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Abstract

The purpose of this project to describes a design and construction of the high voltage
switching power supply with high frequency at output voltage of 3KV. For ozone generate tube.
IC TL 494 is controlled switching with Pulse Width Modulation (PWM) technique to control of
the switching. The working process of switching work on the principle of haft-bridge inverter to
converts DC voltage into pulse voltage. The pulse voltage to be converted in to sine wave by
resonance circuit and passed to high frequency step up transformer for high output voltage.

After that ,We use the switching power supply for the ozone water system is to develop the
ozone water system,

Process of ozone water system following. First, Air blown in to ozone tube. Then air flow
through high pressure electric field in order to ionize Oxygen and to regeneration into ozone.
When we get ozone gas ,we would feed it and waste water in to ozone mixer The designed
ozone mixer uses water pump to discharge water through mixer which mix water and ozone gas.

We then test the efficiency of ozone water mixing uses KI solution.
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Unn 5

nNINAat

5.1 namsnaneumaes e W Indus sdugs

MINARBI IAuar L INan R=20 K Q 110 F poyucg = 35.15 KHz

F Vout Vout Iout Pout
KHz (Vp) (rms) Aa) W)
20 3575 25279 0.126 319.51
30 4080 2885 0.144 416
35 4340 3068.84 0.153 470.88
40 3060 2163.42 0.108 234.2
50 1400 989.8 0.05 49
60 895 632,77 0.031 20.02
70 630 4454 0.022 9.92

AT 5.1 M5 UAAIRANINAaDUN A0 THAA R= 20 K Q HUAaafuals 600 581




HamsnAaBaNnaInIe Iadngaus swuge
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Minaaed lasaeiy Inan R=20KQ 18 F ey = 35.15 KHz

F Vout Vout Tout Pout
KHz (Vp) (rms) A) W)
20 2680 1895.64 0.063 119.78
30 3320 2347.60 0.078 183.11
35 3830 2708.22 0.09 243.74
40 3580 2531.44 0.084 212.64
50 2550 1803.12 0.06 108.18
60 1020 721.25 0.024 1731
70 510 360.62 0.012 4.32

AT 5.2 M5 1EAINAMSNARBUL oA IHaA R= 20 KQ Avaalamsuals 800 5ou
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HaMsNARBNARIL IaTnFaus fugs

Msnaaodlagasnulvaa R=30KQ Wio F

pxsonancg = 39-15 KHz
F Vout Yout Iout Pout
KHz (Vp) (rms) (a) W)
20 2400 1696.8 0.056 95.97
30 2800 1980 0.066 130.67
35 3400 2404.16 0.08 192.67
40 2000 1414.21 0.048 66.67
50 1040 735.40 0.025 18.03
60 720 509.04 0.017 - 8.64
70 480 33936 0.011 384

AT 5.3 T NUAAINANIINARDUNDAD IHaA R= 30 K Q NUAa9A1ATT 600 50U




HamananeHaIny Ikadagausiuge

-5

MINADI IasAail Inan R=30K Q 110 F oy ,me = 35.15 KHz

F Vout Vout Iout Pout
KHz (Vp) (rms) (A) U))
20 2100 1484.92 0.049 72.76
30 2300 1626.34 0.0542 88.148
35 2500 1767.76 0.05892 104.15
40 2250 1590.99 0.053 84.32
50 1500 1060.66 0.0353 37.44
60 750 530.33 0.0176 9.33
70 500 353.55 0,0117 413

A1317 5.4 s uTRIRAMINATRAUN AR TR R=30 KQ NUaaIasiuais 800 sou
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nansnaaeiiedennhdmeimag i Inaamaiaieusunud N miusenves
UYANIA secondary 91UIU 600 70U

A15NAABIN Load 10.1KQ C=0.047 u F

Fresonancs = 28.08 KHz
F(KHz) | I (mA) | P,(W) I, (mA) Vour Py (W) % eff
(Vde)

20 200 63.60 66.83 675 45.11 70.92
21 210 66.78 69.31 700 48.51 72.65
22 220 70.18 71.29 720 51.33 73.14
23 230 73.14 7425 750 55.70 76.15
24 240 76.08 79.21 800 63.37 83.29
25 260 82.68 82.18 830 68.20 82.50
26 280 88.76 85.14 860 7323 82.50
27 310 98.27 89.11 900 80.20 81.61
28 340 107.44 94.60 950 83.36 83.17
29 360 113.76 95.05 960 91.24 80.20
30 390 123.63 101.98 1030 105.24 84.96

M55 uaaInanIsnaaeuilone Inan R=10.1K.Q U C=0.047 4 F Annudiaiee
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A15NARDIA Load 10.1KQ2 C=0.072 4 F

Fresonance = 22.7 KHz
FKHz) | I,(mA) | PLW) I, (mA) \ A P, (W) % eff
(Vde)
20 500 158.50 103.96 1050 109.16 68.87
21 390 123.24 99.01 1000 99.01 80.34
22 430 13631 106.93 1080 115.49 84.72
23 450 142.2 110.89 1120 124.19 8734
24 450 142.65 112.87 1140 128.67 90.20
25 430 13631 106.93 1080 115.48 84.72
26 370 118.03 98.02 990 97.04 82.22
27 300 96.00 89.11 900 80,19 83.54
28 250 80.25 79.21 800 63.36 78.96
29 200 64.40 6931 700 48.51 75.33
30 160 51.20 59.40 600 35.64 69.62

ATIAIS.6 Larnsnan1snaanuilons Tnam R=10.1K Q U C=0.072 4 F Anu0@199




MSNANBIN Load 10.1KQ  C=0.092 u F

-55 .-

Frgsonance = 20.07 KHz
F(KHz) | L(mA) | P,(W) I, (mA) Vour Py (W) % eff
(Vic)

20 530 166.42 120.30 1215 146.16 87.83
21 500 157.00 113.86 1150 130.94 83.40
22 490 153.86 112.87 1140 128.67 83.63
23 420 132.30 103.96 1050 109.16 82.51
24 380 120.80 101.48 1025 104.02 86.11
25 310 98.27 89.11 900 80.20 81.61
26 220 69.96 7327 740 54.22 71.50
27 190 60.61 66.33 670 44.44 73.33
28 160 51.20 59.40 600 35.64 69.61
29 100 32.00 49.50 500 24.75 71.35
30 70 2247 41.58 420 17.46 71.72

MINNS.7 LaAIHan1sTNAadIleds Tnaa R=10.1K Q /U C=0.092 4 F inudia1e9
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N15NAABIN Load 20.1K Q2 C=0.047 u F

Fresonance = 28.08 KHz

FKHzZ) | L(mA) | P, (W) I, (mA) Vour P (W) | %eft
(Vde)
20 350 110.06 64.68 1300 84.08 76.20
21 370 116.55 69.65 1400 97.51 83.67
2 400 126.40 73.38 1475 108.24 85.63
23 410 129.56 74.13 1490 110.45 85.25
24 400 126.00 72.89 1465 106.77 84.73
25 390 123.24 7214 1450 104.60 84.88
26 370 116.92 68.66 1380 94.74 81.04
27 340 107.10 61.16 1350 90.67 84.67
28 330 10494 |  63.68 1280 81.51 77.68
29 290 92.22 59.70 1200 71.64 78.69
30 260 82.94 5721 1150 65.79 79.33

MINNSB uaAIaMITNABBIiions Inaa R=20.1KQ U C=0.047 1 F 1AMHA199
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N15NAR0IN Load 20.1KQ  C=0.072 4 F
Fresonance = 22.7 KHz

F(KHz) I(mA) P (W) I, ,(mA) Vour P,(W) % eff
(van)
20 570 177.84 89.56 1800 161.94 90.64
21 520 163.28 84.58 1700 143.78 88.66
22 460 145.36 79.60 1600 127.36 87.62
23 390 124.62 72.63 1500 111.94 90.25
24 320 101.76 64.68 1300 84.08 82.63
25 260 82.68 59.70 1200 71.64 86.65
26 200 63.60 53.34 1050 54.86 86.25
27 190 60.42 49.75 1000 49.75 82.34
28 150 47.70 44.78 900 40.30 84.48
29 130 4134 39.80 800 31.84 77.62
30 110 34.98 3731 750 27.99 80.00

MINN59 LaaswanIsnaaeuiions Inaa R=20.1K Q fu C=0.072  F Anudaiee
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MINANBIN Load 20.1KQ C=0.092 4 F

Fresonance = 20.07 KHz
FKHz) | L mA) | P (W) I,,,(mA) Vour Poir(W) % eff
(Vie)

20 450 141.75 76.62 1500 117.99 83.23
21 380 120.08 70.14 1410 98.91 82.37
22 310 98.27 63.68 1280 81.52 82.95
23 250 79.25 54.23 1090 59.11 74.59
24 210 66.36 51.00 1025 52.27 78.77
25 170 54.06 44.78 900 4030 74.54
26 130 41.34 3831 770 29.50 7135
27 110 3520 31.84 640 2038 57.89
28 9% 28.80 28.66 580 16.73 58.12
29 80 25.60 2537 510 12.94 50.54
30 60 19.20 2230 450 10,07 52.47

M919N5.10 naasnansnaasaiions Inaa R=20.1K.Q A1 C=0.092 4 F Hinnudaneg
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MINADDIN Load 30KQ C=0.047 4 F
Frzsonance = 28.08 KHz

FKHz) | L mA) | P (W) | I, (mA) Vour P, (W) | %efl
Vde)
20 450 143,10 65.00 1950 126.75 88.57
21 500 158.50 66.67 2000 123.33 84.12
22 530 167.48 70.00 2100 147.00 87.78
23 540 171.18 71.66 2150 154.8 90.01
2 510 161.18 68.33 2050 140.08 86.65
25 450 143.10 65.00 1950 126.75 88.75
26 380 121.60 60.00 1800 108.00 88.82
27 330 105.60 55.00 1650 90.75 85.94
28 290 92.51 51.67 1550 80.08 87.66
29 250 80.00 4833 1450 70.08 87.66
30 210 67.40 4433 1330 58.96 87.49

MIS.11 Leasnantsnaaouiiods Inaa R=30K Q I C=0.047 4 F finudieee
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NSNAABIN Load 30KQ C=0.072 4 F

Fresonancs = 22.7 KHz
F(KHz) | I,(mA) | P, (W) I, (mA) Vour P, (W) % eff
(Vde)

20 680 210.80 77.33 2200 161.33 76.54
21 510 156.00 65.00 1950 126.75 81.25
22 390 122.07 58.33 1750 102.88 83.62
23 300 94.50 50.00 1500 75.00 79.37
24 280 87.36 46.67 1400 65.33 78.00
25 210 65.94 41.67 1250 52.08 78.99
26 160 50.24 36.67 1100 4034 80.28
27 140 44.52 33.33 1000 3333 74.88
28 110 34.98 28.33 850 24.08 68.68
29 100 31.80 26.67 800 21.33 67.09
30 80 25.36 23.33 700 1633 64.40

A1319715.12 LanInaMINAasdliodas Inan R=30Q U C=0.072 u F Nanudaie
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MINAADIN Load 30KQ C=0.092 u F
Fresonance = 20-07 KHz

F(KHz) L, (mA) P(W) Iygr(mA) Your Porr(W) % eff
(Vde)
20 460 146.28 65.00 1950 126.5 86.65
21 380 121.60 5833 1750 102.08 83.95
22 260 83.20 50.00 1500 83.20 90.14
23 230 74.06 46.67 1400 65.34 88.33
A4 180 58.14 40.00 1200 48.00 82.56
25 130 4147 33.33 1000 33.33 80.38
26 100 32.00 28.33 850 24,08 75.26
27 80 25.60 23.30 700 16.33 63.80
28 . 70 22.40 21.67 650 21.67 62.87
29 60 19.20 20.00 600 14.08 62.50
30 50 16.00 16.66 500 833 52.08

MI715.13 uanawanisnaasuiiens Inan R=30K Q 1 C=0.092 u F innulia1eq
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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:
- 45Vto 18V
+ High Capacitive Load Drive Capability — 1000 pF
in 25 nsec (typ.)
» Short Delay Times — 30 nsec (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 ~ 7€ {typ.)

