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ABSTRACT

The detail of this thesis is about the design and develop equipment that is used to
measure quanlity and diameter of dust by light scattering theory. This method is used for
measuring by Photo- detector |, it is duty of convert light signal which gets from light
scattering (o electronic signal and then microcontroller will evaluate the data from the
electronic signals. Dust in surrounding  has a different diameter . According to the different
diameter can search by intensity of light signal acquired light scattering of dust .This is
different intensity after convert light signal to electrical signal and we will get a different

voltage. So we can separate size of dust by using voltage.
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2.5 The Multi-Channel Analyzer (MCA)
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1ilips Semiconductors

Product specification

Quad 2-input NAND gate

74HCO00; 74HCTO0

IATURES

Compilies with JEDEC standard no. 8-1A

ESD orotection:

HBM EIAJJESD22-A114-A exceeds 2000 V

MM EIAJESD22-A115-A exceeds 200 V
Specified from —40 to +85 °C and 40 to +125 °C.

JICK REFERENCE DATA
D = 0 V: Tamp = 25 °C; t, = ;= 6 ns.

DESCRIPTION

The 74HC00/74HCTOO are high-speed Si-gate CMOS
devices and are pin compatibie with low power Schottky
TTL (LSTTL). They are specified in compliance with
JEDEC standard no. 7A.

The TAHCO0/7AHCTO0 provide the 2-input NAND
function.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
T4HCOO | T4HCTOO
HtpLH propagation delay nA, nB to nY C.=15pF,Vec =5V {7 10 ns
| input capacitance 35 3.5 pF
PD power dissipation capacitance per gate jnotes 1 and 2 22 22 pF
stes
Cpp is used to determine the dynamic power dissipation (Pp in pW).
Pp=Cpp % Vec? x fix N + I(CL x Vec? x f,) where:
fi = input frequency in MHz,
fo = output frequency in MHz;
C, = output load capacitance in pF;
Ve = supply voltage in Volts;
N = total load switching outputs;
E(CL % Vo x fo} = sum of the outputs.
For 74HCO00 the condition is V= GND to Vec.
For 74HCTO0 the condition is V, = GND to Vg — 1.5 V.
INCTION TABLE
e note 1.
INPUT OuTPUT
nA nB nY
L L H
L H H
H L H
H H L
ste
H = HIGH voitage level;
L = LOW voitage level.
103 Jun 30 2



vilips Semiconductors Product specification

Quad 2-input NAND gate 74HCOO0; 74HCTOO

RDERING INFORMATION

PACKAGE
FYPE NUMBER TE"&EQEURE PINS PACKAGE MATERIAL CODE
4HCDON —40 to +125 °C 14 DIP14 plastic S0T27-1
4AHCTOON —40tc +125 °C 14 DIP14 plastic SOT27-1
4HCO0D —40to +125 °C 14 5014 plastic SOT108-1
4HCTOOD —40 to +125 °C 14 s014 plastic SOT108-1
4HCO0DB —40 1o +125 °C 14 SS0P14 plastic SOT337-1
4HCTO0DB —40 to +125 °C 14 SS0P14 plastic SOT337-1
4HCO0OPW —40to +125 °C 14 TSSOP14 plastic 50T402-1
AHCTOOPW —40 10 +125 °C 14 TSSOP14 plastic S0OT402-1
4HC00BQ —40to +125 °C 14 DHVQFN14 plastic SOT762-1
4HCTO0BQ —401t0 +125°C 14 DHVQFN14 plastic 85017621
NNING
PIN SYMBOL DESCRIPTION
1 1A data input
2 1B data input
3 1Y data output Wi} O 14} vec
4 2A data input B[] 1] 48
5 28 data input 1v[3 2] 44
6 2y data output 2a[4 o0 E ay
7 GND ground (0 V) 2l [10] 38
8 3y data output o[B8 Bl
9 3A data input ano [7 E v
10 B data input prrer
11 4Y data output
12 4A data input ) _ .
P 2B data input Fig.1 (!—:'ru)'lsosogf;gﬂ‘:r.atfon DIP14, 8014 and
14 Vec supply voltage

03 Jun 30 a



hilips Semiconductors

Product specification

Quad 2-

input NAND gate

74HC00; 74HCTOO

1Y

2A

2B

2y

(1) The die subsirate is atlached to this pad using conductive die
gtiach material. It can not be used as a supply pin or input.

Fig.2 Pin configuration DHVQFN14.
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hilios Semiconductors Product specification

Quad 2-input NAND gate 74HCOO0; 74HCTOC

ECOMMENDED OPERATING CONDITIONS

T4HCO00 T4HCTOO0
SYMBOL PARAMETER CONDITIONS UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
oo supply voltage 2.0 5.0 6.0 4.5 5.0 55 v
il input voltage 0 - Vee 0 - Vee v
o output voltage 0 - Vee 0 - Veo v
‘amb operating ambient see DC and AC —40 +25 +125 |40 +25 +125 1°C
temperature characteristics per
device
7 input rise and fall times  |Vee =20V - — 1000 |- - - ns
Ve =45V - 6.0 500 - 6.0 500 ns
Vec=6.0V - - 400 - - - ns

MITING VALUES
accordance with the Absolute Maximum Rating System (IEC 60134); voltages are referanced to GND (ground = 0 V),

iYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT

cc supply voltage -0.5 +7.0 v

K input diode current Vi<05VorV>Vect 05V - 120 mA

K oulput dicde current Vo<05VoarVo> Ve +05V - 120 mA

) output source or sink 05V <Vg<Vge+05V - 125 mA
current

. lenp | Voo or GND current - 150 mA

stg storage temperature —65 +150 “C

tot power dissipation Tamp = —40 to +125 °C; note 1 - 500 mw

e
For DIP14 packages: above 70 °C derate linearly with 12 mW/K.
For SO14 packages: above 70 °C derate linearly with 8 mW/K.
For SS0P14 and TSS0P14 packages; above 60 °C derate linearty with 5.5 mw/K.
For DHVQFN14 packages: above 60 °C derata lineady with 4.5 mW/K,
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hilips Semiconductors Product specification

Quad 2-input NAND gate 74HCOQ; 74HCTQO
C CHARACTERISTICS
/pe T4HCOO
t recommended operating conditions; voltages are referenced to GND (ground = 0 V).
TEST CONDITIONS |
SYMBOL PARAMETER MIN. TYP. MAX. | UNIT
OTHER T Vee (V)
‘amb = —40 to +B5 °C; note 1
"H HIGH-level input voltage 20 1.5 1.2 - v
4.5 3.15 24 - v
6.0 4.2 3.2 - v
n LOW-level input voltage 2.0 - 08 0.5 v
4.5 - 21 1.35 \
6.0 - 2.8 1.8 v
'oH HIGH-level output voltage | V| = Vyor Vi
lo=-20pA 2.0 1.9 20 - v
lg=-20 pA 45 44 45 - v
lo=-20 pA 6.0 59 6.0 - \
Ig=-4.0mA 45 3.84 432 - \
lg=-5.2 mA 8.0 5.34 5.81 - v
oL LOW-evel output voltage [V =V iqor V)L
lo =20 pA 20 - 0 0.1 v
o =20 pA 4.5 - 0 0.1 v
lo = 20 pA 6.0 - 0 0.1 v
io=4.0mA 4.5 - 0.15 0.33 \
lo=52mA 6.0 - 0.16 0.33 v
| input leakage current Vi = Ve or GND 6.0 - - +1.0 LA
1z J-state output OFF current | Vi = Vg or Vi, 6.0 - - +5.0 HA
Vo =V or GND
c quiescent supply current V| =Vecor GND; Ig =0 (6.0 - - 20 LA

