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(3) & BB SRR MOSFET, #1IRF530A,100V,14A
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5. SERIC
KeHEE (CPU) : 80X86, il R4
Bp b (DSP) : TMS320F2812
B HL (MCU. SCM) : MCS51, AVR,PIC,ARM
BB T SN7ALS %1 (TD - JHEEAm A 2, XAIFPGA
iZfi: LM324
Py dy: B H R N
LLicds: A i 4 B e
D IGBTHEHR, E MBSO
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DAC:DAC0832
KAERFF: LF398
Py viv: I BEEFLBRNESSS A 7 CE) , didRILC/IRCF=AR TE %% (B4
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FE 4. MAX2328 e v oG 114 B TR0 B 3 (L AR TTLH -
B854  CD4000 %41 (fiki#HCMOS).
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(4.5V-55V) (4.5V-55V) (3V-36V) (27V-36V)
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30P/34P/40P/50P/60P/64P .

7. G R 2

H4%, Package, JEfEERK L EREERL NS B e A S R, AT R B UE,
st Foundry 4 72 HH R FIAE R FRL R AR T (Die) JFE — BRI B R 3 AE F 364 L,
G ok, ARG [EE A o — A

B REL TN KRB TO—>DIP—>PLCC—>QFP—>BGA —>CSP;

TO-92 O =#EHH, #l4n9013.

TO-220 ( Transistor Outline) B4, —MATLAGI K34~ 5ANET7/NH,
MOSHE H H

DIP(dual in-line package) XX %) B fidsf % .

PLCC (Plastic Leaded Chip Carrier) 51 £& i) SRl Fr 344 .

QFP(quad flat package) /5 T Jm -4 2% - Wi v 2 v o

BGA(ball grid array)BR i 51) $5 35

CSP(Chip Scale Package):ts v R~ 32, b e R AN iz RS 2 A A
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3.184K
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AEBUEIER fo (we)ZJa, MEHEAERANT, BOYHAbRFRE R 73
Bb, AR, MRS R, ATRAE ARG L R 11 I A
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R L1 PERAS TARMR 5 P8 H 7 BUE AR BLC &
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(10°~10) pF
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B R AT T AR, 22 O e P A 2R ATAR S 28 (Bode fHAEED o
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S LM324 2 VUIZ TR L, 'EoR A 14 B B SRR 3,
mos12L) IR Sl N e R N EE N e v I B RS ON

i L A%, BREEILSL, DULLIZ B BT
L T LM324 DUIZ R B I RGBS THRE AN,
AR A, RSSO, DRI i B AE & LB

FERE 2: Wyt RAA 0~-180° 5 BIG. AubHEEE A J9-90° .

(5) Tk it A
BIORPAs E A FA SRS B, TR Pl o, 2 H i A th £k
ARSI 2 (Bode fHAEED , S5 HL R B 7 7] 55
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. XNAEC (BikBH)

N AR B RN Z, SCITAZ CIREAAER A IREE, 7L E
e, SRR RARYE G FE LD A, AT R ORI AT vt 1
152 bR A7 PR A% -

Vbb  5~15V

‘{ 0.01p

HHF B M Dy D B S HME, % C I a5,
THALES, Wil LU 2 IRE A S 2. BT Vee i@id Ras Dy [MHLE C 78
L, 78 LA

ty,~0. TR,C
HL 2558 C 3BT Do Ry J% 555 1 =45 T iHs, JCEER [A] K

£,,=220. TR,C

f=1/tutta~1. 43/ (R:#Rs) C
FEL I A EE T 1) 5 A Bk

q (%) =R,/ (R,+Ry) X 100%

A 3P

4 C= 0.1uf, f=1000Hz

AR =1/ttt 1. 43/ (R +R,) C

AJH0 RAR, =14. 3K

T4 [ 52 HBH R1=R3=2K, &/ B FH R2=10K
B/ 2 q (%) =R, / (Ri+Rs) X 100%==14. 3%
AR ETEE q(%) =R, / (Ri+Ry) X 100%~=85. 7%
AT AL RN 14.3%~85. 7%
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2. oy H %
(1) N N7 P o) HY EE R T 2
(2) BN TE 52 % I % 8 v R Y IR 2

R
Ip
R2
ALY
1Mahm X5C1
TEE 3
o B T
-1tV =
XFE1 " . B
VRV R T ] 1 {:} 'E::'
_ 0AuF
EI; P -
' R1 \r*l 1B
ATATAY -
10kahm R
AN + ! vee
10kohm > /L L3240, 0% 1w
|
3t T L 8%
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ZSC1

VCC % i
T -12v 1

A o
VCC .l'; QI'}
] B
~ U1
R1 4 .
+— VN - R
10k 2_4A2A_.4
: 0 5.1k0
ZFG1 + kO
s = v
=+ P 741 %
e .
LJ P® VCCH -
L 126.2
_ | vees i
12V L

