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Single Supply Dual Operational Amplifiers

Utilizing the circuit designs perfected for Quad Operational

Amplifiers, these dual operational amplifiers feature low power drain,
acommon mode input voltage range extending to ground/VEE, and

single supply or split supply operation.

These amplifiers have several distinct advantages over standard
operational amplifier types in single supply applications. They can
operate at supply voltages as low as 3.0 V or as high as 32 V, with
quiescent currents about one-fifth of those associated with the
MC1741 (on a per amplifier basis). The common mode input range
includes the negative supply, thereby eliminating the necessity for
external biasing components in many applications. The output voltage
range also includes the negative power supply voltage.

Features

Short Circuit Protected Outputs

True Differential Input Stage

Single Supply Operation: 3.0 Vto 32V

Low Input Bias Currents

Internally Compensated

Common Mode Range Extends to Negative Supply
Single and Split Supply Operation

ESD Clamps on the Inputs Increase Ruggedness of the Device
without Affecting Operation

PIN CONNECTIONS

(Top View)
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Figure 2. Representative Schematic Diagram
(One-Half of Circuit Shown)
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MAXIMUM RATINGS (T = +25°C, unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltages Vdc
Single Supply Vce 32
Split Supplies Vece, VEE +16
Input Differential Voltage Range (Note 1) VDR +32 Vdc
Input Common Mode Voltage Range (Note 2) VIcr -0.3t0 32 Vdc
Output Short Circuit Duration tsc Continuous
Junction Temperature Ty 150 °C
Thermal Resistance, Junction-to-Air (Note 3) Case 846A Reua 238 °C/W
Case 751 212
Case 626 161
Storage Temperature Range Tstg -65to +150 °C
ESD Protection at any Pin Vesd \%
Human Body Model 2000
Machine Model 200
Operating Ambient Temperature Range Ta °C
258
358 -40 to +85
2904

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect

device reliability.
1. Split Power Supplies.

2. For supply voltages less than 32 V the absolute maximum input voltage is equal to the supply voltage.
3. All Rgya measurements made on evaluation board with 1 oz. copper traces of minimum pad size. All device outputs were active.
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ELECTRICAL CHARACTERISTICS (Vcc =5.0V, VEg = GND, Ta = 25°C, unless otherwise noted.)
258 358
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max

Input Offset Voltage Vio
Voc=5.0Vto30V,V,c=0VtoVgs-1.7V,
Vo =14V,Rg=0Q

Ta =25°C - 2.0 5.0 - 2.0 7.0
Ta = Thigh (Note 5) - - 7.0 - - 9.0
Ta = Tiow (Note 5) - - 7.0 - - 9.0

Average Temperature Coefficient of Input Offset | AV /AT - 7.0 - - 7.0 -
Voltage

Ta = Thigh to T|0W (Note 5)
Input Offset Current lio - 3.0 30 - 5.0 50
TA = Thigh to TlOW (Note 5) - - 100 - - 150
Input Bias Current Iis - -45 | -150 - -45 | -250
Ta = Thigh to Tiow (Note 5) - -50 | -300 - -50 | -500
Average Temperature Coefficient of Input Offset | Aljo/AT - 10 - - 10 -
Current
Ta = Thigh to TlOW (Note 5)
Input Common Mode Voltage Range (Note 6), VIcR 0 - 28.3 0 - 28.3
Ve =30V
VCC =30V, TA = Thigh to T|0W 0 - 28 0 - 28
Differential Input Voltage Range VDR - - Vee - - Vee

Large Signal Open Loop Voltage Gain AvoL
R =2.0kQ, Ve =15V, For Large Vg Swing, 50 100 - 25 100 -
Ta= Thigh to Tiow (Note 5) 25 - - 15 - -

Channel Separation CS - -120 - - -120 -
1.0 kHz < f <20 kHz, Input Referenced

Common Mode Rejection CMR 70 85 - 65 70 -
Rs < 10 kQ

Power Supply Rejection PSR 65 100 - 65 100 -

Output Voltage-High Limit Vou
Ta= Thigh to Tiow (Note 5)
Ve =5.0V, RL=2.0kQ, Tp =25°C 33 | 35 - 33 | 35 -
Vcc =30V, R =2.0 kQ 26 - - 26 - -
Vec =30V, R =10 kQ 27 28 - 27 28 -