03 Jun 30 I3



hilips Semiconductors Product specification

Quad 2-input NAND gate 74HCO00; 74HCTO0O
TEST CONDITIONS }
SYMBOL PARAMETER MIN. TYP. MAX. | UNIT
OTHER Vee (V)
“gmb = —40 to +125°C
Ny HIGH-level input voltage 2.0 15 - - Vv
45 3.15 - - Vv
6.0 42 - -~ v
" LOWHevel input voltage 2.0 - - 0.5 v
45 - - 1.35 Vv
6.0 - - 1.8 v
"oH HIGH-level output voitage |V, =ViyorV
io=-20 uA 2.0 19 - ~ Vv
lo =-20 uA 4.5 4.4 - - v
lg=-20 pA 6.0 59 - ~ v
lo=—4.0mA 45 37 - -~ Vv
ig=-52mA 6.0 5.2 - ~ v
'oL LOWHevel output voltage (V| =Vigor VL
1o =20 pA 2.0 - - 0.1 v
lo =20 pA 45 - - 0.1 Vv
lo =20 pA 6.0 - - 0.1 Vv
lg =4.0 mA 45 - - 0.4 \'4
ig~5.2mA 6.0 - - 0.4 v
1 input leakage current V| = Vg or GND 6.0 - - +1.0 WA
37 3-state output OFF current | V, =V, or V5 6.0 - - +10.0 HA
Vo =V or GND
i quiescent supply current | V| = Ve or GND; I =0 | 6.0 - - 40 HA
e

All typical values are measured at Tay, = 25 °C.

03 Jun 30 7



hilips Semiconductors Product specification
Quad 2-input NAND gate 74HCO0; 74HCTOO
ype TAHCToOD
t recommended operating conditions; voltages are referenced to GND {ground = 0 V).
TEST CONDITIONS
SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT
OTHER Vee (V)
Famb * —40 to +B5 °C; note 1
fH HIGH-level input voltage 451055 |20 1.6 - \'
i LOWHevel input voltage 4555 |- 1.2 0.8 v
foH HIGH-level output voltage V| =Viyor V||_
Ig=-20pA 45 4.4 45 - v
Ig =-4.0mA 4.5 3.84 4,32 - \'
‘oL LOW-level pulput voltage Vi=Vigor V)
lo = 20 pA 4.5 - o 01 v
lo = 4.0 mA 4.5 - 0.15 0.33 v
] input leakage current Vi=VegorGND |55 - - +1.0 MA
1z 3-state output OFF current Vi=ViyorVy; 5.5 - - 5.0 WA
Vg = Ve or GND;
Ilg=0
- quiescent supply current V,=Vgeor GND; 155 - - 20 BA
lo =0
lee additional supply current perinput (V| =Veoc 2.1V, |45t05.5 |- 180 675 uA
lg=0
amb = —40 to +125°C
H HIGH-level input voltage 45065 |20 - - \'
L LOW-lavel input voltage 45t055 |- - 0.8 v
‘OH HIGH-level output voltage Vi=ViporVy
lo = -20 uA 45 4.4 - - v
log=-4.0mA 4.5 a7 - - \'
oL LOW-leve! output veltage Vi=Vihor vy
g =20 pA 4.5 - — 0.1 v
o =4.0mA 4.5 - - 04 v
1 input leakage current Vi=VgcorGND |55 - - +1.0 HA
'z 3-state output OFF current Vi=VgorVy; 5.5 - - +10 LA
Vo = Ve or GND;
lg=0
e quiescent supply current Vi=Vecor GND; 155 - - 40 uA
ioc=0
lce additional supply current perinput (Vi =Vee - 2.1V, [45t055 |- - 735 WA
lo=0
e

All typical values are measured at Tgme = 25 °C.
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hilips Semiconductors Product specification

Quad 2-input NAND gate 74HCO00; 74HCTO0

C CHARACTERISTICS

ype 74HCOO
ND=0V;I,=t=6ns; C_=50pF

TEST CONDITIONS
SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT
WAVEFORMS Vee (V)

‘amb = —40 to +85 °C; note 1

syt | propagation delay nA, nB to nY see Fig.6 2.0 - 25 115 ns
seo Fig.6 45 - 9 23 ns
see Fig.6 6.0 - 7 20 ns
HftTLH output transition time 20 - 19 95 ns
45 - 7 19 ns
6.0 - 6 16 ns
amp = —40 to +125 °C
suftpLH propagation delay nA, nB to nY see Fig.6 2.0 - - 135 ns
see Fig.6 4.5 - - 27 ns
see Fig.6 6.0 - - 23 ns
HLATLH output transition time 2.0 - - "o ns
4.5 - - 22 ns
6.0 - - 19 ns
ite

All typical values are measured at Tamp = 25 °C.

pe TAHCTOO
ID=0V;{y=4=6ns; C_ =50 pF
TEST CONDITIONS

iYMBOL PARAMETER MIN. | TYP | MAX, | UNIT

WAVEFORMS Vee (V)
amb = —40 to +85 °C: note 1
HUtein | propagation delay nA, nB tonY see Fig.6 45 - 12 24 ns
HLtTLH output transition time 45 - - 29 ns
amb = —40 to +125 l)c
HUtPLH propagation delay nA, nB to nY see Fig.6 4.5 - - 29 ns
Ut output transition ime 4.5 - - 22 ns
te

All typical vaiues are measured at Tamp = 25 °C.

03 Jun 30 g



hilips Semiconductors

Product specification

Quad 2-input NAND gate

74HCOQ; 74HCTO0

C WAVEFORMS

Vi
nA, nB Input Vi
GND
=l tpHL - =P
VoH ———1
nY output Vi
VoL
i - L — o tTLH
MNAZ18

TAHC00: Vyy = 50%; V| = GND to Ve,
TAHCTOO: V=13V, V\=GNDo3 V.

