ROHIM Technical Note

SEMICONDUCTOR

General-purpose Operational Amplifiers / Comparators ‘ Pb

s 4
SIGNATURE SERIES “Frec RoHS
Operational Amplifiers

LM358DT/PT/ST/WDT/WPT,LM2904DT/PT/ST/ WDT/WPT
LM324DT/PT/WDT,LM2902DT/PT/WDT No.11094EBT05

@ Description
The Universal Standard family LM358 / 324, LM2904 /
2902 monolithic ICs integrate two independent

op-amps and phase compensation capacitors on a
and feature high-gain, low power consumption, and

SIGNATURE
SERIES
\

an operating voltage range of 3[V] to 32[V] LM358 famlly LM2904 family - "LM324 family — -LM2902 family
(single power supply.) LM358DT w LM2904DT (LM324DT 1 (LMZQOZDT 1
LM358PT LM2904PT LM324PT LM2902PT
LM358ST LM2904ST LM324WDT LM2902WDT
LM358WDT LM2904WDT
LM358WPT LM2904WPT
@Features
1) Operating temperature range
Commercial Grade LM358/324 family O[°’C]to+ 70[°C]
Extended Industrial Grade LM2904/2902 family : -40[°C] to +125[°C]
2) Wide operating supply voltage
+3[V] to +32[V] (single supply)
+1.5[V] to =16[V] (dual supply)
3) Low supply current
4) Common-mode input voltage range including ground
5) Differential input voltage range equal to maximum rated supply voltage
6) High large signal voltage gain
7) Wide output voltage range
@Pin Assignment
OUTPUT1 [1] 114 OUTPUT 4
OUTPUT 1 |1 8| Veet INVERTING INVERTING
[ j INPUT 1 2] 3 INPUT 4
NON-INVERTING NON-INVERTING
lNVIEELI_IFJ? E _ 4 E OUTPUT 2 INPUT 1 2] 12 INPUT 4
veet [4] [11] Vec™
NON-INVERTING INVERTING NON-INVERTING NON-INVERTING
INPUT 1 3 T E INPUT 2 INPUT 2 L5 10 NPT 3
INVERTING INVERTING
Vee™ E E NON-INVERTING INPUT 2 (o] o] INPUT 3
INPUT 2
OUTPUT 2 [7] 8] OUTPUT 3

SO package8 TSSOP8 Mini SO8 SO package14 TSSOP14

LM358DT LM358PT LM358ST LM324DT LM324PT
LM358WDT LM358WPT LM2904ST LM324WDT LM2902PT
LM2904DT LM2904PT LM2902DT
LM2904WDT LM2904WPT LM2902WDT
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LM358DT/PT/ST/WDT/WPT,LM2904DT/PT/ST/WDT/WPT Technical Not
LM324DT/PT/WDT,LM2902DT/PT/WDT echnical Note

@Absolute Maximum Ratings (Ta=25[°C])

Rating .
Parameter Symbol - - - - Unit
LM358 family | LM324 family ‘ LM2904 family | LM2902 family