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

= Input Will Withstand Negative Inputs Up to 5V
» ESD Protected — 4 kV

* Pinouts the same as TC426/TC427/TC428 and
TC4426/TC4427/TC4428

* Space-saving 8-Pin MSOP Package

Applications

+ Switch Mcde Power Supplies
¢ Line Drivers
¢ Pulse Transformer Drive

Package Types

General Description

The TC4426A/TC4427A/TCA428A are improved
versions of the earlier TC4426/TC4427/TC4428 family
of MOSFET drivers. In addition to 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. Al terminals are fully
protected against electrostatic discharge up to 4 kV.

The TC4426A/TC4427A/TC4428A MOSFET drivers
can easily charge/discharge 1000pF gate
capacitances in under 30 nsec and 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.

NC
OUTA
Vbp
ouTB
2.4 7.5
Inverting

NC = No Connection

2,4

8-Pin MSOP/PDIP/SOIC/CERDIP

<
~
o~
3
Q
'—

Non-Inverting

3
3
(3]
-

Complementary

® 2003 Microchip Technology Inc.
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TC4426A/TC4427A/TC4428A

Functional Block Diagram

TC4428A has one inverting and one non-inverting driver.
2: Ground any unused driver input.

*+—CVpp
Inverting J
Outbut

(—l—r |

- —
Input Non-Inverting

Effective
Input C =12 pF =iz
{Each Input} ! TC4426A/TC4427AITCA428A
GNDO—e—+ .
Note 1: TC4426A has two inverting drivers; TC4427A has two non-inverting drivers;

DS21423D-page 2
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TC4426A/TC4427A/TC4428A

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratingst

Supply Voltage ..........ccooeeeiieeceerren e +22V
Input Voltage, INAorINB

..................................... (VMpp + 0.3V) to (GND - 5V)
Package Power Dissipation (T < 70°C)

PDIP .o 730 mwW

T Notice: Stresses above those listed under "Absolute Maxi-
mum Ratings" may cause permmnanent 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.

DC CHARACTERISTICS
Electrical Specifications: Unless otherwise noted, over operating temperature range with 4.5V <Vpp <18V.
Parameters J Sym | Min ‘ Typ I Max I Units | Conditions
Input
Logic '1’, High Input Voltage| Vi 2.4 — — \'
Logic ‘o', Low Input Voltage | V), - — 0.8 v
Input Current In -1.0 —_ +1.0 PA |OV<V NS Vpp
-10 — +10
Output
High Output Voltage Vou |Vpp-0.025] — — V | DC Test
Low Output Voltage VoL — — | 0025 | VvV |DC Test
Output Resistance Ro — 7 9 Q |loyr =10 mA, Vpp = 18V, T, = +25°C
— 7 10 0°C 5Ty <+70°C
— 8 11 40°C < Ty <+85°C
— 8 12 40°C <T, <£+125°C
Peak Output Current lpk - 1.5 — A |Vpp=18V
Latch-Up Protection lRev — >0.5 — A |Duty cycle £2%, t <300 psec
Withstand Reverse Current Vpp = 18V
Switching Time (Note 1)
Rise Time tr — 25 35 nsec | Ty = +25°C
— 27 40 0°C $Ty £+70°C
- 29 40 -40°C < Ty £+85°C
— 30 40 -40°C <T, <+125°C, Figure 4-1
Fall Time te — 25 35 | nsec | Ty =+25'C
— 27 40 0°C <T, <+70°C
— 29 40 40°C <Th <+85°C
—_ 30 40 40°C < T, <+125°C, Figure 4-1
Delay Time to1 - 30 35 | nsec | T, =+25°C
— 33 40 0°C <Ty £+70°C
— 35 45 40°C <T, <+85°C
— 38 50 -“40°C < T, <+125°C, Figure 4-1
Delay Time tp2 — 30 35 nsec | Ty = +25°C
— 33 40 0°C <Tp £+70°C
. — 35 45 40°C <Tp <+85°C
—_ 38 50 -40°C < Ta <+125°C, Figure 41

Note 1: Switching times ensured by design.

© 2003 Microchip Technology Inc.
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TC4426A/TC4427AI/TC4428A

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise noted, over operating temperature range with 4.5V <Vpp < 18V.
Parameters I Sym l Min | Typ ‘ Max | Units I Conditions
Power Supply
Power Supply Current ls — 1.0 2.0 mA Vg =3V (Both inputs)
— 0.1 0.2 VN = OV (Both inputs), Vpp = 18V

Note 1: Switching times ensured by design.

TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise noted, all parameters apply with 4.5V <Vpp < 18V,
Parameters I Sym [ Min | Typ l Max I Units | Conditions

Temperature Ranges

Specified Temperature Range (C) Ta 0 —_ +70 °C

Specified Temperature Range (E) Ta 40 — +85 °C

Specified Temperature Range (M) Ta -55 - +125 °C

Specified Temperature Range (V) Ta -40 - +125 °C

Maximum Junction Temperature T, — — +150 °Cc

Storage Temperature Range Ta -85 — +150 °C

Package Thermal Resistances

Thermal Resistance, 8L-MSOP 6 — 206 — °C/W

Thermal Resistance, 8L-PDIP LI — 125 — °*C/W

Thermal Resistance, 8L-CERDIP 0,5 — 150 — °CW

Thermal Resistance, 8L-SOIC 0,a —_ 155 - — °C/W

DS21423D-page 4 © 2003 Microchip Technology Inc.



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.g., outside specified power supply range) and therefore outside the warranted range.

100 I T
Ty = +25°C
60 wzoo pF
=~ Cy = 1500 pF
§ 60 [ N € = 1000 pF
£ N €L =470 pF
“E‘ 40 \\ [ ———
£ — 7
20 .4
o LCL=100pF
5.0 7.5 10.0 125 15.0 175
Vpp (V)
FIGURE 2-1: Rise Time vs. Supply
Voltage.
110 T T
100 bl C,_ = 1000 pF |
— \ Vpp = 10V
g % \
£ 80 \
g7 \
F 60
7 s -2\
8w
30
20
1 2 3 4 5 6 7 8 9
Input Amplitude {V)
FIGURE 2-2: Delay Time vs. Input
Amplitude.
28 =T
a6 CL=1000pF
Vpp = 18V
o> A o /
2= Z
£ 2 A
[~
18 N /
16 RIS;
14 traLL
100 -50 0 50 100 150
TEMPERATURE (°C)
FIGURE 2-3: Rise and Fall Times vs.
Temperature.

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

N\ G = 2200 pF

Ta = +25°C

2

Cy = 1500 pF
S~ €L = 1000 pF

N
o

/ ////
A

o

10.0 125 15.0 17.5
Voo (V)

FIGURE 2-4:
Voltage.

Fall Time vs. Supply

€, = 1000 pF ]

tp1

tp2

\

N\

A ——

Delay Time (nsec)
BNE8REHEBHB

0 5 10 15 20
Vpp (V)
FIGURE 2-5: Propagation Delay Time vs.
Supply Voitage.
40 T
C_ = 1000 pF
+ B v,I;D= va 7/
:ﬂ: 30 /
£
> 25 g
3 0 tn2 . /
. o1
15
100 -50 0 50 100 150
TEMPERATURE (-C}
FIGURE 2-6: Propagation Delay Time vs.
Temperature.

© 2003 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
Ta=+125°C
% B =vssC
g By e g \\\
318 - Z1s
g \>_\—~.__ 8 1o|Taz 25O
s \____"—-— . \\
% 5 10 15 20 ¢ 0 5 10 15 20
Vpp (V) Vpp (V}
FIGURE 2-7: High-State Output FIGURE 2-10: Low State Quiput
Resistance. Resistance.
60 T T 60
C =2200 pF/ C, = 1500 pF Vpg = 18V o 2 MHz Vpp =18V 900 kHz
50 v t t o
< 10 // /= | __-ci =100 pF} < 40 ] —
< Cy = 1000 pF—Cy p < 7 = 600 kHz
: 30 /// / : 30 / PR
o} P ] /
g / ] g -~
a2 L P20 — // 200 Ktz
10 ] o= e —
W 0 RS 20 kMz
0
0 500 1000 1500 2000 2500 o 500 1000 1500 2000 2500
FREQUENCY (kHz) Croap (PP)
FIGURE 2-8: Supply Current vs. FIGURE 2-11: Supply Current vs.
Frequency. Capacitive Load.
:g _VDD=1§V €L = 2200 pF :g _Vnn=15V
P "2 MHz
.. 6o v j = 1500 pF __ 60 //
< <
E /1 €, = 1000 pF] E
z o 7 900 kHz
5 30 / r C. = 100 pH 3 30 600 kHz
2 2 ] t 2 29  —
" %/ 10 | "1 200 kHz
— 20 kHz
¢ p | ———
o 500 1000 1500 2000 2500 o 500 1000 1500 2000 2500
FREQUENCY (kHz) Cioap (PP
FIGURE 2-9: Supply Current vs. FIGURE 2-12: Supply Current vs.
Frequency. Capacitive Load.

DS21423D-page 6
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TC4426A/TC4427A/TC4428A

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

40 T
a5 | Voo =6V €y = 2200 pF,
=¥ /ci—1soo F
T 25 o~ GL-1500p
> 20 // B ﬁﬂooo pF
[-%
& 15 ////, .
2 0 e a " €, = 100 pF]
5 / __.-—-—'"—-_—‘
0
o 500 1000 1500 2000 2500
FREQUENCY (kHz)
FIGURE 2-13: Supply Current vs.
Frequency.
500
800 |BOTH INPUTS = 1 e
= 700 -
g r
2 600 La Ta=25C
£ 500
3 400
£ 200
=
< 200
100 |BOTHINPUTS =0
(] =t
0 5 10 15 20
Voo (V)

FIGURE 2-14:
vs. Voltage.

