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This project presents a class D audio amplifier which is based on pulse width
modulation (PWM) The PWM signal is derived from a comparator which compares
Between the saw-tooth signal and the audio input signal. The obtained PWM signal
Which is passed to the driver circuit is amplified in both low side band and high side
band. The amplified PWM signal is later filtered to obtain the audio signal which is fed

to a speaker.
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4.15 mﬂmwmmmﬁmmwﬁﬂmqmﬁuﬁmm (Total Harmonic Distortion :THD)

Jalt YN ¥}

v ld1naunsases 11l

THD =

iis C, = andnasumi Tuilndd n

C, = anlnafuas Tuilnd# 1

2 [c.,

= %100

a0

il
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INHAMINARB I SHAT IAEUBAAFY Spectrum Fuanainasinnd, ki | upwldaga
141mV
LR TR
# A1uay Spectrum AUl Away Spectrum
1 A500fHz  A194mV 6 AS00Hz A0.00F
@3.50kHz @195mV @13.50ktz  @1.00mV
> AS00Hz  A0.00mV 7 AS00Hz A0.00V
@5.50kHz @1.00mV @15.50kfz  @1.00mV
3 AS00Hz  AQ.00V 8 A500Hz A0.00)
@7.50klz @1.00mV @17.50kfz  @1.00mV
4 AS00Hz  A0.00F 9 AS00Hz A0.00V
@9.50kHz @1.00mV @19.50kHz  @1.00mV
5 A500Hz  A0.00V 10 AS00Hz AQ.0OV
@11.50kHz  @1.00mV @21.50kHz  @1.00mV
VDAY
>l
THD = "2 100
1
{070+ + 0P + 0 + (1) + () +0F +0) Jix107F 100
(195x10”)
(4114141414 141+ 1)f1x107)
= x 100
1957 x107°
= 2 =100
38,025
=237x10" x10?
S THD =0.02%



4.16 MinanaamIMsz@nEmn (Efficiency)
#lnan 80

PINTUATT

Efficiency = ﬁx 100%
Ps

VZ
8R,

Pl=

8
- 3500

Ps= LW+ LV]
= 0.15(16.5) + 0.15(16.5)
= 4.95W

P
% Efficiency = —i x 100%
Ps

BECLTY,
4.95W

=T71.11%

Tagn

at i:i 1
V,= ussduiinnnsouTnaa (v, ,)

R, = anudumieealvaa (Q)
=3 o

1, = nszuarnldmednuin (4, )

¥, = wsaduldaseiildnadouan ()
s » =t N

1, = aszwai Mmadnau (4, )

V,

il

usadu Ins i idmsdnan (v)
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4.17 MINAABIHIMBATINTVEY (Gain)

VIINANISNANDIUT 4.13

=

[

Gain =

N

(5]
w8

=6 1M
Tagh
a o
V,= uisumana

V. = u53auduna
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TLO082
TLO82A - TL082B

GENERAL PURPOSE J-FET

DUAL OPERATIONAL AMPLIFIERS

B WIDE COMMON-MODE (UP TO V') AND
DIFFERENTIAL VOLTAGE RANGE

B LOW INPUT BIAS AND OFFSET CURRENT
OUTPUT SHORT-CIRCUIT PROTECTION

B HIGH INPUT IMPEDANGE J-FET INPUT
STAGE

INTERNAL FREQUENCY COMPENSATION
LATCH UP FREE OPERATION
M HIGH SLEW RATE : 16V/yus (typ)

DESCRIPTION

The TLO82, TLO82A and TLO828 are high speed
J-FET input dual operational amplifiers incorpo-
rating weil matched, high voltage J-FET and bipo-
lar transistors in a menelithic integrated circuit.

The devices feature high siew rates, low input bias
and offset current, and low offset voltage temper-
ature coefficient.

PIN CONNECTIONS (top view)

™

N
DiPg
{Plastic Package)

D
S08

(Plastic Micropackage)

®

P
TSSOPS8

(Thin Shrink Small Outline Package)

ORDER CODE
Part Number Ten&gt;rature Package
ge N|jo]|pP
TLOS2M/AM/BM -55°C, +125°C . . .
TLO82I/AI/BI -40°C, +105°C . . .
TLO82C/ACIBC 0°C, 4+70°C . . .

Example : TLO82CD, TLO82IN

N = Dual In Line Package (DIP
D = Small Qutline Package (S

3) - 250 available in Tape & Rasl (DT}

P = Thin Shrink Small Qutfine Package {TSSOF) - only available in Tape

& Reeal (PT)

1 [ ~ R
2 [ (] 7
3 [ :]s
4 [ (] s

1-
2.

3 - Non-inverting input 1

4-

5 - Non-inverting input 2

6 -
7 -
8-

Offset null 1
inverting input 1

Vel

Inverting input 2
Output 2
Vec©

March 2002
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TLO82 - TLOB2A - TLO82B

SCHEMATIC DIAGRAM

Vet i1 +
Non-i ti
on lnvei;“;nugt; D
Inverting D ..| | .
input
20002
EI Output
z 1/2 TLOB2
L
8.2k [ *
1.3k 35k 1.3k 35k 100Q
Vee [ + +
ABSOLUTE MAXIMUM RATINGS
Symboal Parameter ‘ TLOB2M, AM, BM | TLOB2I, Al, Bl | TLOB2C, AC,BC | Unit
Vec  |Supply voltage - note ! 18 v
Vi |Input Violtage - note 2 +15 v
Via  |Differential Input Voltage - note ¥ +30 %
Pist | Power Dissipation 680 mw
Output Short-circuit Duration - nota 4 Infinite
Toper | Operating Free-air Temperature Range -55 to +125 -40 to +105 0 to +70 °C
Tsig | Storage Temperature Range . -85 to +150 °C
1. Al vulta values, exce, differantial voliage, are with raspect ta the zero reference level (ground) of the supply voltages where tha zero reference
leval is amldpoint between Vcc and Vgg~

[+1+]8
The magnitude of the input voltage must naver exceed the magnitude of the supply voltage or 15 volts, whichever is less.

Differantial voltages are the non-inverting input terminal with respect 1o the inverting input terminal.

4. The gtUtPUf ma:ébe shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating
is not exceeds

el

2111
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TLO82 - TLO82A -TL082B

ELECTRICAL CHARACTERISTICS
Vee =218V, Tam = +25°C (unless otherwise specified)

TLOBZBEQH’B?%n?LAM' TLO82C
Symbol Parameter s Unit
' Min.| Typ.| Max.| Min.| Typ.| Max.
Input Offset Voltage (Rg = 5002) ‘ mv
Tamp = +25°C TLO82 3 10 3 10
TLOB2A 3 6
Vio TLOB2B 1 3
Trmin € Tamb < Trnax TLOB2 13 13
TLOB2A 7
TLO82B 5
DVj, |Input Offset Voltage Drift 10 10 pv/eC
Input Offset Current - note !
Lo Tamp = +25°C 5 100 5 100 pA
Tmin = Tamb s Tmax 4 10 nA
Input Bias Current -note 1
lip Tamp = +25°C 20 | 200 20 | 400 | pA
Trnin < Tamb < Trmax 20 20 nA
Large Signal Voltage Gain (R, = 2kQ, V, = 10V) Vimv
At Tamp = +25°C 50 | 200 25 | 200
Tmin = Tamb £ Tmax 25 15
Supply Voltage Rejection Ratio {(Rg = 500) dB
SVR Tamp = +25°C 80 86 70 86
Tmin s Tamb = Tmax 80 70
Supply Current, no load mA
lec Tamp = +25°C 14 | 25 14 | 25
Trin < Tamb < Tmax 25 25
Viem | Input Common Mode Vottage Range 11 ”115’ S v
Common Mode Rejection Ratio (Rg = 500) dB
CMR Tamb = +25°C 80 86 70 86
Tmin = Tamb % Tmax 80 70
Output Short-circuit Current mA
los Tamp = +25°C 10 | 40 ] 60 | 10 | 40 | 60
Toin < Tamb < Trmax 10 60 | 10 60
Output Voltage Swing v
Tamp = +25°C - RL =2k 10 | 12 10| 12
Vonp RL = 10kQ 12 | 13.5 12 | 135
Toin < Tamp S Trmax RL = 2kQ 10 10
RL = 10kQ 12 12
o |S'ew Rate (Tym, = +25°C) Vius
Vin = 10V, R = 2k}, C = 100pF, unity gain 8 16 8 16
Rise Time (Typ = +25°C) Us
k Vi, = 20mV, R, = 2k, C, = 100pF, unity gain 0.1 0.1
n L
K, Overshoot (Tymp = +25°C) 9
M Vin = 20mV, R = 2k, C, = 100pF, unity gain 10 10
cpp |Gain Bandwidth Product (Tymy = +25°C) MHz
Vin = 10mV, Ry = 2k, C; = 100pF, f= 100kHz 25 4 2.5 4
R; [input Resistance 1012 10'2 Q
&7 311




TLOB2 - TLOB2A - TLO82B

TLOSZBIE:ME?(B:’QLAM' TLog2C
Symbol Parameter e Unit
Min.| Typ.| Max.| Min.] Typ.| Max.
Total Harmonic Distortion (T, = +25°C), .
THD f= 1kHz, R_ = 2k£2,C = 100pF, A, = 20dB, %
0.01 0.01
Vo= 2V

e Equivalent Input Noise Voltage ny

n Rg =1000Q, f = 1KHz 15 15 JHz
@m |Phase Margin 45 45 degrees
Voo Channefiqlaégtlon 120 120 4B
1.

411

The input bias currents are junction leakage currents which approximately doubte for every 10°C Increase in tha junction temperature.

3




TLO082 - TLOB2A -TLO82B

MAXIMUM PEAK-TO-PEAK QUTPUT
VOLTAGE versus FREQUENCY

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus FREQUENCY

w —r T S m " Ly
. Voo = 215V A & ) H]m_l_ Ao 10k
o 25  Tanp = «26"™ 3 5 Vo= +15Y| Tant = +25°(
e LM 4 S L Ll T
Es Voo = L1V i Qg Vo= 0V
u 15 et i w 15
sz I eg
Eé Ve = 15V ] <3 10 Voo= 3 8Y T
= 5 m = &> 5 |
=) o z ]
) N g 0 [
; L LS 0K 1K M oM 3 100 1K 10K 100K 1M 10M
FREQUENCY (Hz) = FREQUENCY (Hz)
MAXIMUM PEAK-TO-PEAK OUTPUT MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus FREQUENCY VOLTAGE versus FREE AIR TEMP.
m LM S B B LN B ) LLS U T TEn 30
E Tews = +25°C Voo = & 16V 5
g i Htﬂzm T E 25
20
5w AL i . —f.- b
E2 AN o =55 ¥ Ry =2
55 10 E 9
i3 1
2 5 K 5 } Vg = 215V
2 o [Temb = #125° | [Tl Tl H
E 10k 40k 100k 400k 1M 4M  fOM E n.y; 50 -25 0 25 &0 75 -50 125
FREQUENGY (Hz} - TEMPERATURE (°C)

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus LOAD RESISTANCE

MAXIMUM PEAK-TO-PEAK QUTPUT
VOLTAGE versus SUPPLY VOLTAGE

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE (V)

a0

LRI

vw - 15
25 [ Tamp =+25C L
20 ot
15 /"/
10 / '

4 '
s |-/
0

0.10.2 04 071 2 4 7 10
LOAD RESISTANCE (k £2)

MAXIMUM PEAK-TO-PEAKOUTPUT
VOLTAGE (V)

30
25

20
15

10

R, = 10 K2
B Tarrlb = +25°C

2

4

& 8 10

12

SUPPLY VOLTAGE (1V)

14

16

9

511




TLO082 - TLOB2A - TLO82B

INPUT BIAS CURRENT versus FREE AIR LARGE SIGNAL DIFFERENTIAL VOLTAGE
TEMPERATURE AMPLIFICATION versus FREE AIR TEMP.
= ———————————
: aE——=——
5 g3 W % =
2 =z 40
z 2 20
é (= é 10 k Voo =iisv
o 0.1 % g 4 [ Vo= tiov ——
2 — k2 » LR =%Q
z o L L
e 25 o 25 s 75 0 1 75 B0 25 0 25 S0 75 100 125
TEMPERATURE (°C) TEMPERATURE {°C)
LARGE SIGNAL DIFFERENTIAL VOLTAGE TOTAL POWER DISSIPATION versus FREE AIR
AMPLIFICATION AND PHASE SHIFT versus TEMPERATURE
FREQUENCY
S~ 100 ‘ ||| 180 3 i:g vclc=tl15v1
oz T (rightscale) ' sty 9 17 Noload — 1
a8 ol Ll E
éé T 90 7 125
= | R, =2kQ I a 100
55 Cy - 100pF & 15 — W
E3 ;| LVce=tI5v | 3 50
£ q 0 B
5 Tamb-+125 C. I S o
& 0
100 K K100k IM o 10M = 5 0 25 D 25 & 75 100 125
FREQUENCY (Hz) TEMPERATURE (°C)
SUPPLY CURRENT PER AMPLIFIER versus SUPPLY CURRENT PER AMPLIFIER versus
FREE AIR TEMPERATURE SUPPLY VOLTAGE
20 T T —_ 2.0 r T
18 Vep = * 15V < 1.8 | Tamp = +25°C
~ 18 M N:fsignal . f’ 1.6 | Nosignal
E 1.4 [ No load 4 & 1.4 | Naload
E 12 = Eoo12
v 10 8 1.0
§ 08 > 0B
P 06 o 0.8
T g4 5 0.4
% 0.2 ® 0.2
0 0
75 50 25 0 25 50 75 100 125 2 4 6 B 10 12 14 186
TEMPERATURE (°C) SUPPLY VOLTAGE ( +V)
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TLO82 - TLO82A -TL0O82B

