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Parameter Conditions LM358A Units
Min Typ Max
Input Offset Voltage (Note 5), T, = 25°C 2 3 mV
Input Bias Current gy OF hingey Ta = 25°C, 45 100 nA
Vem = 0V, (Note 6)
Input Offset Current liny = Iingey Vem = 0V, T4 = 25°C 5 30 nA
Input Common-Mode V* = 30V, (Note 7) 0 Vt-15| V

Voltage Range
Supply Current

(LM2904, V* = 26V), T, = 25°C
Over Full Temperature Range
R_ = == on All Op Amps

V* = 30V (LM2904 V* = 26V) 1 2 mA
V* = 5V 0.5 1.2 mA
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BESMEE oooooooovl oo sov
Parameter Conditions LM358 LM2904 Units
Min Typ | Max | Min Typ | Max
Input Offset Voltage (Note 5) , Tp = 25°C 2 7 2 7 mV
Input Bias Current lings OF Iingoy, Ta = 25°C, 45 250 45 250 nA
Vem = 0V, (Note 6)
Input Offset Current hnesy = vy Vom = 0V, Tp = 25°C 5 50 5 50 nA
Input Common-Mode V* = 30V, (Note 7) 0 V*-15 0 V*-1.5 \Y
Voltage Range (LM2904, V* = 26V), T, = 25°C
Supply Current Over Full Temperature Range
R_ = on All Op Amps
V* = 30V (LM2904 V* = 26V) 1 2 1 2 mA
v+ =5V 0.5 1.2 0.5 1.2 mA
BSMNEY cooooooo vl 0o 5.0V (Note 4)
Parameter Conditions . LM358A Units
: Min Typ Max
Large Signal Voltage V* =15V, T, = 25°C,
Gain RL 22 kQ, (For Vg = 1V 25 100 VimV
to 11V)
Common-Mode Ta =25C, 65 85 B
Rejection Ratio Vem = 0V to V-1.5V
Power Supply V* = 5V to 30V
Rejection Ratio (LM2904, V* = 5V 65 100 dB
to 26V), T, = 25°C
Amplifier-to-Ampilifier f=1kHzto 20 kHz, T, = 25°C _120 B
Coupling (Input Referred), (Note 8)
Output Current | Source|V,* = 1V,
Vin© = OV, 20 40 mA
V* =15V,
Vo =2V, Tpo=25C
Sink|{Viy™ = 1V, Vit = 0V
V* =15V, T, = 25°C, 10 20 mA
Vo = 2V
Vin™ =1V,
Vin' = 0V
. 12 50 pA
Ta = 25°C, Vg = 200 mV,
V* =15V
Short Circuit to Ground | T, = 25°C, (Note 2),
V* = 15V 40 60 mA
Input Offset Voltage (Note 5) 5 mV
Input Offset Voltage Rs = 0Q
i 7 20 | pv/C
Drift
Input Offset Current gy = liny 75 nA
Input Offset Current Rg = 0Q
] 10 300 | pA/C
Drift
Input Bias Current lingsy OF Iingy 40 200 nA
Input Common-Mode V* =30V, (Note 7) o Vo2 v
Voltage Range (LM2904, V* = 26V)
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BESMNEE oooooooo vl 00 5.0V (Note 4) (0 00)

LM358A it
Parameter Conditions - Units
Min Typ Max
Large Signal Voltage V* = +15V
Gain (Vo = 1V to 11V) 15 V/mV
R, 22 kQ
Output Vou| V" = 430V R =2kQ 26 \
Voltage (LM2904, V* =26V) |R_=10kQ | 27 28 \Y
Swing VoL|V* =5V, R = 10 kQ 5 20 mV
Output Current | Source|V\\* = +1V, V\y~ = 0V,
10 20 mA
V* =15V, Vg = 2V
Sink|Vin™ = +1V, V)" = 0V,
™ ™ 5 8 mA
V* =15V, Vg = 2V
BESMNEYE cooooooovioo 5.0V (Note 4)
. LM358 LM2904 Units
Parameter Conditions - -
Min Typ Max Min Typ Max
Large Signal Voltage V* =15V, T, = 25°C,
Gain RL 22 kQ, (For Vo = 1V 25 100 25 100 VimV
to 11V)
Common-Mode Ta = 25°C,
o ] 65 85 50 70 dB
Rejection Ratio Vem = 0V to V*-1.5V
Power Supply V* = 5V to 30V
Rejection Ratio (LM2904, V* = 5V 65 100 50 100 dB
to 26V), To = 25°C
Amplifier-to-Amplifier f=1kHzto 20 kHz, T, = 25°C
. -120 -120 dB
Coupling (Input Referred), (Note 8)
Output Current Source |Vt = 1V,
Vin~ =0V,
20 40 20 40 mA
V* =15V,
Vo =2V, Tp=25C
Sink|Vin™ = 1V, V" = 0V
V* =15V, T, = 25°C, 10 20 10 20 mA
Vo =2V
Vin™ =1V,
V' = 0V
] 12 50 12 50 A
Ta = 25°C, Vo = 200 mV,
V* =15V
Short Circuit to Ground Ta = 25°C, (Note 2),
40 60 40 60 mA
V* =15V
Input Offset Voltage (Note 5) 9 10 mV
Input Offset Voltage Rg = 0Q
P g S 7 7 uvrc
Drift
Input Offset Current vy = vy 150 45 200 nA
Input Offset Current Rs = 0Q
P s 10 10 PA/C
Drift
Input Bias Current fingey OF Iingy 40 500 40 500 nA
Input Common-Mode V* =30V, (Note 7)
0 V-2 0 v+ -2 \
Voltage Range (LM2904, V* = 26V)
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BESMNEE oooooooo vl 00 5.0V (Note 4) (0 00)

