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General Description 

  
 

 

 

The SAH2642 bipolar-input headset driver achieves very low noise density with an ultra low distortion of

0.00002% at 1kHz. The SAH2642 offers rail-to-rail output swing to within 150mV of supply rails with a 2kΩ 

load, which increases headroom and maximizes dynamic range. The device also has a high output drive 

capability of ±110mA.

The device operates over a wide supply range of 3.6V to 36V or ±1.8V to ±18V, on only 4.1mA of supply 

current per amplifier. The SAH2642 is unity-gain stable and provides excellent dynamic behavior over a 

wide range of load conditions.

The SAH2642 is available in Green SOP-8 Package. It operates over an ambient temperature range of 

-40°C to +85°C.

 

 

 

Features
Superior Sound Quality

Low Offset Voltage: ±350μV (MAX)

Ultra Low Noise: 1.6nV/ Hz at 1kHz

Ultra Low Distortion: 0.00002% at 1kHz

High Slew Rate: 16V/μs

Gain-Bandwidth Product: 16MHz (G = +1)

High Open-Loop Gain: 140dB

Unity-Gain Stable

Low Quiescent Current: 4.1mA/Amplifier

Rail-to-Rail Output

Support Single or Dual Power Supplies: 3.6V to 36V or ±1.8V to ±18V

Operating temperature: –40°C to +85°C

Available in Green SOP-

























 8 Package

Package Marking and Ordering Information

 Part Number  Marking  Package  Units/Tube  Units/Reel

 SAH2642  SAH2642  SOP8   4000
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Applications
Professional Audio Equipment 

Analog and Digital Mixing Consoles 

High-





 End A/V Receivers

PIN Configuration
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ELECTRICAL CHARACTERISTICS

(At TA = +25℃, VS = 4.5V to 36V or VS = ±2.25V to ±18V, RL = 2kΩ, VCM = VOUT = VS/2, unless otherwise noted.)

PARAM
 ETER

CONDITION
 S

 MIN  TYP  MAX  UNITS

  INPUT CHARACTERISTICS
 

    
       VS =

Input Offset Voltage (VOS)
±15V

 
±100 ±350

μV
        -40℃ ≤ TA ≤ +85℃ ±450

            Input Offset Voltage Drift (ΔVOS/ΔT) VS = ±15V μV/1 ℃
 

    
         VCM = VOUT = VS

Input Bias Current (IB)
/2

 
±40 ±300

nA
        -40℃ ≤ TA ≤ +85℃ ±550

           Input Offset Current (IOS)  VCM = VOUT = VS/2  ±25 ±175 nA

     
 

        Input Common Mode Voltage Range
(VCM)

 (-VS) + 1.8 (+VS) - 1.8 V

 
 

    
 

                VS = 4.5V, (-VS) + 1.8V ≤ VCM ≤ (+VS) -

Common Mode Rejection Ratio
(CMRR)

1.8V
 

102 120
dB

        -40℃ ≤ TA ≤ +85℃ 99

                VS = 36V, (-VS) + 1.8V ≤ VCM ≤ (+VS) - 1.8V
 

122 135
dB

        -40℃ ≤ TA ≤ +85℃ 108
 
 

    

     
                

 
VS = 4.5V to

Open-Loop Voltage Gain (AOL)

36V,

 

(-VS) + 0.2V ≤ VOUT ≤ (+VS) - 0.2V, RL = 10kΩ 110 140

dB
        -40℃ ≤ TA ≤ +85℃ 107

     
               VS = 4.5V to 36V,

(-VS) + 0.6V ≤ VOUT ≤ (+VS) - 0.6V, RL = 2kΩ 112 140

        -40℃ ≤ TA ≤ +85℃ 109

  INPUT IMPEDANCE

        Differential 32k || 10 Ω || pF

          109 ||Common Mode 4 Ω || pF

  OUTPUT CHARACTERISTICS
 

     
            VS = 4.5V to 36V, RL =

Output Voltage Swing from Rail
10kΩ

 
±35 ±65

mV
           VS = 4.5V to 36V, RL = 2kΩ ±150 ±260

           Output Short-Circuit Current (ISC)  VS = 10V to 36V ±110 mA

  AUDIO PERFORMANCE
 

     
 

 
         

    
Total Harmonic Distortion + Noise

(THD+N)
G = +1, VOUT = 3VRMS, f = 1kHz

0.00002 %
    -134 dB

 
 
 

   

       
     

    G = +1, VOUT = 3VRMS, SMPTE/DIN,
Two-Tone, 4:1 (60Hz and

Intermodulation Distortion (IMD)

7kHz)
0.000015 %

    -136 dB

        
       

    G = +1, VOUT = 3VRMS, DIM 30,
(3kHz square wave and 15kHz sine wave)

0.000032 %
    -130 dB

        
   

    G = +1, VOUT = 3VRMS, CCIF Twin-Tone,
(19kHz and 20kHz)

0.00013 %
    -118 dB

  FREQUENCY RESPONSE
 
   

     
 

G = 
Gain-Bandwidth Product (GBP)

+100 45
MHz

    G = +1 16

        Slew Rate (SR)  G = -1 16 V/μs

          Full Power Bandwidth (1)  VOUT = 1VP-P 2 MHz

        Overload Recovery Time  G = -10 500 ns

        Channel Separation (Dual)  f = 1kHz -140 dB
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  NOISE

NOTES:

Full Power Bandwidth = SR/(2π × VP), where SR = Slew Rate.