Quiescent Supply Current

40 T
Vpp =6V
35 | Yoo
/
3 o 2 MHz |
L4
£ P
E‘ :t.r: " 900 kHz
24 /// - 600 kHz
5 e 200 kHz
= 20 ke
o 500 1000 1500 2000 2500
Croap (PF)
FIGURE 2-15: Supply Current vs.
Capacitive Load.
1100 I
1000 ;
ggo | POTH INPUTS =1 B el
< 800
2 400 Vpp = 18V |
£ 600
Q 500
Y 400
2 300
200 |BOTH INPUTS =0
100 -i—
(]
-100 -50 0 50 100 150
TEMPERATURE {°C)
FIGURE 2-16: Quiescent Supply Current

vs. Temperature.

© 2003 Microchip Technology Inc.
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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
Pin No.
(g;'; I\Sﬂgl%lf', Symbol Description
CERDIP)
1 NC No connection
2 IN A Input A
3 GND Ground
4 INB Input B
5 OUT B |CutputB
6 Vop Supply Input
7 OUTA |OutputA
8 NC No connection

31 InputsA&B

MOSFET driver inputs A & B are high-impedance, TTL/
CMOS-compatible inputs. These inputs also have
300 mV of hysteresis between the high and low
thresholds, which 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.

33 OutputA & B

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

3.4 Supply Input (Vpp)

The Vpp input is 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.

DS21423D-page 8
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TC4426A/TC4427A/TC4428A

4.0 APPLICATIONS INFORMATION

VDD =18V
¢}

'
I4.7 FL01 uF
:__E M
6=

2 7
Input O~ >o——1—o Output
Inverting Driver

7T Cu = 1000 pF

J_4 >C 5=

P

13
= 90%
Input; 100 kHz, 2 .
square wave,
10%_

trise = traLL < 10 nsec
Non-inverting Driver

FIGURE 4-1: Switching Time Test Circuit.

© 2003 Microchip Technology Inc. DS21423D-page 9



TC4426A/TC4427A/TC4428A

5.0 PACKAGING INFORMATION

5.1 Package Marking Information

8-Lead PDIP (300 mil) Example:
mrararcl Ml
XXXKXXXX TC4426A
XXXXXNNN CPAO17
o R rvww o 0323
LI LAL] LT LAL]
8-Lead CERDIP {300 mil) Example:
Nalululs [0l
AXXKAAXX TC4427A
XXXXXNNN MJA017
o L ryww o R 0323
LI LTL] L LA LAL]
8-Lead SOIC (150 mil) Example;
0 0an A00n
XXXXXXXX TC4428A
XXXXYYWW COA0323
0 Lrwn e o17
IRIRINY IRIRINI
8-Lead MSOP Example;
XXXXX TC4426A
YWWNNN 323017

. B
il

O

T

Legend: XX..X Customer specific information*
YY Year code (last 2 digits of calendar year)
wWw Week code (week of January 1 is week ‘01)
NNN  Alphanumeric traceability code

Note: 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
for customer specific information.

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

DS21423D-page 10 » © 2003 Micrachip Technology Inc.



TC4426A/TC4427A/TC4428A

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

f_———E1 ——

M

LA L

D
n Ol
E
J A
¢ A1
B Bt jonil—
p
, eB ] Bt fo—
Units INCHES* MILLIMETERS
Dimensicn Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 8 8
Pitch p 100 2.54
Top to Seating Plane A 140 155 A70 3.56 3.94 432
Moided Package Thickness A2 15 130 145 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 L 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 Angie Top o 5 10 15 5 10 15
Mold Draft Angla Bottom B 5 10 15 5 10 15
* Controling Parameter
§ Significant Characteristic
Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.0107 {0.254mm) per side.

JEDEC Equivalent: MS-001
Drawing No. C04-018

© 2003 Microchip Techn'ology Inc. DS21423D-page 11



TC4426A/TC4427A/TC4428A

8-Lead Ceramic Dual In-line — 300 mil (CERDIP)

E1

A2

Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 8 8

Pitch P 100 2.54

Top to Seating Plane A 160 .180 .200 4.06 4.57 5.08
Standoff § A1 020 .030 .040 0.51 0.77 1.02
Shoulder to Shoulder Width E .290 .305 .320 7.37 7.75 8.13
Ceramic Pkg. Width E1 230 .265 .300 5.84 6.73 7.62
Overall Length D 370 .385 .400 9.40 9.78 10.16
Tip to Seating Plane L 125 163 .200 3.18 4.13 5.08
Lead Thickness [ .008 012 .015 0.20 0.29 0.38
Upper Lead Width B1 045 055 .065 1.14 1.40 1.65
Lower Lead Width B 016 .018 .020 0.41 0.46 0.51
Overall Row Spacing eB 320 360 .400 a.13 9.15 10.16

*Controliing Parameter
JEDEC Equivalent: MS-030
Drawing No, C04-010

DS21423D-page 12 ® 2003 Microchip Technology Inc.



TC4426A/TC4427A/TC4428A

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

E
E1
t
p
] ]
i 0
C] ]2
Bj n [ O 11
fet—

4;/\

&

c~L [
L

i

L 7

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 .146 154 157 3.71 3.91 3.99
Overall Length D .189 193 197 4.80 4.80 5.00
Chamfer Distance h .010 .015 .020 0.25 0.38 0.51
Foct 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 a 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 Equivaient: MS-012
Drawing No. C04-057

© 2003 Microchip Technology Inc.
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TC4426A/TC4427AI/TC4428A

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

1
p —
D
| ]2
B
n[__| O
a
/" "~
[ 1 [ "
A
L Ao, M S
/ Al
F) L
B~
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN 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 A1l .000 - .006 0.00 - 0.15
Overall Width E 193 TYP. 4.90 BSC
Molded Package Width E1 118 BSC 3.00BSC
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 [4 0° - 8° 0° - 8°
Lead Thickness c .003 .006 .009 0.08 - 023
Lead Width B 008 .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 profrusions. Mold flash or protrusions shall not
exceed .010" (0.254mm) per side.
JEDEC Equivalent: MO-187
Drawing No. C04-111

DS21423D-page 14 ' @ 2003 Microchip Technology Inc.



TC4426A/TC4427A/TC4428A

PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

%5 Examples:
a) TC4426ACQA: 1.5A Dual MOSFET
Device Temperature Package driver, SOIC package,
Range 0°C 10 +70°C.

b) TC4426AEQA: 1.5A Dual MOSFET
driver, SOIC package,

Device: TC4426A: 1.5A Dual MOSFET Driver, Inverting o o
TC4427A: 1.5A Dual MOSFET Driver, Non-Inverting 40°C to +85°C.
TC4428A: 1.5A Dual MOSFET Driver, Complimentary a) TC4427ACPA: 1.5A Dual MOSFET
driver, PDIP package,
Temperature Range: C = 0°Cto +70°C (PDIP & SOIC Only) 0°C to +70°C.
5 = jg:g :o +$§>;CC b) TC4427AEPA: 1.5A Dual MOSFET
= o+ A .
M = -55C to+125°C (CERDIF only) driver, PDIP package,

-40°C to +85°C.
a) TC4428AMJA: 1.5A Dual MOSFET

Package: JA = Ceramic Dual In-line (300 mil Body), 8-lead N
OA = Plastic $0IC, (150 mil Body), 8-lead driver, CDIP package,
OA743 = Plastic SOIC, (150 mil Body), 6-lead -55°C ta +125°C.
(Tape and Reel) .
PA = Plastic DIP (300 mil Body), 8-lead b) TC442BACOATI: ;'?"A D.'lfa' MOSdF:T |
UA = Plastic Micro Small Outline (MSOP), 8-lead nver, Tape and Reel,
UAT713 = Pilastic Micro Small Outline (MSOP), 8-lead SOIC package,
(Tape and Reel) 0°C to +70°C.
Sales and Support
Data Sheets

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office

2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277

3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

Customer Notification System
Register on our web site {(www.microchip.com/cn) to receive the most current information on our products.

@® 2003 Microchip Technology Inc. ' DS21423D-page 15



TC4426A/TC4427A/TC4428A

NOTES:

DS21423D-page 16 ' © 2003 Microchip Technology Inc.



Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

»  There are dishonest and possibly illegal methods used to breach the code protection feature. All of these metheds, to our
knowledge, require using the Microchip products in a manner cutside the operating specifications contained in Microchip's Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

= Microchip is willing to work with the customer who is concemed about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed 1o continuously improving the code protection features of our
products. Attempts to break microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act,

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. Itis your responsibility to
ensure that your application meets with your specifications.
No representation or wamanty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical
components in life support systems is not authorized except
with express written approval by Microchip. No licenses are
conveyed, implicitty or otherwise, under any intellectual
property rights.

DNV Certification, Inc. DNV MSC
usa The Netheriands
Accredited by the RvA

!
S’

1SO 9001 / QS8-3000
REGISTERED FIRM

ANSI-RAB

aiiiqivNdoy

Trademarks

The Microchip name and logo, the Microchip logo, Accuron,
dsPIC, KeeLoa, MPLAB, PIC, PICmicro, PICSTART,

PRO MATE and PowerSmart are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries. )

AmplLab, FilterLab, microID, MXDEV, MXLAB, PICMASTER,
SEEVAL and The Embedded Control Solutions Company are
registered trademarks of Microchip Technology Incorporated
inthe U.S.A.

Application Maestro, dsPICDEM, dsPICDEM.net, ECAN,
ECONOMONITOR, FanSense, FlexRCM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
PICkit, PICDEM, PICDEM.net, PowerCal, Powerinfo,
PowerMate, PowerTool, rfLAB, rfPIC, Select Mode,
SmarnSensor, SmartShunt, SmartTel and Total Endurance are
trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

Seralized Quick Tum Programming {SQTP) is a service mark
of Microchip Technology Incorporated in the U.S A

All other trademarks mentioned herein are property of their
respective companies.

© 2003, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

0 Printed on recycled paper.

Microchip received QS-9000 quality system
cevtification for its woridwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Anzona in July 1999
and Mountain View, California in March 2002.
The Company's quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KeeLoQ® code hopping
devices, Seniel EEPROMS, micropenpherals,
non-volatile memory and analog products. in
addition, Microchip's quality systam for the
design and manufacture of developmant
systems is /SO 9001 certified.

© 2003 Microchip Technology Inc.
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Corporate Office

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel; 480-792-7200

Fax: 480-792-7277

Technical Support: 480-792-7627

Web Address: http.//www.microchip.com

Atlanta

3780 Manseil Road, Suite 130
Alpharetta, GA 30022

Tel: 770-640-0034
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Intemational - |
10R] Rectifier - - IRF540

HEXFET® Power MOSFET

® Dynamic dv/dt Rating
® Repetitive Avalanche Rated ' : D _

® 175°C Operating Temperature Vpss = 100V
® Fast Switching

® Ease of Paralleling

¢ Simple Drive Requirements

RDS(OH) = 0077Q
] lp=28A"

‘Description

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

The TO-220 package is universally preferred for all commercial-industrial
applications at power dissipation levels to approximately 50 watts. The {ow
thermal resistance and low package cost of the TO-220 contribute to its wide
acceptance throughout the industry.