Fig.6 Waveforms showing the input (nA, nB) to oulput {nY) propagation delays.
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‘hilips Semiconductors Product specification

Quad 2-input NAND gate T4HCOQ; 74HCTO0

'ACKAGE OUTLINES

NP14; plastic dual in-line package; 14 leads (300 mil) S0T27-1
- D
[+
=
&
[=%
g !
s P
g
i L
lez
b pa—
14 j 8
107 r'ﬁﬂ.‘l sl
in 1 Index 1 I
/F‘
e et S
| l
I S W I ) W Iy W ]
1 7
s} 5 10 mm
| S T S ST WO R NEN R SO S |
scale
DIMENSIONS {Inch dimensions are derived from the original mm dimansions)
{n
unT | A | AL Az by c ot { M | o 0 Lofome | Mg | ow [ T
173 | 053 | 038 | 19.50 | 6.48 360 | 825 | 100
mmopo42 4 051 32 | yus | o3g | p23 | 1855 | 620 | 2% | 782 ) 305 | 780 | sa | 0254 22
) 0068 | 0021 | D014 | 077 | 026 6ia | 032 | 029
'“':““5{ 017 ;1 062 [ 013 | 4449 { 0015 { o0ua { 073 { g2 | O 03 | g1z | par | cag | 001 | 0067
Note
1. Plastic or metal profrusions of 0.25 mm (0.04 inch) maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
( VERSION IEC JEDEC JEITA PROJECTION
ETNTETS
l SOT27-1 050604 MO-001 5C-501-14 G@ 01
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‘hilips Semiconductors Product specification

Quad 2-input NAND gate 74HCQQ; 74HCTO00

0O14: plastic smafil outline package; 14 leads; body width 3.9 mm SOT108-1

.
|

[zif2 I T

[l—

*'IZ
hARbBRAR

N 'L ''''' NN 'I:T Q(A) l
pin 1 index ' l——T— g‘a ¢ l

/- | f RS
LY e

‘J (& w @) detall X

by

DIMENSIONS {inch dimensions are derfved from ths orlginal mm dimenslons)

mrr m‘:x_ At | Az [ Ay | by | ¢ (DU EW| & [HeE | L F Lp [ @ | v | w i vy [2W] a
mn | 175 )00 | 125 | %5 | 03 | 0 | ass| a8 | "% | 56 [ 195 | o4 | 06 | 025|925 01 | 53 |
roes [ome 0508|357 01 [00robare 52 | a1 | o0% [ a3t oo |78 aeae] oo [ oo oo a572]
Note

1. Plaslic or meta) protrusions of ©.15 mm {0.G06 inch) maximum per side are not included.

QUTLINE REFEREMCES EURQPEAN
VERSION 1EC JEDEC JEITA PROJECTION

f SOT108-1 O76EDE MS-012 E @ 03-02-18

ISSUE DATE
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'hilips Semiconductors

Product specification
Quad 2-input NAND gate 74HCO0; 74HCTO00
iS0P14: plastic shrink small outline package; 14 leads; body width 5.3 mm SOT337-1
o
| S— 1 \
_ , f |/ \
Grl T e
T
(O] y] » He |« Sv@[a)
-2
14 8
B I
]
| —
! f a I
A
—-——4-—- r Aq —\_?1 R A
pin 1 l‘ndex j L
| —— 8
ol B
= der— e | -
bl
RN T
le] o
a 25 5mm
e )
scale
DIMENSIONS {mm are the original dimenslons)
T3 I A VI O B WL S O I LU - O I T T A EEREE
0.21 | 180 036 | 020 | 64 | 54 78 103 | 08 14 | 8°
™" 2 laos | 185 | 0% fozs oo | 60 |52 |95 74 | " |ass| o7 | 02|03 01 { gg | o
Noto
1. Plastic or metal protrusions of G.25 mm maximum per side are not included,
OUTLINE REFERENCES EURDPEAN
ISSUE DATE
VERSION 1EC JEDEC JEITA FROJECTION
8OT337-1 MOD-150 == @ oy
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‘hilips Semiconductors

Product specification
Quad 2-input NAND gate 74HCOQ; 74HCTO0
rSSOP14: plastic thin shrink small outline package; 14 leads; body width 4.4 mm S0T402-1

rr—— D - |

iy L . | —
’Lfﬁ' : ,
‘HEHAAHH
|
bl a T
he Ay N P s
Pr‘r;ljndex l {:'_\%i * l
O t —r F__’B
TYTORTT s
AARtES

&
N
2]

DIMENSIONS (mm sre the original dimenslons)
T

“ " b !
A ‘- I
[umT max, | M | Az | A3 | Bp | e ‘ ol E(311 e | He | L | Ly | @ v | w y [ ZW| o
L | ‘ a
045 | 095 030 | 02 | 51 | 45 66 075 | 04 072 | B
’ mm 15| gos | gsa {925 o9 | 01 | a9 | 43 ! 085) 62 | ' om0 | 03 | 02 (01| 01 fos8( o
Notes

1. Plastic or melaf protrusions of 0.15 mm maximum per side are nat included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not incided.

‘ OUTLINE | ) REFERENCES EUROPEAN
VERSION | |EC JEDEC JEITA PROJECTION

S0T402-1 ‘ MO-153 | ‘E@ l 03-02-18

ISSUE DATE

l
1
L
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*hilips Semiconductors Product specification

Quad 2-input NAND gate 74HCOO0; 74HCTOO

JHVQFN14: plastic dual in-line compatible thermal enhanced very thin quad flat package; no leads;

4 terminals; body 2.5 x 3 x 0.85 mm 50T762-1
1
- ° T
| I
I
1
H .I
- | %
— e — " —— E c
( ! }
tarminat 4 !
index area !
|
tarminal 1 N - [
indax area
\—-—r h-'- & v @[c[AB] Y]
| wm|C
2 6
BN -
S HURURURY
i |
- | et
Eh ""“"——'“’—l‘——“—'—— =
| W[ i iy K N
| f \
1 | '
Q0 M NN \ /
13 ' 9 N /
hat——— D ——— N .
[x]
0 25 5mm
1 L L . I | 1 ! - PR |
scale
DIMENSIONS (mm ares the originai diimensalons)
All)
UNIT| G| At b c [ DV by | EOF} Ep | @ oy L v w y ¥1
0.05 | 0.30 31 1165 | 26 | 115 05
mm (4 e {08! 2 | 29 (135 24 {oas( 05 | 2 1 g3 | 01 005 005} O
Note
1. Plastic or meta! profrusions of 0.075 mm maximum per side are nat included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION [EC JEDEC JEITA ] PROJECTION
BE-1E-4F
SOT762-1 - MO-241 ce- ( == @ oy
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*hilips Semiconductors Product specification

Quad 2-input NAND gate 74HCO00; 74HCTOO
JATA SHEET STATUS
LEVEL D.g'_ll'_:TSLI:SE(ET s?:?ggg(l;) DEFINITION

f Objective data | Development | This data sheet contains data from the objective spedification for product
development. Philips Semiconductors reserves the right to change the
specification in any manner without notice.

1 Preliminary data | Qualification | This data sheet contains data from the preliminary specification.
Supplementary data will be published at a later date. Philips
Semiconductors reserves the right to change the specification without
notice, in order to improve the design and supply the best possible
product.

It Product data Production This data sheet contains data from the product spedification. Philips
Semiconductors reserves the right to make changes at any time in order
to improve the design, manufacturing and supply. Relevant changes will
be caommunicated via a Customer Product/Process Change Notification
{CPCN).

otos
Please consult the most recently issued data sheet before initialing or completing a design.

The product status of the device(s) described in this data sheet may have changed since this data sheet was
published. The latest information is available on the Internet at URL htip:/fwww.semiconductors.philips.com.

For data sheets describing multiple type numbers, the highest-ievel product status determines the data sheet status.