Supply Voltage VDD +32 \Y,

Operating Temperature Range Topr Oto+70 ‘ -40 to +125 °Cc

Storage Temperature Range Tstg -65 to +150 °Cc

Input Common-mode Voltage VICM -0.3to +32 \Y,

Maximum Junction Temperature Tjmax +150 °Cc

@Electric Characteristics
OLM358,LM324 family(Unless otherwise specified, Ve =+5[V], Vcc=0[V])
Limit
Temperature . . . - Fig.
Parameter Symbol range LM358 family LM324 family Unit Conditions No
Min. Typ. Max. Min. Typ. Max.
25°C - 2 7 - - 7 VO=1 .4[V1, RS=0[Q]
Input Offset Voltage (*1) VIO mV | 5[V]< Vee'<30[V] 98
Full range - — 9 — — 9 0<VIC< Vcc™1.5[V]
25°C - 2 30 - 2 30
Input Offset Current (*1) |[e] nA | VO=1.4[V] 98
Full range - - - - - 100
) 25°C - 20 150 - 20 150
Input Bias Current (*1) 1IB nA | VO=14[V] 98
Full range - - 200 - - 300
Vec™=15[V]
Large Signal Voltage Gain AVD 25°C 25 100 - 25 100 - V/mV | VO=1.4[V] to 11.4[V] 98
RL=2[kQ)]
L ) 25°C 65 100 - 65 110 - RS=10kQ]
Supply Voltage Rejection Ratio SVR dB T 98
pply Voltage Rej Fullrange | 65 _ Z 65 Z - Vee'=5[V] to 30[V]
25°C - - - - 0.7 1.2 Vec'=5[V],No Load
25°C - - - - 15 3 Vec=30[V],No Load
Supply Current (All Amp) ICC mA " 99
Full range - 0.7 1.2 - 0.8 3 Vce =5[V],No Load
Full range - - 2 - 1.5 3 Vec™=30[V],No Load
25°C - - |Vec-15|  — - |Vec™-15 .
Input Common-mode Voltage Range | VICM : T V | Vec'=30[V] 98
Full range - —  |Vcc'-2.0 - — |Vec'-2.0
25°C 70 85 - 70 80 -
Common-mode Rejection Ratio CMR dB | RS=10[kQ] 98
Full range 60 - - 60 - -
Output Short Circuit Current (*2) Isource 25°C 20 40 60 20 40 70 mA x%:Tf[{)]/]’VO:JrZM 99
10 20 - 10 20 — | mA xgcf:fgﬂ}] VID=-1[V]
Output Sink Current (*2) Isink 25°C — : 99
12 | 50 | — | 12 | s0 | — | pa |[VOTI02M
Vec'=15[V] ,VID=-1]V]
Output Voltage Swi Vi 25° 0 = |[VecttS] - - —— vV |RL=2KQ) 99
utput Voltage Swin (o] =
P 9 9 PP R range 0 — |V 20| — — -
. 25°C 27 28 - 27 28 - .
High Level Output Voltage VOH V | Vec'=30[V],RL=10[kQ] 99
Full range 27 - - 27 - -
25°C - 5 20 - 5 20
Low Level Output Voltage VOL mV | RL=10[kQ] 99
Full range - - 20 - - 20
RL=2[kQ],CL=100[pF],
o _ _ _ _ Ve =15[V]

Slew Rate SR 25°C 0.6 0.4 V/us VI=0.5[V] to 3[V], 99
Unity Gain
Vee'=30[V],RL=2[kQ],

Gain Bandwidth Product GBP 25°C - 1.1 - - 1.3 - MHz | CL=100[pF] 99
VIN=10[mV],f=100[kHz]
=1[kHz],AV=20[dB]

Total Harmonic Distortion THD 25°C - 0.02 - - 0.015 - % | RL=2[kQ] 99
CL=100[pF],VO=2[Vpp]

. . o _ _ _ _ f=1[kHz],RS=100[Q)]

Input Equivalent Noise Voltage en 25°C 55 40 nV/\/E Vec'=30[V] 99

Input Offset Voltage Drift DVIO - - 7 - - 7 - pv/ec - -

Input Offset Current Drift DIIO - - 10 - - 10 — |pArc - -

Channel Separation VO1/NV02 25°C - 120 - - 120 - dB | 1[kHz]=f=20[kHz] 99

(*1) Absolute value
(*2) Under high temperatures, please consider the power dissipation when selecting the output current.
When output terminal is continuously shorted the output current reduces the internal temperature by flushing.
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LM358DT/PT/ST/WDT/WPT,LM2904DT/PT/ST/WDT/WPT
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OLM2904,LM2902 family(Unless otherwise specified, Vcc+=+5[V], Vcc-=0[V])

