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ABSTRACT

This thesis presents structure design of tricycle, principle of DC drive, and
circuit of battery level. This electric tricycle has a strong body and high performance.
We can drive this car for short distance such as around your university or village. The
advantage of this car is good for environment because this car was designed to use

electrical energy. Moreover, It can run on the smooth, rough road, and slope way.
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unn 4
HANIINANDI

41 mMinadavualaa’ i nszuanse o @anlin15en19na (No Load Test)

A
A1519% 4.1 MInadounaiaasWHInszuanse m anmlsn1szniana (No Load Test)

V{V.) I(A.) N, (rpm})
31.85 2.27 677.7
28.90 2.08 632.9
27.80 2.04 597.0
25.80 1.97 552.0
2417 1.90 529.7
21.34 1.89 461.6
19.10 1.82 405.8
17.00 1.79 362.7

L ﬂ‘ ar Lo
INNINagaLdalaat ARz LEa UL 19n1Te Aussau iwiiilaudruaiaas
IWRInTzuaaTalia Ny 24 1aas szldamnzug Wi daivinny 2 wouwls uas
AULTIIAULYINNL 530 rpm

Ea :"/: _Ia 'Ra
= 24 - (2)(0.17)
=24 - 0.34 = 23.66 V.
Rncch.loss = T; ) a)r = Ea ’ Ia
= (23.66)(2) =47.32 W.

Ninotoasy = 930 rpm

2aN,
@)=
60
_ 27-530 rad

60 s



» A o o = o J
IG]EJﬂ’W]W auaduanas Winszurasaliaafl v = 24 V., 1 =26.7 A,

24 - (26.7)(0.17)

E. =
= 1946 V.
E
Dot =2 X Wy g
'no—load
= {19.46/23.66)(55.47)
rad
= 4549 —
A
Eafd
rated — _— ano—laad
Eno—l{xxj‘
= (19.46/23.66)(530)
= 4359 rpm
BzEa'Ia
= (19.46)(26.7)
= 519.58 W.
Eﬂ
KE=K,=— = 23.66/5547 = 04
a2
I,.=K -1,
= (0.4)(26.7) = 10.68 Nm

35

M IANUWIMAILTINAANTEURANS Ap 26.7 wauuds a2 ldanssdaiavinny

10.68 Nm uaziidanuiisauiinny 435.9 rpm
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J o A=: =
4.2 mMIadausale ﬂﬂﬂﬂ"lﬂ'ﬁ:llﬂﬁi\) LHawITh H%Gﬂ‘i’lﬂ’lﬂ’l“ﬁh']ﬁﬂﬂﬂ@ﬁﬂl?ﬂﬂ

- :. ) v - a A { :" s
M197191 4.2 dnsaan Wil nzua Wi usada wazdszBninwsadnoiaasidotining

AU TANYIAD 680 Alansy

L

4

VitV) | L(A) | E, (V) | @, (rad/s) | V(km/hr) | Torque(Nm) | P, (W) P,(W) | Eff(%)
3.00 | 6.90 1.83 4.28 1.44 2.76 20.70 | 11.82 | 57.10
6.00 | 7.60 | 4.71 11.04 3.71 3.04 4560 | 33.55 | 73.57
9.00 { 740 | 7.74 18.15 6.10 2.96 66.60 | 53.72 | 80.65
12.00 | 7.90 | 10.66 24.98 8.39 3.16 94.80 | 78.94 | 83.27
15.00 | 8.10 | 13.62 31.93 10.73 324 121.50 | 103.46 | 85.15
18.00 | 9.00 | 16.47 38.61 12.97 3.60 162.00 | 138.98 | 85.79
21.00 | 9.20 | 19.44 45.56 15.31 3.68 193.20 | 167.65 | 86.78
24.00 | 10.10 | 22.28 52.23 17.55 4.04 242.40 | 211.01 | 87.05

:. ' s - - ) :’ &’
®19191 4.3 ﬂ’lll'ix‘l@lu‘lwﬁ'l ﬂ':':l.l.ﬂ‘lwﬂ’l wiiua ua:ﬂ?:anﬁmwmmuamaiﬁaurmunu

Judfianriiny 70 Alaniu

w

-]

ViV) | 1(A) | E (V)| @, (radis) | V(km/hr) | Torque(Nm) | P, (W) Poo(W) | Eff(%)
3.00 | 7.00 1.81 4.24 1.43 2.80 21.00 | 11.88 | 56.57
6.00 | 750 | 4.73 11.08 3.72 3.00 45.00 | 33.23 | 73.84
9.00 | 7.60 | 7.71 18.07 6.07 3.04 68.40 | 54.93 [ 80.30
12.00 | 8.00 | 10.64 24.94 8.38 3.20 96.00 | 79.81 | 83.13
15.00 | 8.20 | 13.61 31.89 10.72 3.28 123.00 | 104.61 | 85.05
18.00 | 9.10 | 1645 38.57 12.96 3.64 163.80 { 140.38 | 85.70
21.00 | 9.50 19.39 4544 15.27 3.80 199.50 | 172.67 | 86.55
24.00 | 10.50 | 2222 52.07 17.50 4.20 252.00 | 218.70 | 86.79
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Ld

P . w - a a 4 ¥ o
A1519M 4.4 MusIOnIARA nazug Wi usstie uazis=@nSnmaasvainadiliatiavine

o

r :l:l " ] Qe = s
uARAUYIAY 80 AlanTy

V(V} | LL(A) | E (V)| @, (rad/s) | V(km/hr) | Torque{Nm) P,,p(W) P,.(W) | Eff(%)
3.00 | 7.40 1.74 4.08 1.37 2.96 22.20 | 12.09 | 54.44
6.00 | 840 | 4.57 10.72 3.60 3.36 5040 | 36.01 | 71.45
9.00 | 870 | 7.52 17.63 5.92 3.48 78.30 | 61.35 | 78.35
12.00 | 9.00 | 1047 24.54 8.25 3.60 108.00 | 88.35 | 81.81
15.00 | 9.70 | 13.35 31.29 10.52 3.88 145.50 | 121.42 | 83.45
18.00 | 10.40 | 16.23 38.05 12.78 4.16 187.20 { 158.28 | 84.55
21.00 | 10.80 | 19.16 44.92 15.08 4.32 226.80 | 194.06 | 85.56
2400 | 11.00 | 22.13 51.87 17.43 4.40 264.00 | 228.24 | 86.45

ar A » .Y Qu [ ¥ - »
ﬂ‘i‘lﬂllﬂﬂdﬂ‘?"luHNW%§TZW1ﬁdLLTJUﬂﬂUﬂ’ﬂ&ll‘i‘) H WIKUNATY 9
Torque (Nm)

