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TSB611 
 

Low-power, rail-to-rail output, 36 V operational amplifier 

Datasheet - production data 

 

 

Features 
 Low offset voltage: 1 mV max  

 Low power consumption: 125 µA max. at  
36 V  

 Wide supply voltage: 2.7 to 36 V  

 Gain bandwidth product: 560 kHz typ  

 Unity gain stable  

 Rail-to-rail output  

 Input common mode voltage includes 
ground  

 High tolerance to ESD: 4 kV HBM  

 Extended temperature range: -40 °C to  
125 °C  

 Automotive qualification  

Applications 
 Industrial  

 Power supplies  

 Automotive  

Description 
The TSB611 single operational amplifier  
(op amp) offers an extended supply voltage 
operating range and rail-to-rail output. It also 
offers an excellent speed/power consumption 
ratio with 560 kHz gain bandwidth product while 
consuming less than 125 µA at 36V supply 
voltage. 

The TSB611 operates over a wide temperature 
range from -40 °C to 125°C making this device 
ideal for industrial and automotive applications. 

Thanks to its small package size, the TSB611 
can be used in applications where space on the 
board is limited. It can thus reduce the overall 
cost of the PCB. 
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1 Absolute maximum ratings and operating conditions 
Table 1: Absolute maximum ratings (AMR) 

Symbol Parameter Value Unit 

Vcc Supply voltage 
(1)

 40 

V Vid Differential input voltage 
(2)

 ±Vcc 

Vin Input voltage (Vcc-) - 0.2 to (Vcc+) + 0.2 

Iin Input current 
(3)

 10 mA 

Tstg Storage temperature -65 to 150 °C 

Rthja Thermal resistance junction to ambient 
(4)(5)

 250 °C/W 

Tj Maximum junction temperature 150 °C 

ESD 

HBM: human body model 
(6)

 4000 

V MM: machine model 
(7)

 200 

CDM: charged device model 
(8)

 1500 

 
Latch-up immunity 200 mA 

 

Notes: 
(1)

All voltage values, except differential voltage are with respect to network ground terminal. 
(2)

Differential voltages are the non-inverting input terminal with respect to the inverting input terminal. 
(3)

Input current must be limited by a resistor in series with the inputs. 
(4)

Rth are typical values. 
(5)

Short-circuits can cause excessive heating and destructive dissipation. 
(6)

According to JEDEC standard JESD22-A114F. 
(7)

According to JEDEC standard JESD22-A115A. 
(8)

According to ANSI/ESD STM5.3.1. 

 

Table 2: Operating conditions 

Symbol Parameter Value Unit 

Vcc Supply voltage 2.7 to 36 
V 

Vicm Common mode input voltage range (Vcc-) - 0.1 to (Vcc+) - 1 

Toper Operating free air temperature range -40 to 125 °C 
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2 Electrical characteristics 
Table 3: Electrical characteristics at Vcc+ = 2.7 V with Vcc- = 0 V, Vicm = Vcc/2, Tamb = 25 °C, 

and RL = 10 kɋ connected to Vcc/2 (unless otherwise specified) 

Symbol Parameter Conditions Min. Typ. Max. Unit 

DC performance 

Vio Input offset voltage  
-1 

 
1 

mV 
-40 °C < T< 125 °C -1.6 

 
1.6 

ȹVio/ȹT Input offset voltage drift -40 °C < T< 125 °C 
 

1.8 6 ɛV/ÁC 

Iio Input offset current   
1 5 

nA 
-40 °C < T< 125 °C 

  
10 

Iib Input bias current   
5 10 

-40 °C < T< 125 °C 
  

15 

CMR 
Common mode rejection 

ratio: 20 log (ȹVicm/ȹVio) 

Vicm =  0 V to Vcc+ -1 V, 

Vout = Vcc/2 
90 115 

 

dB -40 °C < T< 125 °C 85 
  

Avd Large signal voltage gain 
Vout = 0.5 V to (Vcc+ - 0.5 V) 98 102 

 
-40 °C < T< 125 °C 94 

  

VOH 
High level output voltage 

(voltage drop from Vcc+) 
  

13 25 

mV 
-40 °C < T< 125 °C 

  
30 

VOL Low level output voltage   
26 30 

-40 °C < T< 125 °C 
  

35 

Iout 

Isink 
Vout = Vcc 13 20 

 

mA 
-40 °C < T< 125 °C 10 

  

Isource 
Vout = 0 V 20 28 

 
-40 °C < T< 125 °C 7 

  

ICC 
Supply current  

(per channel) 

No load, Vout = Vcc/2 
 

92 110 
µA 

-40 °C < T< 125 °C 
  

125 

AC performance 

GBP Gain bandwidth product RL = 10 kɋ, CL = 100 pF 
 

480 
 kHz 

Fu Unity gain frequency RL = 10 kɋ, CL = 100 pF 
 

430 
 

ʌm Phase margin RL = 10 kɋ, CL = 100 pF 
 

60 
 

Degrees 

Gm Gain margin RL = 10 kɋ, CL = 100 pF 
 

18 
 

dB 

SR+ Positive slew rate 
RL = 10 kɋ, CL = 100 pF, 

Vout = 0.5 V to VCC - 0.5 V 
0.13 0.18 

 
V/ɛs 

SR- Negative slew rate 
RL = 10 kɋ, CL = 100 pF, 

Vout = 0.5 V to VCC - 0.5 V 
0.10 0.14 

 

en 
Equivalent input noise 

voltage 

f  = 1 kHz 
 

37 
 nV/ãHz 

f  = 10 kHz 
 

32 
 

THD+N 
Total harmonic distortion + 

noise 

fin = 1 kHz, Gain = 1, RL = 100 kɋ, 
Vicm = (Vcc - 1 V)/2, BW = 22 kHz, 
Vout = 1 Vpp  

