS8S =0V, DD = 10pA 1,4 +25°¢C 0.2 28 vV
P Threshold Voltage AVPTH [VSS =0V, IDD =10uA 1.4 +25°C - *1
Delta
Functional F VDD = 18V, VIN = VDD or GND 1 +259C VOH> | VOL < v
VDD = 3V. VIN = VDD or GND VD2 | VDD/2
Propagation Delay Time TPHL VDD = 5V, VCC = 5V 1,2, 3,4 +25°C . 1.35x ns
TPLH +25°C
Limit
NOTES: 1. All voltages referenced to devica GND. 3. See Table 2 for +25°C limit,
2. CL=50pF, RL = 200K, (nput TR, TF < 20ns. 4, Read and Record

TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C

PARAMETER SYMBOL DELTA LIMIT
Supply Current - MS|-1 DD +0.2uA
Cutput Current (Sink) I0LS + 20% x Pre-Test Readlng
Cutput Current (Source) IOHEA + 20% x Pre-Test Reading

4 intersil
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TABLE 6. APPLICABLE SUBGROUPS

MIL-STD-883 .
CONFORMANCGCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD

Initial Test {Pre Burn-In) 100% 5004 1.7,9 IDD, IOLS, IDHSA
tnterim Test 1 {Post Bum-In) 100% 5004 1,7,9 DD, 1OLS, IOHS5A
Interim Test 2 {Post Bum-in) 100% 5004 1,7,9 DD, IGLS, IOHSA

PDA (Note 1) 100% 5004 1,7.9, Deltas
Interim Test 3 (Post Bum-In) 100% 5004 1,7, 9 10D, 10L5, 10H5A

PDA {Note 1} 100% 5004 1.7, 9, Deltas '
Final Test 100% 5004 2. 3,8A,88B, 10, 11
Group A Sample 5005 1,2,3 7, BA 8B, 9, 10, 11
Group B Subgroup B-5 Sample 5005 1.2,3,7.8BA, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3,9, 10, 11

Subgroup B-6 Sampie 5005 1,7,9

Group D Sample 5005 123, 8A 88,9 Subgroups 1,2 3

NOTE: 1. 5% Parameteric, 3% Functional; Cumuiative for Static 1 and 2.

TABLE 7. TOTAL DOSE IRRADIATION

MIL-STD-#83 TEST READ AND RECDRD
CONFORMANCE GROUPS METHCD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD
Group E Subgroup 2 5005 1.9 Table 4 1,9 Table 4

TABLE B. BURN-IN AND IRRADIATION TEST CONNECTIONS

OSCILLATOR
FUNCTION OPEN GROUND VDD 9V + -0.5Vv S50kHz 25kHz
Static Bum-In 1t Note 1 |2,4,6,10,12,13,15| 3,5, 7-9, 11, 14 1,16
Static Burn-in 2 Note 1 | 2,4, 6,10, 12, 13, 15 8 1,3,57.9,11,14, 16
Dynamic Burn-In Note 1 13 B 1,16 2,4,6,10,12,15 | 3,5 7, 9,711,142
Iradiation Note 2 2,4,6,10,12, 13,15 8 1,3,57 %11,14,16
NOTE:

1. Each pin except VDD and Pin 1 and GND will have a series resistor of 10K £ 5%, VDD = 18V + 0.5V

2. Each pin except VDD and Pin 1 and GND will have a series resistor of 47K +5%; Group E, Subgroup 2, sample size is 4 dicefwafer, 0 failures,
VDD =10V £ 0.5V

Schematic Diagram

VDD oVee
*ALL INPUTS ARE PROTECTED
BY CMOS PROTECTION
NETWORK
VoD
P — —
N |;J =N |I—D--—-P
by —e
INPUT |
TeUT vce
— VDD OUTPUT
GND |_|_ GND
||4'_— N =N CONFIGURATION: Vs
— HEX COS/MOS TO DTL OR TTL
CONYERTER (INVERTING)

WIRING SCHEDULE:
CONNECT VCC TO DTL OR
TTL SUPPLY
CONNECT VDD 7O COS/MOS
= VSS§ SUPPLY
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Typical Performance Characteristics