176.2 N M, WHRREES, FIHT WREN kR FESRE 8
FFa e RS, e R IR AN SR, S5 PR 1w, &
YHHL K 6.2V

4FADFTERE CEAIFRO -

(1) bluetooth, FHL (ZEH RS 5 Arduino 35 H# FHEIRSLE
(2) distance, ZLAMIUFESES O bR 5 00 R A ) 75 95k I 52D
(3) temperature, LM35 i JE M & SE8 Cof b F e B D
(4) light, i FGHH R H] LED JF5

(5) sound, MBEHLE 28 kT SR

7 {EmLR

SYNAE TR G, FABATAN, RGERZIMET RGN, 2%
A ESE R H R AT IO, o5 LR ST 40%, AR TR AT REHR AT

(TS A) ot Sk, RARMERE S, SEHER 1. afhsE
i By SEJEE) B FEMOTEESE) . BB & 0 5B o
PCB El. Eaillalid 55 . M o b s st 60%.
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B4+ 2: Altium Designer 3 {&3{Ef&I T

1. Wi f Lhade B 30 &40 2 ft:
DXP->preferences->general % T # & ¥+ use localized resources, & apply,
BMHERZE, TAF K.
DXP->preferences->backup % it ¥ auto save.
2. )M E: L AH(File)->4] #(New)->PCB 1 H (PCB Project)
2R A L AH(File)->4) 3 (New)->/7 32 & (Schematic)
232 PCB L #: LA (File)->4) 12 (New)->PCB s #(PCB files)
* files FAu42 249 new from template, 1% A PCB board wizard,
->3& 4] mil->custom £ AR A (B & X K-> F ELH->E 5L
> B R MA B HE->& 5K ) 3B F 5 ->finish
3.RIE, &M libraries, A HmA~F F T4 E Miscellaneous Devices.IntLib (%
7LAF) Miscellaneous Connectors.IntLib (% Al 32454F). &4 Infineon. Motorola.
ST. Tl %/ 8] = su =, 4= ST Power Mgt Voltage Regulator.IntLib % L78 % 7]
09 =sm42/x 35, ST Operational Amplifier.IntLib A Im 7|2 H 4 K& .

| (e | [z | [ PaceCapPo |

Miscellaneous Devices.IntLib e
“cap “

TLitE ~
1§ Cap
1 E CapFeed
1k CapPall
1F CapPol2

1 E CapSemi
E

ER =Y
155 components

c?
4
Cap Pol3
100pF

fHEE Al
#2220

W - S L[] - -] ,
Rt R R RSk Ny

ATFxEHAEBRHBALTF (line %%, X4 wire &)

M) L ¥ o 3R J @

AR T HEA,
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https://www.baidu.com/s?wd=NSC&tn=44039180_cpr&fenlei=mv6quAkxTZn0IZRqIHckPjm4nH00T1d9nWc1mWT1PH9-uy7WmvwW0AP8IA3qPjfsn1bkrjKxmLKz0ZNzUjdCIZwsrBtEXh9GuA7EQhF9pywdQhPEUiqkIyN1IA-EUBtYrHR3rjnvPf

(£ place wire F % 3 F 1& ] net M 4475 E 2| 5| By Kot T8 Uik g,
XX EF W A %4 place->manual junction)
w9 A R A 5 X
R #4 circle. #rk arrow. £ Bar A= wave.
AR5
Z 53 (signal ground = A). ®= B3 (power ground §40) A= K 3 (earth = X)
4. B bt
JRIEA:
HKE% ) Ctrl+ S ARFE 5
g 4. Ctrl+C,
FENE: Ctrl+V,
A KT N Shift+ space,
L e sk Jeah+space,
L TFEAE Y,
LA HBAh+X,
RTEM: #&F+Tab,
P2 A 4E->find similar object.
kil Fa- view->desktop layouts->default.

50 components

2
47 B 4 K )% . design->document options
™ Gerry.IntLib [Component View] [ae =2
Gerry.IntLib [Component View] A e
— .
Components
E=07 Component Name .
Component Name Libr... | D... tprint ||| Footprints
‘ 1} PIN140 G I PIN176 Wi
erry. £ 13D Models
PNP,
l iEPNP Gerryd PNP " SOT-23 & -
7 {EPsw-2115 l__L—I‘ a:_[ u-2115 () Ny 2
REF-1 VAR R -335 vJ 7+E % @
@ o « & TTFE,
3
3
»
4

Mode{ Name Model Type Source
g DIP20  Footprint Gerry.Pcblib |
%SOP-ZO Footprint Gerry.PcbLib

Model Name Model Type Source
§ DIP20  Footprint Gerry.PcbLib
%‘ SOP-20  Footprint Gerry.PcbLib