Parameter Conditions LM358 LM2904 Units
Min Typ Max | Min Typ Max
Large Signal Voltage V* = 415V
Gain (Vo =1V to 11V) 15 15 V/mV
R 22kQ
Output Voul| V" = +30V R =2kQ 26 22 \"
Voltage (LM2904, V* = 26V) |R_ = 10 kQ 27 28 23 24 \
Swing VoLV =5V, R = 10 kQ 5 20 5 100 mV
Output Current Source| Vit = +1V, V™ = 0V,
V* = 15V, Vg = 2V 10 20 10 20 mA
Sink| Vi~ = +1V, V)" = 0V,
V* = 15V, Vg = 2V 5 8 ° 8 mA

Note 1:

Note 2:

Note 3:

Note 4:
Note 5:

Note 6:

Note 7:

Note 8:

Note 9:
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B aER
Temperature Range
Package P nge NSC Drawing
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B—EREMERBTOT7 T)r—a vl sovpe (000)

High Compliance Current Sink Comparator with Hysteresis
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B—EREMERBTOT7 T)r—a vl sovpe (000)

AC Coupled Inverting Amplifier
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B—EREMERBTOT7 T)r—a vl sovpe (000)

AC Coupled Non-Inverting Amplifier
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B—EREMERBTOT7 T)r—a vl sovpe (000)

Bandpass Active Filter
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B—EREMERBTOT7 T)r—a vl sovpe (000)

Photo Voltaic-Cell Amplifier Bridge Current Amplifier
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Using Symmetrical Amplifiers to
Reduce Input Current (General Concept)

1/2 LM358 +Vo

0.001uF

*hi g AT 50 nA
ls
-
| 2R
lg — M
1/2 LM358
--— AUX AMP

INPUT CURRENT
COMPENSATION

MR (cooooo)

INPUTS
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N fe~HiEBR 0 0000 00 inches (millimeters)

0.189-0.197 _
"~ (4.800—5.004)

T%%M%

0.228-0.244
(5.791—6.198)

sy

LEAD NO. 1 3¢
IDENT Tvp
0.150—0.157
{3.810—-3.988)
0.010-0.020 450 _ 2.063-0.069
{0.254-0.508) r- & AKX TYP (1.346-1.753) 0.004—0.010
ALL LEADS * {0.102-0.254)
ﬁ—‘ —E= SEATING
0.008 / ? ? * ¢ PLANE
0.008—0.010 ALL(EELI:JZ)]'IPS 0.016—0.050 % 0.050 U.DN—U.OZUTYP
ﬁ:?ﬁﬂéﬁ:; m ' .21 0.008 - (0-356 -0.508)
. - TP .
TYP ALL LEADS g e MOoA (REV 1)
SOIC Package (M)
NS Package Number MOSA
0.373—0.400
(9.474-10.16)
0.090
> (2.286)
0.0%2 [8] [7] [6] [5] 0.032+0.005 8] [7]
(2.337) ANY (0.813%0.127)
Y 0.250+0.005
PIN NO. 1 IDENT \ (6.35%0.127) PIN NO. 1 msmﬂ.
OPTION 1
b [2] 18] [4]
0.280 0.040
— == - .
(7.112) MIN 0.030 {1.018) TYP—>| |<— OPTION 2
MAX 0.039 0.145—0.200
0.300—0.320 (0.762) oiqe —» (UT!H) W 0.
™| 762—s.128) # 20° 1P —> /<— : (3.683—5.080)
e 1 # — A 0.130+0.005 1
‘ TT] y  (3.30210.127) v
o5 s 4 e } omopm )
- 0.065 Y  (3.175-3.556)
0125 S| 7o T 0.020
0.009-0.015 [l = @i (1.851) 90° +4° {0.508)
(0.229-0.381) DIA TYP MIN
+0.040 NOM . 0.018+0.003
0325 "o (0.457 £0.076)
+1.016 e 0:10040.010
(”55 —0.381) (2.540£0.254)
0.045+0.015
(1.143+0.381) 0.060
0.050 > (1.524)
— | |—
(1.270) NOBE (REV F)