COMMON MODE REJECTION RATIO versus VOLTAGE FOLLOWER LARGE SIGNAL PULSE
FREE AIR TEMPERATURE RESPONSE
80 4 6 .
. A : 7T X
[=] 88 }— _ : 4 |- OUTPUT
£ Vo= £15V o f \ INPUT
n g /
3 ar 2
¥ o = / \
we 86 2o 0
o . EZ
= 2 Vo= £15V k
wE s 2 2 —l% R =2kD
% " Z 4 C,= 100pF \\
I T =
% B3 | nS_ -6 3 |"1h |+25 C\: A
3 75 50 25 O 25 S 75 100 125 Z 0 a5 1 15 2 25 3 35
TEMPZRATURE (C) 7 TIME {us)
OUTPUT VOLTAGE versus ELAPSED TIME EQUIVALENT INPUT NOISE VOLTAGE versus
FREQUENCY
28 70 T T T
5 24 ovERSHOIT 80 Vee =415V
E 20 X Lo w Ay =10
ul 15 S § 50 Rs =100 {2
5 /: E€ @ Tamp =+25°C
3 12 y gz h |
> I . Zu 30
5 8 ; V. =H15V z s h
E 4 [ cc ™t i 47 =
3 10% : R =2k 3 ]
0 - Tamb =+25°C 3 " |
4 r 1 ! a
0 01 02 03 04 05 06 07 10 40 100 400 Ak 4k 10k 40k 10Dk
TIME {ps) FREQUENCY {Hz)

TOTAL HARMONIC DISTORTION versus FREQUENCY

z E Vs 418y
<] 0.4 -
E - Ax741
e 0.1 _ng;-;sw =
2] ET =4
B ooy [l
§ et T T
=4
4
I
s
e oootr —
e X
100 400 1k 4 10k 40k 100K

FREQUENCY (Hz)

3
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TLO82 - TLOB2A - TL082B

PARAMETER MEASUREMENT INFORMATION

Figure 1 : Voltage Follower

Figure 2 : Gain-of-10 Inverting Amplifier

10k
- 1k {3
142 8
TLD82 1 O g
8
/ C, = 100pF R =2
8 L= TP L=29 R, €,= 100pF
= 21
TYPICAL APPLICATIONS
100KHz QUADRUPLE OSCILLATOR
18k Q"
1NI:48 1o
18pF 1Kk Q
88.4k 02 O Beosot

1k Q

1N 4148
18k Q2 *

I+15V

* These resistars values may be adjusted for a symmetrical output

8/11
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TL082 - TLOB2A - TL082B

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

ol
— ey
- \
b
BIBI []
Ib P E |
o3
z
D
[ 1 ] 1
] )
1 4
I [ I
Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
af 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
el 7.62 0.300
ad 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 3.81 0.126 0.150
Z 1.52 0.060

3]
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TLOB2 - TLOB2A - TLOB2B

PACKAGE MECHANICAL DATA

8 PINS - PLASTIC MICROPACKAGE (SO)

a2

2
al

al

b1

Millim aters Inches
Dim.
Min. Typ. Max, Min. Typ. Max,
A 1.75 0.069
al 01 0.25 0.004 0.010
az 1.65 0.065
ald 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
¢l 45° (typ.)
D 4.8 5.0 0.189 0.187
E 58 6.2 0.228 0.244
e 1.27 0.050
e3 3.81 0.150
F 38 4.0 0.150 0.157
L 0.4 1.27 0.016 0.050
M 0.6 0.024
8 8° (max.)

10/11
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TLO82 - TLO82A - TL.082B

PACKAGE MECHANICAL DATA
8 PINS - THIN SHRINK SMALL QUTLINE PACKAGE

..r__k
hd [ Simm |
T =
i 4 E'I:|.1
o } 1
£ o ‘
S js

PIN 1 IDESTIFICATION

Millimeters Inches
Dim
Min. Typ. Max. Min. Typ. Max.
A 1.20 0.05
A1 0.05 0.15 0.01 0.006
A2 0.80 1.00 - 1.05 0.031 0.039 0.041
b 0.19 0.30 0.007 0.15
c 0.09 0.20 0.003 0.012
D 2.90 3.00 3.10 0.114 0.118 0.122
E 6.40 0.252
E1 4.30 4.40 4.50 0.169 0.173 0177
e 0.65 0.025
0° g° 0° 8°
I 0.50 0.60 0.75 0.09 0.0236 0.030
L 0.45 0.600 0.75 0.018 0.024 0.030
L1 1.000 0.039

Information fumished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infring ement of patents or other rights of third parties which may result from
its use. No license s granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications
mentioned in this publication are subject to change witho ut notice. This publication supersedes and replaces all information
previously supplied. STMicroelectronics products are not authorized for use as critical components in life suppeort devices or
systems withoutexpress written approval of STMicroelectronics.

© The ST logois a registered trademark of STMicroelectronics

© 2001 STMicroelectronics - Printed in italy - All Rights Reserved
STMicroelectronics GRQUP OF COMPANIES
Austratia - Brazil - Canada - China - Finland - France - Germany - Hong Kong - India - Israel - [taly - Japan - Malaysia
Malta - Morocca - Singapore - Spain - Sweden - Switzedand - United Kingdom - United States
© http:/'www. st.com
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National
Semiconductor

LM111/LM211/LM311

Voltage Comparator

1.0 General Description

The LM111, LM211 and LM311 are voltage comparators that
have input currents nearly a thousand times lower than
devices like the LM106 or LM710. They are also dasigned to
operate over a wider range of supply voltages: from standard
115V op amp supplies down to the single 5V supply used for
IC logic. Their output is compatible with RTL, DTL and TTL
as well as MOS circuits. Further, they can drive lamps or
relays, switching voltages up to 50V at currents as high as
50 mA.

Both the inputs and the outputs of the LM111, LM211 or the
LM311 can be isolated from system ground, and the output
can drive loads referred ta ground, the positive supply or the
negative supply. Offset balancing and strobe capabllity are
provided and oulpuls can be wire OR'ed. Although slower
than the LM10& and LM710 (200 ns response time vs 40 ns)

January 2001

the devices are also much less prone to spurious oscilla-
tions. The LM111 has the same pin configuration as the
LM106 and LM710.

The LM211 is identical to the LM111, except that its perfor-
mance is specified over a -25°C to +85°C temperature range
instead of -55'C to +125°C. The LM311 has a temperature
range of 0°C 1o +70°C.

2.0 Features

m Operates from single 5V supply

Input current: 150 nA max. over temperature
Offset current; 20 nA max. over temperalura
Differential inpul voltage range: 130V
Power consumption: 135 mW at +15V

3.0 Typical Applications (note 3)

Offset Balancing

R2
E1]

00570438

Note 1: Increases typical common mode slew from 7.0V/ps 1o 18V/ps.

Strobing

00570437
Note: Do Not Ground Strobe Pin. Output is turned off whan current is
pulled trom Strobe Pin.
Detector for Magnetic Transducer

viehay

MAGNETIE
FiCKUP

00570438

© 2004 National Semiconductor Corporation DS005704

wiww, national.com
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LM111/LM211/LM311

3.0 Typical Applications (Note 3) (Continued)

Digital Transmission [solator Relay Driver with Strohe

7L
DuTPUT

00570440

00570441
*Absorbs induclive kickback of relay and protects IC from savare voltage
transients on V** line.

Note: Do Not Ground Strobe Pin.

Strobing off Both Input and Qutput Stages (Note 2)

FADM D/A NETWORK

ANALOG
INPLT

O5TO42
Note; Do Not Ground Sirabe Pin.

Nate 2: Typical input current is 50 pA with inputs strobad off.
Note 3: Pin connections shown on schematic diagram and typical applications are for H08 metal can package.

Positive Peak Detector Zero Crossing Detector Driving MOS Logic
15V

INPUT

INPUT 5.0¢

TOMOS LDGIC

DUTPUT

R3
10k

Vo= -10V

00570424
GOE70423

*Solid fantalum

www.natianal.com 2




4.0 Absolute Maximum Ratings for LM111 -55'C to 125°C
the LM111/LM211 (Note 10) LM211 -25'C 10 85'C
If Military/Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec) 260°C
please contact the National Semiconductor Sales Office/ Voltage at Strobe Pin Vr-5v

Distributors for availabliity and specifications. Soldering Information

Tolal Supply Voltage (Va,) 36V Dual-in-Line Package
Output to Negative Supply Voltage Soldering (10 seconds) 260°C
(V7a4) 50V Small Outline Package
Ground to Negative Supply Voltage Vapor Phase (60 seconds) 215°C
(Via) 30V Infrared (15 seconds) 220°C
Differential input Voltage 30V Ses AN-450 “Surface Mounting Methods and Their Effect
Input Voltage (Note 4) 15V on Product Reliability” for other methods of saldering
Qutput Short Circuit Duration 10 sec surface mount devices.
Operating Temperature Range ESD Rating (Note 11) 300V
Electrical Characteristics (note & for the LM111 and LM211
Parameter Conditions Min Typ Max Units
Input Otfset Voitage (Note 7) TA=25'C, Rgg50k 0.7 3.0 my
input Offset Current TA=25'C 4.0 10 nA
Input Bias Current T,=25'C 60 100 nA
Voltaga Gain TA=25"C 40 200 Vimv
Response Tima (Note 8) Ta=25"C 200 ns
Saturation Voltage Vins-5 mV, lgy1=50 mA 0.75 1.5 v
TA=25C '
Strobe ON Current (Note 8) TA=25C 2.0 5.0 mA
Output Leakage Currant Vin25 mV, Vo =35V -~ 0.2 10 nA
T4=25"C, lgtrose=3 MA
Input Cffset Voltage (Note 7) Rs<50 k 4.0 mvV
input Offset Current (Note 7) 20 nA
Input Bias Current 150 nA
Input Voltage Range V=18V, V"=-15V, Pin 7 ~-14.5 13.8,-14.7 13.0 v
Pull-Up May Go To 8V
Saturation Voltage V+24.5V, V™=0 0.23 0.4 Y
ViNE-6 MV, lo,158 MA
Output Leakage Current VS mV, Vg =35V 0.1 0.5 HA
Positive Supply Current TA=25C 51 6.0 mA
Negative Supply Current TaA=25C 4.1 5.0 mA

Note 4: This rating applies for +15 supplies. The posilive input voltage limit is 30V above the negative supply. The negalive input voltage limi is equal to the
negative supply voltage or 30V below the positive supply, whichever is less.

Note 5: The maximum junction temperatura of tha LM111 Is 150°C, while that of tha LM211 Is 110°C. For operating at slevated temperaiuras, davices in the HD8
package must be derated basad an a thermal resistance of 165'C/W, junction to ambient, or 20"CAW, junction {o case. The thermal resistance of the duai-in-line
package is 110°C/W, junction to ambiant.

Note 6: These specificalions apply for Vg=+15V cnd Ground pin at ground, and -55'CsTas+125°C, unlass otherwise stated. With tha LM211, however, all
tsmperature specifications are limited to -25°C<T4%+85°C. The offset voltage, offsat current and bias current specifications apply for any supply voltage from a single
5V supply up to =15V supplies.

Nota 7: The ofiset voltages and offset currents given are the maximum valuas required to drive the output within a volt of aither supply with a 1 mA |oad. Thus, these
parameters defina an error band and take inlo account tha worst-case effects of voltage gain end Rs.

Nots B: Tha response tima specifiad (see detinitions) is for a 100 mV input step with 5 mV overdrive.

Nole 8: This spacification gives tha ranga of current which must ba drawn fram tha strobe pin to ensure the output is properly disabled. Da not short tha stroba pin
to ground; it should be current drivan at 3 1o 5 mA.

Nota 10: Reter 1o RETS111X for the LM111H, LM111J and LM111J-B military specifications.
Note 11: Human body model, 1.5 k2 in series with 100 pF,

3 www.natianal.com
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LM111/LM211/LM311

5.0 Absolute Maximum Ratings for Cutput Short Circuit Duration 10 sec

the LM311(note 12) Cperating Temperature Range 0 to 70°C
It Military/Aerospace specified devices are required, Storage Temperature Range -65°C to 150°C
please contact the National Semiconductor Sales Office/ Lead Temperature (soldering, 10 sec) 260°C
Distributors for avallabllity and specificationg. Voltage at Strobe Pin Vo5V
Total Supply Voltage (V) 36V Soldering Information

Output to Negative Supply Voltage Dual-In-Ling Package

(V74 40V Soldering {10 seconds) 260°C
Ground o Negative Supply Voltage Small Qutline Package

(V1a) 30v Vapor Phase (60 seconds) 215'C
Dittsrential Input Voltage +30V Infrared (15 seconds) 220°C
Input Voltage (Note 13) 15V See AN-450 “Surface Mounting Methods and Their Effect
Power Dissipation (Note 14) 500 mwW on Product Reliability” for other methods of soldering

ESD Rating (Nots 19) 300v surface mount devices.