TO-220AB
Absolute Maximum Ratings
' Parameter Max. Units
lp@ Tc=25°C | Continuous Drain Current, Vgs @ 10V 28
Io @ Tc = 100°C | Continuous Drain Current, Ves @ 10V 20 A
IoMm Pulsed Drain Current @ 110
Pp @ Tec =25°C | Power Dissipation 150 W
Linear Derating Factor - 1.0 w/rC
Vas Gate-to-Source Voltage 120 \
Eas Single Pulse Avalanche Energy @ 230 md
laR Avalanche Current @ 28 A
Ear Repetitive Avalanche Energy © 15 md
dv/dt Peak Diode Recovery dv/idt @ 5.5 V/ns
T Operating Junction and - -55to +175
Tsra 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
5 - Parameter Min. Typ. Max. Units-
Raic . Junction-to-Case — — 1.0
Recs Case-10-Sink, Flat, Greased Surface — 0.50 - —_ C/W
' Rasa ‘ Junction-to-Ambient — — 62 A
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IGR

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

Parameter Min. | Typ. | Max. | Units Test Conditions
VieRr)oss Drain-to-Source Breakdown Voltage 100 —_ — V | Vgs=0V, lo=250pA
AVerpss/AT,| Breakdown Vollage Temp. Coefficient — | 013 | — | V/C | Reference to 25°C, Ip= 1mA
Roson) Static Drain-to-Source On-Resistance — — 0077 Q |Ves=10V,Ip=17A @
Vas() Gate Threshold Voltage 2.0 —_ 4.0 V [ Vps=Vas, Ip= 250pA
gis Forward Transconductance 87 | — — S |Vbs=50V, lp=17A @
. — —_ 25 Vps=100V, Vas=0V
Ipss Drain-to-Source Leakage Current — 280 nA Vos=80V, Vas=0V. T=150°C
lass Gate-to-Source Forward Leakage — — | 100 nA Vag=20V
Gate-to-Source Reverse Leakage — - | -100 Vas=-20V
Qq Total Gate Charge . — — 72 Ib=17A
Qgs Gate-to-Source Charge — | — | 11 | nC |vps=BOV
Qg Gate-to-Drain (*Miller")} Charge — | — | 32 Vas=10V See Fig. 6 and 13 @
tdion) Turn-On Delay Time — |11 — Vpp=50V
tr Rise Time — 44 — ns Ip=17A
taon) | Tum-Oft Delay Time — 53 — Re=92.1Q
] Fall Time — | 43 | — Rp=2.9Q See Figure 10®
Lp Internal Drain Inductance — | 45 | — 6B ?nt‘:vne?(;‘ ég?: )
nH | from package G‘(:
Ls Internal Source Inductance — |75 | — and center of
die contact s
Ciss Input Capacitance — (1700} — Vas=0V .
Coss Output Capacitance — | 860 | — pF | Vps=25V
Crss Reverse Transfer Capacitance — | 120 | — f=10MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current _ _ o8 MOSFET symbo! D
(Body Diode) A showing the
Ism Pulsed Source Current _ — | 110 integral reverse G
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage — — 25 V | Ty=25°C, Is=28A, Vgs=0V @
tir Reverse Recovery Time — | 180 | 360 | ns |T,=25°C, Ir=17A
Qn Reverse Recovery Charge — 1.3 | 28 | uC {di/d=100A/us @
ton Forward Turn-On Time Intrinsic tum-on time is neglegible {turn-on is dominated by Ls+p)
Notes:

@ Repetitive rating; pulse width limited by
max. junction temperature (See Figure 11)

@ Vpp=25V, starting Ty=25°C, L=440uH
Ra=25%, |1as=28A (See Figure 12)

® lsp<28A, di/dt<170A/s, VDDSV(BR)DQS,

Tys175°C

@ Pulse width < 300 ps; duty cycle <2%.
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lp, Drain Current (Amps)
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Fig 9. Maximum Drain Current Vs.
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Fig 10a. Switching Time Test Circuit
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Fig 12a. Unclamped Inductive Test Circuit
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Fig 12b. Unclamped Inductive Waveforms
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Fig 12¢. Maximum Avalanche Energy
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Fig 13b. Gate Charge Test Circuit -

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505

Appendix B: Package Outiine Mechanical Drawing — See page 1589

Appendix C: Part Marking Information — See page 1516

Appendix E: Optional Leadforms — See page 1525
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PD -91437B

IRFO540N

International
IGR Rectifier

HEXFET® Power MOSFET
e Advanced Process Technology b
¢ Dynamic dv/dt Rating Vpss = -100V
¢ 175°C Operating Temperature
¢ Fast Switching R =0.117Q
e P-Channel G DSten) ‘
e Fully Avalanche Rated Ip = -23A
Description S
Fifth Genaeration HEXFETs from International Rectifier

utilize advanced processing techniques to achieve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETSs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.

The TO-220 package is universally preferred for alf
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal

resistance and low package cost of the TO-220 TO-220AB
contribute to its wide acceptance throughout the
industry.
Absolute Maximum Ratings
Parameter Max. Units
g @ Te =25°C Continuous Drain Current, Vgs @ -10V -23
Ip @ Tc =100°C| Continuous Drain Current, Vgg @ -10V -16 A
Iom Pulsed Drain Current @ -76
Pp @T¢ =25°C Power Dissipation 140 W
Linear Derating Factor 0.91 W/°C
Vgs Gate-to-Source Voltage + 20 v
Eas Single Pulse Avalanche Energy® 430 mJ
ar Avalanche Current® -11 A
Ear Repetitive Avalanche Energy® 14 md
dv/dt Peak Diode Recovery dv/dt ® -5.0 Vins
T, Operating Junction and 55 to+ 175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1N=m}
Thermal Resistance
Parameter Typ- Max. Units
Rasc Junction-to-Case —_— 1.1
Rocs Case-to-Sink, Flat, Greased Surface _ 0.50 —_— °*CIw
Roua Junction-to-Ambient —_— 62

5/13/98
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parametar Min. | Typ. | Max. | Units Conditions
VigRrIDSS Drain-to-Source Breakdown Voltage -100 | — | — V | Vgs =0V, Ip = -250pA
AVieripss/AT, | Breakdown Voltage Temp. Coefficient {| — |-0.11] — | V/°C | Reference to 25°C, Iy = -1mA
Rpson) Static Drain-to-Source On-Resistance [ — | — |0.117] Q | Vgs=-10V,Ip=-11A @
Vas(th Gate Threshold Voltage 20 | — |40 | V | Vps=Vgs, lp=-250pA
Ots Forward Transconductance 53 | — | — S Vpg =-50V, Ip = -11A
Ioss Drain-to-Source Leakage Current — ]2 HA Vos = -100V, Vgs = OV
— |~ [ -250 Vps = -80V, Vgg = 0V, T, = 150°C

loss Gate-to-Source Forward Leakage — | —— | 100 nA Vgs = 20V

Gate-to-Source Reverse Leakage — | — | 100 Vgs = -20V
Qg Total Gate Charge — | — | 97 Ip=-11A
Qgs Gate-to-Source Charge —_— | —] 15 nC | Vps =-80V
Qga Gate-to-Drain {"Miller") Charge — | — 51 Vgs =-10V, See Fig. 6 and 13 @
taon) Turn-On Delay Time —_ 15 | — Vpp =-50V
tr Rise Time — | 67 | — ns Ipb=-11A
Lyof) Tum-Off Delay Time — | 81 | — Rg = 5.1Q
t Fall Time — | 51 | — Rp =4.2(, See Fig. 10 @

p Between lead, -
Lo Intemal Drain Inductance — | 45| — " &mm (0.25in.) (‘ )
Lg Intemal Source Inductance — | 7.5 — from package )
’ and center of die contact s

Cies Input Capacitance -— {1300] — Vs = 0V
Coss Output Capacitance — | 400 | — | pF | Vpg=-25V
Cras Reverse Transfer Capacitance — | 240 | — f = 1.0MHz, See Fig. 5

Source-Drain Ratings and Characteristics

Parameter Min. | Typ.| Max. | Units Conditions
Is Continuous Source Current 23 MOSFET symbol o
(Body Diode} T T A | showing the
lsm Pulsed Source Current 76 integral reverse s
(Body Diode) @ BN R p-n junction diode. s
Vso Diode Forward Voltage — —] 186 V | Ty=25°C, Is=-11A, Vgs =0V @
tr Reverse Recovery Time — | 150] 220 | ns | Ty=25°C, I = -11A
Qp Reverse RecoveryCharge —— 830|1200| nC | di/dt = -100A/ps @
ton Forward Tum-On Time Intrinsic turn-on time is negligible (turm-on is dominated by Lg+Lp)
Notes:
@ Repet?tive rating; pulse width limited by - @ Isp < -11A, di/dt < -470A/us, Vpp < Viprjpss.
max. junction temperature. ( See fig. 11) T,5175°C
@ Starting T; = 25°C, L =7.1mH @ Pulse width < 300ps; duty cycle € 2%,

Rg = 2582, Ixs = -11A, (See Figure 12)
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3000 20

Vgs =0V,  f=1MHz Ip = -11A | |
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Q

X
Rg :j._ = dv/dt controlled by Rg ik

Peak Diode Recovery dv/dt Test Circuit

+ Circuit Layout Considerations

* Low Stray Inductance

+ Ground Plane

¢ Low Leakage Inductance
Current Transformer

e L]

* Isp controlled by Duty Factor *D* T~ Vpp

e D.U.T. - Device Under Test

Ves
* Reverse Polarity of D.U.T for P-Channel
@ Driver Gate Drive
Period D =~
e PW——+ Period
i t
[Veg=10v] ***
£{
)y
@ |p.u.T. 15 Wavefom
Reverse
Recovery | Body Diocde Forward
Current Current /
di/dt
@ {D.U.T vy Waveform biode R
iI0de Recovery
: dv/dt AN '[3 q
D
i
Re-Applied J— " L
Voltage Body Diode * * Forward Drop
@ Inductor Curent S_w
Ripple < 5% ['sp]
)

*** Vgs = 5.0V for Logic Level and 3V Drive Devices

Fig 14. For P-Channel HEXFETS
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Package Outline

T0O-220AB Outline
Dimensions are shown in millimeters (inches)

. lasd(as 376 (448
287 (113 10-29 (.405) D 254 {135 4.69 {185)
2.62 (Jna)“ = £.20 (165) 252)
A * 48)
)y 8.47 {.255)
) . 6,10 (.240)
15.24 (.600) !
14.54 (.504)
1.15 (045} LEAD ASSIGNMENTS
__1 MIN 1-GATE
1k t 2-DRAIN
3. EOURCE
‘ 4 -DRAIN
14.08 (.555) \ |
13.47 (530} 4.06 (180}
3.55 (.140)
Ij 0.83 (.037) .85 (.022)
140 (085) = esstoan) ~ X 0.8 (013)
e
1.15 (.045) (@] 038 (014 (M)[B[A (M) | za20115)
2.64 (104}
2X
NOTES:
1 DIMENSIONING & TOLERANCING PER ANSI Y14.5M, 1982, 3 OUTLINE CONFORMS TO JEDEC OUTLINE T0-220A6.
2 CONTROLLING OIMENSION 1 INCH 4 HEATSINK & LEAD MEASUREMENTS DO NOT INCLUDE BURRS.