PERFORMANCE

           Input Voltage Noise f = 20Hz to 20kHz μVP-1.7 P

 

     

      
  

f = 

Input Voltage Noise Density (en)

10Hz

  

5

nV/ Hz     f = 100Hz 2

     f = 1kHz 1.6

            Input Current Noise Density (in) f = 1kHz pA/6 Hz

  POWER SUPPLY

       Supply Voltage (VS)  ±1.8 ±18 V

       Specified Voltage (VS)  ±2.25 ±18 V
 

   
            VS = 3.6V to 36V, IOUT =

Quiescent Current/Amplifier (IQ)
0

 
4.1 5.5

mA
        -40℃ ≤ TA ≤ +85℃ 5.8

 
     

         VS = ±1.8V to
Power Supply Rejection Ratio (PSRR)

±18V
 

0.1 0.5
μV/V

        -40℃ ≤ TA ≤ +85℃ 1
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Typical Performance Characteristics
At TA = +25℃, VS = ±15V and RL = 2kΩ, unless otherwise noted
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Typical Performance Characteristics (continued)
At TA = +25℃, VS = ±15V and RL = 2kΩ, unless otherwise noted
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Typical Performance Characteristics (continued)
At TA = +25℃, VS = ±15V and RL = 2kΩ, unless otherwise noted
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Typical Performance Characteristics (continued)
At TA = +25℃, VS = ±15V and RL = 2kΩ, unless otherwise noted
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Typical Performance Characteristics (continued)
At TA = +25℃, VS = ±15V and RL = 2kΩ, unless otherwise noted
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APPLICATION INFORMATION

 

The SAH2642 is unity-gain stable, precision driver with very low noise; the device is also free from output 

phase reversal. Applications with noisy or high-impedance power supplies require decoupling capacitors 

close to the device power-supply pins. In most cases, 0.1μF capacitors are adequate.

Operating Voltage
The SAH2642 driver operates from 3.6V to 36V or ±2.25V to ±18V supplies while maintaining excellent 

performance. The SAH2642 can operate with as low as +3.6V and up to +36V between the supplies. 

However, some applications do not require equal positive and negative output voltage swing. With the 

SAH2642, power-supply voltages do not need to be equal. For example, the positive supply could be set 

to +25V with the negative supply at -5V. In all cases, the input common mode voltage must be maintained 

within the specified range. In addition, key parameters are assured over the specified temperature range 

of TA = -40℃ to +85℃.

Input Protection
The input terminal of the SAH2642 is protected from excessive differential voltage with back-to-back 

diodes, as Figure 1 illustrates. In most circuit applications, the input protection circuitry has no 

consequence. However, in low-gain or G = +1 circuits, fast ramping input signals can forward bias these 

diodes because the output of the amplifier cannot respond rapidly enough to the input ramp. If the input 

signal is fast enough to create this forward bias condition, the input signal current must be limited to 10mA 

or less. If the input signal current is not inherently limited, an input series resistor (RI) and/or a feedback 

resistor (RF) can be used to limit the signal input current. This input series resistor degrades the low-noise 

performance of the SAH2642 and is examined in the following Noise Performance section. Figure 1 

shows an example configuration when both current-limiting input and feedback resistors are used.
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Noise Performance
Equation 1 shows the total circuit noise for varying source impedances with the operational amplifier in a 

unity-gain configuration (Figure 2, no feedback resistor network, and therefore no additional noise 

contributions).

The SAH2642 (GBP = 16MHz, G = +1) is shown with total circuit noise calculated. The operational 

amplifier itself contributes both a voltage noise component and a current noise component. The voltage 

noise is commonly modeled as a time-varying component of the offset voltage. The current noise is 

modeled as the time-varying component of the input bias current and reacts with the source resistance to 

create a voltage component of noise. Therefore, the lowest noise operational amplifier for a given 

application depends on the source impedance. For low source impedance, current noise is negligible, and 

voltage noise generally dominates. The low voltage noise of the SAH2642 driver makes them a good 

choice for use in applications where the source impedance is less than 1kΩ. The following equation 

shows the calculation of the total circuit noise:

 

 

Where en = voltage noise, in = current noise, RS = source impedance, k = Boltzmann’s constant = 1.38 × 

10-23J/K, T = temperature in degrees Kelvin (K).