Electrical Characteristics (ot 15) for the LM311

Parameter Conditions Min Typ Max Units
Input Offset Voltage (Note 16) Ta=25"C, Rg<50k 2.0 7.5 mv
Input Offset Current(Note 16) Ta=25'C 6.0 50 nA
Input Bias Cumrent Ta=25"C 100 250 nA
Voltage Gain Ta=25C 40 200 V/imv
Respanse Time (Note 17) T.=25'C 200 ns
Saturation Voltage Vins=10 mV, Ig7=50 mA 0.75 1.5 Vv
T,=25C
Strobe ON Current (Note 18) Ta=25C 2.0 50 mA
Output Leakage Current Vin210 mv, Vg ,1=35V
Ta=25°C, lgrrope=3 MA 0.2 50 nA
V' =Pinl =-5V
Input Offset Voltage (Note 186) Rg<50K 10 my
Input Offset Current (Note 16) 70 nA
input Bias Current 300 nA
Input Voltage Range -14.5 13.8,-14.7 13.0 v
Saturation Voltage V245V, V=0 0.23 04 v
Vins—10 mV, lo <8 mA
Positive Supply Current Ta=25C 5.1 7.5 mA
Negative Supply Current Ta=25C 41 5.0 mA

Note 12: “Absolute Maximurn Ratings indicate limiis beyond which damaga to the device may secur. Operating Ratings indicate conditions for which the devica is
functional, but do not guarantea specific paformance limits."

Note 13: This rating applies for +15V supplies. The positive input voliage limit Is 30V above the negative supply. The negative input voltage limit is equal to the
negative supply voltage or 30V below the posilive supply, whichever is less.

Note 14: The maximum Junction temperature of the LM311 I 110°C. For operating at elavated lemparature, devices in the HO8 package must be derated based
on a thermal resistance of 185°C/W, junction to amblent, or 20"G/W, junction to casa. The thermal resistance of the duakin-line package is 100°C/W, junction fo
ambient.

Note 15: These spacifications apply for Vg=%15V and Pin 1 at ground, and 0°C < T, < +70°C, unlass otherwise specified. The offset voliags, offset current and
bias current specitications apply for any supply voltags from a eingle 5V supply up to 15V supplies.

Note 16: The ofiset volages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1 mA load. Thus, thesa
parameters deline an eror band and lake into account the worst-case effects of voltage gain and Rg.

Note 17: The response time specified {see definitions) is for a 100 mV input step with 5 mV ovardrive.

Note 18: This specilication gives tha range of current which must be drawn from tha stroba pin to ensurae the output is properly disabied. Do not short the strobe
pin to ground; it should be current driven at 3 to 5 mA.

Note 18: Human bady madel, 1.5 kQQ in series with 100 pF.
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6.0 LM111/LM211 Typical Performance Characteristics
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LM111/LM211/LM311
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6.0 LM111/LM211 Typical Performance Characteristics (continusa)
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6.0 LM111/LM211 Typical Performance Characteristics (continueq)
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7.0 LM311 Typical Performance Characteristics
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LM111/LM211/LM311
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7.0 LM311 Typical Performance Characteristics (continueq)
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7.0 LM311 Typical Performance Characteristics (continued)
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7.0 LM311 Typical Performance Characteristics (continued)
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8.0 Application Hints

8.1 CIRCUIT TECHNIQUES FOR AVOIDING
OSCILLATIONS IN COMPARATOR APPLICATIONS

When a high-spaed comparator such as the LM111 is used
with fast input signals and low source impedances, the out-
put response will normally be fast and stable, assuming that
the power supplies have been bypassed (with 0.1 pF disc
capacitors), and that the output signal is roumted well away
from the inputs (pins 2 and 3) and also away from pins 5 and
6.

However, when the input signal is a voltage ramp or a slow
sine wave, or it the signal source impedance is high {1 k(2 to
100 k), the comparator may burst into oscillation near the
crossing-point. This is due to the high gain and wide band-
width of comparators like the LM111. To avoid oscillation or
instability in such a usage, several precautions are recom-
mended, as shown in Figure 1 below.

1. The trim pins {pins § and 6) act as unwanted auxiliary
inputs. If these pins are not connected to a trim-pot, they
should be shorted together. If they are connected to a
trim-pot, a 0.01 pF capacitor C1 between pins 5 and 6
will minimize the susceptibility to AC coupling. A smailer
capacitor is used if pin 5 is used for positive feedback as
in Figure 1.

2. Certain sources will produce a cleaner comparator out-
put waveform if a 100 pF to 1000 pF capacitor C2 Is
connected directly across the input pins.

3. When the signal source is applied through a resistive
network, Rg, it is usually advantageous to choose an Rg'
of substantially the same value, both for DC and for
dynamic {AC) considerations., Carbon, tin-oxide, and
metal-film resistors have all been used successfully in
comparator input circuitry. Inductive wirewound resistors
are not suitable.

4. When comparator circuits use input resistors {eg. sum-
ming resistors), their value and placement are particu-
larly importart. In all cases the body of the resistor
should be close to the device or socket. In other words
there should be very little lead length or printed-circuit
foil run between comparator and resistor to radiate ot
pick up signals. The same applies to capacitors, pots,
etc. For example, #f Rg=10 k02, as little as 5 inches of

lead between the resistors and the input pins can result
in oscillations that are very hard to damp. Twisting these
input leads tightly is the only (second best) altemnative to
placing resistors closa to the comparator.

Since feedback to almost any pin of a comparator can
result in oscillation, the printed-circuit layout should be
engineered thoughtfully. Preferably there should be a
groundplane under the LM111 circuitry, for example, one
side of a double-layer circuit card. Ground foil {or, posi-
tive supply or negative supply foil) should edend be-
tween the output and the inputs, to act as a guard. The
foil connections for tha inputs should be as small and
compact as possible, and should be essentially sur-
rounded by ground foil on all sides, to guard against
capacitive coupling from any high-lavel signals {such as
the output). !f pins 5 and 6 ara not used, thay should be
shorted together. If they are connected to a trim-pot, the
trim-pot should be located, at most, a few inches away
from the LM111, and the 0.01 pF capacitor should be
Instalied. if this capacitor cannot be used, a shielding
printed-circuit foil may be advisable between pins 6 and
7. The power supply bypass capacitors should be lo-
cated within a couple inches of the LM111, {Some other
comparators require the power-supply bypass to be lo-
cated immediately adjacent to the comparator.)

It is a standard procedure to use hysteresis (positive
feedback) around a comparator, to prevent oscillation,
and to avoid excessive noise on the outpu! because the
comparator is a good amplifier for its own noise. In the
circuit of Figure 2, tha feedback from the output to the
positive input will cause about 3 mV of hysteresis. How-
ever, if Rg is larger than 10002, such as 50 k0, it would
not be reasonable to simply increase the value of the
positive feedback resistor above 510 k2. The circuit of
Figure 3 could be used, but it is rather awkward. See the
notes in paragraph 7 below.

www.hational.com
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8.0 Application Hints (continued)

7.

When both inputs of the LM111 are connacted to active
signals, or if a high-impedance signal is driving the
positive input of the LM111 so that positive feedback
would be disruptive, the circuit of Figure 1 is ideal. The
positive feedback is to pin 5 (one of the offset adjust-
ment pins). It is sufficient to cause 1 to 2 mV hysteresis
and sharp transitions with input triangle waves from a
few Hz to hundreds of kHz, The positive-feedback signal

across the 820 resistor swings 240 mV below the posi-

tive supply. This signal is centered around the nominal
voltage at pin 5, 50 this feedback does not add to the
Vg of the comparator. As much as 8 mV of V¢ can bs
trimmed out, using the 5 k€ pot and 3 k£) resistor as
shown.

These application notes apply specifically to the LM111,
LM211, LM311, and LF111 families of comparatars, and
are applicable 1o all high-speed comparators in general,
{with the exception that not all comparators have trim
pins).

Pin connections shown ara for LM111H in the HO8 hermatic packags

0.802 vF

O QUTPUT

00570429

FIGURE 1. Improved Positive Feedback

Pin connections shown are for LM111H in the HO8 hermetic package

510k

—C 15V

Q0570430

FIGURE 2. Conventional Positive Feedback
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8.0 Application Hints (continueq)

- $—Q 15v

4.002 uF

4]

LB ]

p——O QuTRUT

9.0 Typical Applications (rin numbers
refer to HOB package)

Zero Crossing Detector Driving MOS Switch
— v+

INPUT —

3
=

00570413

00570431

FIGURE 3. Positlve Feedback with High Source Reslstance

100 kHz Free Running Multivibrator

*TTL or DTL fanout of two

SQUARE

DO5TO414

www.national.com
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9.0 Typlcal Applications (Pin numbers refe‘r to HO8 package) (Continued)

10 Hz to 10 kHz Voltage Controlled Osclllator

[
R1
10K
5my —» 5Y AN TRIANGULAR
4
5m¥ TQ 5v
330K
SQUARE
WAVYE
OUTPUT
DOS70415
*Adjust for symmetrical square wave time when V)y = 5 mv
tMinimum capacitance 20 pF Maximum frequency 50 kHz
Driving Ground-Referred Load Using Clamp Diodes to Improve Response
\ FROM )
LADDER
7 T
NETWCRK b} ouTPUT
3
R1
ANALOG INPUT

00570417

DOSTO416
“Input polarity is reversed when using pin 1 as output.

TTL Interface with High Level Logic
v* 5y

RS
1K

TO TIL LOGIC

005704 ¢B
“Yalues shown are for a 0 to 30V logic swing and & 15V threshold.

tMay be addad to conirol spead and reduce susceptibility to noise spikas.

13 www.national.com
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9.0 Typical Applications (Pin numbers refer to HO8 package) (Continued)

Crystal Oscillator Comparator and Solenold Briver
vt=sy . D1
R1 R4 1H4001
100K 2K v OUTPUT
Q@ )
Qi
2N3740
L
R1
100K

OUTPUT —

R3
S0K

04570420

00570419

Precision Squarer

R1 Vi g0V

OUTPUT
UE] TTL
222 INPUT
oO570421

*Sofid tantalum
tAdjust to set clamp level
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9.0 Typical Applications {Pin numbers refer to HO8 package) (Continued)

Low Voltage Adjustable Reference Supply

Al vi-sov pg
1.9k 500

to5Todzz
“Solid tantalum

Positive Peak Detector Zero Crossing Detector Driving MOS Loglc
15V

00570424
00570423

*Sofid tantalum

Negative Peak Detector
5V

00570425
*Solid tanialum

15 www.national.com
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9.0 Typlcal Applications {Pin numbers rafer to HO8 package) (Continued)

Precision Photodlode Comparator

TTL
DUTPUT

00870426
*A2 sets the comparison Javal. At comparieon, the photodiods has less than 5 mV across it, decreasing Isakages by an order of magnitude.

Switching Power Amplifier

o v
3 §
a1
LM 2N3763
2], ng
4
Az .
100K -
V-
—— OUTPUT
Al
190k
R
10k
INPUT _MW_T—
i Sy :: R4
——onF W

Do5Toaz?
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9.0 Typlcal Applications (Pin numbers refer to HO8 package) (Continuad)

Switching Power Amplifier

vi’

4

auTPuT

al
IN3TIS

¢

AAA

vy
R11 |r
4 <

A6 RY kL i

>
ok 3 590 ;;
l 1
‘ 0.22
I uF
A7 A3
15k 15k
REFEREMCE INPUT
00570428

17
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LM111/LM211/LM311

10.0 Schematic Diagram Note 20)

BALANCE/STROBE IRLiNCE
§ §

0 0 g

-

2
+

INPUTS

A1l <
L

AA
vy

DUTPUT

[3] ]

Note 20: Fin connections shown on schematic diagram are for HO8 package.

www.national.com
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11.0 Connection Diagrams

Metal Can Package

Note: Pin 4 connected ta case

Top View
Order Number LM111H, LM111H/883{Note 21) , LM211H or LM311H
See NS Package Number HO8C

Dual-In-Line Package

)

GROAUND 1 e f— "

INFUT 7 =y e 7 OUTPUT
INPUT 3 p— & BALANCE/S
STROSE

¥4 — p— G BALANCE

00570424
Top View
Order Number LM111J-8, LM111J-8/883(Note 21),
LM311M, LM311MX or LM311N
See NS Package Number JOBA, MOSA or NOSE

STROSE

DualHn-Line Package

LEEWT/LLZWTV/EELINT

LI e 14 ML
GND 2 =11 NC
WUt 3 P f— 12 NC
NPT 4 o 11 ¥*
NC 5 o 10 NE
L =1 OQUTT
BALANCE/
BALANCE 7 wwen e ETROBE
ooNTRaas
Top View

Order Number LM111J/883(Note 21)
See NS Package Number J14A or N14A

GND l:'zl . _'T;:j ¥+
INPUT+ [:__:3 a:I QUTPUT
INPUT- :‘ LM111W :7: NC
Ncr—_:5 5:| BALANCE STROBE
v-—1% 1 BALANCE

Order Number LM111W/883(Note 21), LM111WG/883

00570433

See NS Package Number W10A, WG10A

Note 21: Also available per JM38510/10304

19
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LM111/LM211/LM311

12.0 Physical Dimensions inches {millimeters) unless otherwise noted

0.350—0.370
{8.690—9.398)
DIA
< o] 0315-0.335
! (8.001 —8.509)
' MAX
0.025
0.165 - 0.185 j .5 UNCONTROLLED
{4.191 —4.699) j { | LEAD DiA
B Y
REFERENCE PLANE —y— v -
' 0.035 t . u15— ;040 SEATING PLANE
0.500 g esg) 015-0.

