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HIGH VOLTAGE SWITCHING POWER SUPPLY
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Abstract

This project concerns the design of high voltage switching supply for high voltage
devices.The maximum voltage of the supply is 4 KV with the maximum electric current at 200 mA
and 800 watt power. This project had many part of electronics circuit. The major functioning
circuitsinclude Regulator circuit , Control pulse and Converter partial circuits and Output
Resonancepartial circuit. The main idea is Half-Bridge converter circuit. It was controlied by IC
TL494 for controlled switching of POWER MOSFET. By connecting high voltage switching supply
with MAGNETRON.
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2. Semns ADCSRA (ADC Control and Status Register )
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® {aN4: Un MUX4:007 MUX4:0 (Analog Channel and Gain Selection
Bits) DAV UAT LS I UOUINBNDUNAGIULINUAZAIUAY TIUDIDIALTAIAT
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00000 ADCO

00001 ADC1

00010 ADC2

00011 ADC3

00100 ADC4 N/A

00101 ADC5

00110 ADCS

00111 ADC7

01000 ADCO ADCO 10x

01001 ADCI ADCO 10x
o1010 @ ADCO ADCO 200x
01011 % ADCI ADCO 200x

01100 ADC2 ADC2 10x

01101 ADC3 ADC2 10x
o1110 ADC2 ADC2 200x
o1111 N/A ADC3 ADC2 200x
10000 ADCO ADC1 1x
10001 ADC1 ADC1 1x
10010 ADC2 ADC1 1x
10011 ADC3 ADC1 1x
10100 ADC4 ADC1 1x
10101 ADC5 ADC1 1x
10110 ADC6 ADCI1 1x
10111 ADC7 ADC1 1x
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11000 ADCO ADC2 1x

11001 ADCI ADC2 1x

11010 ADC2 ADC2 1x

11011 ADC3 ADC2 1x

11100 ADC4 ADC2 1x

11101 ADCS ADC2 1x

11110 1.22V (V) | N/A

11111 0V (GND)
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5.8.2.53a1m23 ADCSRA(ADC Control and Status Rdgister)
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ANsuAY 0 0 0 0 0 0 0 0
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ﬂ'%’ﬁmama%m‘s&’agmgmaﬂué (XTAL)Uaza gy 1o
ADPS2 | ADPS1 | ADPSO | u1wmluga ADC
0 0 0 2
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

5.8.3.53ama3 ADCL Uag ADCH (The ADC Data Register)
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130 ADLAR =1
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M1 6.1 Famsneasauvas e s suguuvadase (Mawdwnivvan 10kQ)

ANUE (KHz) HIIAU nysLd 1199 Uszannin
(VDC) (mA) (W) (%)
20 1488 144.8 215.46 65.29
21 1720 172 295.84 61.63
22 1984 198.4 393.63 62.48
23 2116 211.6 447.74 57.40
24 2216 221.6 491.06 58.45
25 2183 218.3 476.55 56.73
26 1918 191.8 367.87 58.39
27 992 99.2 98.40 65.60
28 727 72.7 52.85 70.46
29 661 66.1 43.69 72.81
30 595 59.5 35.40 59.00
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M3 6.2 Hamsnaasauvasiie iusadugauaiage Mianudniunaa 15 k)

Ad (KHz) R nsiLa M Useansnmw
(VDC) (mA) (W) (%)
20 1920 128.00 246.40 68.44
21 2102 140.13 294.55 61.36
22 2331 155.40 362.24 61.92
23 2514 167.60 42135 62.42
24 2560 170.66 436.91 66.19
25 2468 164.53 406.06 64.45
26 1828 121.86 222.77 67.50
27 1371 91.40 12530 69.61
28 1005 67.00 67.33 74.81
29 960 64.00 61.44 68.26
30 868 57.86 50.22 66.96
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M3 6.3 Waminaaesumasse Ilussuguuuaiags (anudmulnan 20 kE2)

ANYA (KHz) LS 9A U nszud a9 szaninin
(VDC) (mA) (W) (%)
20 2493 124.65 310.00 71.26
21 2606 130.30 339.56 68.59
22 2833 141.65 401.29 70.40
23 2946 147.30 433.94 74.17
24 2890 144.50 417.60 75.24
25 2720 136.00 369.92 77.06
26 2153 107.65 231.77 77.25
27 1700 85.00 144.50 80.27
28 1360 68.00 92.48 77.06
29 1246 62.30 77.62 86.24
30 1133 56.65 64.18 85.57
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A A (KHz) HS9AU Nz RGN Uszansnw
(VDC) (mA) (W) (%)
20 1554 155.40 241.49 67.08
21 1720 172.00 295.84 79.11
22 1918 191.80 367.87 61.31
23 2216 221.60 491.06 56.44
24 2315 231.50 535.92 57.62
25 2381 238.10 566.91 55.57
26 2315 231.50 535.92 54.13
27 1653 165.30 273.34 50.61
28 1091 109.10 119.02 61.03
29 860 86.00 73.96 61.63
30 793 79.30 62.88 59.88

M54 6.5 HamsnAaedumasse s U guUadaF (Manudwmiulnaa 15K0)

ANND (KH2) LS9 REEILG! e Uszansan
(VDC) (mA) (W) (%)
20 2011 134.06 269.60 66.56
21 2194 146.26 320.90 76.09
22 2377 158.46 376.67 75.40
23 2605 173.66 452.40 60.32
24 2697 179.80 484.92 59.86
25 2742 182.80 501.23 60.72
26 2651 176.73 468.52 57.77
27 1737 115.80 201.14 63.80
28 1417 94.46 133.85 63.71
29 1188 79.20 94.08 62.66
30 1005 67.00 67.33 55.83
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M 6.6 Wansnaavurany lWuswuguuuaiags (ManudumuTran20 kE)

ANUD (KHz) LTI AT 184 szaAnsaIw
(VDC) (mA) (W) (%)
20 2493 124.65 310.75 66.66
21 2606 130.30 339.56 62.77
22 2833 141.65 401.29 63.65
23 2946 147.30 433 .94 62.75
24 2946 147.30 433.94 61.41
25 2946 147.30 433.94 65.60
26 2720 136.00 369.92 61.16
27 2040 102.00 208.08 66.03
28 1700 85.00 144.50 73.84
29 1473 73.65 108.48 65.45
30 1190 59.50 70.80 59.00
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Avd (KHz) S 9AU nssud a9 Useansnn
(VDC) (mA) (W) (%)
20 1612 161.20 259.85 55.69
21 2150 215.00 462.25 53.10
22 2418 241.80 584.60 46.39
23 2687 268.70 721.99 43.75
24 2741 274.10 751.30 41.77
25 2795 279.50 781.20 40.05
26 2150 215.00 462.25 61.60
27 2150 215.00 462.25 61.60
28 1505 150.50 226.50 51.95
29 752 75.20 56.55 4222
30 645 64.50 41.60 39.61
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AMd (KHz) 59AU nszud a9 Uszansnn
(VDC) (mA) (W) (%)
20 2304 153.00 353.89 60.51
21 2688 179.00 481.68 53.55
22 3200 213.00 682.66 52.33
23 3584 238.00 856.33 47.61
24 3648 243.00 887.19 51.28
25 3712 247.00 918.59 43.80
26 2940 196.00 576.24 64.00
27 2816 187.00 528.65 70.4
28 1920 128.00 245.76 56.32
29 1152 76.00 88.47 59.33
30 896 59.00 53.52 40.00
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AN (KHz) TR U AsEILE faq 15sLANTNN
(VDC) (mA) (W) (%)
20 2833 141.00 401.29 63.65
21 3541 177.00 629.93 67.74
22 3683 184.00 678.22 51.36
23 4037 201.00 814.86 49.33
24 4454 222.00 991.90 55.11
25 4220 211.00 890.42 45.69
26 3541 177.00 626.93 59.71
27 3258 162.00 530.72 70.80
28 2266 113.00 256.73 71.11
29 1525 7629 116.28 59.87
30 plEe) 56.00 64.18 42.78
asnudavar udutiuss LI A NAA LS BU
5000 z
o o TSI
4000 \¥i = = <
i v’ @p
s
< 3000 e
;é */ o B~ Q /
2 2000 — S — 5
= 4
- ooy \
1000 \.,, &Lﬁ__.
. el
20 71 29 23 24 25 26 27 28 29 30
aud (KHz)
}—o—RLmK = RL 15K RL2OK‘

gﬂ‘ﬁ 6.10 ﬂiWWLLﬂﬂQﬂﬁ’lNﬁN‘WU‘ﬁi“’ﬂ"JNﬂ'JHJﬂﬂ]JLﬁ\‘iﬂ"H ( Gl)'ﬂ‘ﬂ 1 uas GIWWI 2)




80

ua (mA)

[k}~

- 1 J
AN ULARIAINIURNUSTZUINIAINUAAUNTEUE

300

250 +—

200 +

150 : ~

0+t
50 LaSEERbE

aud (KHz)

t._RLmK —s—RL 15K RLZOK‘

~ o ww o 1 A o = ::i
g‘]J‘V] 6.11 ﬂiTﬂLLﬁﬂ'ﬂﬂ']11]’61’11Wu'ﬁi%ﬁﬁ'ﬂﬂﬂ’ﬂnﬂﬂﬂﬂiﬂﬂlﬁ ( PYAN 1 Lag gan 2)

A (W)

AsudaIAMUFufiussruIeAuAAUAIEeY

aud (KHz)

|—+—RL 10K —a—RL 15K RL?OK’

£

A v o 7 ' Ao o o = =
E‘LI'V] 6.12 Nl AIA NUFURUTTEHINANVDADMEAS ( PAN 1 L gan 2)




81

ns1nuEaA uduRUSsTUINvAINAAULsEENE AN

s=andaw (%)

20 21 22 23 24 25 26 27 28 29 30

anud (KHz)

——RL 10K —s—RL 15K~ RL ZOK‘

A o o d 1 Jo g a A A A
719 6.13 nemlugasanuduiuissreanuanulssansniu (¥a 1 uaz ¥aN 2)

a

6.6 wamsnaaewraeus W IlguUaInge (rasauuniinsey)

1. 192993013 NAADIA NN 5.14

a

2. fhmsiamgungieununa Tasvzimsdaunasigamngil

Alasuuas g

1I81A199)

9
[ [

Yo = : Yy P a
3. Iimsuldeuth Indynassn dngumgi

4. ihamn laldfulumsiandoundonns i

&
E s&vas

INGUCTCR
Y B 1 -
Outpest Froent persprtsr T QiaF 12

51l 6.14 20asmaneasslasld Tnamiluuuniinsou



82
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Data Sheet

mad

19A, 100V, 0.200 Ohm, P-Channel Power
OSFETs

hese are P-Channel enhancement mode silicon gate

ower field effect transistors. They are advanced power

OSFETs designed, tested, and guaranteed to withstand a
specified level of energy in the breakdown avalanche mode

(f operation. All of these power MOSFETSs are designed for
applications such as switching regulators, switching
convertors, motor drivers, relay drivers, and drivers for high
power bipolar switching transistors requiring high speed and
low gate drive power. They can be operated directly from
integrated circuits.