5.00 T T i

4.00 e

3.00 T =weee ASMAMERAMSATESST e @ 80 Kg
' lll.@ 70 Kg

2.00 we @ B0 Kg

1.00

0-00 T T T T T

0.00 10.00 20.00 3000 4000 5000 60.00 Speed (rad/s)

4 ar e ' - e
E‘]Jn 4.1 ﬂ'Tll.lﬂuW“ﬁ%:HﬁnﬂlﬁﬂUﬂnUﬂﬁnUl%’] 'luﬁnﬂ:‘nﬂﬂmm'saﬁuu
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- £ ] o [ - t
NTIHUEAIANNANARD TEUTINTEUANVAIINISY BL WIMUNA9

12.00

10.00
8.00 —@80Kg
o0 ——— —————————— |~ @ 70Kg

llll@ 50 Kg

4,00
2.00 -
0.00 i ' ' ' I Speed (rad/s)

0.0 10.0 20.0 30.0 40.0 50.0 60.0

d o o , . A
Eﬂﬂ 4.2 ﬂ']']l]ﬂuW“ﬁT:“?']dnT:LlﬁnUﬂ'J']ul%? ‘luﬂﬂ’]?“.,'ﬂ']w']ﬂ’mﬂ'iﬁﬁﬂu
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a4 . P 5 w
4.3 ﬂ"l‘iﬂﬂﬂil‘u&lBl@lﬂ‘ﬂﬂﬂ'lﬂ‘i:llﬂﬁ‘iﬂ mmn'inﬂuﬁﬂﬂﬁmwﬁmwuuumwu

| 4
o L et A L] 1 e - s
4.3.1 ﬂ‘itﬁ%ﬂﬂ%ﬂgﬂﬂﬂﬁﬂ'\lﬂ'lﬂu 60 ﬂtﬁﬂ‘i&l

N159N 4.5 ﬁ']LL‘Nﬁuvlﬂﬂ'] nszua W usddia wazyrfmbnmwrasnamasilionatu

10 299" (slope = 10 degrees)

V{V) | I,(A) | EV) | @, (radls) | Torque(Nm) | P, (W) | P, (W) | Eff(%)
12.30 | 38.60 | 5.74 13.45 15.44 207.67 | 474.72 | 43.75
12.50 | 39.34 | 5.81 13,62 15.74 214.38 | 491.74 | 43.60
13.00 | 40.73 | 6.08 14.24 16.29 232.03 | 529.54 | 43.82
13.50 | 40.46 | 6.62 15.52 16.18 251.20 | 546.14 | 46.00
Avg | 12.83 | 39.78 | 6.06 14.21 15.91 226.32 | 510.54 | 44.29

< ' o - a o i o
A9 4.6 ﬂ"llﬁ{l(ﬂu‘lwﬂ”l ﬂi:ll.ﬂ‘lwﬂﬁl WLI3ue LLﬂ:ﬂi:ﬂ'f’lﬁﬂ"lW'ﬂaduﬂlﬂﬂglua'ﬂqﬂ’ﬂu

6.34 03¢ (slope = 6.34 degrees)

ViV) | LL(A) | EV)} | @, (radis) | Torque(Nm} | P, (W) | P . (W) | Eff(%)
8.20 | 23.72 | 4.17 9.77 9.49 92.69 | 194.46 | 47.66
790 | 2269 | 4.04 948 9.08 86.01 | 179.27 | 47.98
8.30 | 21.95 | 4.57 10.71 8.78 94.02 | 182.17 | 51.61
7.90 | 2288 | 4.01 9.40 9.15 86.03 | 180.74 | 47.60
Avg 8.08 | 22.81 | 4.20 9.84 9.12 89.69 | 184.16 | 48.71

< ' a - a a 2 o
A199 4.7 ﬂ’lllﬁ‘dﬂiﬂ,ﬂﬂ’l ﬂ?ZLLﬁllNﬂ"l Widyue ua:ﬂi:anﬁmwmaauamaﬁuamwu

5.71 998" (slope = 5.71 degrees)

V() | 1,(A) | EV) | @,, (radis) | Torque(Nm) | P, (W) | P, (W) | Eff(%)
6.80 | 18.88 | 3.59 8.42 7.55 63.56 | 128.38 | 49.51
6.90 | 19.90 | 3.52 8.24 7.96 65.62 | 137.32 | 47.79
6.90 | 19.07 | 3.66 8.58 7.63 65.40 | 131.55 | 49.72
7.10 | 19.44 | 3.80 8.90 7.77 69.17 | 138.00 | 50.12
Avg | 693 | 19.32 | 3.64 8.53 7.73 65.94 | 133,81 | 49.28
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A ' o - a = A a
A15197 4.8 duanlwi nrzualWia wsafie uazilsz@nimwassyaiaasidanotu

10 2391 (slope = 10 degrees)

VV) | 1L(A) | E4V) | @,, (radls) | Torque(Nm) | P, (W) | P, (W) | Efi(%)
12.70 | 39.43 | 6.00 14.06 15.77 221.71 | 500.70 | 44.28
12.90 | 4019 | 6.07 14.22 16.07 228.65 | 518.39 | 44.11
12.70 | 41.61 | 563 13.19 16.64 219.50 | 528.45 | 41.54
12.80 | 41.33 | 5.77 13.54 16,53 | 223.75 | 528.96 | 42.30
Avg | 12.78 | 40.64 | 5.87 13.75 16.25 | 223.40 | 519.12 | 43.06

d 1 ar Y = -3 : s
A195191 4.9 auan IWEN nrzualWin usiia ussilzfnimwuasnawmaiidaniety

6.34 24¢ (slope = 6.34 degrees)

VV) | L(A) | E(V) | @, (radis) | Torque(Nm) | P, (W) | P, (W) | EFf(%)
8.00 | 24.23 | 3.88 9.10 9.69 88.17 | 193.80 | 45.49
8.00 | 23.18 | 4.06 9.52 9.27 88.23 | 185.44 | 47.58
8.10 | 22.42 | 429 10.05 8.97 90.15 | 181.60 | 49.64
7.80 | 23.37 | 3.83 8.97 9.35 83.86 | 182.29 | 46.00
Avg | 7.98 | 2330 | 4.01 9.41 9.32 87.60 | 185.78 | 47.18

A15197 4.10 AuTIdw WA nazug i wivde wards@ninneasvaimadillanitu

5.71 39" (slope = 6.71 degrees)