Output Voltage-Low Limit VoL - 5.0 20 - 5.0 20
Voc=5.0V, R =10 kQ,
Ta = Thigh to Tiow (Note 5)
Output Source Current lo+
Vip=+1.0V,Vgc =15V 20 40 - 20 40 -
Ta= Thigh to Tiow (LM358A Only)

Output Sink Current lo-
Vip=-1.0V,Vgc=15V 10 20 - 10 20 -
TA = Thigh to T|0W (LM358A OnIy)
Vip=-1.0V, Vg =200 mV 12 50 - 12 50 -

Output Short Circuit to Ground (Note 7) Isc - 40 60 - 40 60

Power Supply Current (Total Device) lcc
Ta= Thigh to Tiow (Note 5)
Vec=30V,Vo=0V,R = - 1.5 3.0 - 1.5 3.0
Vec=5V,Vo=0V,R_ =« - 0.7 1.2 - 0.7 1.2

4. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vg - 1.7 V.

5. Short circuits from the output to Vg can cause excessive heating and eventual destruction. Destructive dissipation can result from
simultaneous shorts on all amplifiers.
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ELECTRICAL CHARACTERISTICS (Ve = 5.0V, Vg = Gnd, Ta = 25°C, unless otherwise noted.)

2904
Characteristic Symbol | Min | Typ | Max
Input Offset Voltage Vio
Vgc=5.0Vto30V,V|c=0VtoVgc-1.7V,
Vo =14V,Rg=0Q
Ta =25°C - 2.0 7.0
Ta = Thigh (Note 8) - - 10
Ta = Tiow (Note 8) - - 10
Average Temperature Coefficient of Input Offset AV|o/AT | - 7.0 -
Voltage
Ta = Thigh to T|0W (Note 8)
Input Offset Current lio - 5.0 50
TA = Thigh to TIOW (Note 8) - 45 200
Input Bias Current lis - -45 | -250
TA = Thigh to TIOW (Note 8) - -50 | -500
Average Temperature Coefficient of Input Offset Alo/AT - 10 -
Current
Ta = Thigh to TlOW (Note 8)
Input Common Mode Voltage Range (Note 9), VIcR 0 - 28.3
Ve =30V
Ve =30V, Ta = Thigh 10 Tiow 0 - 28
Differential Input Voltage Range VDR - - Vee
Large Signal Open Loop Voltage Gain AvoL
RL =2.0kQ, Ve =15V, For Large Vo Swing, 25 | 100 -
TA = Thigh to T|0W (Note 8) 15 - -
Channel Separation CS - | -120 -
1.0 kHz < f <20 kHz, Input Referenced
Common Mode Rejection CMR 50 70 -
Rs < 10 kQ
Power Supply Rejection PSR 50 | 100 -
Output Voltage-High Limit VoH
Ta = Thigh to TlOW (Note 8)
Ve =5.0V, R =2.0kRQ, Ta =25°C 33 | 35 -
Vcc =30V, R =2.0kQ 26 - -
Vo =30V, R =10 kQ 27 28 -
Output Voltage-Low Limit VoL - 5.0 20
Voc=5.0V, R =10 kQ,
TA = Thigh to T|0w (Note 8)
Output Source Current lo+ 20 40 -
Vp=+1.0V,Vgc=15V
Output Sink Current lo-
Vip=-1.0V,Vgc =15V 10 20 -
Vip=-1.0V, Vg =200 mV - - -
Output Short Circuit to Ground (Note 10) Isc - 40 60
Power Supply Current (Total Device) lcc
Ta= Thigh to TlOW (Note 8)
Vec=30V,Vp=0V,R| = - 15 | 3.0
Voc=5V,Vg=0V,RL =« - 0.7 1.2

7. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vog - 1.7 V.

8.Short circuits from the output to Vg can cause excessive heating and eventual destruction. Destructive dissipation can result from
simultaneous shorts on all amplifiers.
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CIRCUIT DESCRIPTION

The 358 series is made using two internally
compensated, two—stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single-ended converter. The
second stage consists of a standard current source load
amplifier stage.