Formerly Developmental Type TA17521.

Ordering Information

PART NUMBER PACKAGE BRAND
IRF9540 TO-220AB IRF9540
RF159540SM TO-263AB RF159540

NIOTE: When ordering, use the entire part number. Add the suffix 9A to

abtain the TO-263AB variant in the tape and reel, i.e., RF1S9540SM9A.

IRF9540, RF159540SM

July 1999 File Number 2282.6

Features

19A, 100V

rDS(ON) = 0.200Q

Single Pulse Avalanche Energy Rated
SOA is Power Dissipation Limited
Nanosecond Switching Speeds
Linear Transfer Characteristics

High Input Impedance

Related Literature

- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards”

Symbol

Packaging
JEDEC TO-220AB JEDEC TO-263AB
SOURCE
> _ DRAIN
72 GATE
DRAIN
-
DRAIN (FLANGE) BATR (FLANGE)
' T~ SOURCE
4-15 CAUTION: These devices are sensitive to electrostatic discharge; follow proper ESD Handling Procedures.

http:/fwww.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999



IRF9540, RF1S9540SM

Absolute Maximum Ratings T =25°C, Unless Otherwise Specified

IRF9540,

RF1S9540SM UNITS
Drain to Source Voltage (NOte 1) . .. ..o o i ittt e e et i Vps -100 \
Drain to Gate Voltage (Rgg =20kQ)(Note 1) . ... ... .o VDGR -100 \
Continuous Drain CUITENt . .. ... .. it i iii e no s Ib -19 A
Tc= 000 ot e e e Ip -12 A
Pulsed Drain Current (Note 3) . . ... ittt e et Ibm -76 A
GatetoSource Voltage .. ..o oot e Ves +20 A
Maximum Power Dissipation (Figure 1) . ... .. ..o i e Pp 150 w

Linear Derating Factor (Figure 1). .. . ..o oottt e e et 1 wrec
Single Pulse Avalanche Energy Rating (Note 4). . . ........ .. .. i Eas 960 mJ
Operating and Storage Temperature . .. ............tiie i rin i T4 Ts1G -55 to 175 °c

Maximum Temperature for Soldering

! Leads at 0.063in (1.6Mm) from Case for 108. . . . ..o v urree et e ee e T 300 °c
Package Body for 10s, See Techbrief 334 .. ... ... ... . i Tpkg 260 °c

AUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
evice at these or any other conditions above those indicated in the operational sections of this specification is not implied.

OTE:
1. T, =25°C to 150°C.

Z 90

Electrical Specifications T = 25°C, Unless Otherwise Specified
PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX | UNITS
Prain to Source Breakdown Voltage BVpss | Ip = -250pA, Vgg = 0V (Figure 10) -100 - - A
[Gate to Threshold Voltage Ves(tH) | Vaes = Vos: Ip = -260pA -2 - -4 Vv
Zero Gate Voltage Drain Current Ipss Vpg = Rated BVpgs, Vgg = 0V - - -25 HA
Vps = 0.8 x Rated BVpss, Vgs = 0V, Tg = 125°C - - -250 HA
On-State Drain Current (Note 2) Ipon) | VDs > ID(ON) X 'DS(ON) MAX: Vs = -10V -19 - - A
Gate to Source Leakage Current lgss Vgg = +20V - - +100 nA
Drain to Source On Resistance (Note 2) ros(oN) | I =-10A, Vgg = -10V (Figures 8, 9) - 0.150 | 0.200 Q
Forward Transconductance (Note 2) dfs Vbs > Ip(oN) X 'DS(ON) MAX: ID = -6A 5 7 - S
- (Figure 12)
[Turn-On Delay Time tyon)y | VDD =-50V, Ip=19A, Rg =9.1Q, R = 2.3Q, - 16 20 ns
Rise Time t Vs = -10V, (Figures 17, 18) ; y 65 100 ns
- MOSFET Switching Times are Essentially
[Turn-Off Delay Time td(OFF) | Independent of Operating Temperature 2 47 70 ns
Fall Time t¢ - 28 70 ns
[Total Gate Charge Qg(TOT) Vgg =-10V, Ip = -19A, Vpg = 0.8 x Rated BVpss, - 70 90 nC
(Gate to Source + Gate to Drain) lg(REF) = -1.5mA (Figures 14, 19, 20)
Gate to Source Charge @ Gate C.harge is Essentially independent of N 14 - nC
- - Operating Temperature
Gate to Drain "Miller” Charge Qqd - 56 - nC
Input Capacitance Ciss Vpg =-25V,Vgs =0V, f= 1MHz - 1100 - pF
Output Capacitance Coss  "pikigure<dd) - 550 - pF
Reverse Transfer Capacitance CRrss - 250 - pF
Internal Drain Inductance Lp Measured From the Modified MOSFET - 35 - nH
Contact Screw on Tab to | Symbol Showing the
the Center of Die Internal Devices
Measured From the Drain Inductances - 4.5 - nH
Lead, 6mm (0.25in) from
Package to the Center of
Die
Internal Source Inductance Lg Measured From the - 7.5 - nH
Source Lead, 6mm
(0.25in) From Package to
Source Bonding Pad
Thermal Resistance Junction to Case Rgyc - - 1 °cw
i Thermal Resistance Junction to Ambient ReJa Typical Socket Mount - - 62.5 | °c/w

4-16 intersil
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IRF9540, RF159540SM

$ource to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX |UNITS
Continuous Source to Drain Current Isb Modified MOSFET Symbol - - -19 A
Pulse Source to Drain Current Ispm Showing the Integral Re- ° - - -76 A
(Note 3) verse )
P-N Junction Diode
G
S
Source to Drain Diode Voltage (Note 2) Vsp Te = 25°C, Igp = -19A, Vg = OV (Figure 13) - - -1.5 \Y
:Reverse Recovery Time ter T, =150°C, Igp = 19A, digp/dt = 100A/us - 170 - ns
Reverse Recovery Charge Qrr T, =150°C, Igp = 19A, dlgp/dt = 100A/us - 0.8 - 1o

NOTES:

2. Pulse test: pulse width <300us, duty cycle <2%.

3. Repetitive rating: pulse width limited by maximum junction temperature. See Transient Thermal Impedance curve (Figure 3).
;4. Vpp = 25V, starting T; = 25°C, L = 4mH, Rg = 25Q, peak Ing = 19A. (Figures 15, 16).

Typical Performance Curves uUnless Otherwise Specified

1.2 20
i
E 1.0 _. 20
= <
- ~
S os ™ 5 \\
= \ w -15 =
E 06 " 3 \
% \ Z 10 -
[7:])
2 o4 N g N
o 4
g i
g 02 N
o

0 0

0 25 50 75 100 125 150 175 25 735 125 175

T¢, CASE TEMPERATURE (°C)

FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE

Tc, CASE TEMPERATURE (°C)

FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE
1
g hos =
28 | ms
g <Zt b 0.2 s b ¥ |
[« ettt — poes
<o [l P
Eﬁ L'EL 0.1 ; 0.1 o DM :
9L o005 1 3
,Qz ; L 0.02 o —,—D tq |-—1
& [oot e B B
£ ==1""1SINGLE PULSE NOTES:
DUTY FACTOR: D = tq/t, T
PEAKTJ= PDMXRQJC+TC
0.01 A riadll
195 104 1073 102 1071 10
t;, RECTANGULAR PULSE DURATION (s)

FIGURE 3. NORMALIZED MAXIMUM TRANSIENT THERMAL IMPEDANCE
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IRF9540, RF1S9540SM

Typical Performance Curves uniess Otherwise Specified (Continued)
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FIGURE 4. FORWARD BIAS SAFE OPERATING AREA
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FIGURE 6. SATURATION CHARACTERISTICS
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NOTE: Heating effect of 2us pulse is minimal.

FIGURE 8. DRAIN TO SOURCE ON RESISTANCE vs GATE
VOLTAGE AND DRAIN CURRENT

NORMALIZED DRAIN TO SOURCE

Ip, DRAIN CURRENT (A)

Ins(on). DRAIN TO SOURCE CURRENT (A)

100 —
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80 PULSE DURATION = 80ps
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FIGURE 5. OUTPUT CHARACTERISTICS
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FIGURE 7. TRANSFER CHARACTERISTICS
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FIGURE 9. NORMALIZED DRAIN TO SOURCE ON
RESISTANCE vs JUNCTION TEMPERATURE
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IRF9540, RF1S9540SM

Typlcal Performance Curves unless Otherwise Specified (Continued)
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‘FIGURE 10. NORMALIZED DRAIN TO SOURCE BREAKDOWN
VOLTAGE vs JUNCTION TEMPERATURE
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FIGURE 12. TRANSCONDUCTANCE vs DRAIN CURRENT
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FIGURE 11. CAPACITANCE vs DRAIN TO SOURCE VOLTAGE
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FIGURE 13. SOURCE TO DRAIN DIODE VOLTAGE
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VARY tp TO OBTAIN
REQUIRED PEAK Ig
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Test Circuits and Waveforms

Vps

Rg

it
T«I

las
0.01Q

- AVAW_

-

FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT

FIGURE 19. GATE CHARGE TEST CIRCUIT

4-20
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< R — Voo
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j FIGURE 17. SWITCHING TIME TEST CIRCUIT
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FIGURE 16. UNCLAMPED ENERGY WAVEFORMS
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FIGURE 18. RESISTIVE SWITCHING WAVEFORMS
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FIGURE 20. GATE CHARGE WAVEFORMS
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IRF9540, RF159540SM

All Intersil semiconductor products are manufactured, assembled and tested under ISO9000 quality systems certification.