EFINITIONS DISCLAIMERS

horti-form specification — The data in a short-form L.ife support applications — These products are not
secification is extracted from a full data sheet with the designed for use in fife support appliances, devices, or
ame type number and title. For detailed information see systems where malfunction of these products can

e relevant data sheet or data handbook. reascnably be expected to result in personal injury. Philips

Semiconductors customers using or selling these products
for use in such applications do so at their own risk and
agree to fully indemnify Philips Semiconductors for any
damages resulting from such application.

imiting values definition — Limiting values given are in
xcordance with the Absolute Maximum Rating System
=C 60134). Stress above one or more of the limiting
dues may cause pemmanent damage to the device.
1ese are stress ratings only and operation of the device  Right to make changes — Philips Semiconductors
.these or at any other conditions above those giveninthe  reserves the right to make changes in the products -

haracteristics sections of the specification is not implied.  including circuits, standard cells, and/or software -
xposure to limiting values for extended periods may described or contained herein in order to improve design
fect device reliability. and/or performance. When the product is in full production

{status ‘Production’), relevant changes will be
communicated via a Customer Product/Process Change
Notification {CPCN}. Philips Semiconductors assumes no
responsibility or liability for the use of any of these
products, conveys no licence or title under any patent,
copyright, or mask work right to these products, and
makes no representations or warranties that these
products are free from patent, copyright, or mask work
right infringement, unless otherwise specified.

pplication information — Applications that are
1scribed herein for any of these products are for
Jstrative purposes only. Philips Semiconductors make
)representation or warranty that such applications will be
iitable for the specified use without further testing or
odification.
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5i PIN photodiode

S1 223 series @

For VlSlb|e to IR, precision photometry

@ High sensitivity @ Optical measurement equipment
@ High reliability @ Analytical equipment, etc.
@ High-speed response
51223: fc=30 MHz
51223-01: fo=20 MHz
@ Low capacitance

Ganearal ratings

Parameter Symbal S1223 $1223-01
indow matarial - borosilicale glass -
wckage - TO-5 -
tive area size A 24=28 35x36 mm
fective active area - 6.6 13 mm?
Absolute maximum ratings
P e ho
verse voliage VR Max. 30 v
wer dissipation P 100 mw
yerating temperature | Topr -40 to +100 °C
xage temperature Tstg -9510 +125 °C
Efectrical and optical characteristics {Ta=25 °(
P e G O
ectral response ran 3 - 320 t0 1100 - - 320 10 1100 - nm
ak sensitivity waw Ao - 960 ~ - 960 - nm
A=AD - 0.6 - - 0.6 -
"y A=660 nm - 0.45 - - 0.45 -
oo sensitraty S D=r80nm . 0.52 - . 0.52 - AW
A=830 nm - 0.54 - - 0.54 -
ort circuit current Isc 100 & ) 6.3 ~ 10 13 - HA
K current b |VR=20V - 0.1 10 - 0.2 1Q nA
mp. coefficient of Ip Tt - 1.15 - - 115 - timasl’C
t-off frequency fc |VR=20V -3dB - 30 - - 20 - MHz
minal capacitance Ct  |VR=20V, f=1 MHz - 10 - - 20 - ‘1 pF
ise equivalent power| NEP [VrR=20V - 94 x 1015 - - 1.3 = 10 - WiHz'”
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s r‘ r ENF W IEP DN ;




e

B Spectrai response W Photo sensitivity temperature characteristic
(Typ. Te=26 "C) {Typ.}
a7 +1.5 I T 1
H
08 3
§ os ol \ E +10
e
- [T7]
: \
E 04 E
3 \ A s
2 o S /
B e
Q =]
E o2 7 E | e
2 J ﬁ 0 — :
& o . 3
H |
b E } i
0 05 S
200 400 g00 800 1000 200 400 §00 800 1000
WAVELENGTH {nm) WAVELENGTH {nm)
KPRED 43EA KPINED- A4EA
B Dark cumrent vs. reverse voltage B Terminal capacitance vs. reverse voltage
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I Dimensional outline {unit: mm)

391+£02
WINDOW |
5.0 +0.1 %810
PHOTOSENSITIVE
SURFACE e
$#0.45
LEAD D

508202

CONNECTED TO CASE The glass window may extend a
Y maximum of 0.2 mm above the

@ D Uppar sutace of Mo tap. -
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18-D818; Rov 1; R/06

Voltage Operatlonal Amplifier

Genevral Description

Tha OPO7 is & precigion operational amplifier with
very iow input offsel voltage (10aV typ., 254V max.
tor the OPQ7A), input offsst drift of 0.2uV/°C and low
input bias current of 0.7nA, The wide input common
mode range of +14V combinad with high CMRR of
11098 minimum (OPQ7A), plus high input impedarce
and high open-loop gain make these devices particu-
larly useful for high-gain instrumentation applications.

The excelient linearty and gain accuracy ars main-
tainad at high opa gains, over both time and
temperature. The OPO7 has bscoms an industry
standard and Waxim's reliability and quality are
added advantages.

Applications

Precision Amplifiers
Thermocouple Amplitiers

Low Level Signal Processing
Medical Instrumantation

Strain Gauge Amplifiers

High Accuracy Data Acquisition

Pin Configuration

Top View

Yox TR

MAXIW

Low Offset

Fentures

# Ulira Low Oftast Voltage: 10,V

4 Utira Low Oftest Valtage Drift 0.2,V/°C
# Ultra Stabie vs. Time: 0.2.V/Month

4 Uttra Low Nolsex 035N,

# Wide Supply Voltage: 3V w +18V

# High Common Mods input MV

¥ No External Components Required

& Fits ADEW, 725, 108A/308A, M1 Sockeis

Ordering Information

MART TEMR RANGE PACKAGE
OPOTAJ -S8°C {0 +125°C TO-99
OFa7) 55°C I +125°C TO-8%
OPOTE) 0*C to +70"C TO-09
oRo7C) 0°C W +70°C TO-9%
ORO7DJ 0°C to +70°C TO99
OPOTEP O°C 0 +70°C 8 Lead Pstic Dip
OPOTCP o o +70°C 8 Leaa Prastic Dip
OPOTOP 0*C o +70°C 8 Lead Piastic Dip
OPO7AZ -S5°C W +125°C B Lend Harmatic Dip
OPO7TZ -55°C to +128°C 8 Lead Hermsiic Dip
OPO7EZ 0°C to +70°C 8 Load Hermetic Dip
orRg7C2 0°C 10 +70°C 8 Lead Hermetic Dip
OROTECSA 0°C lo +10°C B Laad Smell Oytine
OPQTCCSA  0°C o +10°C 8 Load Small Outline
OPOTDCSA 0°C to +70°C 8 Laad Small Outline
OPOTIHD 0°C 10 +T0*C Dioe

T Cortact fctofy for dice SpecHications.

Typicai Operating Clrcult

e
' Vou TV (T}
n g
[ "]
e=—ll High-Stability
8 Laad Small Outline Thermocouple Amplifier
MAXLN Maxim integrated Products 1

Call toll free 1-800-996-0800D for froe samplos or HHersture.

