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Low Power Single Operational Amplifier

GENERAL DESCRIPTION

The TS321 brings performance and economy to low
power systems. With high unity gain frequency and a
guaranteed 0.4V/us slew rate, the quiescent current is
only 430uA/amplifier (5V). The input common mode
range includes ground and therefore the device is able to
operate in single supply applications as well as in dual
supply applications. It is also capable of comfortably
driving large capacitive loads.

The TS321 is available in the SOT-25 package. Overall
the TS321 is a low power, wide supply range performance
OP Amp that can be designed into a wide range of
applications at an economical price without sacrificing
valuable board space.

Notes: MSL 3 (Moisture sensitivity level) per J-STD-020

TYPICAL APPLICATIN CIRCUIT

FEATURES

Short circuit protected outputs

True differential input stage

Single supply operation: 3V to 32V

Low input bias currents

Internally compensated

Common mode range extends to negative supply
Single version of TS358

RoOHS compliant

e Halogen-free

APPLICATION

e Charger

e Power supply

e Industrial controls

e Communications infrastructure
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Where: Vg = V1 + Vo - Wa - Vg, (Vi+ Va) 2 (V3 + Va) to keep Vg = 0 Vpe

DC Summing Amplifier
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ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL LIMIT UNIT
Supply Voltage Vce +32 \Y
Input Voltage Range ViN -0.3t0 32 \Y
Input Current (Vin < -0.3V) Vi 50 mA
Output Short Circuit Duration tsc Continuous
Operating Temperature Range Toprr -40 ~ +85 °C
Storage Temperature Range Tste -65 ~ +150 °C
Mounting Temperature (Soldering @ 260 °C) 10 S
THERMAL PERFORMANCE
PARAMETER SYMBOL TYP UNIT
Junction to Ambient Thermal Resistance Reua 265 °C/IW
ELECTRICAL CHARACTERISTICS
Unless otherwise specified, all limits guarantee for at Ta=25°C, V+=5V, V-=5V, Vo=1.4V.
Boldface limits apply at temperature extremes.
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNIT
Vos Input Offset Voltage (Note 1) 2 ; mvV
- 5 50
los Input Offset Current - - 150 nA
ls Input Bias Current (Note 8) 45 !2538 nA
V Input Common-Mode Voltage V+ = 30V (Note 9) 0 -- V+-1.5 Vv
M Range For CMRR > = 50dB - - V+ -2
. . (V+ =15V, RL =2kQ 25 100 --
Av Large Signal Voltage Gain Vo = 1.4V to 11.4V) 15 B B V/mV
< <
PSRR Power Supply Rejection Ratio ?g\/_ 10kQ, V+ <5Vito 65 100 - dB
CMRR Common Mode Rejection Ratio | Rs < 10kQ 65 85 - dB
V+ = 30V, RL =2kQ 26 - -
Vo Output Swing VOH 1= 30V, RL = 10kQ 27 28 -- v
VOL V+ =5V, RL = 10kQ - 5 20 mV
V4 = 5V 00.473 11.125
Is Supply Current, No Load ; - mA
V4 = 30V - 0.66 2.85
- 15 3
. Vip = +1V, V+ = 15V, 20 40 -
Isource Output Current Sourcing Vo =2V 10 20 _ mA
Vip = -1V 10 20 - mA
V+ =15V, Vo =2V -
Isink Output Current Sinking 5V, Vo > 8
Vip = -1V -- - - A
V+ = 15V, Vo = 0.2V 12 100 - K
lo Output Short Circuit to Ground V+ =15V -- 40 85 mA
V+ =15V, RL =2kQ,
SR Slew Rate Vin=0.5t0 3V -- 0.4 -- V/us
CL = 100pF, Unity Gain
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ELECTRICAL CHARACTERISTICS
Unless otherwise specified, all limits guarantee for at Ta=25°C, V+=5V, V-=5V, Vo=1.4V.
Boldface limits apply at temperature extremes.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNIT
V+ =30V, f = 100kHz,
GBW Gain Bandwidth Product Vin = 10mV, RL =2kQ, -- 1 -- MHz
CL = 100pF
f=1kHz, Av = 20dB
THD Total Harmonic Distortion RL =2kQ, Vo = 2Vrp -- 0.015 -- %
CL = 100pF, V+ = 30V
. . f=1kHz, Rs = 100Q
en Equivalent Input Noise Voltage V4 = 30V -- 40 -- nVv
Note:

1. Vo=1.4V, Rs=0Q with V+ from 5V to 30V; and over the full input common-mode range (OV~V+ -1.5V )at 25°C

2. Short circuits from the output V* can cause excessive heating and eventual destruction. When considering short circuits to
ground the maximum output current is approximately 40mA independent of the magnitude of V* values of supply voltage in
excess of +15v, continuous short circuit can exceed the power dissipation ratings and cause eventual destruction

ORDERING INFORMATION

ORDERING CODE PACKAGE PACKING DEVICE MARKING
TS321CX5 RFG SOT-25 3,000pcs / 77 Reel 21

BLOCK DIAGRAM

Vce Qutput
|5 |4
1 [2 3

Input + Gnd Input -
Top View

APPLICATION HINTS

The TS321 OP amp can operate with a single or dual power supply voltage has true-differential inputs, and remain
in he linear mode with an input common-mode voltage of O Voc. This amplifier operates over a wide range of power
supply voltages, with little change in performance characteristics. At 25°C amplifier operation is possible down to a
minimum supply voltage of 3V.