Limit
Parameter Symbol Te":gﬁ;‘et“re LM2904 family LM2902 family Unit Conditions 'E%
Min. Typ. Max. Min. Typ. Max.
25°C — 2 7 — 2 7
Input Offset Voltage (*3) VIO mV | VO=14[V] 98
Full range - - 9 - - 9
25°C - 2 50 - 2 30
Input Offset Current (*3) 110 nA | VO=14[V] 98
Full range - - 200 - - 200
25°C - 20 150 - 20 150
Input Bias Current (*3) 1B nA | VO=1.4[V] 98
Full range - - 200 - - 300
Vec'=15[V]
Large Signal Voltage Gain AVD 25°C 25 100 - 25 100 - VimV | VO=1.4[V] to 11.4[V] 98
RL=2[kQ]
25°C 65 100 - 65 110 -
Supply Voltage Rejection Ratio SVR dB | RS=10[kQ] 99
Full range 65 - - 65 - -
25°C - 0.7 1.2 - 0.7 1.2 Vee™=5[V],No Lord
25°C - - - - 1.5 3 Vee™=30[V],No Lord
Supply Current (All Amp) ICC mA . 99
Full range - - 2 - 0.8 1.2 Vce =5[V],No Lord
Full range - - - - 1.5 3 Vec'=30[V],No Lord
25°C — —  [Vec™15) — —  |Vect15 .
Input Common-mode Voltage Range | VICM " - V | Vee'=30[V] 98
Full range - —  |[Vec-20| — — |Vec'-20
25°C 70 85 - 70 80 -
Common-mode Rejection Ratio CMR dB | RS=10[kQ] 98
Full range 60 - - 60 - -
Output Short Circuit Current (*4) Isource 25°C 20 40 60 20 40 70 | mA xlclg;:}\%[v],VOazw] 98
0 | 20 | - | 10 | 20 | - | ma 2ol
Output Sink Current (*4) Isink 25°C — 99
12 50 - 12 50 — | pa |VOzr02V)
Vcc =+15[V] ,VID=-1[V]
O Vol S Vi 25°C 0 L — — V | RL=2[kQ] 99
utput Voltage Swin: (o] =
P 9 9 PP Full range 0 —  [Vec™20) — — —
25°C 27 - - 27 28 - Vee'=30[V],RL=10[kQ]
High Level Output Voltage VOH \% " 99
Full range 27 28 - 27 - - Vce =30[V],RL=10[kQ]
25°C - 5 20 - 5 20
Low Level Output Voltage VOL mV | RL=10[kQ] 99
Full range - - 20 - - 20
RL=2[kQ],CL=100[pF],
o _ _ _ _ Unity Gain
Slew Rate SR 25°C 0.6 0.4 Vius VI=0.5[V] to 3[V] 99
Vece™=1.5[V]
Vee™=30[V],RL=2[kQ]
Gain Bandwidth Product GBP 25°C - 1.1 - - 1.3 - MHz | CL=100[pF] 99
VIN=10[mV]
f=1[kHz],AV=20[dB]
. . o RL=2[kQ]
— — - —_ 0,
Total Harmonic Distortion THD 25°C 0.02 0.015 % CL=100[pF], 99
Vee'=30[V],VO=2[Vpp]
. . o _ _ _ _ _ f=1[kHz],RS=100[Q]
Input Equivalent Noise Voltage en 25°C 40 nv/hz Vee'=30[V] 99
Input Offset Voltage Drift DVIO - - 7 - - 7 — |uvrre - -
Input Offset Current Drift DIIO - - 10 - - 10 - pA/°C - -
Channel Separation VO1/VO2 25°C - 120 - - 120 - dB | 1[kHz]=f=20[kHz] 99
(*3) Absolute value
(*4) Under high temperatures, please consider the power dissipation when selecting the output current.
When the output terminal is continuously shorted the output current reduces the internal temperature by flushing.
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LM358DT/PT/ST/WDT/WPT,LM2904DT/PT/ST/WDT/WPT Technical Not
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@Reference Data LM358 family
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(*)The data above is ability value of sample, it is not guaranteed.
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@Reference Data LM358 family
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@Reference Data LM324 family
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(*)The data above is ability value of sample, it is not guaranteed.
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@Reference Data LM324 family
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(*)The data above is ability value of sample, it is not guaranteed.

150

LM324 family

o
o

'S
o

32v

[
o

=)
w
<

INPUT BIAS CURRENT [nA]
[~
S

0

60 25 0 25 50 75 100 125 150
AMBIENT TEMPERATURE [°C]
Fig. 39
Input Bias Current — Ambient Temperature
(Viem=0[V],VOUT=1.4[V])

LM324 family

=
o

o

INPUT OFFSET CURRENT [nA]
én o

10
0 5 10 15 20 25 30 35
SUPPLY VOLTAGE [V]
Fig. 42

Input Offset Current — Supply Voltage
(Viem=0[V],vOUT=1.4[V])

LM324 family
140
oy
= 130 ‘
z 15V
g I L 17
& 110
11 ! ] T
<
2 100 ﬁ\
>
‘_(, 5V
< 90
Q
@ g
w
4 70
]
60
50 -25 0 25 50 75 100 125 150
AMBIENT TEMPERATURE ['C]
Fig. 45
Large Signal Voltage Gain
— Ambient Temperature
(RL=2[kQ])
140 LM324_family
g
o 10
£
® 120
z
O 110 —
£ N S R A I
[&]
W 100 ! { . | !
w
14
> 90
=
&
% 80
w
& 7o
g
g 60

-50 -25 0 25 50 75 100 125 150
AMBIENT TEMPERATURE [°C]
Fig. 48
Power Supply Rejection Ratio
— Ambient Temperature

www.rohm.com
© 2011 ROHM Co., Ltd. All rights reserved.