Part Marking Information

T0-220AB
EXAMPLE : THIS IS AN IRF1010
WITH ASSEMBLY g O )
LOT CODE 981M INTERNATIONAL PART NUMBER
RECTIFIER " ,Rme,/
LoGo I°R9246\
198 M DATE CODE
ASSEMBLY (YYWW)
LOT CODE YY = YEAR
WW = WEEK
Internationa

IGR Rectifier

WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, Tel: (310) 322 3331

EUROPEAN HEADQUARTERS: Hurst Green, Oxted, Surrey RH8 SBB, UK Tel: ++ 44 1883 732020

IR CANADA: 7321 Victoria Park Ave., Suite 201, Markham, Ontario L3R 2Z8, Tel: (905) 475 1897

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

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

IR FAR EAST; K&H Bidg., 2F, 304 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo Japan 171 Tel: 81 3 3983 0086
IR SOUTHEAST ASIA: 315 Outram Road, #10-02 Tan Boon Liat Building, Singapore 0316 Tel: 65 221 8371
http:/'www.irf.com/ Data and specifications subject to change without notice. 5/98
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IRFP460

ntemational
CR| Rectifier

EXFET® Power MOSFET

Dynamic dv/dt Rating
Repetitive Avalanche Rated D _
Isolated Central Mounting Hole Vpss = 500V
-Fast Switching
Ease of Paralleling . RDS(on) =0.27Q
Simple Drive Requirements

. Ip = 20A

escription

tird Generation HEXFETs from International Rectifier provide the designer
th the best combination of fast switching, ruggedized device design, low

i-resistance and cost-effectiveness.

10 TC-247 package is preferred for commercial-industrial applications
1ere higher power levels preclude the use of TO-220 devices. The TO-247
similar but superior to the earlier TO-218 package because of its isolated
aunting hole. It also provides greater creepage distance between pins to

set the requirements of most safety specifications.

osolute Maximum Ratings

TO-247AC

Parameter Max. Units

@ Tc=25°C | Continuous Drain Current, Vas @ 10 V 20
1@ T =100°C | Continuous Drain Current, Vas @ 10V 13 A
M Puised Drain Current © 80
p @ Tgc=25°C | Power Dissipation 280 w

Linear Derating Factor 2.2 W/°C
GS Gate-to-Source Voltage 120 \'
AS Single Pulse Avalanche Energy @ 960 mJ
R Avatanche Current © 20 A
AR Repetitive Avalanche Energy @ 28 mdJd
w/dt Peak Diode Recovery dv/dt @ 3.5 Vins
J Operating Junction and -55 to +150
5TG Storage Temperature Range °C

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

Mounting Torque, 6-32 or M3 screw 10 Ibfsin (1.1 Nern) N
1ermal Resistance

Parameter Min. Typ. Max. Units

eJC Junction-to-Case — — 0.45
ocs Case-to-Sink, Flat, Greased Surface — 0.24 — °C/W
BJA Junction-to-Ambient — — 40 J

1025




IRFP460 ISR
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 | Vas=0V, Ip= 250uA
AV(sr)pss/AT.| Breakdown Voltage Temp. Coefficient — | 0.63 | — | V/°C |Reference to 25°C, Ip= 1mA
Roston) Static Drain-to-Source On-Resistance —_ — [ 027} Q |Ves=10V, p=12A ®
Vasiin) Gate Threshold Voltage 2.0 — 4.0 V | Vos=Vas, Io= 250pA
Os . Forward Transconductance 13 — — S | Vps=50V, Ip=12A @
. — — 25 Vps=b00V, Vas=0V
Ipss Drain-to-Source Leakage Current - — T 250 HA Vos=400V, Vaa=OV. Ty125°C
less Gate-to-Source Forward Leakage — | — | 100 A [Ves=20V
Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Qg Total Gate Charge — — | 210 Io=20A
Qgs Gate-to-Source Charge — | — | 29 | nC |Vps=400V
Qqd Gate-to-Drain ("Miller") Charge e — | 110 | Vas=10V See Fig. 6 and 13 @
tafon) Tum-On Delay Time — 18 — Vop=250V
tr Rise Time — 59 — ns lp=20A
td(off) Tum-Off Delay Time — | 110 | — Rg=4.3Q
t Falil Time — 58 — Rp=13Q See Figure 10 ®
Lo Internal Drain Inductance — | 8.0 | — g ?.;‘:’ne?gi égla: )
nH | from package G‘(
Ls Internal Source Inductance — | 13| — and center of
die contact 5
+ Ciss Input Capacitance — 4200 | — Vas=0V
. Coss Qutput Capacitance — 870 | — | PF |Vps=25V
Crss Reverse Transfer Capacitance — 1350 [ — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
ls Continuous Source Current . _ 20 MOSFET symbol o
(Body Diode) A showing the
Ism Pulsed Source Current . _ 80 integral reverse ¢ .
(Body Diodé) @ p-n junction diode. is
Vsp Diode Forward Voltage — — | 1.8 V | T=25°C, Is=20A, Vgs=0V @
ter Reverse Recovery Time — | 570 | 860 | ns |T,=25°C, |r=20A
Qe Reverse Recovery Charge — | 87 | 86 | uC |di/di=100A/us @
ton Forward Tum-On Time Intrinsic turn-on time is neglegible {turn-on is dominated by Ls+Lp)
Notes:

@ Repetitive rating; pulse width limited by

max. junction temperature (See Figure 11)

@ Vpp=50V, starting Ty=25°C, L=4.3mH

RG=25Q, 1aA5=20A (See Figure 12)

Tus$150°C

® Isp<20A, difdt<160A/us, Vop<V(8R)DSS,

@ Pulse width < 300 us; duty cycle <2%.
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Vas, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer Characteristics
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IRFP460 IGR
foooo Vag = OV, F = Wiz 20 — -
Ciss = Cgs * Cga: Cds SHORTED @ o ? Vpg = 400v I
Crss = Cgo 5 Vpg = 250% \
8000 < Cosg = Cgs + Cgg > 6 Vg = 100V I\
N éa p
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& X TH. 3 /4
:g AN \\\\ N 2 %
@ 4000 < U)é 8 7
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\\hl M (‘5‘3 -
2000 Cf.ss t ) 4
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AN —— SEE FIGURE 13
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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 'nte
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS06ER - SEPTEMBER 1975 - REVISED JANUARY 2005

® 2-kV ESD Protection for: LM124...D,J,0R WCPA%PEAGE
- LM124A ... J PACKA
- ::::z:' t::::ﬂ LM224, LM224A, LM224K, LM224KA . .. D OR N PACKAGE
’ LM324, LM324K . . . D, N, NS, OR PW PACKAGE
- LM2902K, LM2902KYV, LM2802KAV LM324A ... D, DB, N, NS, OR PW PACKAGE
® Wide Supply Ranges LM324KA ... D, N, NS, OR PW PACKAGE

LM2902...D, N, NS, OR PW PACKAGE

= Single Supply ... 3Vto 32V LM2902K .. . D, DB, N, NS, OR PW PACKAGE

(26 V for LM2902) LM2902KV, LM2902KAV . . . D OR PW PACKAGE
= Dual Supplies...+1.5Vto =16V (TOP VIEW)
(£13 V for LM2902) w,
® Low Supply-Current Drain Independent of 10UT [} 1 14]] 40UT
Supply Voltage . .. 0.8 mA Typ 1IN-] 2 13[] 4IN-
® Common-Mode input Voltage Range 1N+ ] 3 12[] 4IN+
Includes Ground, Allowing Direct Sensing Vec [ 4 11} GND
. . 2IN-[] & o[l 3IN-
Low Input Bias and Offset Parameters 20ut 7 8f] souT
= Input Offset Voltage . . . 3 mV Typ

A Versions ... 2 mV Typ
= input Offset Current. .. 2 nA Typ
- Input Blas Current ... 20 nA Typ L124, LWM0A . P PACKAGE
A Versions ... 15 nA Typ

o
¢ Differential Input Voltage Range Equal to é 303 é
Maximum-Rated Supply Voltage ... 32V - Z3 %
{26 V for LM2802) (5 5 7 o
® Open-Loop Differential Voltage 1IN+ 1] 4 1 [] 4IN+
Amplification .. . 100 V/mV Typ 7 NC [Is 17 [ ggD
® Internal Frequency Compensation Ve [l 6]
NC [I7 15 [J NC
description/ordering information 2n+ s o, i da TN
o o o Vo e |
These devices consist of four independent LEQE L
high-gain frequency-compensated operational S § < § 5

amplifiers that are designed specifically to operate
from a single supply over a wide range of voltages. NC - No intemal connection
Operation from split supplies also is possible if the

difference between the two suppliesis 3Vto 32V

(3 Vto 26V for the LM2902), and V¢ is at least

1.5 V more positive than the input common-mode

voltage. The low supply-current drain is

independent of the magnitude of the supply

voltage.

Applications include transducer amplifiers, dc amplification blocks, and all the conventional
operational-amplifier circuits that now can be more easily implemented in single-supply-voltage systems. For
example, the LM124 can be operated directly from the standard 5-V supply that is used in digital systems and
provides the required interface electronics, without requiring additionat £15-V supplies.

PRODUCTION DATA Information is current ay of publicetion date. Copyright € 2004, Texas Instrumenis Incorporated
Products conform to speciications ps? the terms of Taxas Instruments i On products compilant to MIL-PRF-38535, all parsmuters ars tesied
Production p g does not y inchide TEXAS unless otherwise noted On sl other products, production

testing of all parameters. procesaing does not necessarily include tesiing of sll paramsters.
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1




LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,

LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV

QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS06ER - SEPTEMBER 1975 - REVISED JANUARY 2005

description/ordering information (continued)

ORDERING INFORMATION

MAX
Vigmax ORDERABLE TOP-SIDE
Ta AT 25°C T':fgsn PACKAGET PART NUMBER MARKING
LM324N LM324N
PDIP (N) Tube of 25 LM324KN LM324KN
Tube of 50 LM324D \sa
ol Reel of 2500 | LM324DR
(0} Tube of 50 LM324KD LM324K
Reel of 2500 | LM324KDR
7 mv 30V Reel of 2000 | LM324NSR LM324
SOP (NS) Tube of 50 LM324KNS
LM324K
Reelof 2000 | LM324KNSR
Tube of 90 LM324PW
L324
1SSOP (PW Reel of 2000 | LM324PWR
(PW) Tube of 90 LM324KPW N
Reelof 2000 | LM324KPWR L32
0°C 1o 70°C o N Tube of 25 LM324AN LM324AN
™) Tube of 25 LM324KAN LM324KAN
Tube of 50 LM324AD a2aA
SOIe (D Reel of 2500 | LM324ADR LM3
©) Tube of 50 LM324KAD s 24KA
Reel of 2500 LM324KADR
Reel of 2000 | LM324ANSR LM324A
Imv 30V
SOP (NS) Tube of 50 LM324KANS M32aKA
Reel of 2000 | LM324KANSR
SSOP (DB) Reel of 2000 | LM324ADBR LM324A
Tube of 90 LM324APW .
1SS0P (PW Reel of 2000 | LM324APWR L324A
PW) Tube of 90 LM324KAPW ]
Reel of 2000 | LM324KAPWR 324KA
OP N Tbeof2s LM224N LM224N
N ube of 2 LM224KN LM224KN
-~ 0y Tube of 50 LM224D "
m Soic (6 Reel of 2500 | LM224DR 224
® Tube of 50 LM224KD
Reel of 2500 | LM224KDR LM224K
-25°C to 85°C
Tube of 25 LM224AN LM224AN
PDIP (N)
Tube of 25 LM224KAN "LM224KAN
sy oy Tube of 50 LM224AD r2en
m
Reelof 2500 | LM224ADR
SOIC (D)
Tube of 50 LM224KAD z2eA
Reel of 2500 | LM224KADR ] 4

tPackage drawings, standard packing guantities, thermal data, symbolization, and PCB design guidelines are available at

www.ti.com/sc/package.