Each amplifier is biased from an internal-voltage
regulator which has a low temperature coefficient thus
giving each amplifier good temperature characteristics as
well as excellent power supply rejection.
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Figure 4. Input Voltage Range
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Figure 10. Voltage Reference Figure 11. Wien Bridge Oscillator

R2 Hysteresis
Vou
R1 V |
Vief 0 |
o—e—e |
Vin O Vo VoL |
V|nL l V|nH
R |
VinL=" g1 4 po (VoL - Vret)+ Vet Vet
Ri
1 VinH = R1+R2 (VoH = Vref) + Vief
e=C(1+a+h)(en-e R1
0=C( ) (62 - €1) H= =P (Vo - Voo

Figure 12. High Impedance Differential Amplifier

Figure 13. Comparator with Hysteresis
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Figure 14. Bi-Quad Filter
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Figure 15. Function Generator

C
R1 C
R2
= Vret
Given:
Choose value f,, C
. _Q
Then: R3-= 76,
R3
R1= 2 A0
R1R3
R2=——"—
4Q2R1 -R3

f, = center frequency

A(fo) = gain at center frequency

——e Vo
co
Co=10C

1
Viet= 5 Ve

For less than 10% error from operational amplifier. ng\l_\flo_< 0.1

Where f, and BW are expressed in Hz.

If source impedance varies, filter may be preceded with voltage
follower buffer to stabilize filter parameters.

Ordering Information
part Device Package | Body size |Temperatur MSL Transport| Package
Number Marking type (mm) e(C) Media Quantity
XL258-KR | XL258-KR | VSSOP8 3.0%3.0 |-40 to +85| MSL3 T&R 2500
XL258 XL258 SOP8 4.9%3.9 |-40 to +85| MSL3 T&R 2500
XD258 XD258 DIP8 9.25%6.38 [-40 to +85( MSL3 Tube 50 2000
XL358-KR | XL358-KR | VSSOP8 3.0%3.0 |-40 to +85| MSL3 T&R 2500
XL358D XL358D SOP8 4.9%¥3.9 |-40 to +85| MSL3 T&R 2500
XD358 XD358 DIP8 9.25%6.38 [-40 to +85( MSL3 Tube 50 2000
XL2904-KR | XL2904-KR | VSSOP8 3.0%3.0 |-40 to +85| MSL3 T&R 2500
XL2904D XL2904D S0P8 4.9%3.9 |-40 to +85| MSL3 T&R 2500
XD2904 XD2904 DIP8 9.25%6.38 [-40 to +85( MSL3 Tube 50 2000
9

Figure 16. Multiple Feedback Bandpass Filter
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Al B mm
MIN NOM MAX
A 1.450 | 1.550 | 1.650

ALGEED| 0. 100 0. 150 0. 200

A2(BR)| 1.300 1. 400 1. 500

A3 0. 600 0. 650 0. 700

b 0. 380 - 0.510

e (IEIEE) | 1. 240 1.270 1. 300

D(EE) | 4.800 4. 900 5. 000

E(BE) | 5.800 6. 000 6. 200

E1 () | 3.800 3. 900 4. 000

L(#K) | 0.450 0. 600 0. 750
L1 — 0. 25BSC _
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&

b e

BALT :mm

MIN NOM MAX

A 3. 600 3.800 4. 000

ALGEED) | 3.786 3. 886 3. 986

A2(BE) | 3.200 3. 300 3. 400

A3 1. 550 1. 600 1. 650

b 0. 440 — 0. 490

E e (HIEIER)| 2.510 2. 540 2.570

DK | 9.150 9. 250 9. 350

EEEE) | 7.800 8. 500 9. 200

E1(FE) | 6.280 6. 380 6. 480

LA | 3.000 — =
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3 - WU SE/ mm
D VIF F
IUIW\/h,,W_ ,5,@[\,&5& Dimensions
T A | BME | MEE | Rl
SYMBOL MIN NOMINAL MAX
_.C A - - 110
- = D —_— B
- Al 0.05 - 015
a2 | 075 | 085 :
H H H H <] 095
1 A3 0.30 0.35 0.40
0 b | oes 8 0.36
c 015 - 0.19
E E1
D 290 | 3.00 3.10
O | E 290 | 3.00 3.10
—; f BN E1 | 470 | 490 | 510
% H , ﬁ L L1 e 0.65 BSC
|
1 1 - L1 095 REF
- o el e I L 0.40 - 0.70
. 0° _ g0
SIDE VIEW
EE
AL
**‘71 1 1
[
COE | a2 A
\ [ A3
i i i
|

Xinluda reserves the right to change the above information without prior notice.
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