7

2011.06 - Rev.B



LM358DT/PT/ST/WDT/WPT,LM2904DT/PT/ST/WDT/WPT
LM324DT/PT/WDT,LM2902DT/PT/WDT

Technical Note

@Reference Data LM2904 family

LM2904 family
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Fig. 49 Fig. 50 Fig. 51
Derating Curve Supply Current — Supply Voltage Supply Current — Ambient Temperature
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Fig. 52 Fig. 53 Fig. 54

Maximum Output Voltage — Supply Voltage

Maximum Output Voltage — Ambient Temperature Output Source Current — Output Voltage
(RL=10[kQ])

(VCC=5[V],RL=2[kQ]) (VCC=5[V])
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Fig. 55 Fig. 56 Fig. 57
Output Source Current — Ambient Temperature Output Sink Current — Output Voltage Output Sink Current — Ambient Temperature
(VOUT=0[V]) (VCC=5[V]) (VOUT=VCC)
80 i LM2904 family o LM2904 family 8 LM2904 family
-40°C 32V
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£ 60 — Z 60f — & o4 25°C
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z z 5
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Low Level Sink Current - Ambient Temperature
(VOUT=0.2[V])

Low Level Sink Current - Supply Voltage
(VOUT=0.2[V])

(*)The data above is ability value of sample, it is not guaranteed.

Input Offset Voltage - Supply Voltage
(Viem=0[V], VOUT=1.4[V])
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@Reference Data LM2904 family

LM2904 family
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Fig. 61

Input Offset Voltage — Ambient Temperature

(Viem=0[V], VOUT=1.4[V])
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Input Bias Current — Ambient Temperature
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Input Offset Current — Ambient Temperature
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Input Bias Current — Supply Voltage
(Vicm=0[V], VOUT=1.4[V])
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Input Offset Voltage — Common Mode Input Voltage

(VCC=5[V])

LM2904 family

140

130 40C 35
120 L—— T
Lt

110

100 "?_’7—’
o

9%

105°C

|1
\

80

70

LARGE SIGNAL VOLTAGE GAIN [dB]

60

4 6 8 10 12 14 16
SUPPLY VOLTAGE [V]

Fig. 68
Large Signal Voltage Gain — Supply Voltage
(RL=2[kQ])
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Common Mode Rejection Ratio
— Ambient Temperature

(*)The data above is ability value of sample, it is not guaranteed.
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Fig. 63
Input Bias Current — Ambient Temperature
(Viem=0[V],VOUT=1.4[V])

LM2904 family

<

£

= 5

= 25/C

g -407C

['4

& / /
R :

- 0

w

(2]

o /
o 105{C 1257
e

55

o

z

-10

0 5 10 15 20 25 30 35
SUPPLY VOLTAGE [V]
Fig. 66
Input Offset Current — Supply Voltage
(Viem=0[V],vOUT=1.4[V])
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Large Signal Voltage Gain
— Ambient Temperature
(RL=2[kQ])
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@Reference Data LM2902 family
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(*)The data above is ability value of sample, it is not guaranteed.
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@Reference Data LM2902 family
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@Circuit Diagram
Vee

INVERTING

NON-INVERTING
INPUT

h

j—m OUTPUT

i

Vec

Fig.97 Circuit Diagram (each Op-Amp)

@®Measurement Circuit 1 NULL Method Measurement Condition

Vec', Vee, EK, Viem Unit: [V]

LM358/LM324 family LM2904/LM2902 family .
Parameter VF | S1|S2 | S3 : - Calculation
Vce+ | Vee- | EK | Viem | Veet | Vee- | EK | Viem
Input Offset Voltage VF1| ON | ON |OFF|5t030| O -1.4 0 |5t030] O -1.4 0 1
Input Offset Current VF2|OFF|OFF |OFF| 5 0 -1.4 0 5 0 -1.4 0 2
. VF3 |OFF | ON 5 0 -1.4 0 5 0 -1.4 0
Input Bias Current OFF 3
VF4 | ON |OFF 5 0 -1.4 0 5 0 -1.4 0
) ) VF5 15 0 -1.4 0 15 0 -1.4 0
Large Signal Voltage Gain ON | ON | ON 4
VF6 15 0 |-114] O 15 0 |-114] O
L ) VF7 5 0 -1.4 0 5 0 -1.4 0
Common-mode Rejection Ratio ON | ON |OFF 5
VF8 5 0 -14 | 35 5 0 -14 | 35
o ) VF9 5 0 -1.4 0 5 0 -1.4 0
Supply Voltage Rejection Ratio ON | ON |OFF 6
VF10 30 0 -1.4 0 30 0 -1.4 0
—Calculation—
1. Input Offset Voltage‘ (VIO‘) 0L
, VE1
Vio =1 RrijRs M l—‘ ‘—l
2. Input Offset Current (110) 55[;0]
o lypa yEql 500[kQ] 0.1[uF]
o =Ri(1% Rf / Rs) A vour EKo—\Wi—e——| e
3. Input Bias Current (lIB) +15V]
_IvFa-vesl Al 500[kQ]
2% Ri (1+ Rf/Rs) Viemo ~
4. Large Signal Voltage Gain (AVD) +
AV = 20xLog Py 3+ RERSH [aB) VE
-15[V]
5.Common-mode Rejection Ration (CMRR)
CMRR =20x Log F& {1+ RiRs Ly ) [dB] 7