~



7

Low Offset
Voltage Operational Amplifier

ABSOLUTE MAXIMUM RATINGS
Total Supply Voltsge (V* 1o V™) Stormge Tempersturs Range . =66°C o +190°C
Intarnal Power Disslpation ........................... Operating Tamparature Range
TO-08(J) -~ demte ut 7.1mW/“C above +80°C OPOTAJ, OPOTAZ, OPOTS and OPOTE . ... -5&°C to +125°C
Hermstic Dip{Z) — derate at . TmW/*C above +75°C Al Other Parle . ,........ e .. PG w+70°C
Plastic Dip(P) - devats at 5.8mW/*C above +36°C Laad Tempsrature {Soldering, 10 ee0) ...... cen. +300%C
Small Ouitline -~ derste at 5mW/*C above +556°C Duration of Output Short Cirgalt ........... ..o . Indefiniie
Differertial Input Yoltage .............ocovenivnniraens W Junction Temperahwre (T) .......oovnnvean ﬂ‘c o +10rC
Input VoHage (NOW T} .......iiviriiineinnsinaan e ieeas WV
Mole 1:  For supply voltages less than 122V, the abaoluta manimum (nput voltage is aqual to the supply voitage.
Girsasns above Henne Heted r "Absohste A g t0 the device. Thees are siress ratings only and functional
MNGMMHIMWMLWWMMWhrM ] jorg of the speodications fs mof impifed. E o
Mzhrunr rating conditions for sxtentd penads may affect Sewics refability.
ELECTRICAL CHARACTERISTICS
(Vg = £15V, T, = +28°C, uniete ctherwise noted.)
PARAMETER STMEOL CONDITIONS A uNITe
MIN TP MAX BIN TP MAX
Input Offset Voltags Voe [Note 2) 10 b n b m
Long Term input Vou/Tine | (Note 3) 02 10 02 10 aV
Offset Voltage Stapility ) Muorikh
Input Offest Current los 03 20 04 20 nA
Input Bias Current Iy H0r 2.0 +1.0 +3.0 nA
Input Noisa Voitage Sppr | 0.1HZ to 10HZ (Note 4) 035 08 035 08 Verp
Notos Volta o = 10Hz (Note 4) 10.3 18.0 10.3 180
mﬂv L™ fo = 100Hz (Nate 4) 0.0 13.0 100 130 | vz
fo = 10D0H (Note 3) 28 1.0 a8 1o
input Nolse Gument Ipp | OTHE 10 10HT (Note 4) 14 0 14 B | pApp
o = 10Hz (Note 4) 0.32 0.80 032 0.80
gg:‘.:":nm Iw | fo W00Hz {Note 4} 014 oz 014 023 |pAdFE
1o = 100DHz (Note 4) 0.12 017 0.12 .0ar
Input Resistance '
Diftarart el Mo (.. (Note 5) LY a0 20 50 MR
Input Resistance
Com Moo Ao 200 200 Gn
input Voitage Range IVR . +13 +14 13 14 v
Common-Mode -
R ion Ratio CMRR | Ve, = 113¥Y i3l 126 110 120 [ -]
:W.:‘:Rﬂi:';o PSAR | Vg =13V to +1BV 4 10 4 10 | uwv
Ry 2 2k}, Vo = 10V 300 500 200 500
mg:ﬂ Ay A 2 50061, Vo = H0.6V 150 400 130 400 Vimy
Vg = 1Y (Note §)
Ry 2 10kn +125 1130 1256 130 )
Output Voltage Swing Vo A 220 #1280 128 +120 +128 v
R =1kl +10.5 1120 +10.5 +120

Mol 2 OPO7A grade Vog |s memsursd one minute atter application of power. For all other grades Vg is messured spproximaiely 0.5
asconds stter application of power.

Note X Long-Term Input Otfest Voltage Siabiily refers Lo the average trend line of Vag ve. Time over cxiunded perlods aker the first 30
days of operation. Excluding the infial hour of opemtion, changes in Vg during the first 30 oparsting days are typically
2.5u¥. Paramneter is sample tested.

Moln 4:  Sampie toriod.

Mole8: Guarsniesd by design.

2 AAXIMN



Low Offset
Voltage Operational Amplifier

ELECTRICAL CHARACTERISTICS (continued)

(Vg = 18V, T, = +23°C, uniess otherwise notad )

PARAMETER SYMBOL CONDITIONS UNITB
MIN ™we MAX NN e MAX
Siew Rate &R Ry, = 2kl {(Nowe 6) 01 0.3 01 a3 S
Clossd 1 cop BW | Ay, = +IV (Note 6] 04 08 04 08 MHz
g::in-wop Output Ry Yo =DV, lg=0 0 L] n
Vg = 215V, No Load 75 120 % 20
Powser Conmsumption Pg V: = 3V, No Losd 4 8 4 a mw
Offsel Adjustmant Ry = 2011 14 4 my
Range L =
Noke §:  Sampie testad. i
ELECTRICAL CHARACTERISTICS
(Vg = 215, -55°C < T, = +125°C, unleas otherwise notad.}
OPETA op?
MRAMETER SYMBOL CONDITIONS UNITS
MIN TvP MAX MiN TY® NAX
Input Offeet Vohage Voa (Nota 7) 7] o0 80 200 uv
Averags Temparature
Gowfficlant of input TCVgy | (NoteB) D2 08 03 13 v c
Ofiset Voltage
Input Ofmet Current log o8 4.0 1.2 5.6 nA
Average \nput Oftast
Currant DMt TClgg | MNcteB) 5 28 ] 80 PA/C
input Blas Current iy o 0 +2.0 B0 nA
Avetage Inpul Blas
c t Drift TClg {Nota B) 8 28 13 0 pA/*C
input Voltage Range VR 13 *135 +13 +135 v
Comman-kiode 2
Rejection Rats CMRAR Ve =313V 108 123 108 123 ap
Power Supply .
Rejaction Ratl PERR Vg = 23V +18Y ] 20 5 20 Y
Large Signai =
Voliege Gain Aw R 2o, Vo= T10V 200 0 130 ) wmy
Output Voltags Swing Vo R, = 2ki} $120 128 120 1124 v
NewT: OPOTA grade Offeet Voltage is massursd one minuio aiter spplication of power, For all pther grades Vo I8 Mezsured 0.5

secovuds after power on.

MNols & Sample testég.

MAXIN

L
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Low Offset
Voltage Operational Amplifier