Intersil semiconductor products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time with-
out notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

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

Sales Office Headquarters

NORTH AMERICA EURCPE 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: (407) 724-7000 1130 Brussels, Belgium Republic of China

FAX: (407) 724-7240 TEL: (32) 2.724.2111 TEL: (886) 2 2716 9310

| FAX: (32) 2.724.22.05 FAX: (886) 2 2715 3029
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IRF540N

'S
Electrical Specifications T¢ =25°C, Unless Otherwise Specified
v PARAMETER SYMBOL ‘ TEST CONDITIONS ‘ MIN ) TYP ‘ MAX J UNITS
OFF STATE SPECIFICATIONS
Drain to Source Breakdown Voltage BVpss Ip = 250pA, Vg = 0V (Figure 11) 100 - - \
Zero Gate Voltage Drain Current Ipss Vpsg = 95V, Vgg =0V - - 1 HA
Vps = 90V, Vgg =0V, T = 150°C - - 250 pA
(Gate to Source Leakage Current Igss Vgs = 20V - - +100 nA
(PN STATE SPECIFICATIONS
(ﬁate to Source Threshold Voltage Ves(H) |Yes=Vps.Ip= 250uA (Figure 10) 2 - 4 A
Drain to Source On Resistance rosoN) | Ip =33A, Vs =10V (Figure 9) - 0.033 | 0.040 Q
¢ |THERMAL SPECIFICATIONS
Thermal Resistance Junction to Case Rgjc TO-220 - - 1.25 ocrw
Thermal Resistance Junction to RgJA - - 62 o°cw
Ambient
SWITCHING SPECIFICATIONS (Vgg = 10V)
Turn-On Time ton Vpp =50V, Ip =33A - - 100 ns
Fum-On Delay Time taon) \Fggz > 19(_’1\’5 % 95 - ns
Rise Time tr (Figures 18, 19) - 57 - ns
Turn-Off Delay Time t4(OFF) - 40 - ns
all Time tf 5 55 - ns
Turn-Off Time toFF - - 145 ns
| GATE CHARGE SPECIFICATIONS
C Total Gate Charge Qqgrot) |Ves =0Vio20V Vpp = 50V, - 66 79 nC
Gate Charge at 10V Qgio) |VYes=0Vio 10V :gD(;E3F3)A=’ y = 35 42 nC
Threshold Gate Charge QgrH) {Ves=0Vio2V (Figures 13, 16, 17) - 2.4 29 nC
Gate to Source Gate Charge Qgs . 54 - nC
(Gate to Drain "Miller" Charge Qgq - 13 - nC
ICAPACITANCE SPECIFICATIONS
nput Capacitance Ciss Vpg =25V, Vgs =0V, - 1220 - pF
Output Capacitance Coss El:i;u,\f:fZ) - 295 - pF
Reverse Transfer Capacitance Crss - 100 - pF
$ource to Drain Diode Specifications
o PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Source to Drain Diode Voltage Vsp Isp=33A - - 1.25 \
Isp=17A - - 1.00 \
Reverse Recovery Time tr Isp = 33A, digp/dt = 100A/us - - 112 ns
Reverse Recovered Charge Qrr Isp = 33A, digp/dt = 100A/us - - 400 nC
<
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Typical Performance Curves
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NORMALIZED DRAIN TO SOURCE

IRF540N

Ip, DRAIN CURRENT (A}

Typical Performance Curves (Continued)

300
SINGLE PULSE |
EEEEEEECIEPN T, = MAX RATED
R N Te = 25° E
- . ¢ = 25°C .
= “
iy 7T~ S >
Z 7 o I 100
o / M~ T
Z 10 = -
= = OPERATION IN THIS = =
‘q [— AREA MAY BE ~l«
18 [ LIMITED BY rpson ims
7 T
10ms
1
) 10 100 300

Vps, DRAIN TO SOURCE VOLTAGE (V)

FIGURE 5. FORWARD BIAS SAFE OPERATING AREA

60

PULSE DURATION = 80ps
DUTY CYCLE = 0.5% MAX
Vpp = 15V
40
T, =175°C
20
/ Ty =-55°C
U
£ 1, =25
0 / l
2 3 4 5 6

Vs, GATE TO SOURCE VOLTAGE (V)
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NOTE: Refer to Intersil Application Notes AN9321 and AN9322.

FIGURE 6. UNCLAMPED INDUCTIVE SWITCHING
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Typical Performance Curves (Continued)
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Test Circuits and Waveforms

Vps
I BVpss
; L - tp —»
% Vps
| VARY tp TO OBTAIN . las il —
' REQUIRED PEAK Ips Rg ;j = vpp = |\ Voo
v — T y \
Gs y \
DuT / \
4 \
- / \
) tp Vs .
ov Ias 0o _ 1 ____.
Y 0.01Q
—\WN—¢ — | AV {a—
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS
Vps
T &
AVAVA'
\ Ves +

]
»
i

DUT
Ig(REF)
'g(REF)I
= ¢
FIGURE 16. GATE CHARGE TEST CIRCUIT FIGURE 17. GATE CHARGE WAVEFORMS
Vbs ik —| torr |=—
| v ‘ — —*|td(OFF)[=
RL — |-
Vpg =
bs 507
Ves e _:+VDD
— o —£ 10%
U - :
DUT N 90%
Rgs
Ves 50% 50%
— - e _T_ . «————— PULSEWIDTH ——»
Vos 1 0 10%
FIGURE 18. SWITCHING TIME TEST CIRCUIT FIGURE 19. SWITCHING TIME WAVEFORM
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PSPICE Electrical Model
SUBCKT IRF540N 21 3;  rev 19 July 1999

CA 128 1.95e-9
CB 1514 1.90e-9
CIN 681.12e-9

DBODY 7 5 DBODYMOD LDRAIN
DBREAK 5 11 DBREAKMOD DPLCAP
DPLCAP 10 5 DPLCAPMOD m

p

DRAIN
2

10 "

RSLC1
;71 181128 51 DBREAK
EGS 13 8 6 81 RSLC2 X
ESG 6106 8 1 ESLC 1
EVTHRES 6 21198 1 -
EVTEMP 20 6 18 22 1 50 +

17 DBODY
ESG (%) STRREN EBREAK G&D A pBoD
iT 817 1 EVTHRES

3 -

+ - 21
LDRAIN 2 5 1.0e-9 LGATE B, S 2 Jie= mweak
LGATE 1 9 6.19e-9 GATE RGATE 4, ~N\.| 6 —

LSOURCE 3 7 2.18e-9 1

& 3 i MmeD
; ° F [lf_ MSTRO|
MMED 16 6 8 8 MMEDMOD RLGATE

MSTRO 16 6 8 8 MSTROMOD ci LSOURCE

, RLDRAIN
EBREAK 11

EDS 14 8

o0

MWEAK 16 21 8 8 MWEAKMOD 8 SOURCE

3

RGATE 9 201.77

RLDRAIN 25 10

RLGATE1 9 26

RLSQURCE 37 11

RSLC1 5 51 RSLCMOD 1e-6
RSLC2 5 50 1e3 CA -
RSOURCE 8 7 RSOURCEMOD 6.5e-3
RVTHRES 22 8 RVTHRESMOD 1 —- VBAT

RVTEMP 18 19 RVTEMPMOD 1 T

|

S1A 6 12 13 8 STAMOD ) O A
S1B 13 12 13 8 S1BMOD

$2A 6 15 14 13 S2AMOD RVTHRES
$2B 13 15 14 13 S2BMOD

RBREAK

H A\
RBREAK 17 18 RBREAKMOD 1 RSOURCE
RDRAIN 50 16 RORAINMOD 2.00e-2 l_j RLSOURCE
S1A S2A
121°733
8

13 17

18

RVTEMP
19

\‘/BAT22 19 DC 1

LL_SLC 51 50 VALUE={(V(5,51)/ABS(V(5,51)))"(PWR(V(5,51)/(1e-6%71),3.5))}

.MODEL DBODYMOD D (IS = 1.20e-12 RS =4.2¢-3 XTI =5 TRS1 = 1.3e-3 TRS2 = 8.0e-6 CJO = 1.50e-9 TT =7.47e-8 M = 0.63)
.MODEL DBREAKMOD D (RS =4.2e-1 TRS1 = 8e-4 TRS2 = 3e-6)

.MODEL DPLCAPMOD D (CJO = 1.45¢-9 IS = 1e-30 M = 0.82)

.MODEL MMEDMOD NMOS (VTO=3.11KP=51S=1e-30 N=10 TOX=1L=1uW=1u RG=1.77)
MODEL MSTROMOD NMOS (VTO =357 KP=3351S=1e-30N=10TOX =1 L=1u W = 1u)

MODEL MWEAKMOD NMOS (VIO =268KP=0.091S=1e-30N=10TOX=1L=1uW=1uRG=17.7)
.MODEL RBREAKMOD RES (TC1 =1.05e-3 TC2 = -5e-7)

.MODEL RDRAINMOD RES (TC1 =9.40e-3 TC2 = 2.93e-5)

IMODEL RSLCMOD RES (TC1 = 3.5e-3 TC2 = 2.0e-6)

MODEL RSOURCEMOD RES (TC1 = 1e-3 TC2 = 1e-6)

JMODEL RVTHRESMOD RES (TC1 = -1.8e-3 TC2 = -8.6e-6)

/MODEL RVTEMPMOD RES (TC1 =-3.0e-3 TC2 =1.5e-7)

JMODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-6.2 VOFF= -3.1)
JMODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -3.1 VOFF= -6.2)
IMODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON =-1.0 VOFF= 0.5)
JMODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 0.5 VOFF=-1.0)