6. Supply Voltage Rejection Ration (SVR)

AVcctx(1+Rf/Rs)

PSRR =20xLog VE10 - VF9

[dB]

AVcect=25V

Fig.98 Measurement circuit1 (Each Op-Amps)
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@®Measurement circuit2 Switch condition

SW No. SW | SW|SW | SW | SW|SW | SW | SW /| SW | SW | SW /| SW | SW|SW|Sw

1 2 3 4 5 6 7 8 9 10 | 11|12 | 13 | 14 | 15

Supply Current OFF | OFF | OFF | ON | OFF | OFF | ON | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF
High level Output Voltage OFF | OFF | ON |OFF | OFF | OFF | ON | OFF | OFF | ON | OFF | OFF | OFF | ON | OFF
Low level Output Voltage OFF | OFF | ON | OFF | OFF | OFF | ON | OFF | OFF | OFF | OFF | OFF | OFF | ON | OFF
Output source current OFF | OFF | ON | OFF | OFF | OFF | ON | OFF | OFF | OFF | OFF | OFF | OFF | OFF | ON
Output sink current OFF | OFF | ON | OFF | OFF | OFF | ON | OFF | OFF | OFF | OFF | OFF | OFF | OFF | ON
Slew Rate OFF | OFF | OFF | ON | OFF | OFF |OFF |OFF| ON | ON | ON | OFF | OFF | OFF | OFF
Gain band width product OFF| ON | OFF | OFF |OFF| ON | ON |OFF |OFF| ON | ON | OFF | OFF | OFF | OFF
Equivalent input noise voltage | ON | OFF | OFF |OFF | ON |OFF | ON | OFF | OFF | OFF | OFF | ON | OFF | OFF | OFF

Input voltage

3V] Lo -
sw4
SW5 R2
Swe R3
Vee 0.5[V] b oo
t
g Input waveform
_ Output voltage
SR = AV/At
SW1Z sw2\, sw3 + l 1 l 3V
SW10| SW11| SW12| SW13| SW14| SW15
SW7\ sws\ swo .
RSZ R1 i i
Ve ™ o | 1
\L ® : :
VIN- T VIN+ RLs Cl== g y vout 0.5[V] H : .
T T ;
A A A j_, Output waveform
Fig.99 Measurement circuit2 (Each Op-Amps) Fig.100 Slew Rate Input Waveform

@ Measurement Circuit3 Channel Separation

R2=100[kQ] R2=100[kQ
Vec'=+2.5[V] .
o Ve =+2.5[V]
R1=1[kQ) R1=1[kQ]
CH1 > 6 7other
+ 4 CH
v
VIN( VOUT!
- R1//R2 - =0.5 [Vims] R1//R2 VouT2
Vec=-2.5[V] Vee=-2.5[V]
7T 7T 77T I 777 77
100xVOUT1
VO1/VO2=20xlog VOUT2
Fig.101 Measurement Circuit3
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@Description of Electrical Characteristics

Described below are descriptions of the relevant electrical terms
Please note that item names, symbols and their meanings may differ from those on another manufacturer’s documents.

1.Absolute maximum ratings
The absolute maximum ratings are values that should never be exceeded, since doing so may result in deterioration of electrical characteristics or damage to
the part itself as well as peripheral components.

1.1 Power supply voltage (Vcc'/Vec)
Expresses the maximum voltage that can be supplied between the positive and negative supply terminals without causing deterioration of the electrical
characteristics or destruction of the internal circuitry.

1.2 Differential input voltage (VID)
Indicates the maximum voltage that can be supplied between the non-inverting and inverting terminals without damaging the IC.

1.3 Input common-mode voltage range (VICM)
Signifies the maximum voltage that can be supplied to non-inverting and inverting terminals without causing deterioration of the characteristics or damage to
the IC itself. Normal operation is not guaranteed within the common-mode voltage range of the maximum ratings — use within the input common-mode
voltage range of the electric characteristics instead.