V) | L(A) | EqV) | @, (radis) | Torque(Nm) | P, (W) | P, (W) | Eff(%)
6.80 | 19.29 | 3.52 8.25 7.71 63.68 | 131.14 | 48.56
7.10 | 20.33 | 3.64 8.54 8.13 69.46 | 144.34 | 48.12
7.00 | 19.48 | 3.69 8.65 7.79 67.36 | 136.33 | 49.41
6.90 | 19.86 | 3.52 8.26 7.94 65.62 | 137.00 | 47.89
Avg | 6.95 | 19.74 | 359 8.43 7.89 66.53 | 137.20 | 48.50
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< ' - a o | o
M990 4.11 ﬂﬂtlidﬁu‘].ﬂﬁ'l nT:LL‘:ﬂ.V‘IﬁW Widue LLR:ﬂT:ﬂﬂﬁ'ﬂ']W‘ﬂBx‘ll.lﬂl.ﬂﬂiﬂllﬂﬂ%‘l“ﬂ“

10 a3 (slope = 10 degrees)

ViV) | L(A) | EiV) | @, (radis) | Torque(Nm) | P, (W) | P_ (W) | Eff(%)
13.00 | 41.50 | 5.95 13.94 16.60 231.32 | 539.50 | 42.88
13.40 | 4230 | 6.21 14.55 16.92 246.25 | 566.82 | 43.44
13.20 | 43.80 | 5.75 13.49 17.52 236.30 | 578.16 | 40.87
13.40 | 43.50 | 6.01 14.08 17.40 24492 | 582.90 | 42.02
Avg | 13.25 | 4278 | 5.98 14.01 17.11 239.70 | 566.85 | 42.30

@15190 4.12 AuseunlWi nazualwi wsala uasdis@ninnussnataasiliontatu

6.34 23N (slope = 6.34 degrees)

V{V) | 1{A) | EV) | @,, (radls) | Torque(Nm) | P, (W) | P, (W) | EFf(%)
8.50 | 24.90 | 4.27 10.00 9.96 99.62 | 211.65 | 47.07
8.60 | 25.80 | 4.21 9.88 10.32 101.94 | 221.88 | 45.94
8.40 | 25.70 | 4.03 9.45 10.28 97.13 | 215.88 | 44.99
8.60 | 25.00 | 4.35 10.20 10.00 101.96 | 215.00 | 47.43
Avg | 853 | 2535 | 4.22 9.88 10.14 100.16 | 216.10 | 46.36

A ] a -~ Y i Qs
#1979 4.13 ﬂﬁLLTJ@H1Nﬁ1 T’IT:LLEﬂ.V‘I‘N'] WIaue LLR:ﬂi:ﬁﬂﬁﬂ"lW‘lladllE]Lﬂa‘s:l.ﬁﬂﬂ']d‘ﬂu

5.71 831 (slope = 5.71 degrees)

Vilv} | L(A) | EV} | @, {radis} | Torque(Nm} | P, (W) | P (W) | Eff(%)
7.00 | 2030 | 3.55 8.32 8.12 67.55 | 14210 | 47.54
740 | 21.40 | 3.76 8.82 8.56 7548 | 158.36 | 47.67
7.20 | 2050 | 3.72 8.71 8.20 71.41 | 14760 | 48.38
7.30 | 20.90 | 3.75 8.78 8.36 7343 | 152.57 | 48.13
Avg 7.23 | 20.78 | 3.69 §.66 8.31 71.97 | 150.16 | 47.93
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Torque(Nm)

useiia a1 anudludteg Mmiutingdindivinny 60 Kg.

18.00

16.00
14.00

{
4
th
o
-k

12.00

10.00

7.73

8.00
6.00

4.00

2.00

0.00

@ slope = 5.71 degrees @ slope = 6.34 degrees @ slope = 10 degrees

)
‘iJTI 4.4 ﬂ'ﬂuauwuﬁsvmnLmumﬂmmumﬂu'nuﬂmnuﬂwmummnu

]
Ll )

60 filansu

u

Torgue{Nm)
18.00 -

(74

usvda a1 anudiuareg miudingdiudimany 70 Kg.

~_16.25

16.00
14.00

12.00

10.00

8.00

6.00

7.89

4.00

2.00
0.00

@ slope =5.71 degrees @ slope = 6.34 degrees @ slope = 10 degrees
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Torque(Nm)

useda o anudluateg Mulinejdiudiimany 80 Kg.

18.00

- 1711

16.00
14.00

-~

12.00

-~

10.00

_A

8.00

8.3

6.00

4.00

2.00
0.00

@ slope = 5.71 degrees @ slope = 6.34 degrees @ slope = 10 degrees
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|
Qs

A o LYY = < [V
4.4 n‘n‘nmﬂaun‘nzuzn’mnu‘munﬂ nmta:ﬂ’nmﬂﬁm'intmﬁﬂﬂﬁ'lﬂ'maa@na 9

P ] o Py ; d :’ o o
@1919n 4. 14 ﬂ"lll.‘a'd@luvl'r'lﬂ'l ﬂ'i:LLfﬂ'Nﬂ’] WIUS IR LURZISHENN Lﬁﬂu’]ﬁuﬂl’d vy

fNLYinny 60 Alansu

e |

V(V) |V(km/hrH@ , (rad/s)E, (V)| 1,(A) |Torque(Nm)| Time(Hr) |Distance(Km)
7.08 5.00 14.88 '6.35 437 1.88 10.29 51.44
14.32| 10.10 30.06 12.82 8.84 3.80 5.09 51.44.
21.34| 15.05 44,79 19.11 13.17 5.66 3.42 51.44
24.41| 17.00 50.60 |21.58 | 14.87 6.40 3.03 51.44

o

15197 4. 15 fsaaw Wil nyzualWiy wsede 1187 wasIzpznig Wamingual

fyiny 70 Alansy

V(V) (V(km/r)| @ (rad/s}E, (V)| 1,(A) |Torque{Nm)| Time(Hr) |Distance(Km)
724 | 5.00 14.88 6.35 5.24 2.25 8.58 42.91
14.62( 10.10 30.06 12.82 10.59 4.55 4.25 4291
21.79] 15.05 44.79 19.11 15.78 6.79 2.85 42.91
2461 17.00 50.60 21.58 17.83 7.67 2.52 42.91

LY

] ' ar - A :‘ Lo i
f13191 4. 16 ﬂﬁLL?»ﬂ@l‘lﬂ.‘N‘N"l ﬂ‘i:ttﬂ‘l“ﬂlﬂ’] WINUA IR LLRSTTHENN L;Jawmumd '.Uﬁfl