(0.381-1.01B)

TN

—b-”q— 0.016 -0.019 A TYP

{0.406 —0.483)

0.195~0.205 DiA
(4.953-5.207) P.C.

o
009005
P.137-1.143)
0.028-0.034 0.115-0.145
0.711-0.864 Fry
i ) \%< {2.921-3.689)
0IA

45° EQUALLY
SPACED

Metal Can Package (H)
Order Number LM111H, LM111H/883, LM211H or LM311H
- NS Package Number HO8C

HOBC (REV E)

0.400 bax —]
RO.01D TYP \I—ITTIT] I

0,220  0.580 MAX
0.241 GLASS

RO.025 TP 1
L | 2| 3] [
0.043
™ [ oosa TP
9.290 le— 0,008 GLASS
0.520 l MIN /_ SEALANT
0.130 AW 0.020
MAX 0.200 .
MWAX 0.060
.L. [
f T o5
' f 0.12% NN
: 0.200
20° £ ¢ TYP

} \
9594 59 TYP 1 [ N
TSt — i J
\/_o.onu e L 0.018 £0.005 TYP
0.012
— 0.100 & 0.010 FYP
Cavity Dual-In-Line Package (J)

Order Number LM111J-8, LM111.J-8/883
NS Package Number JOBA

4o (rov 1)
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0.200-0.320
{1.366-8.128)

ot
W51

10° MAX
01100410

(7.874-10.41)

0150 —-0.157

13.410-3.308)

L0000, 4re
0234 0,508

-

12.0 Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.735
iTham
MAX
0026 [s] [3] [z] £ O] [0] 0]
"",ﬁ 0220-02%0
G170
| IR0 NEXRTIN B
05 €200
w123 ’_Emss 0.080 +0.005 E.000)
‘E*t'-‘"T aaze iz | [ WAX g g 50
L— 1] {0.500-1.524)
IE"H"T\';\
2.808-R.012 }
20303081 0,018 20,003
= | Di25-0200
%—H L 0457 0.076) 1755 040
MAX B0TH ENDS 0.100 0010 D50
{7540 0.358) i
i MIN JUA (REY &)
Dual-In-Line Package {J)
Order Number LM111J/883
NS Package Number J14A
0,189 ~D.157
T4.800—5.00)

A 8

v 7
Lrm-0.24
AT 5108

LEAD NO. 1
IDENT

I =

a004 A
X
0.008 —0.010
——— T
Ltz LLLEOTH
TYP ALL LEADS

Dualdn-L.Ine Package (M)
Order Number LM311M, LM311MX
NS Package Number MOBA

—
1051 —0.080
w1y
T NAXTYP v 0.004 0.0
ALL LEADS T
SEATING
j- 1 f PLANE
A0 | e £.914 - 0.0720
0.016 0. . —_— = U TP
N 005 L O 3% ~6.08)
{0.408 —1.274| r 0.008 yp  —
TYP ALL LEADE {0.203 o e 1
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LM111/LM211/.M311

0.008 — 0.015
{0.223—0.381)

Wi ‘}

0.002

0.973 —0.400

A6 |

a6
8} [7] [6] [§]

12.0 Physical Dimensions inches {millimeters) unless otherwise noted (Continued)

0.032 +0.005

pap™ 4 L ) 87320127}
PIN NO. 1 1DENT @ 0.250:+0.00% RAD
‘ S (6.35+0.127) PIN ND. 1 IDENT
gemiont [* ¥ e
il 2] [3] [s
0.280 0.040
S gy [ D04 »| |
(L] D030 Ly (1.016) e 0.099 OPTION 2
0.300—0.320 {0.762) " —] -1—(0—1—} 0.145 -0.200
(r6z—at28) |+ ¢ R —>| /<— - {2.683-5.080)
! - J ¢ o 4 pamso.00s Jv ]
] ] (3.302£0.927) !
T-» — ‘f [ I RTTERT
0128 t‘l.::; _ L ." BB g
=1 e " o
+0.040 NOM 0.018:£0.003
0.325 _p'nis {0457 £0.076)
+1.016 0.100+0.010
("255 —u.m) _ {2,540 20.254]
0.045:40.015
1.14320.381
{ J 0.050
0.050 (1.524)
{1 .ZTI])_- NOEE (REV F)

0.080 _,. . [0.270 MAX+
0.055 0,050 £ 0,005 -»l l«- —f Le~ 0,005 MIN TYP
0.035 o] - TYP P
0.026 r- 10 5
TYP m i
0.370
0.250
L
0,270 MAX 0.260
GLASS 0.238
DETAIL A | 0.370
0.250
PIN #1
IDENT i
0.006 _plle '
0.004 :
TYP 0.019 TP ==l b .-_0.045 MAX
0.015 TYP

Order Number LM111W/883, LM111WG/883

Dual-In-Line Package {N)

Order Number LM311N

NS Package Number NOSE

NS Package Number W10A, WG10A

0.012
0.00B

DETAIL A

¥10& (REY E)
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2Ns4a01
Amplifier Transistors
PNP Silicon

Features
® Pb—Free Packages are Available*

b e bt i R B L B it e

ON Semiconductor®

hitp:/fonsemi.com

hhes PR R e SRR

COULECTOR
3
MAXIMUM RATINGS
2
Rating Symbol | 2N5400 | 2N5401 | Unit BASE
Collector - Emitter Voltage Veeo 120 Vdc
Collector — Base Veltage Veso 130 Vdc 1
Emitter ~ Base Voltage VEBOD 5.0 Vdc EMITTER
Collector Current - Continuous lc 600 mAdc
Total Device Dissipation Pp
@ Tp=25°C 625 mw
Derate above 25°C 5.0 mweC
Total Device Dissipation Pp CTA%-EQLZ,Q
@Tg=25C 1.5 Watts STYLE 1
Derate above 25°C 12 mwWwrC
Operating and Storage Junction T, Tetg -551to0 +150 °C 12 3
Temperature Range
Maximum ratings are those values beyond which device darnage can occur.
Maximum ratings applied to the device are individual stress limit values {not nor-
mal operating conditions) and are not valid simultaneously. If these limits are ex- MARKING DIAGRAM
ceeded, device functional operation is not implied, damags may occur and reki-
ability may be affected.
2NS54xx
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Raya 200 °Cw
Junction—-to-Ambient .
Thermal Resistance, Rayc B3.3 “CiW
Junction-to-Case
Y = Year

© Semiconducior Companents Industrias, LLG, 2004
May, 2004 - Rev. 1

Ww = Work Week

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions seclion on page 2 of this data sheet,

“For additional Information on our Pb—Fres strategy
and soldering detalls, please download the
ON Semiconductor Soldering and Mounting
Techniques Reference Manual, SOLDERRM/D.

SRR R

Preferred devicas are recommended choicas for future use
and best overall value,

REEEL Publication Order Number
2N5401/D



2N5401

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted}
Characteristic Symbol I Min I Max | Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage(!) : V(BRICED Vdc
{Ic = 1.0 mAdc, Ig = 0} 2N5400 150 -
2N5401

Collector-Base Breakdown Voltage Viericeo Vde
{lc = 100 pAde, lg = 0) 2N5400 160 -
2N5401

Emitter-Base Breakdown Voltage . ViBRIEBD 5.0 - Vdc
{lg =10 pAdc, I = 0)

Collector Cutoff Current Icao
{Veg = 120 Vde, Ig = 0) 2N5401 - 50
{(Veg =120 Vde, Ig =0, Ta = 100°C) 2N5401 - 50

Emitter Cutoff Current lepo - 50 nAdc
(Veg=3.0Vde, Ic=0)

ON CHARACTERISTICS {Note 1)

DC Cument Gain hee -
(Ilc = 1.0 mAdc, Vg = 5.0 Vdc) 50 -
(Ic = 10 mAdc, Vg = 5.0 Vdc) 60 240
{Ic = 50 mAdc, Vce = 5.0 Vdc) 50 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc
{Ilc = 10 mAdc, Ig = 1.0 mAdc}) - 0.2
(Ic = 50 mAdc, |g = 5.0 mAdc) - 0.5

Base -Emitter Saturation Voltage Vagat) Vde
(Ic = 10 mAdc, ig = 1.0 mAdc} -
{lc = 50 mAdc, Ig = 5.0 mAdc) -

-
[= M=

SMALL-SIGNAL CHARACTERISTICS

Current- Gain — Bandwidth Product fr MHz
{lc = 10 mAdc, Vg = 10 Vdc, f = 100 MHz) - 100 300

Output Capacitance Cobo - 6.0 pF
(Veg = 10Vde, Ig =0, f= 1.0 MHZ)

Small-Signal Current Gain hre -
{lc = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz)} 40 200

Noise Figure NF - 8.0 dB
{Ic = 250 pAdc, Veg = 5.0 Vdc, Rg = 1.0 ke, f = 1.0 kHz)

1. Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

ORDERING INFORMATION

Device Package Shippingt
2N5401 TO-92 5000 Unit / Bulk
2N5401RL1 TO-92 2000 Tape & Reel
2N5401RLRA TO-92 2000 Tape & Reel
2N5401RLRAG TO-92 2000 Tape & Reel

(Pb—Free)
2N5401RLRM TO-92 2000 Tape & Ammo Box
2N5401Z11 TO-92 2000 Tape & Ammo Box

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging Specifica-
tions Brochure, BRD8011/D.

b i ; http:”bnsemi.com e
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hpg, CURRENT GAIN

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

2N5401

200
150 g e T R
Ty=125°C AL U et e [ T ™ TN
100 e — — == s e e -~
25°C T I
70 byt ] S
_ _____..- - [ —
50 :—_::"_-_-—— e = .—.-—-:::--—— \ N
_—.—-—“— .-'""_-’ ™~ \
-55°C [ =Tl F—"T-
30 et LT Vee=-1.0V N
IS e =y —— Ygg=-5.0V
— | {1
20
0.1 0.2 0.3 0.5 10 20 3.0 5.0 10 20 30 50 100
Ic, COLLECTOR CURRENT {ma)
Figure 1. DC Current Gain
1.0
08 \ \ \
0.7 \ \
06 \ \ \
o lo=10ma \1oma \ s0ma 100 mA
y |
\ 3 N
0.3 N -
0.2 N M T
"""'----..__ "----...__._._'._I \'-'--..
0.1 -
0
0.005 0.01 0.02 0.05 6.1 0.2 0.5 1.0 20 50 10 20 50
Ig, BASE CURRENT {mA)
Figure 2. Collector Saturation Region
10 ¥ . 2 F—F
[ Vee=30V 7
= 102 Z l’l ’I’
=2 = o1 /I i l'
E - & = lces 7 > : /
& =1, = 125°C 7
[ T 7
o y i 7.
e 7 7
o 75°C VA
g 10 t £
o —— T ’l
ot — REVERSE FORWARD 12 L
S 102 F— a500 f
10-3 l | | 1

63 02 01 0 01 02 03 04 05 06 07
VaE, BASE-EMITTER VOLTAGE (VOLTS)

Figure 3. Collector Cut-Off Region

http://lonsemi.com i
3



2N5401

1.0 25
T,=25°C Ty Ty = -55°C to 135°C
09 |—2 £ 20 2
=)
0.8 ez £ 15
'
@ 07 et ] £ 10
a 08 - Veepsay @ Icfle 219_____-—-"""" 2 05 1]
E g IR, o w By for Ve sat) LT
(=g
a 05 c 0
IE wl
o 04 & 05
- =
> 04 & -10
b B )
0.2 - = -l i
Voris @ lole = 10 T o 6vs for Vo s
0. 3 -2.0
. 25 L LI
01 0203 05 10 2030 Sv 10 20 30 5(_) 100 01 0203 05 10 2030 50 10 2030 5 100
lg, COLLECTOR CURRENT {mA) I, COLLECTOR CURRENT {mA}
Figure 4. “On” Voltages Figure 5. Temperature Coefficients
100: T ]
70 [ TJ =25°C hn
50 aa
30 =
10.2V s nA !
T o 20 = Cibo
Vin % "'-....4
i E 10
10 s -» £ 70
INPUT PULSE Z 5 Cobo
o
t,k=10ns 3.0
DUTY CYCLE = 1.0% 20
1.0
Values Shown are for Ic @ 10 mA 02 03 0507 10 20 30 50 70 10 20
VR, REVERSE VOLTAGE (VOLTS)
Figure 6. Switching Time Test Circuit Figure 7. Capacitances
1o e = 10 TN ——HHH 2000 | ||h& N
700~ loflg = N, _ "
500 - Ty = 25°C N Vom0V 1000 1ty = 10 FES
C S @ Voo =120V
200 ETITI 700 F 1) =25°C e
X t@Vec=30V 500 F——++ <~
71'200 \N\ = 300 —- tf@Vcc=30V \
£ € T N
= 100 "§‘C‘/ A & an9 Fr—t N
E N EEA] B weves=ov [T N [TTIN
50 N~ 100 N
30 NG %
20 4@ Vapm =10V | P
Voo =120V 30
10 LI L 111 20
0203 05 10 203050 10 2030 50 100 200 0203 05 1.0 2030 50 10 2030 50 100 200
Ie, COLLECTOR CURRENT {mA) I, COLLECTOR CURRENT {m#)
Figure 8. Turn-On Time Figure 9. Turn—-Off Time
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2N5401

PACKAGE DIMENSIONS

TO-92
CASE 298-11
ISSUE AL N?TEDS:MMWNG AND TOLERANCING PER ANSI
Y14.5M, 1082

2 CONTROLLING DIMENSION: INCH.

3. CONTOUR OF PACKAGE BEYONO DIMENSION R
15 UNCONTROLLED.

4. LEAD DIMENSION |5 UNCONTROLLED IN P AND
BEYOND DIMENSION K MINIMUM.

MCHES | MILLWETERS
| oM [ MIN | MAX | WM | NAK
A 0175 [ 0205 | 445 [ 520
B 0170 | 0210 | 432 | sm
€ 0125 0465 | a8 | a1e
0 | 0016 | 0.021 | 0407 | 053
G
H
f
K
L
F
R
¥

0045 | 0055 | 145 | 130 |
0.085 | 0.108 242 2566
0015 1 0020 | 038 | 050
0500 | - [ 1270 [ -
D258 | -1 g38 | -
0080 | 0105 | 204 | 2065
—louoe | — [ 254
0.115 - 283 —_
o135 | - [ e[

!
-

SECTION X-X

ST http:ffonsemi.com
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MC14001B Series

e 4

B-Suffix Series CMOS Gates

MC14001B, MC14011B, MC14023B,
MC140258, MC14071B, MC14073B,
MC14081B, MC14082B

The B Series logic gates are constructed with P and N channel
enhancement mode devices in a single monolithic structure
(Complementary MOS). Their primary use is where low power
dissipation and/or high noise immunity is desired.