1.4 Operating and storage temperature ranges (Topr, Tstg)
The operating temperature range indicates the temperature range within which the IC can operate. The higher the ambient temperature, the lower the power
consumption of the IC. The storage temperature range denotes the range of temperatures the IC can be stored under without causing excessive
deterioration of the electrical characteristics.

1.5 Power dissipation (Pd)
Indicates the power that can be consumed by a particular mounted board at ambient temperature (25°C). For packaged products, Pd is determined by the
maximum junction temperature and the thermal resistance.

2. Electrical characteristics

2.1 Input offset voltage (VIO)
Signifies the voltage difference between the non-inverting and inverting terminals. It can be thought of as the input voltage difference required for setting the
output voltage to 0 V.

2.2 Input offset voltage drift (DVIO)
Denotes the ratio of the input offset voltage fluctuation to the ambient temperature fluctuation.

2.3 Input offset current (110)
Indicates the difference of input bias current between the non-inverting and inverting terminals.

2.4 Input offset current drift (DIIO)
Signifies the ratio of the input offset current fluctuation to the ambient temperature fluctuation.

2.5 Input bias current (1IB)
Denotes the current that flows into or out of the input terminal, it is defined by the average of the input bias current at the non-inverting terminal and the input
bias current at the inverting terminal.

2.6 Circuit current (ICC)
Indicates the current of the IC itself that flows under specified conditions and during no-load steady state.

2.7 High level output voltage/low level output voltage (VOH/VOL)
Signifying the voltage range that can be output under specified load conditions, it is in general divided into high level output voltage and low level output
voltage. High level output voltage indicates the upper limit of the output voltage, while low level output voltage the lower limit.

2.8 Large signal voltage gain (AVD)
The amplifying rate (gain) of the output voltage against the voltage difference between non-inverting and inverting terminals, it is (normally) the amplifying
rate (gain) with respect to DC voltage.
AVD = (output voltage fluctuation) / (input offset fluctuation)

2.9 Input common-mode voltage range (VICM)
Indicates the input voltage range under which the IC operates normally.

2.10 Common-mode rejection ratio (CMRR)
Signifies the ratio of fluctuation of the input offset voltage when the in-phase input voltage is changed (DC fluctuation).
CMRR = (change in input common-mode voltage) / (input offset fluctuation)

2.11 Power supply rejection ratio (SVR)
Denotes the ratio of fluctuation of the input offset voltage when supply voltage is changed (DC fluctuation).
SVR = (change in power supply voltage) / (input offset fluctuation)

2.12 Output source current/ output sink current (IOH/IOL)
The maximum current that can be output under specific output conditions, it is divided into output source current and output sink current. The output source
current indicates the current flowing out of the IC, and the output sink current the current flowing into the IC.

2.13 Channel separation (VO1/VO2)
Expresses the amount of fluctuation of the input offset voltage or output voltage with respect to the change in the output voltage of a driven channel.

2.14 Slew rate (SR)
Indicates the time fluctuation ratio of the output voltage when an input step signal is supplied.

2.15 Gain bandwidth product (GBP)
The product of the specified signal frequency and the gain of the op-amp at such frequency, it gives the approximate value of the frequency where the gain of
the op-amp is 1 (maximum frequency, and unity gain frequency).
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@Derating curves
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AMBIENT TEMPERATURE [°C] AMBIENT TEMPERATURE [°C]
LM358DR/PWR/DGKR LM324DR/PWR/KDR
LM2904DR/PWR/DGKR/VQDRNQPWR LM2902DR/PWR/KDR/KPWR/KQDR/KQPWR
Power Dissipation Power Dissipation
Package Pd[W] 6ja [°C/W] Package Pd[W] 6 ja [°C/W]

SO package8 (*8) 450 3.6 SO package14 610 4.9
TSSOPS8 (*6) 500 4.0 TSSOP14 870 7.0
Mini SO8 (*7) 470 3.76

Fig.102 Derating Curves

@Precautions
1) Unused circuits
When there are unused circuits, it is recommended that they be connected as in Fig.103, setting
the non-inverting input terminal to a potential within the in-phase input voltage range (VICM).