FLnIny 80 Alan3y

V (V) |V(km/hr) (@ . (rad/s)E _..(V)| L(A) |[Torque(Nm)| Time(Hr) | Distance{(Km)
7.39 | 5.00 14.88 6.35 6.11 2.63 7.36 36.81
14.92| 1010 30.06 12.82 | 12.35 5.31 3.64 36.81
22.23| 15.05 44.79 19.11 | 1840 7.91 2.45 36.81
25.11| 17.00 50.60 |21.58 | 20.78 8.94 2.17 36.81
RUYLNAG) suzmwiinsudwihaudamansadald FUIIINAINNY (AHN)

PBILUALAST WITMILFINTEUR Db WIMANETUT 69 9
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Mok Normal
MS/s  InsAli

CH1 10A:1V
10.0 AAdiv
OC  Full
Che to:1
10.0 Urdiv
IC  Fuil

Edge CH1 £
Auto
0.8 n

CURAS(CI)USU13699A 0 Freq(Cl) 329,7866Hz
Iuty(C1) 19.52x Mms(C2) 40.2328V
Freq(C2) 317 .4603Hz : :
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: : . . 8.8 A
"RMS(CLY 4.325194° Freq(C1) 318,9793Hz
uty(C1) " 45.77« . Bas(CZ) 45.2042V
Freq(C2) 318.6243Hz . .
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0.000kn
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Freq(C2) 11.76471kHz
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2007,03,01 20:27:03 |y ok Normal
Stopped 16897 iINS/s  Insglie
e : T K AInTiOK 3 - . . CHi 1en:1U
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AUto
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Freq(C2) 318.9793Hz : :
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| MY1020Z3-350-600W
1. drawing:

MY 102023 gearbox motor characteristic of speed low torque large. Make

application for min tricycle, toy dune buggy and cross country vehicle etc.

2. dimension:

b }I
{-pl
g T B T
| =z i
J] 78
o z | I I | -
: 7T
I -h
i | Lo
:r‘\ __r__..(_.\.i.__
UEUEL I
I

Sprocket 10gear 12.7step roll diameter 7.95 420 # chain




3. curve

MY T KA @ (R )

L TN

[l

Fam

it

i)

r—;}—;;—;—];orquem ;l;p;;zdlrpm P-out/W voltage/V c:urrenthl\I P-u;NT I:aﬂ”_;leﬁm
No load 0.07 2953 22.88- ?_24.10 T 2-';-3 65.72 34.82
.-“_I\iax [ 1.54 T _;66.:!_- 7 373.75 24.27 i 18.58 450.89 82.89
: efficiency ﬁ .
I_I;ated load 1.89 2542 '56_4.04 :: 24.35 ; 55«-5.:1 621.87 81.05
ﬂMax torque! 3.119 2150 i 703.28 :‘A 24.10H{ 41 27 B -Qggu53 i “}1-36—““
4. technical specification:
model ‘specs !Vol;;;erﬁo load Rated Io:d‘ T
rs:;:eed!rpm currentIAtc;rque!N rn]speedlrpm!currenth PoutIW‘efficiencyl%
?350W24V 24 ! 3000 2.5 s A134 { 2700 18.7 350
é;oa;w” 36 T 3000 | 20 " " o700 | 125 | 350 |
:450W24V 24 l 3400 ?g ] 3000 24.0 450
'102023;;;6"\,\,35\,*_3“& T_ 3a00 | 20 143 3000 | 16.0 | 450
;450W48VI 48 ! 3400 1.8 3000 | 120 450 8%
600W36V, 36 | 3500 25 17 3200 | 214 | 600
}soowmv; 48 3500 | 2.0 326{ 1 160 | s00

Gearbox ratio i = 60 9= 6 67

——

e I




5. package:

|

T T
model Fweight!Kg guantity

MY1020Z3-350W24y 5.2

MY102023-350W36V

MY1020Z3-450W24V

: #
MY102023-450W36V 5.3

MY102023-450W48V
[ -

MY1020Z3-600W36V 5.5

MY1020Z3-600W48V
—_

4

1G.w./Kg

21.0

Packing size

-

;35x29x1 7

t

R

i

t Packing

3

F material
‘Carton box
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Data Sheet

Quad Voltage Comparators for Industrial,
Commercial and Military Applications

The devices in this series consist of four independent single
or dual supply voltage comparators on a single menolithic
substrate. The common mode input vollage range includes
ground even when operated from a single supply, and the
low power supply current drain makes these comparators
suitable for battery operation. These types were designed to
directly interface with TTL and CMOS.

Type CA138A, has a lower input offset voltage than the
CA139. Scme of the SOIC parts are available on tape and
reel (see Ordering Information table). Repiace the M suffix in
the part number with MS6 when ordering {e.g.,
CA0239M98).

Ordering Information

TEMP.
RANGE PKG.
PART NO. (BRAND) (°c) PACKAGE | NO.
CA0139E 5510125 |14 LdPDIP |E14.3
CAD139M, AM (139, 139A) | -5510 125 |[14Ld SOIC |M14.15
CA0239E 251085 |14LdPDIP |E14.3
CA0239MO6 (239) .25t085 |14LdSOIC |M14.15
CA0339E 0to70 |14LdPDIP [E14.3
CA0339M (339) 0to70 |14LdSOIC |M14.15
LM339N 0to70 |14LdPDIP |E14.3
LM2901N 40t085 |14LdPDIP  |E14.3
LM3302M96 {3302) 401085 |14LdSOIC [M14.15
LM3302N 401085 |14LdPDIP |E143
Pinout
CA139A {SOIC)
CA139, CA339, LM3302 (PDIP, SOIC)
CA239, LM2901, LM338 {PDIP)
TOP VIEW
s
output 2 [1] E OUTPUT 3
OUTPUT 1 E E OUTPUT 4
v+ E 1__z_| GND
NEG. INPUT 1 E _1__1| POS. INPUT 4
POS. INPUT 1 E E] NEG. INPUT 4

NEG. INPUT 2 Eé érzl POS. INPUT 3

POS. INPUT 2 E E NEG. INPUT 3

CA139, CA139A, CA239, CA339,
LM339, LM2901, LM3302

Cctober 1999 File Number 795.6

Features

» Operation from Single or Dual Supplies
+ Common Mede Input Voltage Range to GND

+ Output Veltage Compatible with TTL, DTL, ECL,
MOS and CMOS

+ Differential Input Voltage Range Equal to the
Supply Voltage

+ Maximum Input Offset Voltage (V|p)

- CA139A . 2mv
- CA139,CA239,CA339. . ... ... ...t amv
- LM2901. L mv
- LM3302. . ... 20mv