 

 

 

  

Basic Noise Calculations
Design of low-noise operational amplifier circuits requires careful consideration of a variety of possible 

noise contributors: noise from the signal source, noise generated in the operational amplifier and noise 

from the feedback network resistors. The total noise of the circuit is the root-sum-square combination of 

all noise components. The resistive portion of the source impedance produces thermal noise proportional 

to the square root of the resistance. The source impedance is usually fixed; consequently, select the 

operational amplifier and the feedback resistors to minimize the respective contributions to the total noise. 

Figure 3 illustrates both inverting and non-inverting operational amplifier circuit configurations with gain. In 

circuit configurations with gain, the feedback network resistors also contribute noise. The current noise of 
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the operational amplifier reacts with the feedback resistors to create additional noise components. The 

feedback resistor values can generally be chosen to make these noise sources negligible. The equations 

for total noise are shown for both configurations.

 

 

 

 

Total Harmonic Distortion Measurements
The SAH2642 driver has excellent distortion characteristics. THD + noise is below 0.00015% (G = +1, 

VOUT = 3VRMS, BW = 80kHz) throughout the audio frequency range, 20Hz to 20kHz, with a 2kΩ load.

The distortion produced by SAH2642 driver is below the measurement limit of many commercially 

available distortion analyzers. However, a special test circuit (such as Figure 4 shows) can be used to 

extend the measurement capabilities.

Operational amplifier distortion can be considered an internal error source that can be referred to the input. 

Figure 4 shows a circuit that causes the operational amplifier distortion to be 101 times (or approximately 

40dB) greater than that normally produced by the operational amplifier. The addition of R3 to the 

otherwise standard non-inverting amplifier configuration alters the feedback factor or noise gain of the 

circuit. The closed-loop gain is unchanged, but the feedback available for error correction is reduced by a 

factor of 101, thus extending the resolution by 101. Note that the input signal and load applied to the 

operational amplifier are the same as with conventional feedback without R3. The value of R3 should be 



 

                             

 
  

 

datasheet Rev. 1.0 13 / 16

SAH2642
High-Performance, Ultra-Low Noise, 

Bipolar-Input, HiFi Audio Headset Driver
 kept small to minimize its effect on the distortion measurements.

  

 

 

 

 

 

 

Validity of this technique can be verified by duplicating measurements at high gain and/or high frequency 

where the distortion is within the measurement capability of the test equipment. Measurements for this 

datasheet were made with an Audio Precision System Two distortion/noise analyzer, which greatly 

simplifies such repetitive measurements. The measurement technique can, however, be performed with 

manual distortion measurement instruments.

Capacitive Loads
The dynamic characteristics of the SAH2642 have been optimized for commonly encountered gains, 

loads, and operating conditions. The combination of low closed-loop gain and high capacitive loads 

decreases the phase margin of the amplifier and can lead to gain peaking or oscillations. As a result, 

heavier capacitive loads must be isolated from the output. The simplest way to achieve this isolation is to 

add a small resistor (RS equal to 50Ω, for example) in series with the output.

Power Dissipation
SAH2642 driver is capable of driving 2kΩ loads with a power-supply voltage up to ±18V. Internal power 

dissipation increases when operating at high supply voltages. Copper leadframe construction used in the 

SAH2642 driver improves heat dissipation compared to conventional materials. Circuit board layout can 

also help minimize junction temperature rise. Wide copper traces help dissipate the heat by acting as an 

additional heat sink. Temperature rise can be further minimized by soldering the devices to the circuit 

board rather than using a socket.

Electrical Overstress
Designers often ask questions about the capability of an operational amplifier to withstand electrical 

overstress. These questions tend to focus on the device inputs, but may involve the supply voltage pins or 

even the output pin. Each of these different pin functions have electrical stress limits determined by the 

voltage breakdown characteristics of the particular semiconductor fabrication process and specific circuits 

connected to the pin. Additionally, internal electrostatic discharge (ESD) protection is built into these 
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circuits to protect them from accidental ESD events both before and during product assembly.

APPLICATION CIRCUIT
Figure 5 shows how to use the SAH2642 as an amplifier for professional audio headphones. The circuit

shows the left side stereo channel. An identical circuit is used to drive the right side stereo channel.
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PACKAGE SOP-8

 
 

 
 

    
 

SOP8 Package Outline Dimensions
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Disclaimer

 

  
  

 
  

 

The content specified herein is for the purpose of introducing SET's products (hereinafter "Products"). The 
information given in this document shall in no event be regarded as a guarantee of conditions or 
characteristics. 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.

 

   

 
   

SET does not assume any liability for infringement of patents, copyrights, or other intellectual property 
rights of third parties by or arising from the use of the Products or technical information described in this 
document. 

 

 
  

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). SET shall bear no 
responsibility in any way for use of any of the Products for the above special purposes. 

 

 

Although SET endeavors to improve the quality and reliability of its products, semiconductor products 
have specific characteristics such as the occurrence of failure at a certain rate and malfunctions under 
certain use conditions. Please be sure to implement safety measures to guard them against the possibility 
of physical injury, and injury or damage caused by fire in the event of the failure of a SET product. 

The content specified herein is subject to change for improvement without notice. When using a SET
product, be sure to obtain the latest specifications.