ELECTRICAL CHARACTERISTICS
(Vg = 115V, T, = +25°C, unless otherwise notad )
OPOTE OoMTC OPTD
PARAMETER SYMBOL CONDITIONS
MIN. TYR MAX | BMIN. TYR MAL | MINL TYP MAX
Input Cftest Voliage Yos {Note 1} 30 8 80 150 a0 150 | gV
Long Term W
Input Cftsat Voe/Time | (Nots 2} 03 t5 04 20 05 a0 M:nth
Yoltage Stability
Input Ofisat Current loa 0.5 38 048 a0 08 6.0 nA
{nput Bias Current 1a +12 0 1.8 70 120 H20| oA
Input Noise Voltage eypp | DIHEto 10HZ [Note 3) 035 08 038 085 038 085 | uVpp
Input Noise [ = 10Hz {Note 3) 103 180 105 20 w5 200
Vonage Density o T = W00HZ (Noke 3) 08 10 w2 135 wa 135 Wﬁ
Ig = 1000H2 (Nots 3} :X) ne 28 118 - 3] 15
input Notss Curren larp ?mg; 10Hz VI 5 B % | pAes
fo = 10Hz {Note 3) 032 080 038 080 035 090
o e oty e | 1o~ 100Hz (Note 3) oM 023 a5 027 015 oz pw’#
fo = 1000HT (Node 3) 012 0417 013 0.8 013 Qa8 |
Imput Resistanca
Ditferer sl Mode A {Nots 4) 15 S0 8 3 7 | Mn
Inpuit Resisiance
Comnon-Mode ; . 180 120 120 Gi}
Input Voitage Ranpa VR 13 T4 13 34 *3 14 v
Common-Mods .
Rejection Ratic CMRAR | Vo =13V 108 123 D0 120 o 1m0 dB
Power Supply -
Rejaction Ratio PSRR Vg = 13V to 18V £ 20 7 az 7 P2 wY
R 22k0, Vo =410V | 200 500 120 400 120 400
amg‘:,‘; Awo | Ri=800M, Vo~ 105V | 150 400 100 400 pres wmv
Yy = £V (Nots 5)
R_=10kN 125 130 120 130 +120 3130
Output Voltage Swing Vg R, =240 120 128 £115 +128 +115 +128 v
R_ 2140 +105 120 120 120
Siow Rala SR Ry > 2k0 (Note 3) o1 [ ] Q.1 03 1 ] Vi8S
Closed-Loop =
Baataridin BW | Ay = +1V (Note 3) 04 08 04 08 04 08 MHz
O Output
Rm P Ao | Vo=tW.ig=0 o0 & 80 0
Vg « +15V, No Load ™ 120 60 150 80 150
Power Consumption Pd Vi = +3V, No 4 I 4 M 4 8 mw
Otsst Adjustment - -
Rangs Rp = 2001 =4 Y] =] mv
Node t:  Input Offset Voluul'mulurmonh Ao parformed by automaied test squinment approximately 0.5 ssconds after application of
oW,
Mol 2  Long-Term input Offset Stability refers to tha sverags wend |ine of Yoy va Time over sxténded periods after the fwst 30 days of
operetion,
Nole . Sample tested.
Nole 4. Guaranised by design.

. _ MAXIN




Low Offset

Voltage Operational Amplifier

ELECTRICAL CHARACTERISTICS
i = TI5Y, 0°C < T, < +70°C, unless otherwiss noted.)
QOPOTE OPOTC OoPOTD
PARANETER SYMBOL CONDITIONS
MIN. TYR MAX.| MIN. TYP. MAL| MIN. TYR MAX
Input Ofteet Vottage Vos (Note 5) & 130 8 250 85 250 | pv
Average Temporature
Coefficiant of Input TCVos | {Ncte 8} a3 13 04 18 07 25 [p¥C
Offset Vollage ’
Input Otfeet Currert los 09 53 16 8.0 18 8.0 nA
Anraqog:;lutoﬂm TClog | (Note®) - 3% 1 & 12 8 jpN°C
Input Bias Current la N5 55 22 190 30 14 nA
Average Input Blas
Cuwem DIt TCla (Nots 8) 13 35 b1} 50 hl.] 3 1pAG
Input Voltage Range VR +H3I0 136 130 135 130 135 v
Common-Mode =
Rejection Ratio CMRR | Ve, =113V w1 8 120 M 108 o8
Powear Supply =
Resjsction Aatio PSARA ¥y =13 D 118y 7 a2 10 5 10 51 uy
Large Signal =
Yoage Gain Ayo Ry 2200, Vg = 11V 180 400 100 400 0o 400 v/mvy
Qutput Voltage Swing Vg R = 2k} 3120 +124 10 128 10 128 Y]
Nols B2 (nput Offast Yoitmge s masaured 0.5 seconds after applicstion of poveer.
Nolpe:  Sample teated.
»n r
o a e 7
z&n
AL L)
y—w»—-r—- wrel
" 3 DFO?‘ Iﬂi
] wa ¥ = <Nl FLEN
oy -
Figure 1. Optional Offesl Nuiling Cireust. Figure 2. Low Frequency Noise Tast Cucull.
INPUT BAR CURRENT INPUT OFFSET CURRENT THNPUT BIAR CURRENY v
v TEMPERATURE v TEMPERATURE DIFFERENTLAL INPUT YOLIAGE
4 11 ] n
. h'# . l' [\ 3
w »
g1 1 i
|
i " i
[}
? - N i
-n
1 o
~] > i - % -
] ' - i T
B ] n " k- 1 o [ _J = -N -. ¢ B B BN
TEWFEMTUN {6 TERFERT (') SFERETUL WPET BRI (NOITH)
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Low Offset
Voltage Operational Ampliifier
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LM324, LM324A, LM224,
LM2902, LM2902V, NCV2902

Single Supply Quad
Operational Amplifiers

The LM324 series are low--cost, quad operational amplifiers with
true differential inputs. They have several distinct advantages over
standard operational amplifier types in single supply applications. The
quad amplifier can operate at supply voltages as low as 3.0 V or as
high as 32 V with quiescent currents aboul one-fifth of those
associated with the MC1741 (on a per amplifier basis). The common
mode input range includes the negative supply, thereby eliminating the
necessity for external biasing components in many applications. The
output voltage range also includes the negative power supply voltage.
Short Circuited Protecied Outputs
True Differential Input Stage
Singlc Supply Operation: 3.0 V to 32 V (LM224, 1. M324, LM324A)
Low Input Bias Currents: 100 nA Maximum (LM324A)

Four Amplifiers Per Package

Internally Compensated

Common Mode Range Extends to Negative Supply

Industry Standard Pinouts

ESD Clamps on the Inputs Increase Ruggedness without A ffecting
Device Operation

MAXIMUM RATINGS (T, = +25°C, unlass otherwise noted.)

* ® & 0 & v 00

LMZ24
LM324, LM2902,
Rating Symbol LM324A LM2902V | Unit
Power Supply Voltages Vdc
Single Supply Vee 32 26
Split Supplies Vee. VEE +16 13
Input Differential Voltage Vior 32 +26 vdc
Range (Note 1)
Input Common Mode Vicr 0332 | 03026 | vde
Voltage Range
Output Short Circuit tsc Continuous
Duration
| Junction Temperatura Ty 150 °C
Storage Temperature Tsig —65 to +150 °C
Range
Operating Ambient Ta °C
Tempemature Range
Lm224 —25 to +85
LM324, 324A 0to +70
LM2902 —40 to +105
LM2902V, NCV2902 —40to +125
1. Split Power Supplies.
© Semiconductor Components Industries, LLG, 2002 1

May, 2002 - Rov. B

ON Semiconductor”

http:/lonsami.com

PDIP-14
N SUFFIX
CASE 645

50-14
D SUFFIX
CASE T51A

TS50P—14
DTB SUFFIX
CASE 948G

PIN CONNECTIONS

g
Out1[1] ] Qut 4
.n.,m{g]}J L@é’] —

Ve [4] [17] Vg, Gnd
Imﬁz{g% ‘-@% ] Inguts 3
Ou2{7] @ Quta

{Top View)

ORDERING INFORMATION
Sae detailed ordering and shipping irformation in he package
dimensions section on page 9 of this data sheet.