‘9 TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066R - SEPTEMBER 1975 — REVISED JANUARY 2005

ORDERING INFORMATION {CONTINUED)

MAX
W | em | Prcxace! Sromeie | romeme
Tube of 25 LM2902N LM2902N
PRI (N) Tube of 25 LM2902KN LM2902KN
Tube of 50 LM2902D
Reel of 2500 LM2902DR LM2902
SOIC (D) Tube of 50 LM2902KD
Reel of 2500 LM2902KDR LM2902K
Reel of 2000 LM2902NSR LM2902
28V SOP (NS) Tube of 50 LM2902KNS
7mV Reel of 2000 LM2902KNSR LM2902K
-40°C to 125°C Tube of 80 LM2902KDB
SSOP (D8) Reel of 2000 LM2902KDBR L2002
Tube of 90 LM2902PW
Reel of 2000 LM2902PWR L2902
TSSOP (PW) Tube of 90 LM2902KPW
Reel of 2000 LM2902KPWR L2902K
oy SOIC (D) Reel of 2500 LM2902KVQDR L2902KV
TSSOP (PW) Reel of 2000 LM2902KVQPWR L2902KV
omV 2V SOIC (D) Reel of 2500 LM2902KAVQDR L2902KA
TSSOP (PW) Reel of 2000 LM2902KAVQPWR L2902KA
CDIP (J) Tube of 25 LM124J LM124J
CFP (W) Tube of 25 LM124W LM124W
5mv 30V LCCC (FK) Tube of 55 LM124FK LM124FK
-55°C to 125°C Tube of 50 LM124D
SOIC (D) Reel of 2500 LM124DR LM124
2 mV 0V CDIP (J) Tube of 25 LM124AJ LM124AJ
LCCC (FK) Tube of 55 LM124AFK LM124AFK

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066R - SEPTEMBER 1875 - REVISED JANUARY 2005

schematic (each amplifier)
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T ESD protection cells - available on LM324K and LM324KA only
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS0686R - SEPTEMBER 1975 - REVISED JANUARY 2005

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

LM2902 A:;I;:‘?IEZER UNIT

Supply voltage, Vi {see Note 1) +13 or 26 116 or 32 v
Differential input voltage, V| (see Note 2) 126 132 v
Input voltage, V| (either input) -031026 | -031032 vV
‘E/)I(J;rgt?l; SOL o(l;tg:thcl:tgrtat):lrcult (one amplifier) to ground at (or below) Tp, = 25°C, Unifimited Unlimited

D package 86 86

DB package 96 96
Package thermal impedance, 6 p (see Notes 4 and 5) N package 80 80 °C/W

NS package 76 76

PW package 113 113

FK package 5.61
Package thermal impedance, 8¢ (see Notes 6 and 7) J package 15.05 *Cw

W package 14.65
Operating virtual junction temperature, T 150 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds J or W package 300 300 °C
Storage temperature range, Tgtg -65t0 150 | -6510 150 °C

T Stresses beyond those listed under “absolute maximum ratings” may cause pemmanent 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 absclute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values {except differential voltages and V¢ specified for the measurement of lgg) are with respect to the network GND.

2. Differential voltages are at IN+, with respect to IN-,

3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

4. Maximum power dissipation is a function of T j(max), 84, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T {max) - Ta)/6 4. Operating at the absolute maximum T of 150°C can affect reliability.

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

6. Maximum power dissipation is a function of T j{(max), B¢, and Tc. The maximum allowable power dissipation at any aliowable case

temperature is Pp = (T {max) - T¢)/8 j¢. Operating at the absolute maximum T of 150°C can affect reliability.

7. The package thermal impedance is calculated in accordance with MIL-STD-883.

o

ESD protection

TEST CONDITIONS TYP | UNIT
Human-Bedy Model | LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV 2 kv
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066R ~ SEPTEMBER 1975 - REVISED JANUARY 2005

electrical characteristics at specified free-air temperature, Ve = 5 V (unless otherwise noted)

LM124 LM324
PARAMETER TEST CONDITIONST Tat LM224 LM324K UNIT
MIN TYPS  MAX MIN TYP§  mAX
= 25°C 3 5 3 7
Vo =5V io MAX,
\Y Input offset voltage . : mVv
10 i 9 vic=vigrmin, Vo=14v Full range 7 ¢
| | . v v 25°C 2 30 2 50 A
t t current =14 n,
1o nputofiseteurent 1Yo Full range 100 150
25°C -20 -150 -20 -250
B Input blas current Vp=14V nA
Fuit range -300 -500
25°C v Oti)15 v, Ot?15
VicR _Common-mode Vee =5V to MAX cec - U cC- v v
input voitage range Oto Oto
Full range
Veo -2 Veg -2
R =2k} 25°C Vee - 1.5 Veg- 1.8
Vo High-level R =10k0 25°C v
H output voktage RL =2k Full range ) 26
Ve = MAX
Ry 210k Full range 27 28 27 28
Low-lovei
VoL output voltage Ry £10kQ Full range 5 20 5 20 mV
Large-signal _ _ 25°C 50 100 25 100
AD differential voltage ;Cg ; lgv Vo=1Vio1ty, vimy
amplification L Full range 25 15
Commen-mode - . o
CMRR rejoction ratio Vic =V|crmin 25°C 70 B0 65 80 dB
Supply-voltage
kSVR rejection ratio 25°C 65 100 65 100 dB
{AVcc/avip)
Crosstalk _ o
Voti/'Voz attenuation f=1kHz to 20 kHz 25°C 120 120 dB
Voo =15V, 25°C -20 -30  -60 -20 -0 -60
Vip=1V, Source
Vo=0 Full range -10 -10
mA
o Qutput currant Ve =15V, 25°C 10 20 10 20
Vip=-1V, Sink
Vo=15V Full range 5 5
Vip=-1V, Vg =200 mV 25°C 12 30 12 30 KA
Shon-circuit Vecatsv, Vo =0,
los output current GND at -5V 25°C 140 160 +40 #%0 ] mA
Supol V=25V, No load Full range 07 12 0.7 1.2
upply current
Icc i Voe = MAX, mA
(four amplifiers) VG =05Vog, Noload Full range 1.4 3 14 3

T All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX Ve for
testing purposes is 26 V for LM2202 and 30 V for the others.

FFuk range is —55°C to 125°C for LM124, -25°C to 85°C for LM224, and 0°C to 70°C for LM324.

§ All typical values are at T = 25°C.
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066R - SEPTEMBER 1975 - REVISED JANUARY 2005

electrical characteristics at specified free-air temperature, Vg = 5 V (unless otherwise noted)

PARAMETER t t LM2902 LM2902V N
TEST CONDITIONS Ta WIN THPS  MAX WIN TYPS  MAX UNIT
Voo =5Vio Non-A-suffix 25°C 3 7 3 7
MCC § devices Fuil range 10 10
Vio Input cffset voltage i . mv
Vic =Vicrmin, | ,_ 25°C 1 2
Ve = A-suffix
0=14V -
devices Full range 4
Input offset voltage _ o
AV|o/AT temperaturs drift Rg=0Q Full range 7 uvierG
25°C 2 50 2 50
o Input offset current | Vo =14V nA
Full range 300 150
Input offset curment
Aho/AT femperaturs drift Ful! range 10 pArC
| | b v 14V 25°C -20 -250 =20 =250 A
nput bias current =1. n,
18 P " o Full range 500 -500
5°C V 0tf15 V Ot-015
VicR F:ommon-mode Ve =5V ta MAX cc -l cec- ' v
input voltage range Oto Oto
Full range
Veg-2 Vec-2
RL=2k2 25°C
v High-level RL=10kQ 25°C Vee - 1.5 Vee - 1.5 v
OH output voltaga R = 2 ki Full range 22 26
Vo = MAX
RL 210kQ Full range 23 24 27
Low-level
v
VoL output voltage Ry €10kQ Full range 5 20 5 20 m
Large-signal _ _ 25°C 25 100 25 100
Ayp differential voltage \écg; : gv. Vo=1Vio TV, VimV
amplification L Full range 15 15
cMRr  Common-mode Vic = VicRmin 25°C 50 80 60 80 a8
rejection ratio
Supply-voitage
ksSvR rejection ratio 25°C 50 100 60 100 dB
(AVce lavio)
Crosstalk _ o
Vo1/Vo2 attenuation f=1kHz to 20 kHz 25°C 120 120 dB
Voo =15V, 25°C -20 -30 —60 =20 =30 -60
Vip=1V, Source
Vo=0 Full range -10 -10
mA
lo Qutput current Voo =15V, 25°C 10 20 10 20
ViD=-1V, Sink
V=15V Full range 5 5
Vip=-1V, Vo =200 mv 25°C 0 12 40 pA
Short-circuit Voo atSy, Vo =0, o
los output current GND at -5 V 25°C +40 160 140 160 mA
Vo=25YV, No load Full ranga 0.7 12 0.7 1.2
I Supply current Vo = MAX mA
ce (four ampiffiers) [ € S e, Noload Full range 14 3 14 3

T All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX Ve for
testing purposes is 26 V for LM2902 and 32 V for LM2902V.