Vee*

2) Input terminal voltage
Applying Vcc + 32V to the input terminal is possible without causing deterioration of the electrical
characteristics or destruction, irrespective of connect +
the supply voltage. However, this does not ensure normal circuit operation. Please note that the to Viem
circuit operates normally only when the input voltage is
within the common mode input voltage range of the electric characteristics.
(e}
3) Power supply (single / dual) Vee
The op-amp operates when the voltage supplied is between Vcc" and Vec'.
Therefore, the single supply op-mp can be used as a dual supply op-amp as well. Fig.103 Disable circuit example

4) Power dissipation (Pd)
Using the unit in excess of the rated power dissipation may cause deterioration in electrical characteristics due to the rise in chip temperature, including
reduced current capability. Therefore, please take into consideration the power dissipation (Pd) under actual operating conditions and apply a sufficient
margin in thermal design. Refer to the thermal derating curves for more information.

5) Short-circuit between pins and erroneous mounting
Incorrect mounting may damage the IC. In addition, the presence of foreign substances between the outputs, the output and the power supply, or the output
and Vcc may result in IC destruction.

6) Operation in a strong electromagnetic field
Operation in a strong electromagnetic field may cause malfunctions.

7) Radiation
This IC is not designed to withstand radiation.

8) IC handing
Applying mechanical stress to the IC by deflecting or bending the board may cause fluctuation of the electrical characteristics due to piezoelectric (piezo)
effects.

9) IC operation
The output stage of the IC is configured using Class C push-pull circuits. Therefore, when the load resistor is connected to the middle potential of Vec™ and
Vcc', crossover distortion occurs at the changeover between discharging and charging of the output current. Connecting a resistor between the output
terminal and Vcc', and increasing the bias current for Class A operation will suppress crossover distortion.

10) Board inspection
Connecting a capacitor to a pin with low impedance may stress the IC. Therefore, discharging the capacitor after every process is recommended. In addition,
when attaching and detaching the jig during the inspection phase, ensure that the power is turned OFF before inspection and removal. Furthermore, please
take measures against ESD in the assembly process as well as during transportation and storage.

11) Output capacitor
Discharge of the external output capacitor to Vcc” is possible via internal parasitic elements when Vec' is shorted to Vcc, causing damage to the internal
circuitry due to thermal stress. Therefore, when using this IC in circuits where oscillation due to output capacitive load does not occur, such as in voltage
comparators, use an output capacitor with a capacitance less than 0.1uF.
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LM358DT/PT/ST/WDT/WPT,LM2904DT/PT/ST/WDT/WPT Technical Not
LM324DT/PT/WDT,LM2902DT/PT/WDT echnical Note

@Ordering part number

L M| 2] 9]0 2 W D T

I 1
Family name ESD Tolerance Package type Packaging and forming specification
LM358 applicable D : S.0 package R: Embossed tape and reel
LM324 W : 2kV P : TSSOP
LM2902 None : Normal S : Mini SO

LM2904

S.0 package8

2502 <Tape and Reel information>
.910..
(MAX 5.25 include BURR) Tape Embossed carrier tape
e 76 s 478 Quantity 2500pcs
HHHA )
e S £ Direction The direction is the 1pin of product is at the upper left when you hold
§ § o 2 of feed ( reel on the left hand and you pull out the tape on the right hand )
o
il 3
1 2 3 4
0545 _Jl o201 Y | \
. O O OO O O O O O O O O O O O O
3
& 4 il il il
- 10 I
;[ 1.27 7
0.42+0.1
\ ] / L \
SRS v\ 1pin Direction of feed
(Unit : mm) Reel #Order quantity needs to be multiple of the minimum quantity.
S.O packageld
86501 <Tape and Reel information>
§ (Max 9.0 include BURR) . 4*8 Tape Embossed carrier tape
HOO0HdHHH Quantity | 2500pcs
g} z a Direction The direction is the 1pin of product is at the upper left when you hold
o|@ Q g § of feed ( reel on the left hand and you pull out the tape on the right hand )
ol &
ARO88088 4
0515 \IPINMARK ! Y ] N
022'0% O O OO OO0 OO0OO0OO0O 00 00 0 0
x
< F )
él n I -------' a} @ a} @ %} @ a} @
1 1
~| o~
el e [210.08 8]
Sl gl her |]042%88 Fomm K I // \
Bl g v \ ) Direction of feed
4l o 1pin —_—
(Unit : mm) Reel #Order quantity needs to be multiple of the minimum quantity.
TSSOP8
s0t01 <Tape and Reel information>
(MAX 3.35 include BURR) pos Tape Embossed carrier tape
8 7 6 5
H Q Q Q Quantity 2500pcs
N Direction The direction is the 1pin of product is at the upper left when you hold
Z\ H o of feed ( reel on the left hand and you pull out the tape on the right hand )
o Q E
S| o
ili 5 Y | R
1T 2\3 2 = O O OO O O O O O O O 0 O O O O
L \1PIN MARK +0.05
« 0.525 _Jl0.14570:03
1T ——
§r 4 inlyj
8 8 El008TS 7
+H 3 +0.05 \ | / . . \
Sl = L.l.1.0245-0.04 BT0.08®@ v . Direction of feed
<l 065 \ 1pin —_—
(Unit : mm) Reel #Order quantity needs to be multiple of the minimum quantity.
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LM358DT/PT/ST/WDT/WPT,LM2904DT/PT/ST/WDT/WPT
LM324DT/PT/WDT,LM2902DT/PT/WDT