AMBIENT TEMPERATURE {Tp) = +25°C

T Ta = +125°C mm—m_|
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FIGURE 7. TYPICAL LOW-TO-HIGH PROPAGATION DELAY

LOW-TO-HIGH TRANSITION TIME

FIGURE 9. TYPICAL LOW-TO-HIGH TRANSITION TIME vs

LOW-TO-HIGH PROPAGATION DELAY TIME (tPLH} {ns)
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Chip Dimensions and Pad Layout

50~58
(1.270-1.473)

L_ 4-10
{0.162-0.25¢)

70-78

nz7e-1984)" —

Dimensions in parentheses are in m: meters
and are derived from the bas< inch dimensions
as indicated. Grid graduations are In mi's (10'3 inch)

METALLIZATION: Thickness: 11kA — 14kA, AL.
PASSIVATION: 10.4KA - 15.6kA, Silane

BOND PADS: 0.004 inches X 0.004 inches MIN
DIE THICKNESS: 0.0198 inches - 0.0218 inches

All Intersil semiconductor products are manufactured, assembled and tested under 1ISQ9000 quality systems certification.

intersit semicongductor produets are sald by descrplion only. Intersil Corporation reserves the right to meke changas in circuit design and/or specifications at any tims with-
out notice. Accordingly, the reader (s cautioned to vernly that data sheets are cument before placing orders. Information furnished by intarsii is baliaved to be accurate and
relieble. Howaver, no responsibility is essumed by Intersil or its subsidiaries for 85 use. nor for any mnfringements of patents or other rnghts of ihind parties which may result
from its use. No license is grented by implication or otherwise under any patent or patent ngihts of Intarsil or its subsidiarias.

For information regarding Intersil Corporation and its products, see web site www.intersil.com

Sales Office Headquarters

NORTH AMERICA EUROFE ASIA
Intersil Corporation intersil SA Intersil (Taiwan) Ltd.
P. O. Box 883, Mail Stop 53-204 Mercure Center 7F-6, No. 101 Fu Hsing North Road
Melbourne, FL 32902 100, Rue de la Fusee Taipei, Taiwan
TEL: (321) 724-7000 1130 Brussels, Belgium Republic of China
FAX: (321) 724-7240 TEL: (32)2.724 2111 TEL: (BBG)Y 2 2716 9310
FAX: (32} 2.724.22.05 FAX: (886) 2 2715 3029
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Intemmational
Rectifier

PD-8.5128

IRFP460

HEXFET® Power MOSFET ‘

® Dynamic dv/dt Rating

® Rapetitive Avalanche Rated 0 _

® |solated Central Mounting Hole Vpgs = 500V

® Fast Switching

* Ease of Paralleling . Ros(on) = 0.27Q
® Simple Drive Requirements

Description

Third Generation HEXFETs from Intemational Recfifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.

The TQ-247 package is prelerred for commercizHndustrial appfications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but suparior to the eadier TO-218 package because of its isolated
mounting hote. It also provides greater creepage distance between pins to
meet the requirements of most safety specifications.

TG-247AC

\

Absolute Maximum Ratings

| Parameter Max. Units

Lo @ Tc=25°C Continueus Draln Current, Vs @ 10V 20

Io @ Te = 100°C | Gontinuous Drain Current, Ves @ 10V | 13 A
lom Puised Drain Current @ 80
Pp @ Tc=25"C ! Power Dissipation 280 W

Lingar Derating Factor - 22 Wi°C

Vos Gate-to-Source Vollage ‘ +20 V

1 Eas Single Fulse Avalanche Energy @ 960 md

Jlan | Avalanche Current @ s 20 A
Ean ___ _ Repelilive Avalanche Energy G B 28 mJ
dv/dt Peak Diode Recovary dv/dt @ 5 3.5 Vins
Ty Operating Junction and ' -55 to +150

1 Fs16 , Storage Temperature Range °C

| i Soldering Temperature, for 10 seconds 300 {1.6mm from case)

f__ . iMounting Torque, 6§-32 or M3 screw 10 Ibfsin (3.1 Nem}

Thermal Resistance

_________ ] Paameter _ _ _ _ _Min._ i Typ. | ax T Goe
P i Junction-lo-Case . _—f.__ - L 045

[Recs : Case-to-Sink, Flat, Greased Surface — T o024 — | om
Ram __ __Junction-to-Ambient __ - — T Ta
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IRFP460