DEVICE MARKING INFORMATION

Ses general marking information in the device marking
section on page 10 of this data sheet.

Publication Order Number:
LM324/D



«M324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARAGTERISTICS (Ve = 5.0V, Vee = Gnd, Ta = 25°C, unless otherwise nated.)

LMZ24 LM324A LM324 Lmze02 LM2302V/NCV2002
Characterisiics Symbol {Min [ Typ | Max JMin | Typ { Max |[Min | Typ | Max [Min | Typ |{ Max |Min | Typ | Max | Unit

Input Offset Voitage Vio my
Ve =50V 30V
(28 V for LM2902, V),
Vier =0 Vto
Veo -7V,
Vo=14V,Rg=00
Tp = 25°C - 2.0 50 - 20 a0 - 2.0 7.0 - 20 7.0 - 2.0 1.0
Ta = Trgn (Nota 2} - - 7.0 - - 5.0 - - 8.0 - - 10 ~ - 13
Ta = Tiow (Note 2) - - 7.0 - - 5.0 - - 9.0 - - 10 _ _ 10

Average Tamperature  { AVig/AT | - 7.0 - - r.o 0 - T.0 - - T.0 - - 7.0 - uvrc
Coefficient of Input
Offsal Voltage

Ta = Trigh 10 Tiowe
{Notes 2 and 4)

Input Offset Current ITe] - 3.0 30 - 5.0 30 - 50 50 - 5.0 50 - 540 50 nhA
Ta = Trigh 10 Tiow - - 100 § - - 75 - - 150 - - 200 | ~ - 200
{Nole 2)

Average Temperatura Alipg/AT - 10 - - 10 300 - 10 - - 10 - - 10 - pArC
Coelfcient of input
Offsat Cument

Ta = Trigh 10 Tiow
{Notes 2 and 4)

input Bias Gurrent It} - 890 |-150 | - —45 | 100 | - 90 | -250 ] - -90 | -250 | - —-80 | -250 | nA
Ta = Trigh 10 Tigw - - J-3w0 | - - | =00} - - |-so0| - - |-s00} - - | -500
{MNoke 2)

Nt Zommon Mode VicR v
Valtzge Ranga
(Mole 3)
Ve =30V
(26 v for LMZ502, V)
Ta = +25°C 0 - 283 o - 28.3 o - 28.3 o - 24.3 o - 24.3
TA = Thigh B Tiow hl - s 0 - 28 0 - 28 0 - 24 0 - 24
(Note 2)

Differertial \nput VDR - - Voo - - Vec - - Voo - - Veg - - Vee v
Voitage Range

Large Signal Open YR Vimv
Loop Voltage Gain
R, =20 kQ 50 100 - 25 160 - 25 100 - 25 100 - 25 100 -
Ve =15V,
for Large Vg, Swing
Ta = Trign 10 Tiow 25 - - LN - 1wl - - 15y - - 115} - -
(Note 2)

Channel Separation c5 ~- 1 -120 - - |20 - - |20 - - [-120 - - }-120 - dB
10 kHz < f < 20 kHz,
Input Referenced

Common Mode CMR 70 85 - 65 0 - 65 i1} - 50 70 - 50 T0 - db

Rajaction,
Rg < 10kL2

Powsr Supply pskR les fwe | ~ fes |wo ]| -~ [65Jw0)] - |50 fwo| - 5]t - dB
Rejection

LM224: T gy = —28°C, Thjgh = +B5°C

LM324/LM324A: Tigw = 0°C, Thigh = +T0°C

LM2902: Tigw = —40°C, Thigh = +105°C

LM2902V & NCVZ902: Tgy = —40°C, Ty = +125°C

NCV2902 is qualified for automotive use.

The input common mode voltage or either input signat voliage should not be allowed to go negative by more than 0.3 V. The upper end of
the commeon mods voltage rangé is Vg -1.7 V.

Guaranteed by design.

http:/lonsemi.com
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“M324. LM324A. LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vcg = 5.0V, Ve = Gnd, Ta = 25°C.

unless otherwisa noted .}

Characteristics

Symbal

LimMz24

LM324A

LM324

LM2802

LM2902V/NCV2802

Typ

Min

Typ

Typ

Typ

Min | Typ Max

Unit

Output Voltage—
High Limit
(Ta = Thegh o Tiow)
[Note 5)
Vee = 3.0V, RL =
2.0k Tp =23°C
Vec =30V
(26 V for LM2902, V),
R, = 2.0 2
Vee =30V
(26 ¥ for LM2902, V),
Ri =10 k&}

VoH

3.3

26

27

35

28

3.3

268

3.5 - 33

27

3.5

28

3.3

23

3.5

24

33 3.5 -

Cutpuf Voltage —
Low Limit,
Ve =50V,
Ry = 10 il
Ta = Trigh 10 Tiow
(Note 5)

YoL

5.0

20

5.0

5.0

20

5.0

100

100

my

OCutput Source Currant
(Mp =+1.0V,
Ven = 15 V)
Ta = 25°C
Ta = Trigh 10 T
{Note 5)

20
10

B3

20
10

B3

20
10

83

20 40 -
10 20 -

mA

Outpul Sink Current
(Vip=-10V,
VCC =13 V)
Tp = 25°C
Ta= Tra-, 10 Tiow
(Mcre 5)
Mip=-10V,
Vo = 200 mv,
Ta = 25°C)

10

5.0

12

8.0

10

5.0

50

8.0

5.0

20

8.0

10 20 -

5.0

mA

Output Shor Circuit
to Ground
(Mote 8)

lse

40

mA

Power Supply Current
{Ta = Trigh to Tigw)
{Note 5)
Veo =30V
(26 V for {M2002, V),
Vo=0V, R ==
VYoo =30V,
Vog=0V, Ry ==

lce

3o

1.2

1.4 30 -

0.7 1.2 -

30

1.2

30

1.2

3n

1.2

mA

5. LM224: Tiow = —25°C, Th,gg = +85°C

LM324/LM324A: Tigw =
LM2902: Ty, = —40°C, Tyigp = +105°C
LM2902V & NCV2802: Ty, = ~40°C, Thgn = +125°C
NCV2Z902 is qualified for aulomolive use.
B. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Voo —1.7 V.

Thigh =+70°C

http:/ionsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

Bias Gircuan
Common to Four

Q15 7
o4
013

w3

Q18 Q20

-0 J7 Q21 _@ ‘HQ"
2] @J mjg&x o
J- a2s (‘ j\{

Figure 1. Rapresentative Circuit Diagram
{One—Fourth of Circuit Shown)

hitp://onsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

CIRCUIT DESCRIPTION

The 1LM324 series is made using four internally
compensated, two-slage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transeonductance reduction
functions. By reducing the transconductance, a smalier
compensation capacitor {only 5.0 pF) can be employed, thus
saving chip area. The (ransconductance reduction is
accomplished by splitting the collectors of Q20 and Q8.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating cither the input
devices or the differential to single—ended converier. The
second stage consists of a standard current source load
amplifier stage.