{ENDS

NOTE: For further discussion of the PSPICE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global
Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991, written by William J. Hepp and C. Frank Wheatley.
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IRF540N

SABER Electrical Model

EV 19 July 1999

emplate IRF540N n2,n1,n3
ectrical n2,n1,n3

D N

—

riiscl

.model dbreakmod = ()
.model dplcapmod = (cjo = 1.45e-9, is = 1e-30, m = 0.82)

nuwgggooo<—0o

w_vcsp..model s1bmod = (ron =1e-5, roff = 0.1, von =

sW_vesp..model s2amod = (ron = 1e-5, roff = 0.1, von = -1.0, voff = 0.5)
sW_vcsp..model s2bmod = (ron = 1e-5, roff = 0.1, von = 0.5, voff = -1.0)

cican12 n8 = 1.95¢-9
c.cb n15 n14 = 1.90e-9
c.cinn6 n8 = 1.12e-9

d.dbody n7 n71 = model=dbodymod
d.dbreak n72 n11 = model=dbreakmod
d.dplcap n10 n5 = model=dplcapmod

Litn8n17 =1 LGATE
GATE

Lidrain n2 n5 = 1e-9 1

l.igate n1 n9 = 6.19e-9

lisource n3 n7 = 2.18e-9 RLGATE

m.mmed n16 n6 n8 n8 = model=mmedmod, |=1u, w=1u
m.mstrong n16 n6 n8 n8 = model=mstrongmod, I=1u, w=1u
n?.mweak n16 n21 n8 n8 = model=mweakmod, I=1u, w=1u

r%s.rbreak n17 n18 =1, tc1 = 1.05e-3, tc2 = -5.0e-7
r%s.rdbody n71n5 = 4.2e-3, tc1 =1.30e-3, tc2 = 8.0e-6
res.rdbreak n72 n5 = 4.2e-1, tc1 = 8.0e-4, tc2 = 3.0e-6
res.rdrain n50 n16 = 2.00e-2, tc1 = 9.40e-3, tc2 = 2.93e-5
res.rgate n9 n20 = 1.77
res.ridrain n2 n5 = 10
res.rigate n1 n9 = 26
rgs.rlsource n3n7 =11
res.rsic1 n5 n51 = 1e-6, tc1 = 3.5e-3, tc2 = 2.0e-6
res.rslc2 n5 n50 = 1e3
res.rsource n8 n7 =6.5e-3, tc1 = 1e-3, tc2 = 1e-6
res.rvtemp n18 n19 =1, tc1 = -3.0e-3, tc2 = 1.5e-7
res.vthres n22 n8 = 1, tc1 =-1.8e-3, tc2 = -8.6e-6

|
spe.ebreak n11 n7 n17 n18 = 112.8
spe.eds n14 n8n5n8 =1
spe.egs n13 n8n6én8 =1
spe.esgn6n10n6én8 =1
spe.evtemp n20 n6 n18 n22 =1
spe.evthres n6 n21 n19n8 =1

sw_vecsp.s1a né n12 n13 n8 = model=s1amod
sw_vesp.s1b n13 n12 n13 n8 = model=s1bmod
sw_vcsp.s2a né n15 n14 n13 = model=s2amod
sw_vesp.s2b n13 n15 n14 n13 = model=s2bmod
vi.vbat n22 n19 = dc=1

gquations {
i|(n51->n50) +=iscl

i
}
}

.model dbodymod = (is = 1.20e-12, cjo = 1.50e-9, tt = 7.47e-8, xti = 5, m = 0.63)

..model mmedmod = (type=_n, vto = 3.11, kp = 5, is = 1e-30, tox = 1)
..model mstrongmod = (type=_n, vto = 3.57, kp = 33.5, is = 1e-30, tox = 1)
..model mweakmod = (type=_n, vto = 2.68, kp = 0.09, is = 1e-30, tox = 1)
w_vcsp..model s1amod = (ron = 1e-5, roff = 0.1, von = -6.2, voff = -3.1)

iscl: v(n51,n50) = ((v(n5,n51)/(1e-9+abs(v(n5,n51))))*((abs(v(n5,n51)*1e6/71))** 3.5))

LDRAIN
DPLCAP 5 DRAIN
-3.1, voff =-6.2) 1, P Py 2
10
RSLCA RLDRAIN
RDBREAK
L 51 p:
RSLC2S S
1 @ scL 2| 3 RDBODY
50 DBREAK Y
s 71
ESG(—SD SRORGQ 11
N EVTHRES 16
+agy- |21 [ MWEAK
o= 38 i 7A DpBODY
218yl S 4 oo llommeD | EBREAK
9 " 2022 — = *
45 MSTRQ 17
18
LSOURCE
TC'N 8 Y SOURCE
—AA—o 3
RSOURCE
l_'_l RLSOURCE
S1A S2A
23 > RBREAK
2.4 17 18
RVTEMP
19
CAZ IT -
== VBAT
T
8
—A\AN— 22

RVTHRES
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IRF540N

SPICE Thermal Model

REV 26 July 1999 th JUNCTION

IRF540NT

CTHERM1 th 6 2.60e-3

THERM2 6 5 8.85e-3 1
THERM3 5 4 7.60e-3 RTHERM1 T CTHERM1
THERM4 4 3 7.65e-3
THERMS 3 2 1.22e-2
THERMSG 2 tl 8.70e-2 6

QO OO0
S

RTHERM1 th 6 9.00e-3

THERM2 6 5 1.80e-2

THERM3 5 4 9.15e-2 RTHERM2
THERM4 4 3 2.43e-1

THERMS5 3 2 3.10e-1

THERMS 2 ti 3.21e-1

T CTHERM2

D000

SABER Thermal Model ey
SIABER thermal model IRF540NT

=~ CTHERM3

template thermal_model th ti
thermal_c th, tl

herm.ctherm1 th 6 = 2.60e-3
herm.ctherm2 6 5 = 8.85e-3 RTHERM4
herm.ctherm3 5 4 = 7.60e-3
herm.ctherm4 4 3 = 7.65e-3
herm.ctherm5 3 2 = 1.22e-2
herm.ctherm6 2 tl = 8.70e-2

CTHERM4

herm.rtherm1 th 6 = 9.00e-3

rtherm.rtherm2 6 5 = 1.80e-2 RTHERMS5
herm.rtherm3 5 4 = 9.15e-2

rtherm.rtherm4 4 3 = 2.43e-1

rtherm.rtherm5 3 2 = 3.10e-1

rtherm.rtherms 2 tl = 3.21e-1

}

- CTHERMS

O00go0aq™
il
11

RTHERM& — CTHERMSé

tl CASE
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C
TO-220AB
3 LEAD JEDEC TO-220AB PLASTIC PACKAGE
> A |- INCHES MILLIMETERS
aP E
*\ —>{ L Aq SYMBOL MIN MAX MIN MAX NOTES
a [N A [ A 0170 | 0.180 | 4.32 4.57 -
+ —_—f] —
T A W _H{ | Aq 0048 | 0052 | 122 132 5
b / ™_ TERM. 4 b 0.030 0.034 0.77 0.86 3,4
v b4 0.045 0.055 1.15 1.39 2,3
l l E1—>‘|¢ ' l’ g 5 45° I c 0.014 0.019 | 036 0.48 2,3,4
! 1
; + _ D 0.590 0.610 14.99 15.49 -
c L1 ’ b Dy - 0.160 - 4.06 -
$ | 1 E 0.395 0.410 10.04 10.41 -
L ’ < b c Eq - 0.030 - 0.76 -
60° ! ! e 0.100 TYP 254 TYP 5
1WU2Y3 eq 0.200 BSC 5.08 BSC 5
e |- >y Hq 0235 | 0255 | 597 6.47 -
eq -
Jq 0.100 0.110 2.54 2.79 6
L 0.530 0.550 13.47 13.97 -
Lq 0.130 0.150 3.31 3.81 2
aP 0.149 0.153 3.79 3.88 -
Q 0.102 0.112 2.60 2.84 -
NOTES:
1. These dimensions are within allowable dimensions of Rev. J of
C JEDEC TO-220AB outiine dated 3-24-87.
2. Lead dimension and finish uncontrolled in L.
3. Lead dimension (without solder).
4. Add typically 0.002 inches (0.05mm) for solder coating.
5. Position of lead to be measured 0.250 inches (6.35mm) from bot-
tom of dimension D.
6. Position of lead to be measured 0.100 inches (2.54mm) from bot-
tom of dimension D.
7. Controlling dimension: Inch.
8. Revision 2 dated 7-97.
C
All Intersil semiconductor products are manufactured, assembled and tested under ISO%000 quality systems certification.
Intersil semiconductor products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time with-
out notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
f yom its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.
For information regarding Intersil Corporation and its products, see web site www.intersil.com
Sales Office Headquarters
INORTH AMERICA EUROPE ASIA
Iintersil Corporation Intersit SA Intersil (Taiwan) Ltd.
. 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
. FEL: (321) 724-7000 1130 Brussels, Belgium Republic of China
C FAX (321) 724-7240 TEL: (32) 2.724.2111 TEL: (886) 2 2716 9310
FAX: (32) 2.724.22.05 FAX: (886) 2 2715 3029
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IRFP460

International
Rectifier

HEXFET® Power MOSFET

e Dynamic dv/dt Rating
® Repetitive Avalanche Rated } D
e |solated Central Mounting Hole
® Fast Switching

® Ease of Paralleling

e Simple Drive Requirements

\/[)SE;==£5()()\,
RDS(OH) = 0279

s ID = 20A

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

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. it also provides greater creepage distance between pins to
meet the requirements of most safety specifications.