Technical Note

TSSOP14
50501 <Tape and Reel information>
(Max 535 include BURR) e Tape Embossed carrier tape
EH 191 a - Quantity | 2500pcs
oo Direction The direction is the 1pin of product is at the upper left when you hold
2 o of feed ( reel on the left hand and you pull out the tape on the right hand )
8|5 gl ¢
b &
Q ik
iGNLLLL C Y | R
05510, \ 1o ARk oo O OO0 OO0 OO0 000000 0 O
0145883
Z T —
g ! Inialy]
P TS 7
S =[0.0815] T T 7 \
a3 +0.05 v . Direction of feed
43 0.65 ||0-245”0.02 @[o08@) \ 1pin —*
(Unit : mm) Reel #Order quantity needs to be multiple of the minimum quantity.
Mini SO8
3.040.1 <Tape and Reel information>
(MAX 3.35 include BURR) srde ’
s 7 o s = Tape Embossed carrier tape
H Q Q Q Quantity 2500pcs
- Direction The direction is the 1pin of product is at the upper left when you hold
H g 3 of feed ( reel on the left hand and you pull out the tape on the right hand )
M o
Q g
©l o
A0 ) ' :
3 O 0O 0O 0O 0000000 00 O O
S 1PIN MARK +0.05
« 0.525 0.145-0.03
< [ \
3 L A
gy [=[0.08 Is] k I 7
== J 0323335 \ / irecti f f \
e | ©[0.08®@ ) Direction of feed
@l 5l 065 \ 1pin e
(Unit : mm) Reel #Order quantity needs to be multiple of the minimum quantity.
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Notice

Notes

No copying or reproduction of this document, in part or in whole, is permitted without the
consent of ROHM Co.,Ltd.

The content specified herein is subject to change for improvement without notice.

The content specified herein is for the purpose of introducing ROHM's products (hereinafter
"Products"). If you wish to use any such Product, please be sure to refer to the specifications,
which can be obtained from ROHM upon request.

Examples of application circuits, circuit constants and any other information contained herein
illustrate the standard usage and operations of the Products. The peripheral conditions must
be taken into account when designing circuits for mass production.

Great care was taken in ensuring the accuracy of the information specified in this document.
However, should you incur any damage arising from any inaccuracy or misprint of such
information, ROHM shall bear no responsibility for such damage.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or
implicitly, any license to use or exercise intellectual property or other rights held by ROHM and
other parties. ROHM shall bear no responsibility whatsoever for any dispute arising from the
use of such technical information.

The Products specified in this document are intended to be used with general-use electronic
equipment or devices (such as audio visual equipment, office-automation equipment, commu-
nication devices, electronic appliances and amusement devices).

The Products specified in this document are not designed to be radiation tolerant.

While ROHM always makes efforts to enhance the quality and reliability of its Products, a
Product may fail or malfunction for a variety of reasons.

Please be sure to implement in your equipment using the Products safety measures to guard
against the possibility of physical injury, fire or any other damage caused in the event of the
failure of any Product, such as derating, redundancy, fire control and fail-safe designs. ROHM
shall bear no responsibility whatsoever for your use of any Product outside of the prescribed
scope or not in accordance with the instruction manual.

The Products are not designed or manufactured to be used with any equipment, device or
system which requires an extremely high level of reliability the failure or malfunction of which
may result in a direct threat to human life or create a risk of human injury (such as a medical
instrument, transportation equipment, aerospace machinery, nuclear-reactor controller, fuel-
controller or other safety device). ROHM shall bear no responsibility in any way for use of any
of the Products for the above special purposes. If a Product is intended to be used for any
such special purpose, please contact a ROHM sales representative before purchasing.

If you intend to export or ship overseas any Product or technology specified herein that may
be controlled under the Foreign Exchange and the Foreign Trade Law, you will be required to
obtain a license or permit under the Law.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM ROHM Customer Support System

SEMICONDUCTOR

http://www.rohm.com/contact/

www.rohm.com
© 2011 ROHM Co., Ltd. All rights reserved. R1120A



@Iasﬂ U

KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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