Molded Dip Package (N)
NS Package Number NOSE
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St 3EB 0 00 millimeters (0 00 )

SYMM
0.17

W T

1 '

\
e

. ‘ . (0.5)
ji (0.5)

LAND PATTERN RECOMMENDATION

DIMENSIONS ARE IN MILLIMETERS
DIMENSIONS IN ( ) FOR REFERENCE ONLY

TOP SIDE COATING

AN /

BUMP A1 CORNER
SILICON _-I

0.15
0.11

8X ¢0.18

8-Bump micro SMD

0.16

NS Package Number BPAOSAAB

X;=1.285 X, =1.285 X, = 0.850

NOTES: 0 000000

1. 00000000000

2.63Sn/37Pb EUTECTIC OO0

3. NSMD (Non-Solder Mask Defined) 0 000000000000

4.00 A10000000 (ODO00DOOOOOOO )DOOOOOOOOMDOOOOO0O0O0O00ODoOOooOOOOOobboOoo

X2
SYMM
¢

&

550

+ —

SYMM
--—{ ;)——---——— ¢
2 X1

5000 XXXO0OO00OO0Ooooooooooooox, 0000000 X, 0000000, 0000000000

6. JEDEC 0 0 MO-2110VARIATION BCO O OO

e

{?-1

BPAOSXXX (Rev D)

(4]
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St 3EB 0 00 millimeters (0 00 )

SYMM
0.17

s L

\
R

oool

LAND PATTERN RECOMMENDATION

DIMENSIONS ARE IN MILLIMETERS
DIMENSIONS IN () FOR REFERENCE ONLY

e—— X3 ——=
ﬁc
TOP SIDE COATING gégg r“ =
\ BUMP

\ | |
D o —of ]

! ‘ |
D “lo-0-0of
\ / , ‘
|
] L—o.1s [C [B A ;
BUMP A1 CORNER SILICON: 11 A
o1 6012 (2]

TPAOBXXX (Rev B)

NOTES: D 000000

1.0000mooogo

2. NSMD (Non-Solder Mask Defined) 0 0000000000 OO

3.00 Al0000000 (0000000000 )ooooooooomoooooooooooooooooooooo
4000 XXXOODOOOOoooooooooooox, 0000000 X, 0000000 X; 0000000 ooo
5.JEDEC O 0 MO-2110VARIATION BCO O O O

8-Bump micro SMD Lead Free
NS Package Number TPAOSAAA
Xy =1.285 X,=1.285 X;=0.500

Jo0d0000o00DoO00O0oOo0O0OO00D0DO000O000DO00DOOO0O0OO0OO00DOO00ODOO0OO0OO0ODODOOODOO
0000oo0U00oo0oU0Doo0U0oo0U0o0U00oo000oo00DoO0U00DoOo0O0Oo0U0DOo0U0DooOUOoOoOoUDoOOoOoOoOg
0000000 www.national.com OO QO OOGOQOO

S HFEE~DOFERICDONT
go0o0ooo0o0ooo0oo0ooooo0ooooooooooooooooooOO oo O0oooDooUoO oo ooob
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1. 000000000o0OO0ODODOO0O0OD (@ooooooo
0oo0oooooooooooooog wyooooooo
gbooooooooooooboOoOooOoOoOobOboOoOoooa
gboooooooooooooooboOoOoboboOoOoood
goooooooooooooobooooooo

2. 0000000000 00OO0O0O0ODOOOO0ODOOODODDO
gooooobooooboooooooOoboOoobooooDooo
gooboOoooooO0oOoO0oOoOoOobOOoOoOOOOOODo
gboooooooooooooocoooooooo

FUEMERERICEYT 58S

00000 0000000000000 O0O0O0O0O00OCcSP-9-111C200 (Customer Products Stewardship Specification)d CSP-
9-11182 0 O (Banned Substances and Materials of Interest Specification) D 000000000 OCSP-9-111S200000000

ooooooooooooo
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