Features

¢ Supply Voltage Range = 3.0 Vdc to 18 Vde

¢ All Outputs Buffered

® Capable of Driving Two Low—power TTL Loads or One Low—power
Schottky TTL Load Over the Rated Temperature Range.

® Double Diode Protection on All Inputs Except: Triple Diode
Protection on MC14011B and MC14081B

¢ Pin—for—Pin Replacements for Corresponding CD4000 Series
B Suffix Devices

® Pb-Free Packages are Available*

MAXIMUM RATINGS (Voltages Referenced to Vgg)

Symbol Parameter Value Unit
Voo DC Supply Voitage Range -0.510 +18.0 A
Via: Vout | Input or Output Voltage Range -0.5t0 Vpp + 0.5 A
(DC or Transient}
lin, lout | Input or Qutput Current +10 mA
{DC or Transient) per Pin
Po Power Dissipation, per Package 500 mwW
{Note 1)
Ta Ambient Temperature Range ~5§5 to +125 °C
Teig Storage Temperature Range -65to +150 °C
TL Lead Temperature 260 °C
(B-Second Soldering)

Maximum ratings are those values beyond which device damage can occur.
Maximum ralings applied to the device are individual stress limit values (not
normal operating conditions) and are not valid simultaneously. If thase limits are
exceeded, device functional operation is not implied, damage may occur and
reliability may be affected.
1. Temperature Derating:

Plastic “P and D/DW" Packages: — 7.0 mW/°C From 85°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high-impedance circuit. For proper operation, Vi, and Vg, should be constrained
to the range Vgs =< (Vin or Vo) s Vpp-

Unused inputs must always be tied to an appropriate logic voltage level
(e.g., either Vgg or Vpp). Unused outputs must be left open.

*For additional information on our Ph—Free strategy and soldering details, please

download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

ON Semiconductor®

http:/lonsemi.com
MARKING
DIAGRAMS
14
PDIP-14
CASE 646 C AWLYYWW
1
S0IC-14
« D SUFFIX
CASE 751A
fy TITIT!
TSSOP-14 14
DT SUFFIX OxxB
CASE 948G o ALYW
CLELLL]
1
14
SOEIAJ-14 Ininininininial
MC140xxB
F SUFFIX AWLYWW
CASE 965 0
I1_J N g
X = Specific Device Code
A = Assembly Location
WL L =Wafer Lot
YY,Y = Year

WwW, W = Work Week

T B R

DEVICE INFORMATION

Device Description
MC14001B Quad 2-Input NOR Gate
MC14011B Quad 2-Input NAND Gata
MC14023B Triple 3-Input NAND Gate
MC140258 Triple 3-input NOR Gate
MC14071B Quad 2-Input OR Gale
MC14073B Triple 3-Input AND Gale
MC14081B Quad 2-Input AND Gate
MC140828 Dual 4-Input AND Gate

ORDERING INFORMATION

See detalled ordering and shipping infarmation in the package
dimenslons eection on page 8 of this data sheet.

% Semiconducior Companents Industries, LLC, 2005 1
February, 2005 — Rev. 4

Publication Order Number:
MC14001B/D



NOR

MC14001B
Quad 2-Input NOR Gate

2 INPUT

Py

10

t2

11
13

MC14025B
Triple 3-Input NOR Gate

- N -

o

12
13

10

MC14001B
Quad 2-Input NOR Gate
N1, 0 1e 14 [T vpp
IN24 [ 2 13[IN2y
ouT, (] 3 120Nt
outg [ 4 it 1 OUTy
N1 5 10 [] OUT,
IN2g[] & 8N
Ves ] 7 8INTG
MC14071B
Quad 2-Input OR Gate
N1, 1e 14 {1 Vpp
N2, [ 2 13INZ
OUT, (] 3 t2JIN1p
outg ] 4 11 [1 OUTp
IN1g 0O 5 10 oute
iN2g 3 6 SNz
Vss O 7 s IN1g

MC14001B Series

LOGIC DIAGRAMS

NAND
MC14011B

Quad 2-Input NAND Gate

OR

MC14071B
Quad 2-Input OR Gate

[ Ry
[+]

AND

MC14081B
Quad 2-Input AND Gate

]

—_— 5 [ -qpe—
= | =D | i =—
8§ — 8 8 —

10 g 10 g 10
12— 12 12—
e | i 0 | i D
MC14023B MC14073B MC140828
Triple 3-Input NAND Gate Triple 3-input AND Gate Dual 4-Input AND Gate
[ ' 1! —r
= | =2 | = )—
8 8 4 !
< QE— < — e
. ——:)>——s . Y |
5 = .| =D
N — 11— 1§ —— ! 13
12 —3)— 10 12 10 12—
13 — 13—/ NC=86,8
Vpo =PIN 14
Ves=PIN7
FOR ALL DEVICES
PIN ASSIGNMENTS
MC14011B MC14023B MC14025B
Quad 2-Input NAND Gate Triple 3-Input NAND Gate Triple 3-Input NOR Gate
N4 1o 14 [ Vpp Nig01e 14 [1 Voo N1y 1e 14 [ vpp
N2, [ 2 1B{INZ N2, [] 2 13 [IN3e N2, 2 13 IN3
ouT, [] 3 122 [4N1p N1g[] 3 12 0IN2e IN1g ] 2 12 [JiN2g
OUTgfl 4 11 [] OUTy N2 [} 4 MIN1g IN2g [ 4 1 1IN
IN1g ] 5 10 ) OUT, N3] s 10 [1 OUT, IN3g [ 5 10 {] OUT,
IN2g [] 6 alIN2; ouTg [l 6 8 [1 ouT, outg [} 6 8 [J OUT,
vss 0] 7 8N vgs [ 7 CRIEEN Vss [l 7 s[INg,
MC140738 MC14081B MC14082B
Triple 3-Input AND Gate Quad 2-Input AND Gate Dual 4-tnput AND Gate
N1, 1 14 [} Vpp N1o [ 1@ 14 {1 vpo ouT, [ 1e 14 P vpo
IN2p [ 2 13 [1IN3 N2, [ 2 13INZ IN1, [ 2 13 [J OUTa
INig(] 3 121Nz ouT, ] 3 12N1 IN2, [ 2 121IN4g
IN2g ] 4 "IN outg [ 4 11 [JouTy N3, [0 4 1IN
Na3gl s 10 1 ouTg IN1g [} 5 10 [JouT IN4 [} 5 10 [JIN2g
oute & 8 [10uT, IN2g [] & g [N 2¢ NG| 6 8[lIN1g
Vs [ 7 8 [lIN3, Vss ] 7 Bflmig Ves [ 7 8 [I NC

NC = NO CONNECTION

http:/fonseml.com
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MC14001B Series

ELECTRICAL CHARACTERISTICS (Voltages Referanced to Vgg)

v - 55°C 25°C 125°C
DD
Characteristic Symbol | Vdc Min Max Min Typ @ Max Min Max Unlt
Output Voltage 0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vde
Vin= Vppor0 10 - 0.05 - 0 0.05 - 0.05
15 .- 0.05 - 0 0.05 - 0.05
“1"Level | Von 5.0 4.95 - 495 5.0 - 485 - Vde
Vi, =0orVpp 10 | 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -
Input Voltage “0" Level ViL Vde
(Vo =4.50r 0.5 Vdc) 5.0 - 1.5 - 225 1.5 - 1.5
(Vo = 9.0 or 1.0 Vdc) 10 - 3.0 - 450 3.0 - 3.0
(Vo = 13.50r 1.5 Vidc) 15 - 4.0 - 6.75 4.0 - 4.0
"1" Level Vi Vde
(Vo =0.50or 4.5 Vdc) 5.0 .35 - a5 2.75 - a5 -
(Vo = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 550 - 7.0 -
(Vo = 1.50r 13.5 Vdc) 15 11 - 1 8.25 - 1" -
Output Drive Current lon mAdc
(Vou = 2.5 Vdc) Source 5.0 -30 - -24 -42 - -17 -
(Vo = 4.6 Vdc) 50 | -~064 - - 0.51 -088 - —-0.36 -
(Von = 9.5 Vdc) 10 -16 - -1.3 -225 - -049 -
{Vow = 13.5 Vdg) 15 | -42 - ~34 -88 - —-2.4 -
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vde) 10 16 - 1.3 225 - 0.9 -
(VoL = 1.5 Vdg) 15 42 - 34 8.8 - 24 -
lnput Current bin 15 - +0.1 - +0.00001 [ +0.1 - 1.0 | pAdc
Input Capaditance : Cin - - - - 5.0 7.5 - - pF
Min=0)
Quiescent Current lop 5.0 - 0.25 - 0.0005 0.25 - 7.5 wAdc
(Per Package) 10 - 0.5 - 0.0010 0.5 - 15
15 - 1.0 - 0.0015 1.0 - 30
Totat Supply Current (3} {4) Iy 50 It = {0.3 pAKHZ) f + Ipp/N pAdc
(Dynamic plus Quiescent, 10 . I = (0.6 pAKHzZ) f + Inp/N
Per Gate, C_ = 50 pF) 15 IT = (0.9 pAKHZ)  + Ipp/N

2. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC's potential performance.
3. The formulas given are for the typical characteristics only at 25°C.
4. To calculate total supply current at loads other than 50 pF;

IH{€) = Ir{BO pF) + (C_ - 50) VIk

where: i1 is in pA (per package), C in pF, V = (Vpp - Vigg) in volts, fin kHz is input frequency, and k = 0.001 x the number of exercised gates
per package.

http:ffonseml.com
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MC14001B Series

B-SERIES GATE SWITCHING TIMES

SWITCHING CHARACTERISTICS (5) (C_ = 50 pF, TA‘= 25°C)

Vbo
Characteristic Symbol Vde Min Typ (6) Max Unit
Output Rise Time, All B-Series Gates trLH ns
trey = (1.35ns/ipF) G + 33 ns 5.0 - 100 200
trin = (0.60 ns/ipF) C + 20 ns 10 - 50 100
trLH = {0.40 ns/PF)C + 20 ns 15 - 40 80
Cutput Fall Time, All B-Series Gates LTHL ns
trp = (1.35 ns/pF) CL + 33 ns : 5.0 - 100 200
truL = (0.60 ns/pF) C, + 20 ns 10 - 50 100
trHL = (0.40 ns/pF} C + 20 ns 15 - 40 80
Prapagation Delay Time tpLH, tPHL ns
MC14001B, MC14011B only
LK, thL = (0.90 ns/pF) C| + 80 ns 5.0 - 125 250
tpL . tpL = (0.36 ns/pF) C + 32 ns 10 - 50 100
tp . tpL = (0.26 ns/pF) C + 27 ns 15 - 40 80
All Other 2, 3, and 4 Input Gates
tpLy. tpyL = (0.90 ns/pF) G + 115 ns 5.0 - 160 300
toi . tp = {0.36 NS/pF) C + 47 ns 10 - 65 130
tpLH. tpHL = (0.26 ns/pF) C_ + 37 ns 15 - 50 100
8-Input Gates {(MC 140688, MC14078B)
teiH: tpHL = (0.90 ns/pF) C + 155 ns 5.0 - 200 50
ey, tpp = {0.36 ns/pF) C + 62 ns 10 - BO 150
tpL s tpHL = (0.26 ns/pF) C + 47 ns 15 - 60 110
5. The formulas given are for the typical characteristics only at 25°C.
6. Datalabelled “Typ” is not to be used for design purposes but is intended as an indication of the IC's potential parformance.
14 © Vop 20 ns ]«— 20ns ——I -—
Yoo
T INPUT 2 S0% R
INPUT 50% N
PULSE . 10% ov
GENERATOR —0 °'_I O QuTPUT o —] I~ [
. Q] 9% Vo
I “ OUTPUT i1 v
L wveRmnG L[ PRy
oy ) tppl, — Y
70V QUTPUT 90% OH
*All unused inputs of AND, NAND gates must be connected to Vpp. NON-INVERTING 15[?%6 Vou
All unused inputs of OR, NOR gates must be connected to Vgs. - L

Figure 1. Switching Time Test Circuit and Waveforms

http:/lensemi.com
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MC14001B Series