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

Test Conditions

‘ Parameter | M. - Typ. [ Max. | Units
 Viaripss Drain-to-Sourca Brgakdown Vollage | 500 0 — | — V. [Vas=0V, o= 250uA
AViamoss/AT )| Breakdown Voltage Temp. Coefficient —- | 083, — |VPC |Reference to 25°C, o= 1mA
Roston: Static Drain-to-Source On-Resistance | — — 10271 Q |Vgs=10V, Ip=124 @
Vasn | Gate Threshold Voltage C 20 | — ' 40 ¥V, Vos=Vas. lg= 250uA
Ot Forward Transcenductance 13 — — S | Vos=50V, lp=12A @
toss Orain-to-Source Leakage Current L - — 35 pa | Jos=S00V, Ves=OV :
— —_ 250 Vos=400V, Vgg=0V, T=125°C ;
s Gate-to-Source Forward Leakage -- . — 1100 A Vas=20V |
Gate-to-Source Reverse Leakage | -= | — " -100 Vas=-20V
[+ Total Gate Charge | - — ' 21 | ln=204A
Qgs Gate-to-Source Charge - = ;29 |nC ‘Vos=400V
Qga Gate-to-Drain ("Miller*) Charge — — {119 'Vgs=10V See Fig. 6 and 13 @&
taton) Tum-On Delay Time — 18 | — . Vop=250V
tr Rise Time = 59 | — s | ID=20A
[ Tum-OH Delay Time — 10 - Rg=4.30
It Fall Time — 58 ! — Ro=1302_See Figure 10®
+ -
Lo Internal Drain inductance — | 50 ; — gﬂ?ﬂe?;ég?:') '/“ 4 :
T T W‘ nH | from package a@ i
Ls Internal Source Inductance — 13| — | and center of
, { die contact 5
Cuas Input Capacitance . 4200 — Vas=0V i
Coss Output Capacilance L= 870 | — pPF | Vpg= 25V
Cus Reverse Transfer Capacitance : —_ aso — f=1.0MHz Sge Figure 5 l
Source-Drain Ratings and Characteristics
Barameter Min. = Typ. , Max. | Units | Test Conditions I
ls Continuous Source Current _ _ 20 MOSFET symbol s
{Body Diode) A showing the
Isw Pulsed Source Current | = | ae integrat reverse @
. {Body Diode) @ . . p-n junction diode. s
Vsp ! Digde Forward Voltage — -1 1.8 VI T=25°C, ls=20A, Vas=0V @
[t : Reverse Recavery Time — | 570 | 860 | ns  T=25°C, l==20A
Qp ' Aleverse Recovery Charge — | 57 | B ! uc | diidt=100A/s @
o { Forward Turn-On Time _ Intrinsic turn-on time is neglegible (turn-on fs dominated by Lg+Lp)
Notes:

I Repetitive raling; pulse width limited by
max. junction temperature (Sea Figure 11)

& Vpp=50V, staning Ty=25°C, L=4.3mH
Rg=2511, ias=20A (See Figure 12)

J Ispg20A, didts160A/ns. VDosSV{BR)DSS,

TJs150-C

41 Pulse width = 300 us; duty cycle s2%.
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Ip, Drain Current {Amps)}

Ip, Drain Current {Amps)

e v i
0 | 1
18 [ -
HEY -
I r
i
-
1) ,‘f
~
45¢
Lo
L 1
L % 20us PULSE WIDTH
| ! | S| e = =3%c
300 L
1w 10!