-az-wwmmm

CeCCOOOOO O

PCB:
2 #): Ctrl+Ins+click,
FE0E . Shift+ins,
M= Ctrl+M
ek WHFENBEPE, AL rotation
FUH A& ST AL: view->grids->toggle visible grid kind
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5.2 A& A MN L (ERC)
Project->compile  PCB  project & # i i  view->workspace
panels->system->messages & & & % H 5,
Tools->annotate... ¥ A B 1 %5 . Z AT & &Rk A save L.
6.PCB A ZE#
Top layer 7% & 2 4+ &
Bottom layer }#4& &
Top overlayer £2¢7 & (73X & L F % #~iZ string)
Keep-out layer 28 . 77 2% & (3b Z 4L Fe bk 37, Mechanical 1-16 layer X Z.)
Multi layer 2 & & (—f& 2 7I1F & A=iF 3L via)
7. L TATRAAZ A K
(1) &%, 4T Design-Document Option, 477 A% /& PEATiE4E, X B & P title
(2) #Hk, 47 Place-Text String, #: TAB 4, ¥ Text /&£ % & A =title",
& Text String A AARAEAZ GG title 09 & M. HALRFIXE, TMA"="5, 2 AR
To
(3) % =, #47 Tool-Schematic Preference, #7#&%| Graphic Editing, i &+
# Convert Special Strings. & OK /&, R4 A I @ 0 4RAAZ & 89 1) 240 B 5
k7T, R RAREGOEHATETE K,
8. ¥ PCB:
ie 732 B 4= PCB B2 2 £—A~PCB 1 B ¥, R #Z A ¥ # & Design-> Updata
PCB Document *.PcbDoc->Execute Changes

Engineering Change Order

2)X]

Modifications Status
Enable Action Affected Object Affected Document Check |Done | Message
Remove Pins From Nets(11]
¥ Remove =2 PP from +3.3 In B8 PCB1.PcbDoc
¥|  Remove =5 P?2 om +3.3V In B8 PCE1.PohDoc
¥ Remove =2 P?-3 rom GND In B8 PCB1.PcbDoc
¥| Remove = P74 from GND In [H8 PCB1.PchDoc
¥ Remove =2 P75 from SCL In B8 PCB1.PcbDoc
¥| Remove = P76 rom SCL In [H8 PCB1.PchDoc
¥ Remove =5 P77 from SDA In B8 PCB1.PcbDoc
¥| Remove = P?-8 from SDA In [H8 PCB1.PchDoc
¥l Remove =5 R2-2 from +3.3¥ In B8 PCB1.PcbDoc
¥| Remove =2 R3-2 from +3.3v In B8 PCB1.PchDoc
¥l Remove =2 U1-B from +3.3% In B8 PCB1.PcbDoc
iemo
¥l Remove L P7 rom Sheet] In B8 PCE1.PchDac
¥| Remove - R2 from Sheet In B8 PCB1.PchDoc
¥l Remove 1 B3 from Sheet] In B8 PCE1.PchDac
¥| Remove 2 U1 from Sheet In B8 PCB1.PchDoc
temove Companents(13)
¥|  Remove ¥ P71 Fram E8 PCB1.PchDoc
¥| FRemaove ; pPr2 Fram [E8 PCB1.PchDoc
¥|  Remove ¥ P?_3 Fram E8 PCB1.PchDoc
¥| Remave E 3 From 8 PCE1 PcbDoc
- - - P ST,

[

[Valldale Ehangas] [Exacule Ehangas] [Beport Changes...| [] Only Show Enors

9. B EFath &
Tools->component placement->auto placer 8 ) % &
Design->rules %] 2 #L1, Auto Route->All B )7 £,
View->board in 3D MM %k &
(1) %1 8E 8~14mil
(2) &i@fz 5 & 5% 8~14mil,
12V VAT ¥k AR 2 55 30~40mil,
5V VATF ® % 32, 40~50mil,
220V iR € 60~70mil
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(3) TEH=IEIESH 8~12mil,

(4) —f% PCB #8947 4 /2 & % 35um (1 % 3] 0Z), & 4 5% &7 Lmm (40mil)
B, AR A &R BRI m 69 | AR A 0.035 -F 7 £ K, il F IR E & 30A/F 7 ZE XK,
%u,&%*&%WuﬁﬁJA%moﬂ#mth%mmmlﬁﬁﬁmmo

Py -

;71\7? 47 : place->polygon pour->4-& A%, & %A,

(1) ME#HIAR (solid), #w3% PCB #ULiki% B, # % PCB X £ 5 ¥ T,

(2) RERKFA (hatched), %S4 RFIFEITAESA K a9HE%R B PCB
5 Hom A B IR R M AR S 2 PCB 48 A2 mBL & PCB Ak
11. A

(1) #h7B7% Tools-->Teardrops, 477F [Teardrop Options] *F+&4E 3t 171X &

(2) #AAF: AERIALZESFSRARGITEL, ALAGRLIMNHKE AR
IN, WEINELFAR, BR—ANFHE,
12, AR AR A HI4E (457 TAF)

(1) File->new->library->SCH lib->save,

(2) % —/A-@4F->save,

(3) tools->new component-> % — A& 4F->save,

(4) 4R —ANTBEHEA S35, tools->new part. 15]4e Im324 VI35 5% F o
(5) AT F#1EAMEF| %k SCH->SCH library, A&z m R E T BT,
* (6) AT FANERRERE, FAELWBEE, ST, place &
#H,

(7) File->new->library->PCB lib->save.