» Replacement for Industry Types 139, 239, 339, 139A,
2901, 3302

Applications

+ Square Wave Generator

= Time Delay Generators

* Pulse Generators

+ Multivibrators

= High Voltage Digital Logic Gates

+ A/D Coenverters

» MOS Clock Timers

Schematic Diagram
V+

T023,4

100pA

QUTPUT

COMPARATOR NO 1

1 I CAUTION: These devices ars sensitive to electrostatic discharge; follow proper IC Handling Procedures.

1-888-INTERSIL or 321-724-7143 | Copyright © intersit Corporation 1999



CA139, CA139A, CA239, CA339, LM339, LM2901, LM3302

Absolute Maximum Ratings

Supply Voltage
Differential Input Voltage
Input Vollage

Input Current (V| < -0.3V, Note 1)

Cutput Shert Circuit Duration (Single Supply, Note 2). . . Continuous

Operating Conditions

Temperature Range
CA139, CA139A
CA239

-55°C to 125°C
-25°C to 80°C
0°C to 70°C
-40°C to 85°C

Thermal Information

Thermal Resistance (Typical, Note 3) 88 (PCW) 8 (PCW)

PDIPPackage ................... 100 N/A

SOICPackage ................... 175 N/A
Maximum Junction Temperature (Plastic Package)......... 150°C
Maximum Storage Temperature Range. . ... ... .. -65°C to 150°C
Maximum Lead Temperature (Soldering 10s) . ... ........ agoec

(SOIC - Lead Tips Only)

CAUTION: Strosses above those listed in “Absolute Maximum Retings” may cause permanent damage to the device. This is a stress only rating and operotion of the
device at these or any other conditions above those indicated in the operationa! sections of this specification is not implied,

NOTES:

1. Inputs must not go more negative than -0.3V.

2. Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current independent of V+ is

approximately 20ma,

3. 8 is measured with the component mounted on an evatuation PC board in free air.

Electrical Specifications v+ = 5V, Unless Otherwise Specified

CA139 CA139A
TEST TEMP
PARAMETER SYMBOL CONDITIONS °c) MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vio VRer = 1.4V, Rg =0, Tp=25 - 2 5 - 1 2 mv
Sl;t;:u;\?wﬂch Paint Noto 4 - i 9 - i P y
Differential Input Voltage ViD Keep All Inputs 20V, or Note 4 - - 36 - - 36 \
V- (if used), (Note 5}
Saturation Voltage VsaT  |[VIFS IV V+ =0V, Tp=25 - 250 400 - 250 400 my
Isinx S 4mA Note 4 - . 700 . - 700 mv
Common Mode Input Vicr |Note & Ta=25 0 - V+-1.5 0 - V+-15 A
Voltage Range Note 4 0 . Jve2 ] 0 I VAP v
Input Offset Current lio I+ - Ta=25 - 3 25 - 3 25 nA
Note 4 - - 100 - - 100 nA
Input Bias Current s 1y+ ar |- with Outputin Tp =25 - 25 100 - 25 100 nA
Linear Range Note 4 - - 300 - - 300 nA
Total Supply Current I+ Ry == On All Ta =25 - 08 2 - 0.8 2 mA
Comparators
Qutput Leakage Vi+ 21V, V- =0V, Ta =25 - 0.1 - - 0.1 - nA
Current Vo =5V
Vi+ 2 1V, V- = 0V, Note 4 - - 1 - - 1 HA
Vg = 30V
Qutput Sink Current Vi-2 1V, Vi+ = 0V, Ta =25 6 16 - 6 16 - mA
Vo £1.5v
Voltage Gain Ao RL 2 15k, V+ = 15V Ta=25 - 200 - 50 200 - Vimv
Large Signal Response V) = TTL Logic Swing, Ta =25 - 300 - - 300 - ns
Time VREF = 1.4V, Vg =5V,
R = 5.1k
Response Time VR =5V, R =5.1kQ2 Ta =25 - 1.3 - - 1.3 - us
(Figures 3, 4)
2 intersil



CA139, CA139A, CA239, CA339, LM339, LM2901, LM3302

Electrical Specifications v+ =5V, Unless Otherwise Specified

CA239, CA339, LM339
TEST TEMP
PARAMETER SYMBOL CONDITIONS (°c) MIN TYP MAX UNITS
Input Offset Voltage Vio VREF = 1.4V, Rg = 0, Output Switch Ta =25 - 2 5 mv
Point V = 1.4V
Note 4 - - 9 mv
Differential Input Voltage Vio Keep All inputs 2 0V, or V- (if used) Note 4 - - 36 v
(Note 5)
Saturation Voltage Vgar V- =1V, Vi+ = 0V, gy € 4mA Ta=25 - 250 400 my
Note 4 - - 700 mv
Common Mode Input Vicr Note 6 Ta=25 0 - V+-1.5 A
Voltage Range
Note 4 0 - V-2 A
Input Offset Current ho I+ - - T =25 - 5 50 nA
Note 4 - - 150 nA
Input Bias Current g I+ or |- with Output in Linear Range Ta=25 - 25 250 nA
Note 4 - - 400 nA
Total Supply Current I+ R) = « on All Comparators Tao=25 - 08 2 mA
Qutput Leakage Current Vit 24V, V|- = 0V, Vg = 5V Ta=25 - 0.1 - nA
Vit 2 1V, V- = 0V, Vo = 30V Note 4 - - 4 uA
Qutput Sink Current V-2 1V, Vit =0V, Vo s 1.5V Ta=25 6 16 - mA
Voltage Gain AgL Ry =z 15k}, V+ = 15V Ta=25 50 200 - Vimv
Large Signal Response Time V) = TTL Logic Swing, Vrer = 1.4V, Ta=25 - 300 - ns
VRL =5V, R =5.1kQ
Response Time VRL =5V, R =5.1kQ To=25 - 13 - us
(Figures 3, 4)

NOTES:

4. Ambient Temperature (T} applicable over operating temperature range as shown below.

CA139, CA139A = -55°C to 125°C; CA239 = -25°C to 85°C; CA339, LM339 = 0°C to 70°C; LM2901, LM3302 = -40°C to 85°C.

5, The comparator will provide a proper output state even if the positive swing of the inputs exceeds the power supply voltage level, if the other
input remains within the common mede voltage range. The low input voltage state must not be tess than -0.3V (or 0.3V below the magnitude of
the negative power supply, if used).

6. The upper end of the common mode voltage range is (V+} - 1.5V, but either or both inputs can go to +30V without damage.