Vpg, Drain-to-Source Voltage (volts)

Fig 1. Typical Qutput Characteristics,
Tc=25°C

7
L oo 24

1!

e

oC

i
/ : . Vps = S0V

t : 20us PU_SE WIDTH
3 2 g 10

Vag, Gale-10-Source Voltage (voits)

LT
5
A

00

"

Fig 3. Typical Transfer Charactaristics

ip, Drain Current (Amps)

Ros(owy Orain-to-Source On Resistance
{Narmalized)

Ml [ '/7
75y ! AT
LR
M
nOTION 4 v /
,ﬂ
101 el B
A
o
[ !
L /, :
4
20us PULSE wIDTH
" L il To = B00C
1
19 101

Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,
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@
)

00
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Tc=150°C

Ig = 204

viEg = 10V

-40 -20 O 20 40 60 80 i00 120 140 GO

Ty, Junction Temperature {°C}

Fig 4. Normalized On-Resistance

Vs. Temperature
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10000 Vge = OV, f = 1M-z
Cizs = Cgs *+ Cgg. Cgg SHORIEL
Cres = gd
800 Cass = Cgg * Cog
~N | T T
\\ + + {
& K
=1 \r- '
e Fos: |
g \ \.""»._ !
£ N | N
S onps ‘\ -
§ \‘ ! Coss :
~J B N !
. \cl s ;
2000 T Less T
. u.\}\\\ ;
L] —
]
16° 50!

Vps, Drain-to-Source Voltage (voils)

Fig 5. Typical Capacitance Vs.
Drain-to-Source Vaoltage

102

A

£ Ao

/ ’ Vg = OV
10}t

C.B 0.8 1.0 12 i 16 1.8 g0

Isp, Reverse Drain Curent (Amps)
Y

Vap, Source-to-Drain Voltage {volts)

Fig 7. Typical Source-Drain Dicde
Forward Voitage

2 T
5 ip T 204 Vpg T 400V ]
- ¥ = 250y
3 o A
3 16 VUE = 100V \
% /?)
£
z %
> a2
© 7
o ]
2 17
@
2 8
& L7
- A4
o 22
o]
8 L
5 |/
> TOH TEST CTMCUTY
SEE FIGURE 13 .
OU 40 ap 120 160 200

Qg. Totai Gate Charge (nC)

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

22 T
== i —]
e LT S F35 ARIL _IwITII e
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! i
Y B N L
=% f ! '
E '
162 I l 5
< e =
Y 1 '(1. } o -‘:i W \‘
5 1 + r A Y - 30,87
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O 2 ! Vi 1 \1\ g \\
A Y] ~ hY
£ Lol L s L
E 0 ek e
K=) Y a7 n
= 1 T e
Ni-=255C J N
lro=isets i \,
BINGLI 2uLBE o
R & . Y] ER

Vps, Drain-to-Source Voltage (volts)

Fig 8. Maximum Safs Operating Area
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Ip, Drain Current (Amps)

Vo5 > AN
D.UT.
a0parT : Y
} TiVoo
e,
18 ~ : iticv
\ Eulse;ﬂid!h <1ips
ut clor £ Q.19
. \\ L y Facier £ 0.1% g_
1 \\ Fig 10a. Switching Time Test Circuit
i i N O
8 : A Vos
N tr— N
4 ﬁ\ !
\ |
i {
0 : i I 10% —
25 50 7% 100 125 150 Vg
Tc, Case Temperature {°C) Wen &
Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms

Case Temperature
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t1, Rectangular Pulse Duration (séEonds)
Fig 11. Maximum Effective Transient Therma! Impedance, Junction-to-Case
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L
Vary tg to obtain Vps ——— W ——y
required las
D.UT. 2000 i
Y - " ! “OF 3 ‘SE
- i i3E
".VDD = 20000 : r 307TOM 208
E NN\ ! i
las = N ’ !
5 1600 ;
0010 | 5 k. \ :
, . . AN
Fig 12a. Unclamped Inductive Test Circuit £ AN
o
1] N
[ Viemnss T oo AN :
= _j\ @ i\ \\ -
/ | VDD Ll:&) 400 \-;‘I ’\\
/ | l*/_ vgp = &ov e —
Vb ———— / | 3
7/ 25 50 15 100 125 150
Y, \\ Starting T, Junction Temperature{°C)
lAg — — ——— — -

Fig 12¢c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Ve. Drain Currant

Current Regulator

[~ " %ana Tyge 2 0UT_ 17
\ S0KO o :
;wv '[.I- -|-I-2HF % L or :
oy ——% ——— Lol J de,
—\DUT T Ds
* ~Qgs S cha] 79
i Vas ;j—
Ve wal
5 — lg 7 |
Charg Cuttenl Samgling naemm
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak 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 Intemationa'
Rectifier
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