CIRCUIT SCHEMATIC
NOR, OR GATES
MC14001B, MC14071B MC14025B
One of Four Gates Shown One of Three Gates Shown
Voo : Voo
14 © Vpp

1,6,8, 130——0——| 1,3,110‘-'-‘—1

]
:] (s | 2,4, 120
2,5,9,120 I | 1

]

Voo

]

L
=
’ l——
—J
i
il

e )

Vag Voo
*Inverter omitted in MC14001B

L

J

Vss o
*Inverter omitied in MC 140258
CIRCUIT SCHEMATIC
NAND, AND GATES
MC14023B, MC14073B MC14011B, MC14081B
One of Three Gates Shown One of Four Gatas Shown
VDD R ) ) 14 T VDD
M wnE [ |2 e
15 SRS

34,1011

o
2,4,120— :I 146 Vp 2,5,9,12 :[‘l_:_l. 7 1

1,31 0—"-—| : 1,6,8,130—"—|

Vsg ' | . o 78 Vgg
VD[H |:l ! : *Inverter omitted in MC140118
|
| oy :}o 8,8, 10
8,5, 130 J J | I
L Rl
79 Vg

Vss L
*Inverter omitted in MC14023B

http://lonsemi.com
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ID, DRAIN CURRENT {mA)

ID, DRAIN CURRENT (mA)

Ip. DRAIN CURRENT {mA}

MC14001B Series

TYPICAL B-SERIES GATE CHARACTERISTICS

N~CHANNEL DRAIN CURRENT (SINK)

50

4.0

Ta=-55°C

3.0

~30°C

+ 85°C +25°C |

20

s —
—

+126°C

1.0

s

7
P!

7

|

1.0 20 30

4.0

Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 2. Vgg = 5.0 Vdc

5.0

20

18

16

Ta = - 56°C

14

- I4!3"0

+25°C

12

+ 85°C

i
+125°C

8.0

VAN

6.0
40
20

Wi

1.0

20 30 490 50 68O 70

80 8.0

Vps, DRAIN-TO-SCURCE VOLTAGE (Vdc)

Figure 4. Vgg = 10 Vde

10

4

&

Ta =-55°C

- 40°C

285
20

Y
25°C
L —

+85°C

g +125°C

10

V4

5.0

4

2.0

40 60 80 10 12 14

6 18

Vps. DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 6. Vgg = 15 Vdc

20

Ip, DRAIN CURRENT (mA)

Ip, DRAIN CURRENT {mA)

1D, DRAIN CURRENT (mA)

P-CHANNEL DRAIN CURRENT (SOURCE)

-10
-80
-80 Ta=-55°C
~-7.0 e
-6.0 //,//‘ - 40°C
_50 pavid
P — +25°C
-4 +85°C
Vi —
-30 4 P +125°C —
el
-2.0
-10
0
0 -1.0 -20 -30 -40 -5.0
Vos, DRAIN-TO-SOURGE VOLTAGE (Vdc)
Figure 3. Vgg = — 5.0 Vdc
-50
- 45
-40
-35
-30 Ta=-55°C
~25 ’—-_ﬁ;‘bﬂ_
- 40°C
- 20 4/ +25°C |
/
5 A o] +85°C
= — :
_10 ﬁ,/, —_— +125°C_|
-50 4/
0
¢ -10 -20 -39 -40 -50 -60 -70 -80 -90 -10
Vbs, DRAIN-TO-SOURGE VOLTAGE (Vdc)
Figure 5. Vgg = - 10 Vdc
- 100
-90
-B80
-70
-80
50 Ta=-85°C
- -40°C
fauerer="]
-40 ,/ +25°C _ |
%0 A I +85°C
- v — :
" - + 125°C
-10
0
¢ -20 -40 -60 -80 -10 -12 -14 -16 -18 -20

Vps, DRAIN-TO-SOURCE VOLTAGE (vdc)

Figure 7. Vgs = - 15 Vdc

These typical curves are not guarantees, but are design aids.
Caution: The maximum rating for cutput cument is 10 mA per pin,

A i e S
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Voul, OUTPUT VOLTAGE {Vdc)

Vout, OUTPUT VOLTAGE (Vdc)

MC14001B Series

TYPICAL B-SERIES GATE CHARACTERISTICS (cont’d)

VOLTAGE TRANSFER CHARACTERISTICS

SINGLE INPUT NAND, AND

5.0 MULTIPLE INPUT NOR, OR

. por”
4.0 zJ/

SINGLE INPUT NOR, OR
3.0 MULTIPLE iNPUT NAND, AND™}
20 / <
‘/‘

10

. \

0 10 20 30 40 50
Vin, INPUT VOLTAGE (Vdc)
Figure 8. Vpp = 5.0 Vdc
16 T T T
SINGLE INPUT NAND, AND
14 MULTIPLE INPUT NOR, OR |
12 1 ] |
| o7 | SINGLE INPUT NOR, OR
10 MULTIPLE INPUT NAND, AND
|-

8.0 r
6.0
4.0
20

0

20 40 60 80 10

Vin, INPUT VOLTAGE (Vdc)

Figure 10. Vpp = 15 Vdc

g SINGLE INPUT NAND, AND
TR MULTIPLE INPUT NOR, OR
g -
O -
2 8o -+
5 SINGLE INPUT NOR, OR
E &0 MULTIPLE INPUT NAND, AND™1
© a0 =
3 P —
> 2

0

0 20 40 60 890 10
Vin, INPUT VOLTAGE {Vdc)

Figure 9. Vpp = 10 Vdc

DC NOISE MARGIN

The DC noise margin is defined as the input voltage range
from an ideal “1” or “0" input level which does not produce
output state change(s). The typical and guaranteed limit
values of the input values V. and Vg for the output(s) to
be at & fixed voltage Vg are given in the Electrical
Characteristics table. Vi and Vi are presented graphically
in Figure 11,

Guaranteed minimum noise margins for both the “1” and
O levels =

1.0V witha 5.0V supply
2.0 V with a 10.0 V supply

2.5 V with a 15.0 V supply

Vout Voo Vout Voo .
Vo VO
\\k Voo P Voo
0 Vin 0 Vin
ViL Vin ViL ViH
Vgs =0 VOLTS DC

{(a} Inverting Function

{b) Non~Inverting Function

Figure 11. DC Noise Immunity
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MC14001B Series

ORDERING INFORMATION

Device Package Shippingt

MC14001BCP PDIP-14 2000 Units / Box

MC14001BCPG PDIP-14 2000 Units / Box
{Pb~Free)

MC14001BD S0IC-14 2750 Units / Box

MC14001BDR2 S0IC-14 2500 Units / Tape & Reel

MC14001BDR2G S0IC-14 2500 Units / Tape & Reel
{Pb—Free)

MC14001BDTR2 ) TSSOP-14* 2500 Units / Tape & Resl

MC14001BFEL SOEIAJ-14 2000 Units / Tape & Reel

MC14001BFELG SOEIAJ-14 2000 Units / Tape & Resl
(Pb-Free)

MC14011BCP PDIP-14 2000 Units / Box

MC14011BCPG PDIP-14 2000 Units / Box
{Pb-Free}

MC14011BD SOIC-14 2750 Units / Box

MC14011BDR2 S0IC~14 2500 Units / Tape & Reel

MC14011BDR2G S0IC-14 2500 Units / Tape & Reel
{Pb-Free)

MC14011BDTR2 i TSSOP-14* 2500 Units / Tape & Reel

MC14011BF SOEIAJ-14 55 Units / Rall

MC14011BFEL . SOEIAJ-14 2000 Units / Tape & Reel

MC14011BFELG SOEIAJ-14 2000 Units / Taps & Reel
{Pb-Free)

MC14023BCP PDIP-14 2000 Units / Box

MC14023BCPG PDIP-14 2000 Units / Box
(Pb-Free)

MC14023BD S0IC-14 2750 Units / Box

MC14023BDR2 S0IC-14 2500 Units / Tape & Reel

MC14023BDR2G SOIC-14 2500 Units / Tape & Reel
(Pb-Free)

MC14023BFEL SOEIAJ-14 2000 Units / Tape & Reel

MC14025BCP ) PDIP-14 2000 Units / Baox

MC14025BCPG PDIP-14 2000 Units / Box
(Pb-Free)

MC14025BD S0IC-14 2750 Units / Box

MC14025BDR2 i S0IC-14 2500 Units / Tape & Reel

MC14025BDR2G SQIC-14 2500 Units / Tape & Reel
{Pb—Free)

MC14025BFEL SOEIAJ-14 2000 Units / Tape & Reel

TFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
*This package is inherently Pb-Free.

— http:/fonsemi.com
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MC14001B Series

ORDERING INFORMATION

Device Package ShippingT
MC14071BCP PDIP-14 2000 Units / Box
MC14071BD S0IC-14 55 Units / Rail
MC14071BDR2 : S0IC-14 2500 Units / Tape & Reel
MC14071BDR2G S0IC-14 2500 Units / Tape & Reel
: {Pb—Free)
MC14071BDT TSSOP-14* ’ 96 Units per Rail
MC14071BDTR2 TSSOP-14* 2500 Units / Tape & Reel
MC14071BFEL SOEIAJ-14 2000 Units / Tape & Reel
MC14073BCP ) PDIP-14 2000 Units / Box
MC14073BCPG PDIP-14 2000 Units { Box
(Pb-Free)
MC14073BD SOIC~14 55 Units / Rail
MC14073BDG S0OIC-14 55 Units / Rail
(Pb-Free)}
MC14073BDR2 S0IC-14 2500 Units / Tape & Real
MC14073BDR2G S0ICc-14 2500 Units / Tape & Reel
) {Pb—Free)
MC14073BFEL SOEIAJ-14 2000 Units / Tape & Reel
MC14081BCP PDIP-14 2000 Units / Box
MC14081BCPG PDIP-14 2000 Units / Box
(Pb-Free)
MC14081BD i SOIC-14 55 Units / Rail
MC14081BDG S0IC-14 55 Units / Rail
- {Pb~Free)
MC14081BDR2 S0IC-14 2500 Units / Tape & Reel
MC14081BDR2G S0IC-14 2500 Units / Tape & Reel
{Pb~Free)
MC14081BDTR2 TSSOP-14* 2500 Units / Tape & Ree!
MC14081BFEL SOEIAJ-14 2000 Units / Tape & Reel
MC14081BFELG SOEIAJ-14 2000 Units / Tape & Reel
(Pb-Free)
MC14082BCP PDiP-14 2000 Units / Box
MC14082BCPG PDIP-14 2000 Units / Box
{Pb—Free)
MC14082BD S0IC-14 55 Units f Rail
MC14082BDG S0IC-14 55 Units / Rail
(Pb—Free)
MC14082BDR2 ) S0IC-14 2500 Units / Tape & Reel
MC14082BDR2G S0OIC-14 2500 Units / Tape & Reel
{Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
*This package is inherentiy Pb—Free.

http:/fonsemi.com
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MC14001B Series

PACKAGE DIMENSIONS

P SUFFIX
PLASTIC DIP PACKAGE
CASE 646-06
ISSUEN

AN ANAN
14 3

B
g 14
1 T
ATAATATAATA T TALTY
A
—o| F pe— L‘h‘
1 1 Il ‘. *
| _____JE
. [
_—x
Ao Lt e
= H G DiprL M
$] 0k ews]®)
D SUFFiIX
PLASTIC SOIC PACKAGE
CASE 751A-03
ISSUE G

“H R A A A A A

il

=Bz Prr

C
1HﬁmHHHHr
G e

-C
]

—-—“-— D14pL _t_K‘

EEATING
PLANE

l|$|o.25 (0010)@ B @ |

R:lus“_.I lq—

{J%‘Q%J

-—
M

|[0250010®@[T[8 ®[AG)]

NOTES:
1. DIMENSIONING AND TOLERANCING

PER ANS| Y14,5M, 1982,

2. CONTROLLING DIMENSION: INCH,
3. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.
4. DIMENSION B DOES NOT INGLUDE
MOLD FLASH.
5. ROUNDED CORMNERS OPTIONAL.
INCHES MILLIMETERS
| DIM[_MIN_ | MAX | WMIN | MAX
A | 0715 | 077D | 1816 | 1880
B_| 0240 | 0260 | 610 | 680
C | 0145 {0185 | 389 | 469
D | 6.015 | 0.021 | 038 | 053
F | 0040 | 0070 | 102 | 178
G | 0100BSC 254 BSC
H | 0052 [ 0085 | 132 | 241
J | 0008 | 0015 | 020 | 038 |
K | 0116 | 0135 | 282 | 343
L | o280 | 0316 | 737 | 787
| M| ——-1 195] ——1 10°
N | 0015 | 0030 | 038 | 104
NOTES:
1. DIMENSIONING AND TOLERANGING PER

ek

ANSI Y14.5M, 1982,

2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS A AND B DP NOT INCLUDE

MOLD PROTRUSION,

4, MAXIMUM MOLD FROTRUSION 0.15 (0.006)

PER SIDE.

5. DIMENSION D DOES NOT INGLUDE

DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.127
{0.005) TOTAL IN EXCESS OF THED
DIMERSION AT MAXIMUM MATERIAL
CONDITICN.