3 intersil




CA139, CA139A, CA239, CA339, LM339, LM2901, LM3302

Electrical Specifications v+ = 5v, Unless Otherwise Specified

TEST TEMP Lm2901 LM3302
PARAMETER SYMBOL CONDITIONS (¢cy MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vio Vrer = 1.4V, Rg =0, Ta =25 - 2 7 - 1 20 my
Cutput Switch Point
V14V Note 4 - - 15 - - 40 mV
Differential Input Voltage Vip Keep All Inputs 2 GV, or Note 4 - - 36 - - 28 A
V. (if used), (Note 5)
Saturation Voitage Vgar Vi-= 1V, Vj+ = 0V, Ta=25 - 250 400 - 250 500 mv
I < 4mA
SINK Note 4 - - 700 - - 700 mv
Commeon Mode Input Vicr Note 6 Ta=25 0 - V+-15 0 - v+ -1.5
Voltage Range
Note 4 0 - V+ -2 o - V+ -2
Input Ofiset Current lio i+ -1y Ta=25 - 5 50 - 3 100 nA
Note 4 - - 200 - - 300 nA
input Bias Current s i+ or |j- with Qutput in TaA=25 - 25 250 - 25 500 nA
Li R
fnearmange Note 4 - - | so00 - - | 1000 | na
Total Supply Current I+ R === 0on All Ta =25 - 0.8 2 - 0.8 2 mA
Comparators
Cutput Leakage Current Vi+ 2 1V, V- = 0V, Ta=25 - 0.1 - - 0.1 - nA
Vg =5V
Vit 2 1V, V- = 0V, Note 4 - - 1 - - 1 pA
Vg = 30V
Output Sink Current Vi-2 1V, v+ =0V, Ta =25 6 16 - 6 16 - mA
Vg s 1.5V
Voaltage Gain AoL R 2 15k, V+ = 15V Tp=25 25 100 - 2 30 - Vimv
Large Signal Response V| = TTL Logic Swing, Ta=25 - 300 - - 300 - ns
Time VREF = 1.4V,
VRL=5V.R = 5.1k}
Respense Time VRL = 5V. R = 5.1k Ta=25 - 1.3 - - 1.3 - us
{Figures 3, 4)
Typical Performance Curves
Ry = o= | Vig = 0V
559C e0 L Ric=10"0
1.0 |
— e —
£ |t 0°C < 50 -55°C
: D'B . 2500 :
z l & 40 0°c
£ 06| 70°C v 2s°¢
o ' - G
= : b 70°C
2 oa s 125°¢ 2 125°C
a -_— 2 20
g z
w
0.2 10
0 10 20 30 0 10 20 30 40

POSITIVE SUPPLY VOLTAGE (v}

FIGURE 1. SUPPLY CURRENT vs SUPPLY VOLTAGE

POSITIVE SUPPLY VOLTAGE (V)

FIGURE 2. INPUT CURRENT vs SUPPLY VOLTAGE
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CA139, CA139A, CA239, CA339, LM339, LM2901, LM3302

Typical Performance Curves

Ta = 25°C ‘>E‘ Ta =250 100 %-
S8 * g
< 0 g
] V4= 45V 5
g 8
- =
2 =2
- [-%
z z
5 5 55 _—W
w g L w
L) O 4
£ 3L 100my = 5, /
o | g INPUT —
> 2l N INPUT 2 I—d-— OVERDRIVE
5 20mv -3%| " L OVERDRIVE 5 =5mv ]
a 1 3 = 5mV & 1
= =
3 } 1 =)
o 0 © 0
0 0.5 1.0 1.5 2.0 15 2.0
TIME (ps) TIME {ps)
FIGURE 3. RESPONSE TIME FOR VARIOUS INPUT FIGURE 4. RESPONSE TIME FOR VARIOUS INPUT
OVERDRIVES - NEGATIVE TRANSITION OVERDRIVES - POSITIVE TRANSITION
10! -
— TA =25 f 4
& OUT OF F
o SATURATION /
2 .0
2w £
g ol
5
g 107
2
E -
o o
T -
=2
& A
2
°
1073
102 101 10° 101 102

OUTPUT SINK CURRENT {mA)

FIGURE 5. OUTPUT SATURATION VOLTAGE vs OUTPUT SINK CURRENT

Metallization Mask Layout

? 5|0 55
- 3
50 —
40 —
NOTE: Dimenpsions in parentheses
30 — 51.59 are in mm and are derived from the
(1.295 - 1.499) basic in. dimensions as indicated. Grid
graduations are in mils (102 inch).
20 —
10 —
Y

put= 4 - 10 (0102 - 0.254)
L—— 52 - 60 (1.321 - 1.524) _——pl
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National
Semiconductor

LM124/LM224/LLM324/1.M2902
Low Power Quad Operational Amplifiers

General Description

The LM124 series consists of four independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power
supply current drain is independent of the magnitude of the
power supply voitage.

Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply
systems. For example, the LM124 series can be directly
operated oft of the standard +5V power supply voltage which
is used in digital systems and will easily provide the required
interface electronics without requiring the additional 15V
power supplies.

Unique Characteristics

# In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a
single power supply voltage

m The unity gain cross {requency is temperature
compensated

m The input bias current is also temperatire compensated

August 2000

Advantages

8 Eiiminates need for dual supplies

® Four internally compensated op amps in a single
package

Allows directly sensing near GND and V7 also goes
to GND

Compatible with all forms of logic

Power drain suitable for batiery operation

Features
m {nternally frequency compensated for unity gain
Large DC voltage gain 100 dB
Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
Wide power supply range:
Single supply 3V to 32V
or dual supplies 1.5V to 16V
Very low supply current drain (700 pA)— essentially
independent ol supply voltage
Low input biasing current 45 nA
(temperature compensated)
Low input oftset voltage 2 mV
and offset current; 5 nA
input common-mode voltage range includes ground
Ditterential input voltage range equal 1o the power
supply voltage
Large output voltage swing 0OV to V* — 1.5V

Connection Diagrams

Dual-In-Line Package

GUTPUT A INPUTA™ NPUTA*  GND  ANPUTI® (NPUT 3™ QUTPLT 3
" 13 12 n " ] '
D]
1 |2 3 ' 5 5 lJ
QUTPUT 1 INPUT 1I- WNPLUTH  ¥* INPUT 2°  INPUT 2= DUTPYT?
00929901
Top View

Order Number LM124J, LM124AJ, LM124J/883 (Note 2), LM124AJ/883 (Note 1}, LM224J,
LM224AJ, LM324J, LM324M, LM324MX, LM324AM, LM324AMX, LM2902M, LM2902MX, LM324N, LM324AN,
LM324MT, LM324MTX or LM2902N LM124AJRQML and LM124 AJROMLV(Note 3)

See NS Package Number J14A, M14A or N14A

© 2004 National Semiconductor Corporation DS009299
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LM124/LM224/LM324/LM2902