$Ful range is —40°C {o 125°C for LM29802.
§ All typical values are at Tp = 25°C.
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2302V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV

QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066R ~ SEPTEMBER 1975 — REVISED JANUARY 2005
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV

QUADRUPLE OPERATIONAL AMPLIFIERS

SLOSO66R — SEPTEMBER 1975 — REVISED JANUARY 2005

operating conditions, Ve =115V, Ty = 25°C

PARAMETER TEST CONDITIONS TYP| UNIT
SR Slew rate at unity gain R = 1M, C_=30pF, V; =110V (see Figure 1) 05| Vs
B4 Unity-gain bandwidth R =1 MQ, C = 20 pF {see Figure 1) 1.2} MHz
Vi, Equivalent input noise voltage Rg =100 Q, V| =0V, f = 1 kHz {see Figure 2) 35 [ nvWHz

Vee+
Vo
Vi +
vce- L RL
Figure 1. Unity-Gain Amplifier
900 Q
AN
Vecer
100 Q
vi=0V AN -
v
RS + [o]
Vge-

Figure 2. Noise-Test Circuit
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J (R—GDIP—Txx*) CERAMIC DUAL IN—-LINE PACKAGE

14 LEADS SHOWN

PINS =
20
BN 14 16 18
0300 | 0300 | 0300 | 0.300
¢——— B ———
B 762 | .62 | (762) | (7.62)
" 8 BSC BSC BSC BSC
MNnnmnmnm 8 MAX 0785 | .840 | 0.96D | 1.080
T (19,94) | (21,34) | (24,38) | (26,92)
) o B MN | — ] -} —
l 0.300 | 0.300 | 0.310 | 0.300

VAVISAVAVAVEY. C WA | 82) | (782) | (787) | (7.62)
7

0.245 | 0.245 | 0.220 | 0.245

1"1
0.065 (1,65 C MN - : . '
_ﬁ_')l' 6,22
0.045 (1,14 (6,22) | (6,22) | (559) { (6.22)

0.060 (1,52
—» |¢— 0.005 (0,13) MIN 0.015 (0.38 r —bl

0.200 (5,08) MAX
{ Seating Plane

T o130 (330 wn
_.“._0025 0,66
0.014 (0,36 — 0-15°
[0.100 (2,54)] 0.014 (0,36
0.008 (0,20

4040083/F 03/03

NOTES: A All fineor dimensions are in inches (millimeters).
B. This drowing is subject to change without notice.
C. This package is hermeticolly sealed with a ceramic iid using glass frit,
0. Index point is provided on cop for terminal identificotion only on press ceramic gloss frit seal only.
E. Falls within MIL STD 1835 GOIP1-T14, GDIP1-T16, GDIP1-Ti8 and GDIP1-T20.



MECHANICAL DATA

MCFP002A — JANUARY 1995 - REVISED FEBRUARY 2002

W (R-GDFP-F14)

CERAMIC DUAL FLATPACK

Base and Seating Plane

0.260 (6,60)
0.045 (1,14) ¢ 0.235 (5,97) —
l— 0.026 (0,66) | [
T |
3 ; ¢
: — : 0.008 (0,20) |
_ 0.080 (2,03) | | 0.004 (0,10)
0.045 (1,14} | |
| I
| |
Ih— 0.280 (7,11) MAX —JI
Iy 14! 0.019 (0,48)
J - l v 0.015(0,38)
I 1 ]
] 3
| t ! ]
! | 0.050(1,27) |
I | 1 ]
| |
[l
0.390(9,81) | ) | I 1
0.335(3,51) ! !
1 A 1 0.005 (0,1 3) MIN
[ | [~ } 4 Places
| | '
l ]
[ I [ ]
| I
| 7 8 | +
¢ 0.360 (9,14) ) X 0.360 (9,14)
0.250 (6,35) 0.250 (6,35)
4040180-2/C 02/02
NOTES: A. All linear dimensions are in inches {millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification only.
E. Falls within MIL STD 1835 GDFP1-F14 and JEDEC MO-092AB
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MECHANICAL DATA

MLCC006B — OCTOBER 1986

FK (§-CQCC-N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN

NO. OF A B
18 17 16 15 14 13 12 TERMINALS

o MIN MAX MIN MAX

20 0342 | 0358 | 0307 | 0.358
869 | 9.09) | (7.80) | (9.09)

- 0442 | 0458 | 0406 | 0458
(11,23) | (11,63) | (1031) | (11,63)

a4 0640 | 0860 | 0495 | 0.560
(16,26) | (16,76} | (12,58) | (14.22)

5 0739 | 0761 | 0495 | 0.560
(18,78) | (19,32 | (12,58) | (14,22)

68 0938 | 0962 | 0850 | 0.858
2383) | (24.43) | (216) | (21.8)

8 1141 | 1165 | 1047 | 1.063
(28,99) | (29.59) | (26,6) | (27.0)

26 27 28 1 2 3 4

0.020 (0,51) 0.080 {2,03)
0.010 (0,25) "l t | “ » 0.064 {1,63)
I I I I . . I f 0.020 {0,51)
0.010 {0,25)
0.055 (1,40)
0.045 (1,14)
0.045 (1,14) .
= l 0.035 (0,89) |
3 A
0.028 (0,71) _.l L_ | | 0.045(1,14)
0.022 {0,54) 0.035 (0,89)
0.050 (1,27)
4040140/D 10/96
NOTES: A. Alllinear dimensions are in inches (millimeters).

A
B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. The terminais are gold plated.

E. Falls within JEDEC MS-004
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
PINS **
A
ol 14 16 18 20
18 s 0.775 | 0.775 | 0.920 | 1.060
AW AW A mn i e W i Wt Wt A MAX | aee) | (19.69) | (23,37) | (26.92)
0.260 (6,60 0.745 0.745 0.850 0.940
) W&m; A MN -1 1892) | (18.92) | (21,59) | (23,88)
MS~001
| IPo g s e iy e g gy e g A VARIATION AA B8 AC AD
1

_J Lomo 1,78
0045 %1,145‘ A
0.045 (114 0.325 (8.26

r’o.oso 50,75') A 0.020 (0,51) MIN 0.300 %7,62; N

\ 7
0.200 (5,08) MAX 3 Gouge Plone

T4

]
!
| i l  seating Plane
I 0125 (3,18) MIN 0.010 (0,25) NOM

4>I 0.430 (10,92) MAX L—

0.100 (2,54
0.021 (0,53
P 5015 50.33%

[]0.010 (0,25)@]

\ !

‘\ /’ 14/18 Pin Only
~ 20 Pin vendor option /\

4040049/E  12/2002

NOTES:  A. Al lineor dimensions ore in inches (millimeters).
B. This drowing is subject to chonge without notice.

A\ Falis within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
A\ The 20 pin end lead shoulder width is o vendor option, either half or full width.

Texas
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MECHANICAL DATA

D (R-PDSO~G14) PLASTIC SMALL—OUTLINE PACKAGE

0.344 (8,75) ' .
0.337 (8,55) g

HﬁHHmHHﬁ i

]‘ 0.244 (6,20)

0.228 (5,80)

\\\N \T\ \\

Pin 1/
ndex Arec L—l—m »‘ Lﬁ?ﬁ? 22

0.010 (0,25)@

i 4 - - ) 3 ] ] ___7 ¢ J
0.010 (0,25)

L 0.069 (1,75) Max 0.004 (0,10)

=

1

0.010 (0,25)
0.007 (0,17) 1

F
Gouge Plane v

/

-8

0.010 (0,25)

_/ Seating Plane

A. Al linear dimensions are in inches {milimeters).
B. This drawing is subject to chonge without notice.
C

D

>

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

4040047-3/F  07/2004

NCTES:

. Body dimensions do not include mold flash or protrusion not to exceed 0.006 {0,15).
. Falls within JEDEC MS-012 variation AB.
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MECHANICAL DATA

NS (R-PDSO-G™)
14-PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

e I s

AHHHHAH T

5,60
5,00

La

8,20

7.

il

i
J!_\——U——I_I—U——U-—U—I_I—I_I—/

e

0,15 NOM

I

Gage Plane

\-_/

1
J

Seating Plane
L 2,00 MAX T @ \_/
PINS #+
DM 14 16 20 24
A MAX 10,50 10,50 12,9¢ | 15,30
A MIN 9,90 9,90 12,30 14,70

4040062/C 03/03

NOTES:  A. All lineor dimensions are in millimeters.

B. This drowing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.
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MECHANICAL DATA

MSSO002E — JANUARY 1995 — REVISED DECEMBER 2001

DB (R-PDSO-G*)
28 PINS SHOWN

PLASTIC SMALL-OUTLINE

|
HHHHHHHHHHHHHH—m

ALEEEEREEEEEEED

v L \”[ ||||| H||| ||||| ||||||l i Seating Plane

=4
™

[
(4]

|

o
(=3
w

£

\

Gage Plane

0,05M IN]

— 2,00 MAX
PINS **
DIM 14 16 20 24 28 30 38
A MAX 6,50 6,50 7,50 8,50 10,50 | 10,501 12,90
A MIN 5,90 5,90 6,90 7,90 9,90 990 | 12,30
4040065 /E 12/01
NOTES: A. Alllinear dimensions are in millimeters.

bow

Falls within JEDEC MO-150

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1333

PW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PINS SHOWN

0,15 NOM
450 6,60 i
4,30 ,20

Gage Plane _L

0]
iELLELE

—— A —

] i Seating Plane ]
L 1,20 MAX 0,15
0,05
PINS ™
8 14 16 24 28
DM 20
A MAX 3,10 510 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0,15.
Falls within JEDEC MO-153
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enhancements, improvements, and other changes to its products and services at any time and to discontinue
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orders and should verify that such information is current and complete. All products are sold subject to Tl's terms
and conditions of sale supplied at the time of order acknowledgment. '

Ti warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B - JANUARY 1983 — REVISED JULY 1988

Complete PWM Power Control Circuitry D, N, NS, OR PW PACKAGE
Uncommitted Outputs for 200-mA Sink or (TOP VIEW)

Source Current 1IN+ 1 ) 16 [] 2IN+

Output Control Selects Single-Ended or 1IN-] 2 15[] 2IN-
Push-Pull Operation FEEDBACK [ 3 14[] REF

Internal Circuitry Prohibits Double Pulse at DTC[] 4 13[] OUTPUT CTRL
Either Output ctlls  12flvee

Variable Dead Time Provides Control Over RT[|s 1flcz2

Total Range GND[]7  10fJE2

Internal Regulator Provides a Stable 5-V cilfs ol 1

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-moduiation (PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply controi 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 to V¢ - 2 V. The dead-time control
comparator has afixed offsetthat provides approximately 5% dead time. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous multiple-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-controt 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.

FUNCTION TABLE
INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
Vy=GND Single-ended cr paralle! output
V) = Vyef Normal push-pull operation

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor preducts and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is cumend as of publication date.

Copyright @ 1999, Texas Instruments Incorporated
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B - JANUARY 1983 — REVISED JULY 1999

AVAILABLE OPTIONS

PACKAGED DEVICES

CHP

Ta SMALL | PLASTIC | SMALL e | Form
OUTLINE DIP OUTLINE v
(D) (N) (NS) OUTLINE {v)

(PW)

0°Cto70°C | TL494CD | TLA94CN | TLA94CNS | TLAG4CPW | TLagay

40°C1085°C | TL494ID | TL494IN — — —

The D, NS, and PW packages are available taped and reeled. Add the suffix R to device type (e.g.,
TL494CDR). Chip forms are tested at 25°C.

functional block diagram

OUTPUT CTRL
(see Function Table)
Rt -6 13
cr 5 Oscillator al
1D 1
Dead-Time Control L 9
~01V \Comparator E1
4 £
DTC i} v E> C1
. PWM Q2 44 c2
NP I | l 10 e
1IN-_2 _ Pulse-Steering
Flip-Flop
Error Amplifier 2 12
16 vce
2|N+ —_—
an-15 | ( Reference 14
- REF
Regulator
7
u—-CD GND
3
FEEDBACK 0.7 mA

*’f TeEXAS
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

S5LV3074B - JANUARY 1883 - REVISED JULY 1899

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

TL494 UNIT
Supply voltage, Vi (see Note 1) 41 A
Amplifier input voltage, V| Vee+0.3 v
Collector output voltage, Vo 41 v
Collector output current, Ig 250 mA
D package 73
. N package a8
Package thermal impedance, 8 4 (see Notes 2 and 3) °C
NS package 64
PW package 108
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D, N, or PW package 260 °C
Storage temperature range, Tstg -65to 150 °C

t 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 absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.