F 4%, £ tools->new component 3 A ¥ @ F.
(8) @4F/EFNHE, WA
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Blow | fle Edt Vew Projet Bloce Iooks Beports Window Help Schibl.SchlibTViewName=Scht~ © + & - 4@
DSH|salewQx | % %4 Mode » | # = | 8-¥-@g-0
= VOX 5 somtscrn| G = AShLd| @ PerLptpedLd” Ubraries vox
-8 o~ (] i
Components. /| Description - —
& U wimem HREFEESAS - _—
= LM324 : -
j::g = ComponertNome / |Lbx=y __|Foopint | 4 |
= Urasoomes © gaoPu [
12, N Qe Ha 10287
a——ip 14 8 socoen SHorm
———————— h | geos #ue0g
} 2 VUL : U Codo0migm Hzoe
13 || O cosssmem 0P
[ ) (ome ][t ] S .
Fins Nome Type Jatt ceenponents ]
4 : C] ==
= |
3 m"js,
A I oo l Cancel =2
= - . ~ [[ModelName |ModelTipe  ISowce 7 |2
————— » ROPI4  Foopin Fris
Mask Level | Clear
Location | Descripton | “il
.
Thete is no preview available

Suppier ' Meaufacturer | Description Unt
Q. F Piice|
P s e
»

20V 40 Gidio

13. fF A

(1) =% Simulation Sources.IntLib 15 A& &, /232 B b iihae 45 B & P69 %)

(2) AT F 44 view->toolbars->mixed sim, 2 15 A T A4,

(3) &Esetup B AKX EFdE, AMixdFE AC small signal analysis =T A 2 7=

BB, AMARE 249 net label, 4= T B,

Siras ? X
AT /ARIR EEa AC Small Signal Analysis Setup
General Setup 23 | "
Operating Point Analysis O Start Frequency 1.000
Transient/Fourier (\nal'ysas v! Stop Frequency 1000
DC Sweep Analysis O = = =
AC Small Signal Analysis v daia bl ==
Noise Analysis O Test Points 100
Pole-Zero Analysis [
Transfer Function Analysis O
Temperature Sweep O
Parameter Sweep O
Monte Caro Analysis [
Advanced Options
Analyses Setup ? X
Analjses/Upbons [Enabled | DataFer Nods Volage, Supply Curent, Device Cuent and Power ~
General Setup —
Operating Point Analysis Sheets to Netlist | Active project ~
Transient/Fourier Analysis vl N ?flf B T
DC Sweep Analysis O Simiew Setup | Keep last setup v
AC Small Signal Analysis O
Noise Analysis 0 o -
PoleZero Analysis O Available Signals Active Signals
Transfer Function Analysis O B3 ~ IN
Temperature Sweep O E} {']] out
Parameter Sweep O 52[5
Monte Carlo Analysis O C2[p]
Advanced Options C3
C3[i]
C3[p]
E3
N1
Q7[ib]
Q7%ic]
Q7ie]
Q7lp]
R1[i]
R1lp]
R2)
R2p]
R3]
R3p]
R4
Rd[p]
R5[i]
R5[p]
R
i A — v
Preferences... OK ‘ Cancel
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RJE run, 4= TF B,

2.000 @ @
= /‘\ e output

o T ) T Lol AL . AR AL T

0.500 |-

0.000 =

ol S 8 O W B
o \ NN T 1

2000 L 1 1 1 T T G S O S S T B T R B I T L I | N Y T
0.000m 0.250m 0.500m 0.750m 1.000m 1.250m 1.500m 1.750m 2.000m 2.250m 2.500m
Time (s)

BB EHEITME A ARE, T A AATN 4 E. DXP @& T A&+ sim data =T
12 B AT BTN K3

)

TTTT

MEFeir
l Bz | x | ¥
A output 668.46u 1.0412
B output 1.3187m 1.3188

B PR 6 @ I A P A AR R4 M e T TR BT TS

10.00

dB(output)
dB(input)

0.000 |

-10.00

(dB)

2000 |-

-30.00

-40.00

50.00 1 1 I O (S O il 1 1S O O | | {FR SO
100.0 1.000k 10.00k 100.0k
Frequency (Hz)

0.000 @ @

= ¥ x PHASE (output)
- i ! PHASE(input)

-50.00

-100.0

150.0 |-

(Deg)

2000 |-

2500 |-

3000 1 N Y 0| § 1 RS 0 O | L I A O 0
100.0 1.000k 10.00k 100.0k

Frequency (Hz)

b B4 69 1% B T4 10 BRI
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exs |
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w4-3: T I FR PR FE 2 L IR AR A {E