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

Ip@ Tc=25°C Continuous Drain Current, Ves @ 10 V 20
Ip @ Tc=100°C | Continuous Drain Current, Vas @ 10V 13 A
Ipom Pulsed Drain Current © 80
Pp @ Tc=25°C | Power Dissipation 280 W

Linear Derating Factor 2.2 W/°C
Vas Gate-to-Source Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 960 mJ
lar Avalanche Curreni ® 20 A
Ean Repetitive Avalanche Energy © 28 md
dv/dt Peak Diode Recovery dv/dt ® 3.5 Vins
Ty Operating Junction and -55to +150
Tsta Storage Temperature Range °C

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

Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nem)

Thermal Resistance
Parameter Min. Typ- Max. Units

Rasc Junction-to-Case = — 0.45
Rocs Case-to-Sink, Flat, Greased Surface — 0.24 — °C/W
Raia Junction-to-Ambient — — 40
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Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Paramster Min. | Typ. | Max. | Units Test Conditions

V(BR)DSS Drain-to-Source Breakdown Voltage 500 — — V | Vgs=0V, lo= 250pA
AV(sripss/AT.| Breakdown Voltage Temp. Coefficient — | 063 | — | V/°C |Reference {0 25°C, Ip= 1mA
Ros(on) Static Drain-to-Source On-Resistance — — | 0.27 Q | Vas=10V, Ip=12A @

Vas(th) Gate Threshold Voltage 2.0 — 4.0 V | Vos=Vas, o= 250pA

Ots : Forward Transconductance 13 — — S | Vos=50V, Ip=12A ®

Ipss Drain-to-Source Leakage Current — — &2 HA VOB NG a5=0V

—_ _— 250 Vps=400V, Ves=0V, Ty=125°C
lass Gate-to-Source Forward Leakage - — | 100 nA Vgg=20V
Gate-to-Source Reverse Leakage - — {-100 Vgs=-20V

Qg Total Gate Charge ~ — | 210 1o=20A

Qgs Gate-to-Source Charge — — | 29 | nC |Vpg=400V

Qgd Gate-to-Drain ("Miller") Charge — —+ o 1ed Vas=10V See Fig. 6 and 13 @
teitony Tum-On Delay Time 7 18 e Von=250V

tr Rise Time — 59 — e lp=20A

ta(ott) Tum-Off Delay Time i 110 \ Re=4.3Q

1] Fall Time v, 58 — Rp=13Q See Figure 10 ®
Lo Internal Drain Inductance — 50 | — eBﬁvrv:c(eg 2'?5?: ’)

nH fro(;n pa;:kag;a ta(:

Ls internal Source Inductance — | 13 | — 3{; C%?]’;‘a%rf ]
+ Ciss Input Capacitance — 14200 | — Vas=0V
. Coss Output Capacitance — 870 | — pF | Vps= 25V
: Crss Reverse Transfer Capacitance — 1850 | — =1.0MHz See Figure 5

Source-Drain Ratings and Characteristics

Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continugus Source Current ) o 20 MOSFET symbol D
{Body Diode) A showing the
Ism Pulsed Source Current | = | g integral reverse @ .
(Body Diodé) © p-n junction diode. is
Vsp Diode Forward Voltage — — 1.8 V | T)=25°C, 1s=20A, Vgs=0V @
trr Reverse Recovery Time — 570 | 860 ns | Tj=25°C, [r=20A
Qrr Reverse Recovery Charge — 5.7 | 8.6 | puC. |di/dt=100A/us @
ton - Forward Tum-On Time Intrinsic tum-on time is neglegible (turn-on is dominated by Ls+Lp)
Notes:
@ Repetitive rating; pulse width limited by @ 1sp<20A, difdi<160A/us, VoD<V(8R)DSS,
max. junction temperature (See Figure 11) Ty<150°C
@ Vpp=50V, starting Ty=25°C, L=4.3mH @ Pulse width < 300 us; duty cycle <2%.

RG=25%, 1as=20A (See Figure 12)
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ToP ;53 . Top ;gi /,
8 . sa ———
e Pl gev A
Jan-rmn pR3 ‘, sorron 3.5y /
@ )
a 1 e
£ - E
< / < /‘
P = 0! y et
S o L 5 =T
5 5
(&] 6]
£ & =
© ©
5 i & p 4
8 2> |1/
20us PULSE WIDTH 20us PULSE WIDTH
Tg = 25°¢C : Tg = 150°C
109 100
100 10! 100 101
Vps, Drain-to-Source Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics, Fig 2. Typical Output Characteristics,
Tc=25°C _ Tc=150°C
3.5
@ Ip = 20A
v 2
Z = 3.0
A 2 '
m 74 ]
g b ,A =25 ~
< // O ~ A
= 4 o3 ,/
= gg 20 v
£ 7 3w v
3 F G —
£ étas"c L2 p.
g = ”
(=] / & 1.0 A ]
3 o
£ EN L~
/ ' v 50 9 9fi
0 pg = 50V ]
° 20us PULSE WIDTH & o e VGS = 10V
4 8 g £ 260 -40 -20 0 20 40 60 80 100 120 140 160
Vas, Gate-to-Source Voltage (volts) T, Junction Temperature (°C)
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance

Vs. Temperature
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Isp, Reverse Drain Current (Amps)

10000

Capacitance (pF)

Vag = OV, f = 1Mz
Ciss = Cgs + Cga Cgs SHORTED
Crss = Cga
8000 \Cos=cds+Cu
\\
N
& \ Ciss ]
L \\.. \
N N
4000
\ e
Coss
\\ l [\\\\\
2000 ST
U \
N
\'\._
0
100 10!

Vps, Drain-to-Source Voltage (volts)

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

102 v
Prd
'/'//
,/
,A
Vi
4
v
e /)]
/// 250
. / Vgg = OV
0558 1.0 Lz 1.4 16 18 2.0

Vsp, Source-to-Drain Voltage {volts)

Fig 7. Typical Source-Drain Diode
Forward Voltage

1p, Drain Current (Amps)

Vgs, Gate-to-Source Voltage (volts)

20 T
Ip * 204 Vg = 400V 3
v = 250V 1
s . T\
G Vg = 100V
P2
i
12
//
8 4 /
v/
/4
Vs
4
FOR TEST CIACUT
SEE FIGURE 13
% a0 80 120 160 200
Qg, Total Gate Charge (nC)
Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
273
L nozaa-Ion N ThIS AAZ: _IMITED ]
s/ 3¢ Smg gy —
2 !‘ + : AL
102 +
- l( N, LR N ‘\ n
3 Y 3 ,’( ™ “‘ 1057
P! KN AN
2 2 \\ \\
// ' i S \\ AS
D ! ; : 3 \\ .: N\ ‘?GJ!
'l - Py 3 N \\
st - : ——
: i : kN
TC=250C ; T o
2|7 j=150°¢C I : <
SINGLE PULSE : . 02
1 - 5 10 2 5 102 2 S5 :.33

Vps, Drain-to-Source Voltage (volts)

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

R
Vps > DV
D.U.T.
20 Y
Voo
16 \\ :I 0V
Pulse Width < 1ps
\ Duty Factor S 0.1%
12 \ - . . . .—!'- . .
N Fig 10a. Switching Time Test Circuit
N
8 = Vbs
\ e
4 | |
| ! |
o | | !
10% . .
) ! | }
25 50 75 100 125 150 Vas —A .41
Tc, Case Temperature (°C) taon) b tat) 1
Fig 9.  Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
Case Temperature
1 yuc s
il
Ul
A\ |2 =T
3 =
N BRI gy
@ 0.1k —
2 =
8_ -
(g m e
E r0.0!: ) 2 ] ! ‘l |l
e
g o] stvoie puse
=10 %o (THERMAL RESPONSE) —
’.QE) Fm'q
ot g} tz.]
NOTES:
1. DUTY FACTOR, D=ti/t2
d l" 2. PEAK Tj=Pgy x Zthjc + Te
10
1078 1074 1072 1072 0.1 1 10

t1, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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L
Vary tp to obtain Vps >— (N
required las
2400
Ip
TP B8.9A
134
:; 2000 30TTOM 204
E
o)
g’ 1600 \\
G Pk
. f y . N 3 1200 \
Fig 12a. Unclamped inductive Test Circuit ‘3 N
o
@
D 80 \\\
LL% 400
~N
vop = S0V —
VDS 0 DD
25 50 75 100 125 150
Starting Ty, Junction Temperature(°C)
| NN LAl UW 4 . N
AS Fig 12¢c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Vs. Drain Gurrent

Current Ri
IT'"'STaEe" Type as DU | )
: e
50K !
=x2v 2eF m_ :
b } I T dar |
ovipE=_ % =T ld . ANy € War—F e g | N _EVDS
DUT T-
Vas m_.
Ve amaf |1
AV 4 e = Ip
Chgn Current Sampling Resistors
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 International
Rectifier
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SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control circuit

designed primarily for SWITCHMODE power supply control.

On-Chip Error Amplifiers
On—-Chip 5.0 V Reference
Adjustable Deadtime Control

Undervoltage Lockout

MAXIMUM RATINGS (Fuli operating ambient temperature range applies,

unless otherwise noted.)

Complete Pulse Width Modulation Control Circuitry
On-Chip Oscillator with Master or Slave Operation

Uncommitted QOutput Transistors Rated to 500 mA Source or Sink
Output Control for Push—Pull or Single-Ended Operation

Order this document by TL494/D

TL494

PULSE WIDTH MODULATION

SWITCHMODE

CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX
PLASTIC PACKAGE
CASE 751B
1 (SO-16)

N SUFFIX
PLASTIC PACKAGE
CASE 648

N A\ Noni
oninv oninv
input L1 E} @ 16] Input
inv inv
Input lz v, EI Input
Compen/PWN
Comp Input E MY E Vref
Deadtime f Output
Control L4 [ 13 Control
er[sH 12] Ve
Oscillator
Rr (6 {E c2
Ground [z @ E2
o) Z e

PIN CONNECTIONS

(Top View)

ORDERING INFORMATION

Rating Symbol | TL494C | TL494] | Unit
Power Supply Voltage Ve 42 Vv
Collector Output Voltage Ve, 42 A
Ve2
Collector Output Current Ic1, lc2 500 mA
(Each transistor) (Note 1)
Amplifier Input Voltage Range VIR -0.3 to +42 V
Power Dissipation @ Ta < 45°C Pp 1000 mw
Thermal Resistance, ReJA 80 °C/W
Junction—to—Ambient
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg —55to +125 °C
Operating Ambient Temperature Range TA °C
TL494C 0to +70
TL494| —-25t0 +85
Derating Ambient Temperature TA 45 °C

NOTE:

1. Maximum thermal limits must be observed.

Operating
Device Temperature Range Package
TL494CD S0O-16
Ta =0°to +70°C
TL494CN Plastic
TL494IN Ta =—25° to +85°C Plastic

© Motorola, Inc. 1996

Rev 1



RECOMMENDED OPERATING CONDITIONS

TL494

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vce 7.0 15 40 \Y
Collector Output Voltage Vei1. Vo2 - 30 40 A
Collector Output Current (Each transistor) Ic1. Ic2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Vee-2.0 \%
Current Into Feedback Terminal Iftb - - 0.3 mA
Reference Output Current Iref - - 10 mA
Timing Resistor RT 1.8 30 500 kQ
Timing Capacitor Crt 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vo = 15V, C1 = 0.01 pF, RT = 12 kQ, unless otherwise noted.)
For typical values Tp = 25°C, for min/max values Tp is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol I Min | Typ ‘ Max l Unit I
REFERENCE SECTION

Reference Voltage (I = 1.0 mA) Vref 4.75 5.0 5.25 \%

Line Regulation (Vcc = 7.0 V to 40 V) Regline = 2.0 25 mV

Load Regulation (Io = 1.0 mA to 10 mA) Regload - 3.0 15 mV

Short Circuit Output Current (Vief = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ic(off) = 2.0 100 pA
(VCG =40V, VCE=40V)

Emitter Off-State Current IE(off) - - -100 HA
Vcc =40V, Vg =40V, VE=0V)

Collector-Emitter Saturation Voltage (Note 2) \Y
Common-Emitter (VE = 0V, Ig = 200 mA) Vsat(C) - 1.1 1.3
Emitter—Follower (V¢ = 15V, Ig = —200 mA) Vsat(E) - 1.5 25

Output Control Pin Current
Low State (Vo <0.4V) locL < 10 - HA
High State (VoG = Vref) locH - 02 3.5 mA

Output Voltage Rise Time tr ns
Common-Emitter (See Figure 12) - 100 200
Emitter—Follower (See Figure 13) - 100 200

Output Voltage Fall Time tf ns
Common—Emitter (See Figure 12) - 25 100
Emitter—Foliower (See Figure 13) - 40 100

NOTE: 2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.

MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vgc = 15V, C1 = 0.01 pF, RT = 12 k€, unless otherwise noted.)

For typical values Tp = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics l Symbol Min Typ Max | Unit
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (Pin 3)=2.5V) Vio - 2.0 10 myV
Input Offset Current (Vo (Pin 3) = 2.5 V) llo - 5.0 250 nA
Input Bias Current (VO (Pin 3) = 2.5 V) B - -0.1 -1.0 HA
Input Common Mode Voltage Range (Vg =40V, Ta = 25°C) VICR -0.3to V2.0 \%
Open Loop Voltage Gain (AVg =3.0V,Vp=0.5V1t0 3.5V, R =2.0 kQ) AvoL 70 95 - dB
Unity—Gain Crossover Frequency (Vo = 0.5V to 3.5V, R[ = 2.0 kQ) fc— - 350 - kHz
Phase Margin at Unity—Gain (Vo = 0.5V t0 3.5V, R =2.0kQ) dm - 65 - deg.
Common Mode Rejection Ratio (Vg =40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVce =33V, Vo =2.5V, Ry =2.0kQ) PSRR - 100 - dB
Output Sink Current (VO (Pin 3) = 0.7 V) lo- 0.3 0.7 - mA
Output Source Current (VO (Pin 3) = 3.5 V) lo+ 2.0 —4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) VTH - 2.5 4.5 \
Input Sink Current (V(pjn 3) = 0.7 V) l— 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpjn 4 =0V tc 5.25 V) IiB (DT) - -2.0 -10 LA
Maximum Duty Cycle, Each Output, Push—Pull Mode DCmax %
(VpPin 4 =0V, C1 =0.01 uF, RT =12 kQ) 45 48 50
(Vpin 4 =0V, CT = 0.001 pF, RT = 30 kQ) - 45 50
Input Threshold Voltage (Pin 4) Vth \%
(Zero Duty Cycle) - 2.8 3.3
(Maximum Duty Cycle) 0 & i
OSCILLATOR SECTION
Frequency (CT = 0.001 pF, RT = 30 kQ) fosc - 40 = kHz
Standard Deviation of Frequency* (CT = 0.001 pF, RT = 30 kQ) olosc - 3.0 - %
Frequency Change with Voltage (Vo = 7.0V to 40 V, Tp = 25°C) Afgsc (AV) . 0.1 - %
Frequency Change with Temperature (ATA = Tjow to Thigh) Afgsc (AT) - & 12 %
(CT=0.01 uF, RT=12kQ)
UNDERVOLTAGE LOCKOUT SECTION
Turn—On Threshold (V¢ increasing, lref = 1.0 mA) Vih 5.5 6.43 7.0 | \'
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vigf, All other inputs and outputs open) Icc mA
Ve =15V) - 5.5 10
Vcc=40V) - 7.0 15
Average Supply Current mA
(C1=0.01 uF, RT =12kQ, V(pin 4) = 2.0 V) - 7.0 -
(Vce = 15 V) (See Figure 12)

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, o
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Figure 1. Representative Block Diagram
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TL494
APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) An internal-linear sawtooth oscillator is frequency—
programmable by two external components, RT and CT. The
approximate oscillator frequency is determined by:

11

f =
osc RT CT

For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor CT to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control-signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum output
deadtime to approximately the first 4% of the sawtooth—cycle
time. This would result in a maximum duty cycle on a given
output of 96% with the output control grounded, and 48% with
it connected to the reference line. Additional deadtime may
be imposed on the output by setting the deadtime—control
input to a fixed voltage, ranging between 0 V1o 3.3 V.

Functional Table

InputiOutput Output Function f&‘-ﬂ .
Controls 7 -
Grounded | Single—ended PWM @ Q1 and Q2 1.0

@ Vref Push—pull Operation 05

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on—time, established by the deadtime
control input, down to zero, as the voltage at the feedback pin
varies from 0.5 V to 3.5 V. Both error amplifiers have a
common mode input range from -0.3 V to (Vcc - 2V), and

may be used to sense power—supply output voltage and
current. The error—amplifier outputs are active high and are
ORed together at the noninverting input of the pulse-width
modulator comparator. With this configuration, the amplifier
that demands minimum output on time, dominates control of
the loop.

When capacitor CT is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse—steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the output—control connected to
the reference line, the pulse-steering flip—flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Output drive can also be
taken from Q1 or Q2, when single—ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output—drive currents are required for single—ended
operation, Q1 and Q2 may be connected in parallel, and the
output—-mode pin must be tied to ground to disable the
flip-flop. The output frequency will now be equal to that of the
oscillator.

The TL494 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load current for external bias circuits.
The reference has an internal accuracy of £5.0% with a
typical thermal drift of less than 50 mV over an operating
temperature range of 0° to 70°C.

Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 4. Open Loop Voltage Gain and

Phase versus Frequency
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Figure 10. Error—~Amplifier Characteristics
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Figure 14. Error—Amplifier Sensing Techniques
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Philips Semiconductors

[ E—

Product specification

LM124/224/324/324A/

©  Low power quad op amps SA534/LM2902
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 32 or+16 Vpe
L VIN Differential input voltage 32 Vpe
ViN Input voltage -0.3 to +32 Vbc
' p Maximum power dissipation,
D Ta=25°C (still-air)"
N package 1420 mw
F package 1190 mW
c D package 1040 mwW
Output short-circuit to GND one amplifier? ]
Vee<15Vpg and Ta=25°C Continuous
In Input current (Vjy<-0.3V)3 50 mA
Ta Operating ambient temperature range
LM324/A 0to +70 °C
L2224 -25 to +85 °C
SA534 -40 to +85 °C
LM2902 -40 to +125 °C
LM124 -55 to +125 °C
Tste Storage temperature range -65 to +150 °C
TsoLb Lead soldering temperature (10sec max) 300 °C
NOTES:
€ 1. Derate above 25°C at the following rates:

‘ F package at 9.5mw/°C
! N package at 11.4mW/°C
D package at 8.3mW/°C

2. Short-circuits from the output to Voo + can cause excessive heating and eventual destruction. The maximum output current is approximately
40mA, independent of the magnitude of Vg. At values of supply voltage in excess of +15Vp¢ continuous short-circuits can exceed the

power dissipation ratings and cause eventual destruction.

3. This input current will only exist when the voltage at any of the input leads is driven negative. it is due to the collector-base junction of the
input PNP transistors becoming forward biased and thereby acting as input bias clamps. In addition, there is also lateral NPN parasitic
transistor action on the IC chip. This action can cause the output voitages of the op amps to go to the V+ rail (or to ground for a large

overdrive) during the time that the input is driven negative.

i
11 995 Nov 27



Philips Semiconductors Product specification

LM124/224/324/324A/
SA534/LM2902

¢ Low power quad op amps

EQUIVALENT CIRCUIT

. Py
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Qi Q4
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SL000E6

Figure 2. Equivalent Circuit
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1lips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/
SAS534/LM2902

YPICAL PERFORMANCE CHARACTERISTICS
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hilips Semiconductors

Product specification

Low power quad op amps

LM124/224/324/324A/
SA534/LM2902

YPICAL PERFORMANCE CHARACTERISTICS (Continued)
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Figure 4. Typical Performance Characteristics (cont.)
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EUROPE

Austria - Wels

Tel: 43-7242-2244-399
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-31-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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MicrocHIP TC4426A/TC4427A/TC4428A

1.5A Dual High-Speed Power MOSFET Drivers

Features:

» High Peak Output Current— 1.5A

» Wide Input Supply Voltage Operating Range:
- 4.5V to 18V

« High Capacitive Load Drive Capability — 1000 pF
in 25 ns (typ.)

« Short Delay Times — 30 ns (typ.)

» Matched Rise, Fall and Delay Times

« Low Supply Current:
- With Logic ‘1’ Input — 1 mA (typ.)
- With Logic ‘0" Input — 100 pA (typ.)

» Low Output Impedance — 72 (typ.)