MILLIMETERS INCHES

DIM} MIN | MAX | MIN | MAX
A | 855 | 875 10337 |0.344
B | 380} 400 10150 V0157
C | 1365} 176 1 D.054 0068
D | 035 | 049 | 0014 0015
F | 040 [ 1.25 0.016 |0.049

G 1.27 BSC 0.050 BSC
J | 039 | 025 |0.008 ]0.009
K| 010 ]| 025 {0004 |0009
| M [l 7° 0° 7°
P 1 580 | 620 10278 |0.244
R | 025 ) 050 |0.01¢ |0.018

http:/fonsemi.com
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MC14001B Series

PACKAGE DIMENSIONS

DT SUFFIX

PLASTIC TSSOP PACKAGE
'CASE 948G-01

ISSUE O

14x K REF

¢ 010009 B[ T[U ®]VE]
[ 0.15 0.006)] T U @|_-H‘—‘

il

RRARE

{x Li2] :
1 - %
PIN 1 o fud N
IDENT?\"O L _1 DE:'AILl-E_
|] .15 (0.008)| T[ v @] HHHHHHH K
— ‘——___. L}_—-! K1 tll.~
r}—secﬂou N-N
'
J_cm mlnl :}tr@
e f IR |

NOTES:

1. DIMENSIONING AND TOLERANCING PER
ANS| Y14.5M, 1882,

2. CONTROLLING CHMENSION: MILLIMETER.

3. DIMENSION A DOES NOT INCLUDE MOLD
FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH QR GATE BURRS SHALL NOT
EXCEED 0.15 (0.008) PER SIDE.

4. DIMENSION B DOES NOT INCLUDE
INTERLEAD FLASH OR PROTRUSION.
INTERLEAD FLASH CR PROTRUSION SHALL
NOT EXCEED 0.25 {0,010) PER SIDE.

5. DIMENSION K DOES NOT INCLUDE
DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08
{0.003) TOTAL IN EXCESS OF THE K
DIMENSION AT MAXIMUM MATERIAL
CONDITION.

8. TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.

7. DIMENSION & AND B ARE TO 8E
DETERMINED AT DATUM PLANE =WV-.

http:/fonsemi.com

1"



MC14001B Series

PACKAGE DIMENSIONS
F SUFFIX
PLASTIC EIAJ SOIC PACKAGE
CASE 865-01
ISSUE O
OTES:
1.I11 fh ﬂl m m m ma Le * Nu guaﬁsoumwmmamnnmm
LI L T : Qq 2 CONTROLLNG DIMENSION: MILLWETER
3 DAMENSIONS D AMD E DO NGT INGLUDE MOLD
4——— + ———% E Hg Me J T FLASH OR PROTHUSIONS AND ARE MEASURED
AT THE PARTING UNE. MOLD FLASH OR
i PROTRUSIONS SHALL NOT EXCEED 0.15 {0.008)

2]

THE LEAD WIDTH DIMENSION fb] DOES NOT
DETAIL P INCLUDE DAMBAR PROTHUSION. ALLOWABLE

G)' N o PER SIDE
1['] [l] [|] [I_I I.|_| [|_] |_|_|7 — L | 4 TERMAAL MUMBERS AR SHOWN FOR
.~z

DAMENSION AT MAXIMUM MATERIAL CONDITION,
VIEW P DAMBAR CANNOT BE LOCATED ON THE LOWER
[h+ | A S
'/ [ ¢ TO BE 046 {0.018).
_L \ f F A ‘ E

DAMBAR PROTRUSION SHALL BE {.08 [.003)
————— D ———» TOTAL IN EXCESS OF THE LEAD WIDTH
RADIUS OR THE FOOT. MINIMUM SFACE
BETWEEN PROTRUSIONS AN[ ADJACENT LEAD
L ~e” T
Aq
0.10 (0.004)

—{|e—b
9] 012 005 ® |
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Ays.

IRF640
IRF640FP

N - CHANNEL 200V - 0.1560Q - 18A TO-220/TO-220FP

MESH OVERLAY™ MOSFET

TYPE Voss | Robs(en) Ip
IRFG640 200V <0.18 Q 18 A
IRF640FP 200 Vv <0.18 Q 18 A

« TYPICAL Rosien) =0.150 Q

« EXTREMELY HIGH dv/dt CAPABILITY

« VERY LOW INTRINSIC CAPACITANCES
« GATE CHARGE MINIMIZED

DESCRIPTION

This power MOSFET is designed using he
company's consolidated strip layout-based MESH
OVERLAY™ process. This technology matches
and improves the performances compared with
standard parts from various sources.

APPLICATIONS

= HIGH CURRENT SWITCHING

= UNINTERRUPTIBLE POWER SUPPLY (UPS)

= DC/DC COVERTERS FOR TELECOM,
INDUSTRIAL, AND LIGHTING EQUIPMENT.

ABSOLUTE MAXIMUM RATINGS

2
1

TO-220 TO-220FP

INTERNAL SCHEMATIC DIAGRAM

D{2)

&N

8(5)
5C08140

Symbol Parameter Value Unit
IRF640 | {RFG40FP

Vos |Drain-source Voltage (Vs = 0) 200 v
Voer |Drain- gate Voitage (Rgs = 20 kQ) 200 v
Ves |Gate-source Voltage 20 \
Ip Drain Current {continuous) at T, = 25 °C 18 18(*"} A
Ip Drain Current {continuous) at T, = 100 °C 11 11(*) A
lom(*) [Drain Current (pulsed) 72 72 A
Piot Total Dissipation at T, = 25 °C 125 40 W

Derating Factor 1.0 0.32 wFee

dv/di(1) {Peak Diode Recovery voltage slope 5 5 Vins
Viso |Insulation Withstand Voltage (DC) — 2000 v
Tstg Storage Temperature -65 to 150 °c
T IMax. Operating Junction Temperature 150 °c

(s) Puise width limited by safe operating area

(1) 150 < 18A, G/t < 300 AJuS, Voo S Vismpss., 1) < Taax

First Digit of the Datecode Being Z or K (dentifies Silicon Characterized in this Datashset

(**} Limited only by Maximum Temperature Allowed
October 1999
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IRF640/FP

THERMAL DATA

TO-220 TO-220FP
Rinj-case |Therma! Resistance Junction-case Max 1.0 3.12 ‘ciw
Rinj-ams [Thermal Resistance Junction-ambient Max 62.5 °CIw
Rine-sink | Thermal Resistance Case-sink Typ 0.5 “CIW
Ti Maximum Lead Temperature For Soldering Purpose 300 °c
AVALANCHE CHARACTERISTICS
Symbol Parameter Max Value Unit
lan Avalanche Current, Repetitive or Not-Repetitive 18 A
(pulse width limited by T; max)
Eas Single Pulse Avalanche Energy 280 m.J
(starting T) = 25 °C, Ip = lar, Voo = 50 V)
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C uniess otherwise specified)
OFF
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
V(erjpss |Drain-source Ip=250 uA Vgs=10 200 v
Breakdown Voltage
loss Zero Gate Voltage Vps = Max Rating 1 HA
Drain Current (Vas = 0) |Vbs = Max Rating Te=125°C 10 HA
lgss Gate-body Leakage Ves =120V + 100 nA
Current {Vps = 0}
ON(*)
Symbol Parameter Test Conditions Min. | Typ. { Max. | Unit
VGS(th) Gate Threshold VDS = VGS ID = 250 |J,A 2 3 4 Vv
Voltage
Ros(n) |Static Drain-source On (Vgs = 10V Ip=98 A 0.15 | 0.18 Q
Resistance
{p(en) On State Drain Current (Vps > lpjen) X RDS(on]max 18 A
Ve =10V
DYNAMIC
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
ges (*) |Forward Vbs > Iniony X Rosonymax =9 A 7 A1 S
Transconductance
Ciss Input Capacitance Vps=25V f=1MHz Vgs=0 1200 | 1560 pF
Coss QOutput Capacitance 200 260 pF
Cres Reverse Transfer 60 80 pF
Capacitance
2/9 ‘1’




IRF640/FP

ELECTRICAL CHARACTERISTICS (continued)

SWITCHING ON
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
td(on) Turn-on Time Voo=100V Ib=9A 13 17 ns
t, Rise Time Rg=47Q Vgs =10V 27 35 ns
(see test circuit, figure 3}
Qg Total Gate Charge Voo =180V Ip=18 A Vgs= 10V 55 72 nC
Qgs Gate-Spurce Charge 10 nc
Qgd Gate-Drain Charge 21 nC
SWITCHING OFF
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
trpvery  |Off-voltage Rise Time |Vpp=160V Ip=18 A 21 27 ns
4] Fall Time Rg=470 Vgs=10V 25 32 ns
tc Cross-over Time {see tast circuit, figure 5) 50 65 ns
SOURCE DRAIN DIODE
Symbol Parameter " Test Conditions Min. | Typ. | Max. | Unit
Iso Source-drain Current 18 A
Ispm{e) |Source-drain Current T2 A
{pulsed)
Vso (*) [Forward On Voltage lsp =1BA Vgs=0 1.6 vV
ter Reverse Recovery Isp= 18 A di/dt = 100 Alus 240 ns
Time Vop =50 V Tj =150 °C
Qe Reverse Recovery (see test circuit, figure 5) 1.8 wC
Charge
IrRRM Reverse Recovery ’ 15 A
Current

() Pulsed: Pulse duration = 300 ps, duty cycle 1.5%
(#) Pulse width limited by safe operating area

Safe Operating Area for TO-220 ‘ Safe Operating Area for TO-220FP
[ref:].1.000] GCRAEHD
12(A) fo{A)
. i .
2 2
10% 10%
& &7 H 25
4 \}\E\IH ] \SS‘ -
’—QH’@\ Hin o WIS
10 S AN L] 100us 107, €L s 100us m
: H 1ms M= = |
2 1ms
2
10% S B 105, Lt 10ms
: i : H
. 0.C. OPERATION ,|_D.C. DPERATION
oo LI TTTTI oo LI T ITTTA
2 4 8B 4812 I 4 5B 2 4 ax
1000 et et et Vestw 107 10! 10? 1037 “Vos(v)
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IRF640/FP

Thermal impedance for TO-220

GC20050

¢ L
=05 it
0.2 :|! LT 74|
/"‘- /
0.1 e ,-'
107 e t
2,05,
0.0 2=k Ry
I 6= to/T
e 1L
y
A/ SINGLE PULSE
1072

107*  107* 107% 1072 107 1, (s)

Qutput Characteristics
Scasano
lo{A)
40
- I
Ves=10V —"'W .
30
5V
20
10 4 —
0 6 12 18 24 vos(v)
Transconductance
GCass20
grs(S) Vos =20V
o
16 ,///4
,“/
A e
7 -
A
5 4V N\
/ / \25'¢
f L]
4 150°C
] 4 B 12 16 Io{A)
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Thermal impedance for TO-220FP

BT 20551

K e
—i"{‘H'ﬂﬂ‘_ o 1i
& = 0.5
I ot
0.2_ UL~
0.1 L+TiL
107! T
0.02 W] [19.05 Zm = % Rinyes
. | 6=tp/7
<A 0.0t [[]]
(|siNGLE PuLSE _[—U_L
4]
1072 i
107 10" 1072 10! 100 . (s)
Transfer Characteristics
GCRE910
(A}
40
I‘
30
I Vm=25V
2 1’
10
0 4 B 12 16 Vas(V)
Static Drain-source On Resistance
GCB6950
Ros(on) l l
()
Ves=10V
0.20 [
0,18
L
D.16 ya
L
0.14 fomme=t""]
0.12
0 4 8 12 16  Io(A)
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IRF640/FP

Gate Charge vs Gate-source Voltage

GCASI40
Vas(V)
Vos=160V
lb=20A

12

9 i

I

)y;

[/

!

0 14 28 42 56 Qa{nC)
Normalized Gate Threshold Voltage vs
Temperature _

Vcs(’h) | GCB6I60
(norm) | o i
!
11 \ Vos=Vgs | |
: lo=25C1.A
1.0
0.9
N
0.8 \\
N
0.7
-50 0 50 100 T("C}

Source-drain Diode Forward Characteristics

GC38980
Vso(V) l l 1~
Tim~40°C_ Lt | 4"
0.8 /_-- ///
A - W
0.8 //
5| | A
/
a.7
0.6/ 150G
/
0.5 /
a 8 16 24 32 Ise(A)

3

Capacitance Variations

C(pF) aE
P f=1MHz
Ve =0V
2400
1800
Clu
1200
600
\ L1
|
0 10 20 30 40 Ves(V)

Nomalized On Resistance vs Temperature

GCBESTD

Ros(on)
{norm) | [ Ves=10V y.
lb=9A
2.0 /
1.5 /
1.0
-
"
Q.5
0
-50 0 50 100 w{*C}
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IRF640/FP

Fig. 1: Unclamped Inductive Load Test Circuit

Fig. 2: Unclamped Inductive Waveform

g
¥y o i
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SC05470

UNCLAMFED INDUCTIVE WAYEFORMS

V(BR)DSS

Fig. 3: Switching Times Test Circuits For
Resistive Load

Fig. 4: Gate Charge test Circuit
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Fig. 5: Test Circuit For Inductive Load Switching
And Diode Recovery Times
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IRF640/FP

TO-220 MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MiN. TYP. MAX.
A 440 4.60 0173 0.181
C 1.23 1.32 0.048 0.051
D 2.40 272 0.094 0.107

D1 1.27 0.050
E 0.49 | 0.70 0.019 0.027
F 0.61 0.88 0.024 0.034
F1 1.14 1.70 0.044 0.067
F2 1.14 1.70 0.044 0.067
G 4.95 515 0.194 0.203
G1 24 27 0.094 0.106
H2 10.0 10.40 0.393 0409

|2 16.4 0.645
L4 13.0 | 14.0 0.511 0.551
L5 265 295 0.104 0.116
L6 15.25 15.75 0.600 0.620
L7 6.2 6.6 0,244 0.260
L9 3.5 3.93 0.137 0.154
DIA. 3.75 3.85 0.147 0.151

!