T ARE P LA IAE, ATAF A E-24 27|, HEHN 5%,

1.0 5.6
11 6.2
1.2 6.8
1.3 7.5
1.5 8.2
1.6 9.1
1.8 10
2.0 11
2.2 12
2.4 13
2.7 15
3.0 16
3.3 18
3.6 20
3.9 22
4.3 24
4.7 27
5.1 30
R R
[ #14= pF]

39P 43P 47P 51P 56P 62P 68P 75P 82P 91P

33
36
39
43
47
51
56
62
68
75
82
91
100
110
120
130
150

160
180
200
220
240
270
300
330
360
390
430
470
510
560
620
680
750

820
910
1K
1.1K
1.2K
1.3K
1.5K
1.6K
1.8K
2K
2.2K
2.4K
2.7K
3K
3.2K
3.3K
3.6K

3.9K
4.3K
4.7K
5.1K
5.6K
6.2K
6.6K
7.5K
8.2K
9.1K
10K
11K
12K
13K
15K
16K
18K

20K
22K
24K
27K
30K
33K
36K
39K
43K
47K
51K
56K
62K
68K
75K
82K
91K

100K
110K
120K
130K
150K
160K
180K
200K
220K
240K
270K
300K
330K
360K
390K
430K
470K

180P 200P 220P 240P 270P 300P 330P 360P 390P
470P 560P 620P 680P 750P

[#42nF] 1.0 1.2151.82227333.94.75.610151822 273339566882
[#4{:uF] 01 0.150.220.330.471.0(15)2.2

510K
560K
620K
680K
750K
820K
910K
1M

1.1M
1.2M
1.3M
1.5M
1.6M
1.8M
2M

2.2M
2.4M

2.M
3M
3.3M
3.6M
3.9M
4.3M
4.1M
5.1IM
5.6M
6.2M
6.8M
7.5M
8.2M
9.1IM
10M
15M
22M

100P 120P 150P

B RGRH — AN BARE AT L R AEHLE, KA K A E-12 (A e £ £10%)
Fo E-24 (A1 £ 15%) RKABAE >,

E-12 #(#8:1.01.215222.73.34.75.66.88.2

E-24 ##1:1.011121315161.82.02224273.0333.639434.751566.2

6.87.5829.1
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w4 4: ST Im324°s datasheet

LM124
I’L LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

B WIDE GAIM BANDWIDTH : 1.3MH=z

B INPUT COMMON-MODE VOLTAGE RANGE . Wﬁf"ﬁ
INCLUDES GROUMND
|

B LARGE VOLTAGE GAIM - 10048

DiF14

B VERY LOW SUPPLY CURRENT/AMPLI : {Plastic Packags)

ATEpA
B LOW INFUT BIAS CURRENT : 20nA
B LOW INPUT OFFSET VOLTAGE : SmV max. ﬁ

{for more accurate applications, use the egquiv-

alent parts LM124A-LM2244-L M3244 which o

feature 3ImV max.}) S04
B LOW INPUT OFFSET CURRENT : 2nA (Flastic Micropackage)
B WIDE POWER SUPPLY RANGE :

SINGLE SUPPLY - +3W TO +30W

DUAL SUPPLIES : £1.5W T £15W "
DESCRIPTION P

TSSOP4

These circuits consist of four independent, high {Thin Shrink Small Outiine Package)

gain, imternally frequency compensated operation-
al amplifiers. They operate from a single power
supply over a wide range of woltages. Operation
from split power supplies is also possible and the
bow power supply current drain is independent of
the magnitude of the power supply voltage.

PIN CONNECTIONS itop view)

o
ORDER CODE mamt s 1 ] [ 14 oumas
Inwerting inpt 1 2 [ [] 13 invering input 4
Part Te ature Package D“ \‘q
MNumber nge N D e Harnvering inpa 1 3 [ [] 12 meoriswertng input 4
LMiZ4 EEC, +125°C | = - . wes 4 [ 1 v
LMzZ24 40°C, +105°C . . . Mermeerting Inpet 2 5 [ ] 10 Morrinverting inget 3
Lh324 0°C. +70°C . h . mesrtrglpr 2 6 [ (] = imvertng out 3
Examiple : LM224N
Cuimiz T [ [] = ouwpas
H = Duwal In Lin= Fadkage {DIF]
D= Emall Cufire Package (50} - also avaliable In Tape E R (DT)
P = Thin Shrink Small Cwtline Fackage [TSE0F] - only avalable in Taps
BERes [FT)
Diecember 2001 113
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SCHEMATIC DIAGRAM (1/4 LA 124)

-
=]

Y
100HA,

-
=
M
> -EI.-"_"‘\
—=—
L
LN
L

Irrverting
et [ o

Flcm=inyvarn;
Input s D

ABSOLUTE MAXIMUM RATINGS

Symibol Parameter LM124 LM224 LM324 Unit
Voo | Supply voltage 18 or 32 W
W, nput Voltage -0.3 10 +32 W
Vg | Differential Input Voltage 1 $32 ')
Pyt Power Dissipation E g..::ﬁﬁx S0 500 500 iy
e 400 400 iy
Quiput Short-circuit Duration ! Infinite
Iy st Cument &0 &0 50 mA
Toper | Opearting Free-air Temperature Range S5t +125 | 40t +105 | Ot +70 "G
Targ | Storage Tempersiure Rangs 55 to +150 °C

ERFeer or bof Inpet voitages muss not excesd Fe magniude of Wee® or'Vipe™

. Shortcimuis from the output fo ViCE can couse exoessive heabng e~ = 15%. The maxdmum output cument |5 approximately 40méA indepemdent
of e magnitude of -, Desructive dissipation can resut from smuSsneows short-Orcult on ol ampPers.