Large differential input voltage can be easily accommodating and, as input differential voltage protection diodes are
not needed, no large input currents result from large differential input voltage. The differential input voltage may be
larger than V* without damaging the device. Protection should be provided to prevent the input voltage from going
negative more than —0.3 Vpc (at 25°C).
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APPLICATION HINTS (CONTINUE)

An input clamp diode with a resistor to the IC input terminal can be used.

To reduce the power supply drain, the amplifier has a class A output stage for small signal levels which converts to
class B in a large signal mode. This allows the amplifiers to both source and sink large output currents. Therefore,
both NPN and PNP external current boots transistor can be used to extend the power capability of the basic amplifiers.
The output voltage needs to raise approximately 1 diode drop above ground to bias the on-chip vertical PNP transistor
for output current sinking applications.

For AC applications, where the load is capacitively coupled to the output of the amplifier, a resistor should be used,
from the output of the amplifier to ground to increase the class A bias current and to reduce distortion. Capacitive
loads which are applied directly to the output of the amplifier reduce the loop stability margin. Values of 50pF can be
accommodated using the worst-case non-inverting unity gain connection. Large, closed loop gains or resistive
isolation should be used if large load capacitance must be driven by the amplifier

The bias network of the TS321 establishes a supply current which is independent of the magnitude of the magnitude
of the power supply voltage over the range of from 3Vpc to 3Voc.

Output short circuits either to ground or to the positive power supply should be of short time duration. Units can be
destroyed, not as a result of the short circuit current causing metal fusing, but rather due to the large increase in IC
chip dissipation which cause eventual failure due to excessive junction temperatures. The large value of output
source current which is available at 25°C, provides a large output current capability at elevated temperature than a
standard IC op amp.

The circuits presented in the section on typical applications emphasize operation on only a single power supply
voltage. If complementary power supplies are available, all of the standard op amp circuits can be used. In general,
introducing a pseudo-ground (a bias voltage reference of V*/2) will allow operation above and below this value in
single power supply systems. Many application circuits are shown which take advantage of the wide input common-
mode voltage range which includes ground. In most cases, input biasing is not required and input voltage which
range to ground can easily be accommodated.

TYPICAL APPLICATIONS

o
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Figure 1. LED Driver Figure 2. Lamp Driver
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TYPICAL APPLICATIONS (CONTINUE)
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Figure 3. DC Summing Amplifier
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Figure 5. Fixed Current Sources
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Figure 4. Amplitude Modulator Circuit

VD =0 VDC for VIN =0 VDC- A\,- =10

Figure 6. Power Amplifier
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Figure 7. Non-Inverting DC Gain (OV Input = OV Output)
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PACKAGE OUTLINE DIMENSIONS
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NOTES: UNLESS OTHERWISE SPECIFIED

1. ALL DIMENSIONS ARE IN MILLIMETERS.

2. DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994.

3. PACKAGE OUTLINE REFERENCE: JEDEC
MO-178, VARIATION AA.

/A\ MOLDED PLASTIC BODY DIMENSIONS DO
NOT INCLUDE MOLD FLASH, PROTRUSIONS
OR GATE BURRS.

5. DWG NO. REF: HQ2SD07-SOT25-026 REV A.
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MARKING DIAGRAM

= PRODUCT DEVICE CODE

= YEAR CODE

= MONTH CODE FOR HALOGEN FREE PRODUCT
O =JAN P =FEB Q=MAR R =APR
S =MAY T =JUN U=JUL V = AUG
W =SEP X =0CT Y=NOV Z=DEC

= LOT CODE
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Notice

Specifications of the products displayed herein are subject to change without notice. TSC or anyone on its behalf,
assumes no responsibility or liability for any errors or inaccuracies.

Purchasers are solely responsible for the choice, selection, and use of TSC products and TSC assumes no liability
for application assistance or the design of Purchasers’ products.

Information contained herein is intended to provide a product description only. No license, express or implied, to any
intellectual property rights is granted by this document. Except as provided in TSC’s terms and conditions of sale for
such products, TSC assumes no liability whatsoever, and disclaims any express or implied warranty, relating to sale
and/or use of TSC products including liability or warranties relating to fitness for a particular purpose, merchantability,
or infringement of any patent, copyright, or other intellectual property right.

The products shown herein are not designed for use in medical, life-saving, or life-sustaining applications. Customers

using or selling these products for use in such applications do so at their own risk and agree to fully indemnify TSC
for any damages resulting from such improper use or sale.
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