» Latch-Up Protected: Will Withstand 0.5A Reverse
Current

+ Input Will Withstand Negative Inputs Up to 5V
- ESD Protected — 4 kV

+ Pin-compatibie with TC426/TC427/TC428 and
TC4426/TC4427/TCA4428

+ Space-saving 8-Pin MSOP and 8-Pin 6x5 DFN
Packages

Applications:

» Switch Mode Power Supplies
« line Drivers
« Pulse Transformer Drive

General Description:

The TC4426A/TC4427A/TC4428A are improved
versions of the earlier TC4426/TC4427/TC4428 family
of MOSFET drivers. In addition fo matched rise and fall
times, the TC4426A/TC4427A/TC4428A devices have
matched leading and falling edge propagation delay
times.

These devices are highly latch-up resistant under any
conditions within their power and voltage ratings. They
are not subject to damage when up to 5V of noise
spiking (of either polarity) occurs on the ground pin.
They can accept, without damage or logic upset, up to
500 mA of reverse current (of either polarity) being
forced back into their outputs. All terminals are fully
protected against Electrostatic Discharge (ESD) up to
4 kV.

The TC4426A/TC4427A/TC4428A MOSFET drivers
can easily charge/discharge 1000 pF  gate
capacitances in under 30 ns. These devices provide
low enough impedances in both the on and off states to
ensure the MOSFET's intended state will not be
affected, even by large transients.

Package Types
8-Pin MSOP/
PDIP/SOIC TC4426A TC4327A TC4428A 8-Pin DFN{) TC4426A TC4427A TC4428A
\ \ \
ZLCJTA %(ST_A NC[tg = 8| NC NC NC
o TC4426A | 55% —
Voo Voo INA Toaaz7a T|OUTA  OUTA  OUTA
ouTB ouTB GND [3° Tca428A 6| Vop Vpbp Vpp
INB |4 5/0UTB OUTB OUTB

Note 1: Exposed pad of the DFN package is electrically isolated.

© 2006 Microchip Technology Inc.
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Functional Block Diagram
*+—OVoD
Inverting
Output
T -
. 4
Input Non-Inverting
Effective
Input C =12 pF
(Each Input) :
. TC4426A/TC4427A/TC4428A
GNDO—e—+ b
Note 1: TC4426A has two inverting drivers, while the TC4427A has two non-inverting
drivers. The TC4428A has one inverting and one non-inverting driver.
2: Ground any unused driver input.

© 2006 Microchip Technology Inc.
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TC4426A/TC4427A/TC4428A

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratingst

Supply Voltage .......cooviiviiivie e, +22V

Input Voltage, INA or INB
..................................... (Vpp * 0.3V) to (GND - 5V)

Package Power Dissipation (Ta < 70°C)

T Notice: Stresses above those listed under "Absolute Maxi-
mum 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 above those indicated
in the operation sections of the specifications is not implied.
Exposure to Absolute Maximum Rating conditions for
extended periods may affect device reliability.

DFEN oo
MSOP...
PDIP ..
SoOlC...
DC CHARACTERISTICS
Electrical Specifications: Unless otherwise noted, over operating temperature range with 4.5V <Vpp < 18V.
Parameters l Sym l Min | Typ | Max | Units | Conditions
Input
Logic ‘1’, High Input Voltage ViH 2.4 — — Vv
Logic ‘0’, Low Input Voltage Vi — — 0.8 V
Input Current IN -1.0 =N +1.0 pA [0V SV NS Vpp
-10 — +10
Output
High Output Voltage Vou Vpp — 0.025 — — V | DC Test
Low Output Voltage VoL e T 0.025 V | DC Test
Output Resistance Ro — 7 9 Q loyt = 10 MA, Vpp = 18V, Ty = +25°C
— 7 10 0°C <Tp <+70°C
— 8 11 -40°C <Tp <+85°C
— 8 12 -40°C < Tp <+125°C
Peak Output Current Ipk . 1.5 — A [Vpp=18V
Latch-Up Protection IRev — >0.5 —_ A | Duty cycle <2%, t <300 psec
Withstand Reverse Current Vpp = 18V
Switching Time (Note 1)
Rise Time R e 25 35 ns | Tp=+25°C
— 27 40 0°C <Tp <+70°C
— 29 40 -40°C < Ty <+85°C
— 30 40 -40°C <Tp < +125°C, Figure 4-1
Fall Time te — 25 35 ns | Tp=+25°C
— 27 40 0°C <Tp <+70°C
— 29 40 -40°C <Tp <+85°C
— 30 40 -40°C <Tp <+125°C, Figure 4-1
Delay Time tp1 — 30 35 ns |Tp=+25°C
— 33 40 0°C <Tp <+70°C
— 35 45 -40°C <Tp <+85°C
— 38 50 -40°C < Tp <+125°C, Figure 4-1
Delay Time tp2 — 30 35 ns |Ta=+25°C
— 33 40 0°C <Tp £+70°C
— 35 45 -40°C < Ty <+85°C
— 38 50 -40°C < Tp < +125°C, Figure 4-1
Power Supply
Power Supply Current Is — 1.0 2.0 mA | Vjy = 3V (Both inputs)
— 0.1 0.2 Vin = 0V (Both inputs), Vpp = 18V
Note 1: Switching times ensured by design.

2: Package power dissipation is dependent on the copper pad area on the PCB.

© 2006 Microchip Technology Inc.
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TC4426A/TC4427A/TC4428A

TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise noted, all parameters apply with 4.5V <Vpp < 18V.

Parameters l Sym | Min | Typ | Max | Units | Conditions
Temperature Ranges
Specified Temperature Range (C) Ta 0 — +70 °C
Specified Temperature Range (E) Ta -40 — +85 °C
Specified Temperature Range (V) Ta -40 — +125 °C
Maximum Junction Temperature T, — — +150 °C
Storage Temperature Range Ta -65 — +150 °C
Package Thermal Resistances
Thermal Resistance, 8L-6x5 DFN 0)a — 33.2 — °C/wW
Thermal Resistance, 8L-MSOP TN — 206 — °C/wW
Thermal Resistance, 8L-PDIP 8JA > 125 — °C/W
Thermal Resistance, 8L-SOIC 0Ja — 155 H °C/W

DS21423F-page 4
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TC4426A/TC4427A/TC4428A

2.0 TYPICAL PERFORMANCE CURVES
Note: : The'graphs and tables provided following this note are a statistical summary based on.a limited number of
samples.and ‘are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables; the data presented may be outside the specified
-“operating range (e.q., outside specified power supply range) and therefore outside the warranted range:
Note: Unless otherwise indicated, over operating temperature range with 4.5V <Vpp < 18V.
100 ! T 100 — :
o Wzm oF Ta=+25°C o \;izzoo pF Tp = +25°C
Cp = 1500 pF
= C, = 1500 pF 5 L P
8 60 N, - 1000 pF S 60 [ S c = 1000 pF
= T~ C =470 pF = \\7g Cy = 470 pF
E 40 \\\ P~—_/ 2 i \\ . ~
20 7 20 e 2
| 4
o C_ =100 PF CL =100 PF
5.0 75 10.0 12.5 15.0 17.5 5.0 75 10.0 12.5 15.0 17.5
Vpp (V) Vpp (V)
FIGURE 2-1: Rise Time vs. Supply FIGURE 2-4: Fall Time vs. Supply
Voltage. Voltage.
110 ; ) 60 r
100 \ o1 Cy = 1000 pF_ 5 Cy = 1000 pF |
s \ VDD =10V ’a tD‘]
¢ 90 \ 8 50
£ 80 £ 45
2 70 \ g .0 toa| \
e - N
(] —
8 0 \ 8 30 oY
30 [—— 25 —
20 20
1 2 3 4 5 6 7 8 9 o 5 10 15 20
Input Amplitude (V) Vpp (V)
FIGURE 2-2: Delay Time vs. Input FIGURE 2-5: Propagation Delay Time vs.
Amplitude. Supply Voltage.
28 T 40 T
Cy = 1000 pF C, = 1000 pF
26 ‘v;D=1sv / - 35 —v:;D=1av 7/
T 24 g @ P
2 / £ 30
g2 o g
] / =
£ 20 >, 25 7
T 18 = 3 tp2 — /
tRISE 8 20 -
16 1o
14 tFALL 15
-100 -50 0 50 100 150 -100 -50 0 50 100 150
TEMPERATURE {°C) TEMPERATURE (°C)
FIGURE 2-3: Rise and Fall Times vs. FIGURE 2-6: Propagation Delay Time vs.
Temperature. Temperature.

® 2006 Microchip Technology Inc.
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TC4426A/TC4427A/TC4428A

Note: Unless otherwise indicated, over operating temperature range with 4.5V < Vpp < 18V.

30 30
25 TA = +125°C 25
Ta= +125°C
a 20 \ = 20 A
(=3 Ta=+25°C g N
5 15 < Z 15 N
Z . \\\ 2 olTas +25°C\
[+ 4 ] —] o
; \;\— ] \\\_
o i}
0 5 10 15 20 0 5 10 15 20
Vpp (V) Vpp (V)
FIGURE 2-7: High-State Output FIGURE 2-10: Low-State Output
Resistance. Resistance.
60 T , 60
CL=2200pF) ¢ =1500pF  Vpp=18V 2MHz  Vpp =18V 900 kHz
50 - i ; 50 it
< 40 ///, Cy_ = 1000 pF— Cy = 100 pF, A0 4 = 600 kHz
: 30 / // E 30 /// =
G. o
[N o
3 20 / // 3 20 //// 200 kH
-’ - Z
10 / '/ 10 ol e
k S 20 kHz
o 0
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
FREQUENCY (kHz) Croap (PF)
FIGURE 2-8: Supply Current vs. FIGURE 2-11: Supply Current vs.
Frequency. Capacitive Load.
80 . - 80
70 | Vop=12V C\ = 22e0pF 70 L VoD = 12v ra-
60 //cl‘_= 1500 pF 60 et 2MHz
< s0 ~ A £ s0 N7 4
£ a0 €y = 1000 pF £
> ; 40
> > > 0 kH
& 30 7 ,/ | % 30 ﬂ z
=2 -
2 5 // €, =100 pH 2, ] L 600 kHz
10 = 10 ,/4——-—"" 200 kHz
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
FREQUENCY (kHz) Croap (PF)
FIGURE 2-9: Supply Current vs. FIGURE 2-12: Supply Current vs.
Frequency. Capacitive Load.
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TC4426A/TC4427A/TC4428A

Note: Unless otherwise indicated, over operating temperature range with 4.5V <Vpp < 18V.