J0VieV
cq%m—bvcc

i a

o

o o

0-|

: 3 o

o —& T
= VeefGd

Single Supply

b Vg =15 Vic
I Ry = 2.0k
I Ta =25°C
> ¥
S e L T
E \| i /
T /
- /
5.0 psDIv

Figure 2. Large Signal Voltage Follower Response

Each amplifier is biased from an internal-voltage
regulator which has a low temperature coefficient thus
giving each amplifier good temperature characteristics as
well as excellent power supply rejection.

o

o = 1.5 V10 Vogimay

o

O

o

o =

o —

pl _:I, 15Vie VEE{rrm]
Split Supplies

Figure 3.
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1), INPUT VOLTAGE (V)

VOR, OUTPUT VOLTAGE RANGE {Vp)

loc . POWER SUPPLY CURRENT (mA)

LM324, LM324A, LM224, LM2902, LM2902V, NCV2802

. 12
. _ RLI
£ 100 Veg=15V
16 3z ™ Vee = Gnd
y g ™ Ty =25°C
14 L~ =) 80
12 )t 0 8 N
A g5 ® g
10 o]
80 Negative |~ 1" 8o 40 o
' 7} posiive =8 N
60 Ve d z 2
40 // i ™
(=]
20 I 0
0 -20
0 20 40 60 B0 10 12 14 16 18 20 10 10 100 1.0k 10k 100k  1.0M
+VpoVee, POWER SUPPLY VOLTAGES (V) 1, FREQUENGY {Hz)
Figure 4. Input Voltage Range Figure 5. Open Loop Frequency
" T 711 %0
A =20k 500
12 N Veg =15V =3 g
10 \'(;2_;:_‘3':1(” g 50 ‘/
\ A= 1.0k = w0 Output 2\
80 R = 100 k2 <] . e /
5
6.0 \ £ a0 \ A /
40 N % 250 \ e v an
y o=
20 A i 200 hd Yee s
N I Ty = 25°C
. S oL C, = 50 pF
10 10 100 1000 0 10 20 30 48 50 60 70 80
1, FREQUENCY {kHz) 1 TIME (us)
Figure 6. Large-Signal Frequency Response Figure 7. Smail-Signal Voltage Follower
Pulee Regponse {Noninverting)
24 R
21 Ta=25C
A== T W
18 % —
. .
15 § ~
1.2 (é
09 @ 80
06 g
03 | e
7
% 50 10 15 20 5 3% 0 20 40 60 BO 10 12 14 16 18 20

Vg, POWER SUPPLY VOLTAGE (V)

Figure 8. Power Supply Current versus
Power Supply Voltage

http://fonsemi.com
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Vg, POWER SUPPLY VOLTAGE (V)

Figure 9. Input Bias Current versus
Power Supply Voltage
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M324, LM324A, LM224, LM2902, LM2902V, NCV2902

50 k
- |
A1
Voo 10k
R2 = Vi #— A
v
L 14 o
- LM32¢ VYo ]
+ f.= n_or
25V Vit = lecc 9= 2nAC
= For. 1, =1.0kHz
R =16 k(2
Rt C=001pF
Vg = 25V (1+ nz)
Figure 10. Voltage Reference Figure 11. Wien Bridge Oscillator
R2
VAT .
Hystaresis
Vou il
R1 Y .
Yiel v o |
O—e—8 ‘
V-n O VO
Voo
VlnL| Vink
Viep= =P — oL - Vi) + ¥ Viet
k= oy rpe YOL roh l: ]
V= o— (Vou - Vied +V
InH= R1 + R2 OH ref et
= Ri
He—"— -
e6=C (1+8+b) {8 @) Ri+Rz Vou- Yo
Figure 12. High impedance Differential Amplifier Figurs 13. Comparator with Hysteresis
v 1
A R
b= 2 xRC
I Ri= QR 4
€ - Vier= 5 Veo
Tep
. 100 k R3=Tyna
C1=10C
f, = 1.0kHz
Q=10
A3 Tgp =1
R Ty =1
]
»—{C——eNochOutpui R =160k
0 G =0001pF
R1 =1.6 MQ
vV i - ; R2 = 1.6 M2
et Whera: Tpp = Center Frequency Gain A3 - 16 MO

Ty = Passband Nolch Gain

Figure 14. Bi-Quad Filter

http://onsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

2 Tii Wave
Vo= 2 Voo m(;glrpm [
Viet +
14
LM324 e
- y R1
In®—" A
— | p
C
Ry R2
R14 R A2 R1 L 1
“acrAt TR Voet =3 Voo

Figure 15. Function Generator Figure 16. Multiple Feedback Bandpass Filter

Given: L, = canler raquancy
All) = gain at center frequency

Choose value [, C

Then:  Ra= Rf: c
= N
A= 402?;1?m

Q,f
For less than 10% emor from oparaional amplifier, ;w',’ <01

where T, and BW are expressed in Hz.

It source impedance varies, filker may be preceded with
voltage follower buffer to stabilize filter parametars.

hitp://onsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ORDERING INFORMATION

Device Package Operating Temperature Range Shipping
LM2240D S50-14 55 Units/Rail
LM224DR2 5014 2500 Tape & Resi
LM224DTB TSSOP-14 —25% 1o +85°C 96 Units/Rail
LM224DTBR2 TS30P-14 2500 Tape & Reel
LM224N PDIP-14 25 Units/Rai$
LM324D0 850-14 55 Units/Rail
LM324DR2 S0-14 2500 Tape & Resl
LM324DTB TSSOP-—14 96 Units/Rail
LM324DTBR2 TS30P-14 2500 Tape & Reel
LM324N PDIP-14 25 Units/Rail
(M324AD S0-14 0o +70°C 55 Units/Rail
LM324ADR2 S0-14 2500 Tape & Reel
LM324ADTB TSS0P-14 96 Units/Rail
LM324ADTBR2 TSSOP-14 2500 Tape & Reel
LM324AMN FDIP-14 25 Unitsa/Rail
LM26020 50-14 55 Units/Rait
LM29020R2 SO-14 2500 Tape & Reel
LM29020TB T3SS0OP-14 —40°ta +105°C 96 Units/Rail
LM29G2DTBR2 TSS0P-14 2500 Tape & Ree!
LM2902N PDIP-14 25 Units/Rail
LM2902vD S0-14 55 Units/Rail
LMZ902vDR2 §0-14 2500 Tape & Reel
LM2902vDTB TSSOP-14 95 Units/Rait
LM2902VDTBR2 TSSOP_14 ~40%t0 +125°C 2500 Tape & Reel
LM2802VN PDIP-14 25 Upits/Rai
NCV29020R2 5014 2500 Tape & Resl

http:/fonsemi.com

9




LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

MARKING DIAGRAMS

PDIP-14
N SUFFIX
CASE 648

14 14 14 14

LM324AN

LMx24N LMZ902N LMZ2902VN
O AWLYYWW

G AWLYYWW O AWLYYWW O AWLYYWW

1

50-14
D SUFFIX
CASE 751A

14
"
LMx240 LM2002VD
o AWLYWW o AWLYWW
1

TS80P-14
DT8 SUFFIX
CASE 948G

14

14
AREAADG

x24 A24A 2902

2902

o AWYW o AWYW o AWYW o AWYW

EHWBHH

x = 2o0r3

A = Assambly Location
WL = Wafar Lot

YY.Y = Year

WW, W = Work Week

*This marking diagram also applies to NCV2902,
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