This Inpeat cument only exisis when e woilage af any of e Inpat leads s driven negadve. | ks due o the collecior-base jJunchon of the Input PHP
raresision becoming forwan biased and therety al:u'm-:rs nput diodes Clamps. In addition 1o his dode acion, hemr i aiso NPN parestic ackion on
thee IC chip. s ransision acion can Cause e oulpul wolages of the Op-amps o oo o the V- woiage Eb.'el'lnr:o-mnuf:ra e oyerdrtve

fior T e duration Tan an input s deiven megabve.
This Is mol desinucte and momal oufpes wil 5=t up again for mput voliage Bigher than =03,

[H]

LI L 3 LT’
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ELECTRICAL CHARACTERISTICS
Vo' = +5V, Voo = Ground, V= 1.4V, Tamy = +25°C (unless otherwise specified)

Symbaol Parameter Min. Typ. Max_ Unit

Input Offset Voltage - note '
Tamp = +25°C 2
Vis LMa24

T = Tam = Trnaa

mi

i =] =] £n

LM324

Input Offset Current
. Tamy = +25°C p 20 né
Tenin = Tamt = Tmax 00

Input Bias Current - note =
. T, = +25°C 20 | 1m0 | na
T = Tams = Toaw 204

Lange Signal Woltage Gain

Ve =+15V. R = T W, = 1.4V o 11.4V
A Tamp = +25°C
Tror = Tamy = Ty

100 VimV

g

Saupply Voltage Rejection Ratio (R, = 10kn)
1'-"33‘ =By to 30V
Tompy = $25°C

Tmr = Tarm = T—-:r

SVR 110 dB

ki

Saupply Cument, all Amp, no load
Tan..t = $25°C ugg =+
IﬁC- 1'."33 = 430V
Tron = Tams = T Voo = +3W
1'."33 = 430V

ol vl
tn e tn =
[

Input Common Mode Violtage Rangs
Wep = +30V - note ¥ y
OO Tﬂ'ﬂl}l — _25-@-2 |:| 1'4"33 —1 -El

Torin = Tamin = Trnax

Commeon Mode Rejection Ratio (R, = 10k}
CMR Tame = +25°C 70 BO dB
Torin = Tamin = Trnaw &0

Uutput Lurrent -sounce (W = +1V) A
Fourez Ve = +15V, V= +2V 20 40 70

Dutput Sink Curment (Vg = -1V)
ne "irc,{,=+15|'||l.1'¢||:=+2"|r
Vo = #10W, Vi, = +02V

20
50

52

High Lewsl Cutput \ioltage
Vg = +30V v
Tamp = #25°C Ry =2k
T = Tams = Traw

Vow Tamp = #25°C Ry = 10kix

Ton S Tamn = T

Ve = +0V R, = Zhid

Tamp, = #25°C

T = Tams = Toaw

2B

HEEE

(%)
LA m
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Symibel Parameter Min. Typ. Max_ UInit
Low Lewel Output \Voltage (R = 10k)
Voo Tame = +23°C 5 20 m/
Terin = Tams = Trnax 20
= Shew Rate
=R Ve = 15V, V, = 0.5 t0 2V, R, = 2k, C, = 100pF, unity Gain 04 Vius
SEF (Zain Bandwidth Produwct MEH
= Vo = 30V, F =100kHz.V,, = 10mV. R, = Zkn, C, = 100pF 1.3 z
THD Total Harmonic Distortion .
f=1kHz. A, = 20dB, R, = Zkiz, V[, = 2V, C, = 100pF, Voo = 30V 0015 "
Equivalent Input Noise Vokage nV
En f=1kHz, Ry = 10002, Ve = 30V 40 JHz
DV | Imput Offset Voltage Dt 7 30 pwvec
O,  |Input Offset Current Dt 0 200 pAC
WA/ | Channel Separation - note #!
2552 |7 Sz < £ = 206HZ 120 *

o= 1A, Ry = O, 5% = Vet = 30V, 0= ¥y, = Wpo - 1.5W

. Thee direction of the: Input coment s out of the K. This oarent |s essentialy oonsiant, ndependent of the siaie of the outpu 50 RO loading change
exists on the nput liRes.