2. Maximum power dissipation is a function of T j(max), 84, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) — Ta)/0 a. Operating at the absolute maximum T j of 150°C can impact reliability.
3. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace

length of zero.

recommended operating conditions

TL454
MIN MAX UNIT
Supply voltage, Voo 7 40 Y
Amplifier input voltage, V| -03 Vo2 \4
Collector output voltage, Vo 40 \
Collector output current (each transistor) 200 mA
Current into feedback terminal 0.3 mA
Oscillator frequency, fosc 1 3001 kHz
Timing capagitor, CT 047 10000 nF
Timing resistor, RT 1.8 500 k(}
Operating free-air temperature, Tp TLAs4c 0 7 °C
TL4G4| —40 85
{’? TEXA
S
INSTRUMENTS
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLV5074B - JANUARY 1883 — REVISED JULY 1989

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

reference section

TL494C, TL49%41
PARAMETER TEST CONDITIONS T UNIT
MIN TYPE MAX

Output voltage (REF) lg=1mA 475 5 525 v
Input regulation Vee=7Viod0V 2 251 mV
Output regulation lo=1mAto 10 mA 1 15 my
Qutput voltage change with temperature ATA = MIN to MAX 2 10| mviv
Short-circuit output current§ REF =0V 25 mA

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical values, except for parameter changes with temperature, are at Tg = 25°C.
§ Duration of the short circuit should not exceed one second.

oscillator section, Ct = 0.01 uF, RT = 12 kQ (see Figure 1)

TL494, TL494]
PARAMETER TEST CONDITIONST UNIT
MIN TYP} MAX
Frequency 10 kHz
Standard deviation of frequencyﬂ All values of Vg, CT, RT, and Ta constant 100 Hz/kHz
Frequency change with voltage Ve =7Vic40V, Ta=25°C 1 Hz/kHz
Frequency change with temperature# ATp = MIN to MAX 10 | Hz/kHz

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ Al typical values, except for parameter changes with temperature, are at Ta = 25°C.
1l standard deviation is a measure of the statistical distribution about the mean as derived from the formula:

# Temperature coefficient of timing capacitor and timing resistor are not taken into account.

error-amplifier section (see Figure 2)

TL494, TL4S4I
PARAMETER TEST CONDITIONS UNIT
MIN TYPE MAX

Input offset voltage Vo (FEEDBACK) =25V 2 10 mv
Input offset current Vo (FEEDBACK)=2.5V 25 250 nA
Input bias current Vo (FEEDBACK) =25V 0.2 1 HA
Common-mode input voltage range Voo =7VtiodoV \;gg_tg \
Open-iocp voltage amplification AV =3V, RL=2kQ, Vo=05Vto35V 70 95 dB
Unity-gain bandwidth Vo=05Vto35V, R =2kQ 800 kHz
Common-mode rejection ratio AV =40V, Ta =25°C 65 80 dB
Qutput sink current (FEECBACK) Vip=-15mvto-5V, V (FEEDBACK)=0.7V 0.3 0.7 mA
Output source current (FEEDBACK) |VID=15mVto5V,; V (FEEDBACK)=35V -2 mA

¥ Al typical values, except for parameter changes with temperature, are at Tp = 25°C.

{’P TexAs
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B — JANUARY 1983 - REVISED JULY 1998

electrical characteristics over recommended operating free-air temperature range, Ve =15V,

f = 10 kHz (unless otherwise noted)

output section

TL494, TL494Y

PARAMETER TEST CONDITIONS UNIT
MIN TYPT max
Collector off-state current VCg =40V, Voo =40V 2 100 dA
Emitter off-state current Voo=Vo=40V, VE=0 -100 LA
. . Common emitter |VE=0, I = 200 mA 1.1 13
Collector-emitter saturation voltage - v
Emitter follower Vo(C1org2)=15V, g =-200mA 1.5 25
Output control input current V| = Vref 35 mA
T All typical values except for temperature coefficient are at Tp, = 25°C.
dead-time control section {see Figure 1}
TLA494, TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPT Max
Input bias current (DEAD-TIME CTRL) V=0t 525V -2 -10 HA
Maximum duty cycle, each output Vi (DEAD-TIME CTRL) =0, CT = 0.1 pF, RT=12kQ 45%
Zero duty cycle 3 33
Input threshold voltage (DEAD-TIME CTRL) - \
Maximum duty cycle 0
T AN typical values except for temperature coefficient are at Ta = 25°C.
PWM comparator section {see Figure 1)
TLA494, TL494Y
PARAMETER TEST CONDITIONS UNIT
_ ‘ MIN TYrt max
Input threshold voltage {(FEEDBACK) Zero duty cycle 4 45) Vv
Input sink current (FEEDBACK) V (FEEDBACK)=0.7 V 0.3 0.7 mA
T All typicai values except for temperature coefficient are at Tp = 25°C.
total device
TL494, TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MaX
. Voo =15V 6 10
Standby supply current RT = Vpef, All other inputs and outputs open mA
Voc =40V 9 15
Average supply cumrent V| (DEAD-TIME CTRL) =2V, See Figure 1 75 mA
T Al typical values except for temperature coefficient are at Ta = 25°C.
switching characteristics, Tp = 25°C
TL494, TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX
Rise time 100 200 ns
- Common-emitter configuration, See Figure 3
Fall time 25 100 ns
Rise time . . 100 200 ns
- Emitter-follower configuration, See Figure 4
Fall time 40 100 ns

tail typical values except for temperature coefficient are at Tp = 256°C.

{’? TEXAS
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B — JANUARY 1983 — REVISED JULY 1999

PARAMETER MEASUREMENT INFORMATION

Veg=15V
12 ; 150 Q2 150 Q
v 2W 2w
cC
4 3 o 1
Test DTC Cc1 utput
Inputs 3 9
FEEDBACK E1 1
12 k2 6 " =
RT Cc2 & Output 2
F—er g2}12 1
L 0.01 sF =
- 1
2 1IN+
16 1IN- Error
J_ L 4 2IN+ [ Amplifiers
Lo 15l
13} OUTPUT Rer |14
CTRL
§ GND
50 k(2 J_
7
4
TEST CIRCUIT

w1 T U U U I -
LU U -

Voltage
atCT

DTC

ov

FEEDBACK

0.7V

Threshold Voltage — —

Threshold Voltages — — —

Duty Cycle

PR : e
0% ——»] MAX ’
VOLTAGE WAVEFORMS

Figure 1. Operational Test Circuit and Waveforms
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B - JANUARY 1983 — REVISED JULY 1999

electrical characteristics over recommended operating free-air temperature range, Vgg =15V,
f=10 kHz, Tp = 25°C (unless otherwise noted)

reference section

TL494Y
PARAMETER TEST CONDITIONST UNIT
MIN TYPt  MAX
Qutput voltage (REF) lo=1mA 5 \Y
Input regulation Vee=7Vicd0 Vv 2 mv
Output reguiation lo=1mAto 10 mA 1 mv
Short-circuit output currentt REF=0V 25 mA
T All typical values, except for parameter changes with temperature, are at Ty = 25°C.
¥ Duration of the short circuit should not exceed one second.
oscillator section, Ct = 0.01 uF, Ry = 12 kQ (see Figure 1)
TLAS4Y
PARAMETER TEST CONDITIONST UNIT
MIN TYPt MAX
Frequency 10 kHz
Standard deviation of frequencyd Ali values of Vo, CT, RT, and Ta constant 100 Hz/kHz
Frequency change with voltage Veg=7VtoddVv 1 Hz/kHz
T Al typical values, except for parameter changes with temperature, are at Tp = 25°C.
§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formuia:
g =
error-amplifier section (see Figure 2)
TLASHY
PARAMETER TEST CONDITIONS UNIT
MIN TYPt MAX
Input offset voltage Vo (FEEDBACK) =25V 2 mV
Input offset current Vo (FEEDBACK) =25V 25 nA
Input bias current Vo (FEEDBACK) =2.5V 0.2 HA
Open-loop voitage amplification AV =3V, R =2k, Vo=05Vto35V 95 dB
Unity-gain bandwidth Vo=05Vto35V, R =2k 800 kHz
Common-mode rejection ratio AVo =40V 80 dB
Cutput sink current (FEEDBACK) Vip=-15mVto-5V, V (FEEDBACK)=0.7 V 0.7 mA
T All typicat values, except for parameter changes with temperature, are at T = 25°C.
3 1,
EXAS
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS0748 - JANUARY 1883 - REVISED JULY 1993

PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test

FEEDBACK

N0

Other Amplifier

Figure 2. Amplifier Characteristics

i5v

o 1E80
| Each Output
I Circuit Output
| ——— CL=15pF
| (See Note A)
| |
| —— —

TEST CIRCUIT ) OUTPUT VOLTAGE WAVEFORM

NOTE A: C| includes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

15V
| A
} Each Qutput |
} Circuit
I e —
|
{ Output
[ —— 68 Q
2w }
(See Note A) I
]
= —r—t e
TEST CIRCUIT QUTPUT VOLTAGE WAVEFORM

NOTE A: C| includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B — JANUARY 1983 — REVISED JULY 1999

f — Oscillator Frequency and Frequency Variation ~ Hz

T Frequency variation {Af) is the change in osciliator frequency that occurs over the full temperature range.

A - Amplifier Voltage Amplification - dB

TYPICAL CHARACTERISTICS
OSCILLATOR FREQUENCY AND
FREQUENCY VARIATIONT
vSs
TIMING RESISTANCE
100 k ; o =
' Voo =15V 1
40 k p z TA=25C {]]
o, - FHH
10k et —1% LT [T, 0.001 uF [}
7 s I
4k 0% < 0-01 uF T
Ll I N
Ty LipJpFE ] '
1 : ==
400 1 ] :
TN ot'=1%
N
100 .‘l& / "!;‘
CT=1uF =g =
40 - -
\ -
W N
10 DN )
1k 4k 10k 40k 100k 400k 1M

100

90

80

70

60

50

40

a0

20

10

RT - Timing Resistance —

Figure 5

AMPLIFIER VOLTAGE AMPLIFICATION

Vs
FREQUENCY
T
— feerh -
\ Ta=25°C
AN

1 10 100
f - Frequency — Hz

1k

Figure 6
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries {T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liabitity.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
TI deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (‘CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTCMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. T{’s publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright © 1999, Texas Instruments Incorporated
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