Connection Diagrams (continued)

Note 1: LM124A available per JM38510/11006
Note 2: LM124 available per JM38510/11005

1
ouUTPUT + ]

2
INPUT 1- ]

3

INPUT t+ ]
ve

FS

5
INPUT 2+ ——1

[
INPUT 2- C——F

7
OUTPUT 2 C—]

LMI124awW

“I] QUTPUT &
13:_1 INPUT 4-
12:l INPUT 4+
H:] GND

mz INPUT 3+
g:l INPUT 3=
:a:j OUTPUT 3

00929833

LM124AWRQML and LM12JAWRQMLV{Ncte 3)
See NS Package Number W14B

LM124AWGRQML and LM124AWGRQMLV(Note 3)

See NS Package Number WG14A

Note 3; See STD Mit DWG 5962R39504 for Radiation Tolerant Device

Schematic Diagram (gach Ampiifier)

Order Number LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883

00020902
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Absolute Maximum Ratings (note 12)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Supply Voltage, V*
Differential Input Voltage
Input Voltage
Input Current
(Vin < —0.3V) (Note 6)
Power Dissipation (Note 4)
Molded DIP
Cavity DIP
Small Outline Package
Qutput Short-Circuit to GND
{One Amplifier) {Note 5)
V* < 18V and T, = 25°C
Operating Temperature Range
LM324/LM324A
LM224/LM224A
LM124/LM124A
Storage Temperature Range
Lead Ternperature {Soldering, 10 seconds)
Soldering information
Duak-In-Line Package
Soldering (10 seconds}
Small Cutline Package
Vapor Phase {60 seconds)
Infrared {15 seconds)

See AN-450 “Surface Mounling Methods and Their Effect on Product Reliability” for other methods of soldering surface mount

Distributors for availability and specifications.

LM124/LM224/LM324
LM124A/LM224A/LM324A
32v
32v
~0.3V to +32V

50 mA

1130 mwW
1260 mw
B0OC mW

Continuous

0'Cto +70°C
-25'C to +85'C
~-55"C to +125°C
-65'C to +150°C
260°C

260°C

215°C
220°C

LM2902
26V
26V
~-0.3V to +26V
50 mA
1130 mW

1260 mwW
800 mW

Continuous
-40°C to +B5°C

—65°C to +150°C

260'C

260°C

215'C
220°C

devices.
ESD Tolerance {Note 13} 250V 250V
Electrical Characteristics
V* = +5.0V, (Note 7), unless otherwise stated
LM124A LM224A LM324A .
Parameter Conditions - - - Units
Min Typ Max (Min Typ Max |Min Typ Max
tnput Cfiset Voltage (Note 8) T, = 25°C 1 2 1 3 2 3 my
Input Bias Current hregey OF By Yiom = OV, 20 50 40 80 a5 100 | na
{Note 9) T,=25C
Input Cfiset Current sy OF lingeys Ve = OV, 2 10 2 15 5 30 nA
Tp=25C
Input Common-Mode V* = 30V, (LM2902, V™ = 26V}, 0 V*-15| O V*-15] 0O V*-1.5 V)
Voltage Range (Note T,=25C
10)
Supply Current Over Full Temperature Range
R, = = On All Cp Amps mA
V+ = 30V (LM2302 V* = 26V) 15 3 1.5 3 1.5 3
V* = 5V 0.7 1.2 0.7 1.2 0.7 1.2
Large Signal V* = 15V, R 2 2k(}, 50 100 50 100 25 100 VimV
Voltage Gain (Vo= 1Vio11V), T,=25C
Common-Mode DC, Vou = 0V to V" — 1.5V, 70 B85 70 B5 65 85 dB

www.national.com
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LM124/LM224/LM324/LM2902

Electrical Characteristics (continued)
V* = +5.0V, (Note 7}, unless oltherwise stated

LM124A

LM224A

LM324A

Voltage Range (Note
10)

Ta=25C

Parameter Conditions - Units
Min Typ Max (Min Typ Max |Min Typ Max
Rejection Ratio Ts =25'C
Power Supply V*+ = 5V to 30V
Rejection Ratio {LM2902, V* = 5V to 26V), 65 100 €65 100 65 100 dB
To=25C
Amplifier-to-Amplifier f=1kHz to 20 kHz, T, = 25'C -120 -120 -120 dB
Coupling (Note 11) {input Referred)
g:::f:r:t Source | Vin™ = 1V, Vin™ = OV, 20 40 20 40 20 40
V* =18V, Vg =2V, T = 25°C mA
Sink Vin™ =1V, Vi " = OV, 10 20 10 20 10 20
V* =18V, Vg =2V, TAo =25'C
Vi = 1V, Vit = 0V, 12 50 12 50 12 50 pA
V=15V, V=200 mV, T, =25C
Short Circuit to Ground { (Note 5} V* = 15V, T, = 25°C 40 60 40 60 40 €60 | mA
Input Offset Voltage (Note 8) 4 4 5 my
Vog Drift Rg = 00 7 20 7 20 7 30 pvirc
Input Offset Current by = ey Vom = OV 30 30 75 nA
lag Drift Ay =00 10 200 10 200 10 300 [pASC
Input Bias Current linge 97 lingg 40 100 40 100 40 200 | nA
Input Common-Mode V* = +30V 0 V-2t 0 v-2| © V-2 A
Voltage Range {Note {(LM2802, V* = 26V}
10)
Large Signal V* = +15V (VoSwing = 1V to 11V)
Voltage Gain R . z2kQ 25 25 15 VimV
Output Von V* =30V R _=2kQ 26 26 26 A
Voltage
Swing {LM2302, v* =26V} |R_=10kQ |27 =28 27 28 27 28
VoL V* =5V, R =10k 5 20 5 20 5 20 | mV
Qutput Source | Vg =2V Vint = +1V, 10 20 10 20 106 20
Current
Vi~ =0V, A
V*+ = 15V
Sink Vi~ = +1V, 10 15 5 B8 5 B
Vin" = 0V,
V*+ = 15V
Electrical Characteristics
V* = +5.0V, (Note 7), unless otherwise stated
Parameter Conditions LMi24/LM224 LM324 LM2902 Units
Min Typ Max [Min Typ Max |[Min Typ Max
Input Offset Voltage {Note B) T, = 25°C 2 5 2 7 2 7 mv
Input Bias Current hingsy OF .I,NH, Vem = 0V, 45 150 45 250 45 250 | nA
(Note 8) T.=25C
Input Offset Gurrent linigsy OF by Vona = OV, 3 30 5 50 5 50 nA
T.=25C
Input Common-Mode V* = 30V, (LM2202, V* = 28Y), o V-15| 0 Vr-i5| © V*-1.5 \
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Electrical Characteristics (Continued)