Thee Input Common-rmoe -.ﬂhFE of efier in sigraal voftape should not b= aliowed io o negabive by mons than 0.3, The upper end of the
ComToMmode voliage ange 15 Voo - 1.E'.Emn.l: Bither or DO NDUES C3N Qo 10 +32W hﬁm.r. damage

4, Due io e amEy of exiemal componens Rsune thad coupling |5 not originaiing wia simy capscEanoe between Teese exie=mal parts. This trpicaly
can be IIHPE'E!'D &% this typ= of Capaciance iNCrexsess at Nigher eguences.

[H]

413 _L'TI
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INEUT BIAS CURRENT

varsus AMBIENT TEMFERATURE

I ina) 22
21
18
18
12
8

G
3
a

SL-AG1E B 25 4565 86 105125

AMBIENT TEMPERATLIRE ("Cj

INPUT CURRENT dmA)

= -M-0 F IR NN W
TEMFERSTURR [™C)

SUPPLY CURRENT (md)

SUPPLY CURRENT

-
Il.'\u"\.

e In

Tamp = UTG e ¢ 12570

A L=

Ty = =BEC
1 1

[ 1] Fio =
POEITIVE SURPPLY VOLTAGE (W)

¥ EEEET

- ™ N I AL L
g 1-'57/ M\q o A
a P 5 -1- L] L ™

Sm 3515 5 25 45 65 85 108 125

AMBIENT TEMFERATURE [*C})

M3

52



15 10 Tk 10E 10

FREMUIENCYT [He)
VIILTAGE FOLLOWER PULBE RERFONSE

T T
23
=15V

INPUT VOLTAGE (V] - OUTPUT VOLTAGE W1

o W @ = MW W

QUTPFUT VOLTADE imW1

-
E-mv

LIL

OUTPUT VOLTASE (Vi

CUTPUT VOLTAGE REFERENCED TO g V1




INPFUT CUSRENT

- ',..-l' =- + 3
[] ] | m
OANEE BAIPLY WOLTAGE W

Ay =3 i

T

VOLTAGE QA i)

L) n |

FEWER BUPFPLY VOLTASE 0V

v = ]
g 18 H
g -]
i i
. &
E
= —=
! - ]
-55-35-15 § B5S 45 85 85 105135

AMMNENT TENPERATURE ("C)

Aovd ()  LARGE SIGMAL VOLTAGE GAIN
120

3" -

190
./T/ 3

100 5=
55 -35-15 5 15 45 065 B8O 108128

AMBIENT TEMPERATURE [*C)

LARGE SIGNAL VOL
8
i
\

TYPICAL SINGLE - SUPPLY APPLICATIONS

AC COUPLED INVERTING AMPLIFIER

AC COUPLED NOM INVERTING AMPLIFIER

M3
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TYPICAL SINGLE - SUPPLY APPLICATIONS

MON-INVERTING DG GAIN

LR

DC SUMMING AMPLIFIER

100K

HIGH INPUT £ ADJUSTABLE GAIN DC
INSTRUMENTATION AMPLIFIER

LOW DRIFT PEAK DETECTOR

ot —

iff1=F5and f3=FR4=FE=F7

2Ry
[ Pt

As shown &, = 101 {g; - 2,).

aM3

=l
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TYPICAL SINGLE - SUPPLY APPLICATIONS

ACTIWER BANDPASS FILTER

HIGH IMPUT Z, D:C DIFFEREMNTIAL AMPLIFIER

R

-0k
—
1 I

4

R
ol
|

F, = 1kHz
Q=30
A, = 100 [4DdB)

L=
™
I ™ L'\dﬁi_____.-’_"—ﬁ o
+e) |~
le
M 220
#3-001 F
L L
s
's S~
3 bl
) T L1324 e
'--- - -
- = A, amplifier for input
g curment cormpens.ation
1.5M

@13
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MACROMODEL

** Standard Linear les Macromodels, 1593,
" COMMNECTIONS -

"1 INWERTING INPUT

* 2 HOMN-INWVERTING INPUT

"3 OUTPUT

"4 POSITIVE POWER SUPPLY

" 5 NEGATIVE POWER SUPFLY

SSUBCKT LM124 1 3 2 4 5 (analog)

MODEL MDTH D IS=1E-8 KF=3.104131E-15
CJO=10F

"INFUT STAGE

CIP 2 5 1.000000E-12
CIN 15 1.000000E-12
EIF 10525 1
EIN185151

RIF 10 11 2.600000E+01
RIN 15 16 2.600000E+01
RIS 11 15 2.003862E+02
DIF 11 12 MDTH 400E-12
DIN 15 14 MDTH 400E-12
VOFP 1213 DC O

VOFN 1214 DC O

IFOL 13 § 1.000000E-05
CP3 11 15 3.783376E-08
DINN 17 13 MDTH 400E-12

ELECTRICAL CHARACTERISTICS

VIN 17 & 0.000000e+00

DINR 15 12 MDTH 400E-12
VIF 4 12 2.000000E+00

FCP 4 5 VOFP 3. 400000E+01
FCHN 54 VOFN 3.400000E+01
FIBP 2 5 VOFM 2.000000E-0:3
FIBM & 1 VOFFP 2.000000E-03
" AMPLIFYING STAGE