40
35

]
| Vpp=6V

" 2 MHz]

30

25
20

900 kHz

15

IsuppLy (MA)

600 kHz

10—

200 kHz

20 kHz

500

1000 1500

Cioap (PF)

2000 2500

FIGURE 2-15:
Capacitive Load.

Supply Current vs.

1100

1000

800

900 |BOTH INPUTS = 1

700

Vpp = 18V

600

500

400

lquiescent (HA)

300

200 |BOTH INPUTS =0

100
0

-100

40 T T
35 - VDD =6V /C‘L = 2200 pF
3 2(5) _~ C_=1500pF
E 1
= 20 // ,/E,Y_ =1000 pF
é 15 // /,/‘I
2 10 7// o CL =100 pF]
5 s o]
o
0 500 1600 1500 2000 2500
FREQUENCY (kHz)
FIGURE 2-13: Supply Current vs.
Frequency.
900
800 | BOTH INPUTS = 1 e
g 700 > A~
2 600 Tp =25°C |
Z 500
3 aoo
[y
S 300
[»)
= 200
100 [BOTHINPUTS =0
0 T
0 5 10 15 20
Vpp (V)
FIGURE 2-14: Quiescent Supply Current
vs. Voltage.

-50

0 50
TEMPERATURE (°C)

100 150

FIGURE 2-16:
vs. Temperature.

Quiescent Supply Current
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TC4426A/TC4427A/TC4428A

3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE
'ag(')npfs[glré SD'::"? Symbol Description

1 1 NC No connection
2 2 IN A input A
3 3 GND Ground
4 4 INB Input B
5 5 ouTB Output B
6 6 Vop Supply input
7 7 OUT A Output A
8 8 NC No connection
— PAD NC Exposed Metal Pad

Note 1: Duplicate pins must be connected for proper operation.

31 Inputs A and B

MOSFET driver inputs A and B are high-impedance,
TTL/CMOS compatible inputs. These inputs also have
300 mV of hysteresis between the high and low
thresholds that prevents output glitching, even when
the rise and fall time of the input signal is very slow.

3.2 Ground (GND)

The ground pin is the return path for both the bias
current and the high peak current that discharges the
external load capacitance. The ground pin should be
tied into a ground plane or have a very short trace to the
bias supply source return.

3.3 OQOutput A and B

MOSFET driver outputs A and B are low-impedance,
CMOS push-pull style outputs. The pull-down and pull-
up devices are of equal strength, making the rise and
fall times equivalent.

3.4  Supply Input (Vpp)

The Vpp inputis the bias supply for the MOSFET driver
and is rated for 4.5V to 18V, with respect to the ground
pin. The Vpp input should be bypassed with local
ceramic capacitors. The value of these capacitors
should be chosen based on the capacitive load that is
being driven.

3.5 Exposed Metal Pad

The exposed metal pad of the 6x5 DFN package is not
internally connected to any potential. Therefore, this
pad can be connected to a ground plane or other
copper plane on a printed circuit board, to aid in heat
removal from the package.

DS21423F-page 8
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TC4426A/TC4427A/TC4428A

4.0 APPLICATIONS INFORMATION

VDD =18V
0]
4.7 uF =< 0.1 uF
T u i [

5

6 —
| t 2 ! Output
npUto- >0 1o Outpd Inverting Driver
>O T C_ = 1000 pF (TC4426A, 1/2 TC4428A)

3

Input: 100 kHz,

square wave,
trise = traL < 10 ns

Non-Inverting Driver
(TC4427A, 1/2 TC4428A)

FIGURE 4-1: Switching Time Test Circuit.

© 2006 Microchip Technology Inc. DS21423F-page 9



TC4426A/TC4427A/TC4428A

5.0
5.1

*

8-Lead DFN

5D ,9:9,6.0.0.9.¢
XXXXXXX
XXYYWW

O‘S\NNN

8-Lead MSOP

[

XXXXX
YWWNNN

N

il

PACKAGING INFORMATION

Package Marking Information

8-Lead PDIP (300 mil)

M

XXXXXXXX
XXXXXNNN

o R\ yywn

T LTI L]

8-Lead SOIC (150 mil)

00

XXXXXXXX
XXXXYYWW

o S

guud

Example:

TC44262
EMF
0420

256
o N

Example:

HHIH

4426AE
420256

W
UL

Example:

B e

TC4427A
EPA256

O@o420

LTI

Example:

IRiSInl

TC4428A
COA0420

o Da2s6
INiN

Customer specific information®
Year code (last 2 digits of calendar year)

Week code (week of January 1 is week ‘01°)

Alphanumeric traceability code

Legend: XX..X
YY
WwWw
NNN
Note:

for customer specific information.

In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line thus limiting the number of available characters

Standard marking consists of Microchip part number, year code, week code, traceability code (facility
code, mask revi#, and assembly code).

DS21423F-page 10
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TC4426A/TC4427A/TC4428A

8-Lead Plastic Dual Flat No Lead Package (MF) 6x5 mm Body (DFN-S) — Saw Singulated

E
B
p
1
LI B e
)
D D2
PIN 1
EXPOSED —/
INDEX
METAL 5 1 D
PAD
TOP VIEW BOTTOM VIEW
A2
& ; = A
Al
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 8 8
Pitch P .050 BSC 1.27 BSC
Overall Height A 033 .035 .037 0.85 0.90 0.95
Package Thickness A2 031 .035 .037 0.80 0.89 0.95
Standoff Al .000 .0004 .002 0.00 0.01 . 0.05
Base Thickness A3 .007 .008 .009 0.17 0.20 0.23
Overall Length E 195 197 199 495 5.00 5.05
Exposed Pad Length E2 152 157 163 3.85 4.00 4.15
Overall Width D 234 236 238 5.95 6.00 6.05
Exposed Pad Width D2 .089 .091 .093 2.25 2.30 2.35
Lead Width B .014 .016 019 0.35 0.40 0.47
Lead Length L 024 026 0.60 0.65
Notes:
JEDEC equivalent: MO-220

Drawing No, C04-122 Revised 11/3/03
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TC4426A/TC4427A/TC4428A

8-Lead Plastic Micro Small Outline Package (UA) (MSOP)

[ E
———— F] ———————]
b —
pr[: — |
C_ | 12
N — O [

Units INCHES MILLIMETERS*
Dimension Limits MIN [ NoM | WMAX MN | NoM | MAX

Number of Pins n 8 8

Pitch p 026 BSC 0.65 BSC

Overall Height A - - .043 - - 1.10
Molded Package Thickness A2 .030 .033 .037 0.75 0.85 0.95
Standoff Al .000 - .006 0.00 - 0.15
Overall Width E 193 TYP. 4,90 BSC

Molded Package Width E1 .118 BSC 3.00 BSC

Overall Length D .118 BSC 3.00 BSC

Foot Length L 016 | 024 | 031 0.40 | 0.60 | 0.80
Footprint (Reference) F .037 REF 0.95 REF

Foot Angle ) 0° - 8° 0° - 8°
Lead Thickness c .003 .006 .009 0.08 - 0.23
Lead Width B .009 012 .016 0.22 - 0.40
Mold Draft Angle Top o 5° - 15° 5° - 15°
Mold Draft Angle Bottom B 5° - 15° 5° - 15°

*Controlling Parameter
Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed .010" (0.254mm) per side.

JEDEC Equivalent: MO-187
Drawing No. C04-111
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TC4426A/TC4427A/TC4428A

8-Lead Plastic Dual In-line (PA) — 300 mil (PDIP)

|e— > ——]

eB B
Units INCHES* MILLIMETERS
Dimension Limits | _ MIN_ | NOM | MAX MN | Nom | WMAX
Number of Pins n 8 8
Pitch . P 100 2.54
Top to Seating Plane A .140 .155 170 3.56 3.94 4.32
Molded Package Thickness A2 115 130 .145 2.92 3.30 3.68
Base to Seating Plane Al 015 0.38
Shoulder to Shoulder Width E .300 .313 .325 7.62 7.94 8.26
Molded Package Width E1 .240 250 .260 6.10 6.35 6.60
Overall Length D .360 .373 .385 9.14 9.46 9.78
Tip to Seating Plane B 125 130 .135 3.18 3.30 3.43
Lead Thickness c .008 012 .015 0.20 0.29 0.38
Upper Lead Width B1 .045 .058 .070 1.14 1.46 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing §| eB .310 .370 430 7.87 9.40 10.92
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010” (0.254mm) per side.
JEDEC Equivalent: MS-001

Drawing No. C04-018
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TC4426A/TC4427A/TC4428A

8-Lead Plastic Small Outline (OA) — Narrow, 150 mil (SOIC)

o=

[

/N —{o, L

L)

-
|
38
ég{

~=if L Al
Units INCHES* MILLIMETERS
Dimension Limits | MIN.__ | NOM [ MAX MIN | NOM MAX

Number of Pins n 8 8

Pitch p .050 1.27

Overall Height A .053 061 .069 1.35 1.55 1.75
Molded Package Thickness A2 052 .056 061 1.32 1.42 1.55
Standoff § Al 004 007 .010 0.10 0.18 0.25
Overall Width E 228 237 244 5.79 6.02 6.20
Molded Package Width E1 146 154 A57 3.71 3.91 3.99
Overall Length D 189 193 197 4.80 4.90 5.00
Chamfer Distance h 010 015 .020 0.25 0.38 0.51
Foot Length L 019 .025 .030 0.48 0.62 0.76
Foot Angle ) 0 4 8 0 4 8
Lead Thickness c .008 .009 .010 0.20 0.23 0.25
Lead Width B 013 017 .020 0.33 0.42 0.51
Mold Draft Angle Top o 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010” (0.254mm) per side.
JEDEC Equivalent: MS-012

Drawing No. C04-057
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EUROPE

Austria - Wels

Tel: 43-7242-2244-399
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netheriands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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