<L / I I ) e
<1 B N R l o
o
L2
&
d g %\
e ——— ——
Rali s B
Dia. 2
/7 n
LS h
L9
L7

= L PO11C

3
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IRF640/FP

TO-220FP MECHANICAL DATA

L2

DIM. mm inch

MIN, TYP. MAX. MIN. TYP. MAX.
A 44 4.6 0.173 0.181
B 2.5 27 0.098 0.106
D 25 275 0.098 0.108
E 0.45 07 0.017 0.027
F 0.75 1 0.030 0.039
F1 1.15 1.7 0.045 0.067
F2 1.15 1.7 0.045 0.067
G 495 5.2 0.195 0.204
G1 24 27 0.094 0.106
H 10 10.4 0.393 0.409

L2 16 0.630
L3 28.6 306 1.126 1.204
L4 98 10.6 0.385 0.417
L6 15.9 16.4 0.626 0.645
L7 9 9.3 0.354 0.366
%] 3 32 0.118 0.126

w
< ; / . ‘ ] —
°
m
L3 .
™ LG -
!-‘ I
)
T o
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Data Shaet No. PD60147 rev.y

International
IGR Rectifier  IR2110(1-2)(S)PFAR2113(-1-2)(S)PbF
HIGH AND LOW SIDE DRIVER

Features Product Summary
* Floating channe! designed for bootstrap operation
Fully operational to +500V or +600V - VorrFseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dv/dt immune
® Gate drive supply range from 10 to 20V lo+/- 2A 1 2A
¢ Undervoltage lockout for both channels
® 3.3V logic compatible VouTt 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground 5V offset tonsoff (typ.) 120 & 94 ns
® CMOS Schmitt-triggered inputs with pull-down :
® Cycle by cycle edge-triggered shutdown logic Delay MatChmg E:Egﬂg) ?2% ns max,
® Matched propagaticn delay for both channeéls ) ns max.

® QOutputs in phase with inputs Packages

Description

The 1R2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced output chan-
neis. Proprietary HVIC and latch immune CMOS technologies enable
ruggedized monolithic construction, Logic inputs are compatible with
standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications., The
fioating channel can be used to drive an N-channel power MOSFET or IGBT in the high side configuration which
operates up to 500 or 600 volts.

16-Lead SOIC
14-Lead PDIP IR21105/iR2113S
IR21101R2113

Typical Connection up to 500V or 600V
| L1
l__.
| " ] w@a T
Vopor—t— Vo Vet
™ I
HIN o— HIN VS - o To
SD o SD — & _oLOAD
LIN @ LIN Vee i
Vs © Vss COM - ‘ l—‘ia
VCC o—‘ e Lo W\/ A
(Refer to Lead Assignments for comect pin configuration). This/These diagram(s) show alectrical
connections only. Please refer to our Application Notes and DesignTips for praper circuit board layout.

www.irf.com 1



IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

International
TOR Rectifier

Absolute Maximum Ratings

Absoclute maximum ratings indicate sustained limits beyond which damage to the device may occur. Al voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured

under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
Ve High side floating supply volttage (IR2110) -0.3 525
(IR2113) -0.3 625
Vs High side floating supply offset voltage Vg-25 Vg + 0.3
VHo High side floating output voltage Vg-03 Vg + 0.3
Veo Low side fixed supply voltage -03 25
Vio Low side output voltage -0.3 Ve +0.3 v
Voo Logic supply voltage -0.3 Vgg + 25
Vsgs Logic supply offset voltage Vee-25 Ve + 0.3
ViN Logic input voltage (HIN, LIN & SD}) Vs5-0.3 Vpp + 0.3
dVg/dt Aliowable offset supply voltage transient (figure 2) - 50 Vins
Pp Package power dissipation @ Ta € +25°C (14 lead DIP) — 1.6 w
(16 iesad SOIC} — 1.25
RTHIA Themal resistance, junction to ambient (14 lead DIP) — 75 .
(16 lead SOIC) — 100 cw
Ty Junction temperature — 150
Tg Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vg3 offsel ratings are tested with all supplies biased at 15V differential, Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Ve High side fioating supply absolute voltage Vg +10 Vg +20

Vs High side fioating supply offset voltage - {IR2110} Note 1 500

(IR2113) Note 1 600

VHo High side floating output voltage Vs VB
Vce Low side fixed supply voltage ' 10 20 Vv
Vio Low side output voltage 0 Ve
Voo Logic supply voltage Vg +3 Vgg + 20

Ves Logic supply offset valtage -5 (Note 2) 5

ViN Logic input voltage (HIN, LIN & SD} Vss VoD

TA Ambient temperature 40 125 ‘C

Note 1: Logic operational for Vg of -4 to +500V. Logic state held for Vg of -4V to -Vpg. (Please refer to the Design Tip
DT97-3 for more detalls).
Note 2: When Vpp < 5V, the minimum Vgs offset is limited to -Vpp.

2
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International
IGR Rectifier

Dynamic Electrical Characteristics

Vaias (Vee. Ves. Vo) = 15V, € = 1000 pF, Ta = 25°C and Vgg = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

IR2110(-1-2)(S)PbFIIR2113(—1-2)(S)PbF

Symbol Definition Figure | Min. | Typ. |Max. | Units [Test Conditions

ton Tum-cn propagation delay 7 — 120 | 150 Vg = 0V
torr Tum-cff propagation delay 8 — 94 125 Vg = 500Vv/600V
tsd Shutdown propagation delay 8 — 110 | 140 ns Vg = 500V/600V
tr Tum-on rise time 10 — 25 35
f Tum-off fail time 11 — 17 25
MT Delay matching, HS & LS  (IR2110) — — — 10

tum-on/foff (IR2113) — — —_ 20

Static Electrical Characteristics

Veias (Vcc. Ves. VDp) = 15V, Ta = 25°C and Vgg = COM unless otherwise spacified. The Vi, VTH and |y parameters
are referenced to Vgs and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and |g parameters are
referenced to COM and are applicable to the respective output leads; HO or LO.

Symbol Definition Figure |Min. | Typ. Max.| Units [Test Conditions
VIH Logic “1" input voltage 12 9.5 — —
VIL Logic “0" input voltage 13 — — 6.0
VoH High level output voltage, Vajas - Vo 14 — | = [ 12 v Io = 0A
VoL Low level output voltage, Vo 15 — — 0.1 lo = 0A
s Offset supply leakage current 16 — — 50 Vg=Vg = 500WE00V
los Quiescent Vgs supply current 17 —_ 125 | 230 ViN =0V or Vpp
lace Quiescent Ve supply current 18 — 180 | 340 uA ViN =0V or Vpp
lapp Quiescent Vpp supply current 19 — 15 30 ViN =0V or Vpp
liN+ Logic "1” input bias current 20 — 20 40 VIN=VDD
IIN- Logic “0" input bias current 21 — — 1.0 Vin=0V
Vesuv+ | Ves supply undervoltage positive going 22 7.5 8.6 9.7
threshold
Vesuy- Ves supply undervoltage negative going 23 7.0 8.2 9.4
threshold
Veeuv+ | Voo supply undervoltage positive going 24 7.4 8.5 8.6
threshold v
Vecuv- | Ve supply undervoltage negative going 25 7.0 8.2 9.4
threshold
lo+ Output high short circuit pulsed current 26 2.0 25 — Vo =0V, VIN=VDD
PW < 10 ps
o. Output low short circuit puised current 27 |20 | 285 — ] A [Vo=15V. V=0V
PW < 10 ps

www.irf.com




IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Functional Block Diagram

International
ISR Rectifier

HV

|

|

- uv

Voob—* ?  |petect

|

|

|

f

ol A
=]l
B I
o

LEVEL &— PULSE
Rg? ViVes SHIFT ‘, FILTER I:
HIN LEVEL [—" l
| ) sHFT | ' puise —| E '
: L _d GEN I :
sD | }—o oV,
I L uv I
(I Yy, DETECT, :
LN f : LEVEL | Lo
| 5 SHIFT I
(== R Q DELAY :
Veg ' i : COM
L e e e e ]
Lead Definitions
Symbol| Description
Von Logic supply
HIN Logic input for high side gate driver output (HO), in phase
sD Logic input for shutdown
LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground
Vg High side floating supply
HO High side gate drive output
Vg High side floating supply return
Vce Low side supply
LO Low side gate drive output
CcOoM Low side return

www.irf.com



International

il IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
Lead Assignments
[E] Ho [7] 3] Ho [E]
2] voo vg [B] (i} ve [7]
[ia} HiN vs [ 5] (1] vop vs [€]
[0} so 4] GZ] HiN .|
G2} un veo [3] (12] sp ]
[13] vss com [Z1 (4] LN vee [3]
[05] vss coM [2]
(4] ~  o[T] ] 0 =
14 Lead PDIP 16 Lead SOIC (Wide Body)
IR2110/1R2113 IR2110S/1R2113S
e} HO [T] [&] Ho [7]
=] voo ve [&] E vbD ve [ 6]
% HIN vs [5] Gg] 1N vs [
SD [ 0T so X
= uN vee [3) {iz] un vee [3)
[G3] vss com [2] 13] Vss com [2]
(e ~ ‘o1 13 ~ w[T]
14 Lead PDIP w/c lead 4 14 Lead POIP wfo leads 4 & 5
IR2110-1/IR21131 IR2110-2IR2113-2
Part Number

www.irf.com




International
IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF Inlernalional
Vog =15V HV = 1010 S00V/EQ0V
I J“-cn l ﬁK.Fs +
HIN l."F I“F ) ]3 !l “'f.‘ﬁ 1;*0"? .rmkpsl 100uF
LIN 10 ;
—1+ [>1 1 ¥ o { ‘l_,&zfmwns
ot
5D ’—I I 12 { >-| %LT‘P(;R 10KF8 i
HO 1.3_f IRFa20 @E I
5 | ||

Figure 1. Input/Cutput Timing Diagram

Vg =18Y
[=)]
r Vi
oo Los I + a®
I”F I'"F r . 01] Lo 15y
3 8 uF IFF N
10 § ic r—Vs
N O——]
HIN 1 1% e {010 SOOV/B00V)
1Y S— . 10
12 Lo ufk
LIN o.————D—’_
I
13 2

Figure 3. Switching Time Test Gircult

90%

Figure 5. Shutdown Waveform Definitions

:

Figure 2. Floating Supply Voltage Translent Test Circuit

Figure 4. Switching Time Waveform Definition

Figure 6. Delay Matching Waveform Definitions
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TSR Rectifier

Tum-On Delay Tieme (ns)
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Flgure 7A_ Turn-On Time vs. Temperature

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

250
200
g
T [~~~L__
£ 150 Jow i
[ -"—-—-___________-_- - -
Ig 100 o
2
50
o
10 12 14 18 18 0
Veoives Supply Yoltage (V)

Filgure 78. Turn-On Time vs. Vec/Vas Supply Voltage
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Figure 7C. Turn-On Time vs. VDD Supply Voltage Figure BA. Turn-Off Time vs. Temperature
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Figure 8B. Turn-Off Time vs. Vcc/Ves Supply Voltage Figure BC. Turn-Off Time vs. Voo Supply Voltage
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF International

Shutdown Delay Time {ns}

Shutdown Delay Time (ns)
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Figure 9A. Shutdown Time vs. Temperature
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Figure 9C. Shutdown Time vs. VoD Supply Voltage
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IOR Rectifier

250 : 1

zm PR e e —— --}-—.-- e ) S ——
. |
E 150 T~ o l
VORI T
5 100 -—-—--_'—‘I-—-_._____ I -
Z
wy

50

[+]
10 12 14 16 1B 20
Vooves Supply Voltage (V)
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TSR Rectifier
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Figure 12B. Logic “1"” Input Threshold vs. Voltage
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15.0

120 | —

Max.

e )

g0 - --- B T —_— e ——

60

Logiz 1" Input Threshold (V)

39

00

-50 -25 Q 25 50 75 100 125
Tamparaturs {(*C)

Figure 12A. Logic “1” Input Threshold vs. Tempera-
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
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Figure 14B, High Level Output vs. Voltage
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Figure 17B. Vs Supply Current vs. Voltage
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LEADFREE PART MARKING INFORMATION

Part number-_—l RXXX)()(X

oaecoie | YWW? JTEIR | ricgo
PHRXXK—
Pin 1 —— '
Identifier o 1 !
Lot Code
MARKING CODE {Prod mode - 4 digit SPN code)
P Lead Free Released
Non-Lead Free X
Released !
B L Assembly site code
ORDER INFORMATION

Part only available Lead Free

14-Lead PDIP IR2110 order IR2110PbF

14-Lead PDIPiR2110-1
14-Lead PDIP IR2110-2

order IR2110-1PbF
order IR2110-2PbF

14-Lead PDIP IR2113 order IR2113PbF

14-Lead PDIP IR2113-1
14-Lead PDIP IR2113-2
16-Lead SOIC IR2110S

order IR2113-1PbF
order IR2113-2PbF
order IR2110SPbF

16-Lead SOIC IR2113S order IR2113SPbF
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International
ICGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310} 252-7105
This product has been qualified per Industrial level
Data and specifications subject to change without notice 3/23/2005
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