FIF 5 18 VOFF 3.600000E+02
FIN 5 18 VOFN 3.600000E+D2
RG1 18 5 3.6520897E+06

RG2 18 4 3.652087E+08

CC 185 g.000000E-D2

DOPM 18 22 MDTH 400E-12
DOMM 21 189 MDTH 400E-12
HOPM 22 28 VOUT 7.500000E+03
VIPM 22 4 1.500000E+02
HONM 21 27 VOUT ¥.500000E+03
VINM & 27 1.500000E+D2
EOUT 26 2318651

VOUT 2350

ROUT 28 3 20

COouUT 3 5 1.000000E-12

DOP 18 25 MDTH 400E-12
VOP 4 25 2.242230E+00

DON 24 18 MDTH 400E-12
VON 24 § 7.922301E-D1
ENDS

Vo™ = #15W, W = OV, Ty = 25°C (unless otherwise specified)

Symibaol Conditions Value Unit
Vo ] i
Ay |Fo=2kia 100 Viml
lee  |Moload, per amplifier 350 pA

Viem -15 to +13.5 W
Vou |R, =2k (Y, "=15V) +135 v
Voo |Ro=10k0 5 i
lps Vo =+2W Ve = +15W +40 mA
GBP |F,=2kir G, = 100pF 1.3 MHz
SR |, =2k C,= 100pF 0.4 Vips
1013 1574
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PACKAGE MECHANICAL DATA
14 PINS - PLASTIC DIP

| | —
L) =] [ il
- LS + |II ' Il
H i M|
[ B L] E
£ —!t a ' z
2]
A rririinr
L 1
B
K ;
N [ A N [ N I I I I B
Millimeters Inches
Dimensions
Min. Typ. Max_ Min. Typ. Max_
al 0.5t 0.020
B 1.38 185 0.055 0.0&5
b 0.5 0.020
bi 025 0.010
D 20 0.TET
E 85 0.325
= 254 0.100
gl e 0.600
F 71 0260
51 0.201
L 33 0.130
Z 1.27 254 0.050 0.100
I’!’f
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PACKAGE MECHANICAL DATA
14 PINS - PLASTIC MICROPACKAGE (50)

L G
o3 1
N < _1‘:__','." || -1
e q L
- — sl " ]
o M
0nnnamnimim
14 ]
L
1 7
[ I L
Millimeters Inches
Dimensions
Min. Typ. Max. Min. Typ- Maoe

A 1.75 0.0e9
at 0.1 a2 0.004 0.004
a2 1.6 0.083
b 0.35 046 0.014 0.014
bt 0.1g 025 0.0a07 0.010
C 0.5 0.020
ci 257 {type)

o) a.55 BTS 0.336 0342
E 5.8 6.2 0.228 0224
2 127 0.050
el 782 0.300

F (1] X 4.0 0.150 0.157
G 48 53 0.181 0.203
L 5 127 0.020 0.050
M 088 0.027v
5 3% {ma. )

Bdofe - (111D amd F do not Inciude: moid flash or profrusions - Mold Sash or peotrusions. shall mot excesd 0.15mm (066 inc) ORHILY FOR DATA BIOCH

12413 ol
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PACKAGE MECHANICAL DATA
14 PINS - THIN SHRINK SMALL OUTLINE PACKAGE (TSS5OP)

- .35 roen |
A0 0

T

| =T
IS

| Ho—

. .
L=
b ]
] .|'.l 1 LL

|

E1q

|

1
= m— [— -
=1 | =1
i = X o
= o= e =
= I P O
I ..
Millimeters Inches
Dimensions - -
Min. Typ. Max_ Min. Typ. Max._
A 1220 0.05
Al 0.05 015 0.01 0,005
A2 0.80 1.0 105 0.031 0032 0041
b 012 030 0.007 0.15
[ 0.2 0_x0 0.003 0012
D 420 5.00 510 0.182 0,185 0.20
E 640 0.252
E1 4.30 440 4 50 0.168 0173 0T
2 085 0,025
k i a g g°
L 0450 0.600 0.750 0.018 0024 0,030
Lt 1100 0032
333 0.100 0.004

Imformation fumished I balleved to be accurate and rellable. Howsver, STMIcrosiecironics assumss no resaponabllRy for the
conessquancss of uBs of such Informaticon nor for any Infringsment of patants or other fghts of Sind partiss which may result from
s uss. Mo Ncenas 18 grambed by Impdication or oferstss undsr any patent or patent ightz of STMicroslectronics. Specications
rentioned In this publication are subject to changs without notica. This publication supsresdes and reptaces all Information
previcusly supplisd. STMicrosisctronics products ans nof authortzed for use a8 critical componants in s support devices of
Eymbesmes without sxpress wiitthsn approval of STMICTs sctronics.

& Thig 5T ko k2 3 registersd rademark of STMICroSlsctronica
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