V* = +5.0V. (Note 7), unless otherwise stated

. LM124/LM224 LM324 LM2902
Parameter Conditions - Units
Min Typ Max [Min Typ Max {Min Typ Max
supply Current Over Full Temperature Range
R, == On All Op Amps mA
V* = 30V (LM2902 V* = 26V) 15 3 1.5 3 1.5 3
V*+ =5V 0.7 1.2 0.7 1.2 0.7 1.2
.arge Signal V* = 15V, R 2 2k, 50 100 25 100 25 100 vimV
foltage Gain (Vo=1V o 11V}, T, = 25°C
>ommon-Mode DC, Vo = 0V to V* — 1.5V, 70 85 &5 85 50 70 dB
lejection Ratio Ta=25C
Jower Supply V* = 5V to 30V
lejection Ratio (LM2902, V* = 5V fo 26V), 65 100 65 100 50 100 dB
Tn=25C
\mplifier-to-Amplifier f=1kHzto 20 kHz, T, = 25°C -120 -120 -120 dB
>oupling (Note 11) (Input Referred)
)z:f:;t Source | Vin® = 1V, Vi~ = OV, 20 40 20 40 20 40
V*r =15V, Vg =2V, To=25C mA
Sink | Vi~ = 1V, Vit = 0V, 10 20 10 20 10 20
V* =15V, V=2V, T, = 25°C
Vi~ = 1V, V) " = 0V, 12 50 12 50 12 50 uA
V* =15V, Vo =200 mV, T, =25C
short Circuit to Ground | (Note 5) V* = 15V, T, = 25'C 40 60 40 60 40 60 mA
nput Offset Voltage (Note 8} 7 9 i0 | mv
fog Drift Rg = 002 7 7 7 pv/ic
nput Offset Current ey — lingeys Ve = OV 100 150 45 200 | nA
ag Drift Rg = 00 10 10 10 pA/C
nput Bias Current By OF fingy 40 300 40 500 40 500 | nA
nput Common-Mode V= +30V 0 vt-2| 0 vr=21}| 0 V-2 \
foltage Range {Note (LM2802, V* = 26V)
10}
.arge Signal V* = +15V (VoSwing = 1V to 11V)
foltage Gain R, 2 2 k{2 25 15 15 Vimv
Jutput Von v+ = 30V R =2 kQ 26 26 22 \
foltage
swing {(LM2902, v* = 26V) | R_ = 10 k(2 27 28 27 28 23 24
Voo V* =5V, R =10k 5 20 5 20 5 100 | mV
gs:jra:rt“ Source | Vo = 2V Vint = +1V, 10 20 10 20 10 20
Vin~ =0V,
V* =15V mA
Sink Vi = +1V, 5 8 5 a8 5 8
Vit =0V,
V' =15V

Note 4: For operating at high temperatures, the LM324/LM324A/LM2502 must be derated based on a +125°C raxirmum Junction temperature and a thermal
resistance of 88°C/W which applies for the device soldered in & printed circuit board, operating in a still air ambient, The LM2241M224A and LM124/LM124A can
be derated based on a +150°C maximuwum junction temperature. The dissipation is the total of all four amplifiers — use external rasislors, where possible, to allow the

amplitier to saturate of to reduce the power which is dissipated in the integrated circuit.

Note 5: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering shon circuits to ground, the maximum output
current is approximately 40 mA independent of the magnitude of V™, At values of supply voltage in excess of +15V, continuous short-circuits can exceed the power
dissipation ratings and cause eventual destruction. Dastructive dissipation can result from simultancous shorts on all amplifiers.

Note 6: This input current will only exist when the voltage at any of the input leads is driven negative. It is due {o the collector-base junction of the input PNP
transistors becoming forward biased and thereby acting as input diotle clamps. In addition to this diode action, there Is also jateral NPN parasitic transistor action

5
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LM124/LM224/LM324/LM2902

Electrical Characteristics (continueq)

on the 1C chip. This transistor action can cause the output voltages of the op amps to go to the V*voltage level (or to ground for a large overdrive) for the time duration
that an inputis driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again retuens to a value
greater than —-0.3V {at 25°C}.

Note 7: These specifications are limited to ~55°C < Ty < +125°C tor the LM124/LM124A, With the LM224/LM224A, all temperature specifications are limited to
—26°C 5 Ta £ +85°C, the LM324/LM324A temperature specifications are kmited to 0'C < T4 < +70°C, and the LM2902 specifications are iimited 1o —40°C < Ty <
+85°C.

Note B: Vo = 1.4V, Rg = 00 with V* from 5V to 30V; and over the fuli input common-mode range (OV to V' — 1.5V} for LM2802, V* fram 5V 1o 26V.

Note 3: The direction of the input current is out of the IC due to the PNP input stage. This cusrent is essentially constant, independent of the state of the oulput so
no loading ¢hange exists on the input lines.

Note 10: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the
common-mode voltage range is V* — 1.5V (at 25°C), but either or both inputs can go to +32V without damage (+26V for LM2002), independent of the magnitude
of V¥

Note 11: Due 1o proximity of exiemal components, insure that coupling is not griginating via stray capacitance between these exiernal parts. This typically can be
detected as this type of capacitance increases at higher frequencies.

Note 12: Refer to RETS124AX for LM124A military specifications and reter tc RETS8124X for LM124 military specifications.
Note 13: Human body model, 1.5 ki in series with 100 pF.

Typical Performance Characteristics

Input Voltage Range Input Current
15 90 ooV
ol "I DC
) ~ 80
£ £ 70
= 10 _— vz 30y
I = I T
2 / z =1 | |
a NEGATIVE = 50 ——
> =2 L
- S e Vo= 115V,
z POSITIVE 5 -
z 5 / [
. =z
3 / - Vi o= 45V
> -]
+ 10
0
0 5 10 15 -55-35-15 5 25 45 65 85 105125
v* OR ¥V~ - POWER SUPPLY VOLEAGE (V) T, ~ TEMPERATURE {°C)
0092893 00026035
Supply Current Voltage Gain
— 4 T 160
; [y |
£ . '
— mA 61 P E) R = 20k
z - ~ 120 =]
=
gL 3 7 N~
= L R = 2kfl
&2 2 = 80
% —= _— —
3 =, g
= | 1
% V=T, = 0°C TG +125°C % g 40
o>
v =T
! T, = -559C
- I I
0 10 20 30 0 10 20 3o 40
v - SUPPLY YOLTAGE {Vy.) V'~ SUPPLY VOLTAGE (V)
00823938 00929937
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