0.005 
 

% 
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Symbol Parameter Conditions Min. Typ. Max. Unit 

trec Overload recovery time 
  

2 
 

µs 
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Table 4: Electrical characteristics at Vcc+ = 12 V with Vcc- = 0 V, Vicm = Vcc/2, Tamb = 25 °C, 

and RL = 10 kɋ connected to Vcc/2 (unless otherwise specified) 

Symbol Parameter Conditions Min. Typ. Max. Unit 

DC performance 

Vio Input offset voltage  
-1 

 
1 

mV 
-40 °C < T< 125 °C -1.6 

 
1.6 

ȹVio/ȹT Input offset voltage drift -40 °C < T< 125 °C 
 

1.6 6 ɛV/ÁC 

Iio Input offset current   
1 5 

nA 
-40 °C < T< 125 °C 

  
15 

Iib Input bias current   
5 10 

-40 °C < T< 125 °C 
  

15 

CMR 
Common mode rejection 

ratio: 20 log (ȹVicm/ȹVio) 

Vicm =  0 V to Vcc+ - 1 V, 

Vout = Vcc/2 
95 126 

 

dB 

-40 °C < T< 12 5°C 90 
  

SVR 
Supply voltage rejection 

ratio: 20 log (ȹVcc/ȹVio) 

Vcc =  2.8 to 12 V 95 124 
 

-40 °C < T< 125 °C 90 
  

Avd Large signal voltage gain 
Vout = 0.5 V to (Vcc+ - 0.5 V) 105 115 

 
-40 °C < T< 125 °C 100 

  

VOH 
High level output voltage 
drop from Vcc+ 

  
37 60 

mV 
-40 °C < T< 125 °C 

  
65 

VOL Low level output voltage   
56 65 

-40 °C < T< 125 °C 
  

75 

Iout 

Isink 
Vout = Vcc 24 35 

 

mA 
-40 °C < T< 125 °C 10 

  

Isource 
Vout = 0 V 28 40 

 
-40 °C < T< 125 °C 10 

  

ICC 
Supply current  

(per channel) 

No load, Vout = Vcc/2 
 

97 115 
µA 

-40 °C < T< 125 °C 
  

130 

AC performance 

GBP Gain bandwidth product RL = 10 kɋ, CL = 100 pF 
 

510 
 kHz 

Fu Unity gain frequency RL = 10 kɋ, CL = 100 pF 
 

460 
 

ʌm Phase margin RL = 10 kɋ, CL = 100 pF 
 

60 
 

Degrees 

Gm Gain margin RL = 10 kɋ, CL = 100 pF 
 

18 
 

dB 

SR+ Positive slew rate 
RL = 10 kɋ, CL = 100 pF, 

Vout = 0.5 V to VCC - 0.5 V 
0.13 0.19 

 
V/ɛs 

SR- Negative slew rate 
RL = 10 kɋ, CL = 100 pF, 

Vout = 0.5 V to VCC - 0.5 V 
0.11 0.15 

 

en 
Equivalent input noise 

voltage 

f = 1 kHz 
 

31 
 nV/ãHz 

f = 10 kHz 
 

30 
 

THD+N 
Total harmonic distortion + 

noise 

fin = 1 kHz, Gain = 1, RL = 100 kɋ, 
Vicm = (Vcc - 1 V)/2, BW = 22 kHz, 
Vout = 2 Vpp  

0.004 
 

% 
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Symbol Parameter Conditions Min. Typ. Max. Unit 

trec Overload recovery time 
  

2 
 

µs 
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Table 5: Electrical characteristics at Vcc+ = 36 V with Vcc- = 0 V, Vicm = Vcc/2, Tamb = 25 °C, 

and RL = 10 kɋ connected to Vcc/2 (unless otherwise specified) 

Symbol Parameter Conditions Min. Typ. Max. Unit 

DC performance 

Vio Input offset voltage  
-1 

 
1 

mV 
-40 °C < T< 125 °C -1.6 

 
1.6 

ȹVio/ȹT Input offset voltage drift -40 °C < T< 125 °C 
 

1.3 6 ɛV/ÁC 

Iio Input offset current   
1 5 

nA 
-40 °C < T< 125 °C 

  
20 

Iib Input bias current   
5 10 

-40 °C < T< 125 °C 
  

20 

CMR 
Common mode rejection 

ratio: 20 log (ȹVicm/ȹVio) 

Vicm =  0 V to Vcc+ - 1 V, 

Vout = Vcc/2 
105 130 

 

dB 

-40 °C < T< 125 °C 100 
  

SVR 
Supply voltage rejection 

ratio 20 log (ȹVcc/ȹVio) 

Vcc =  12 to 36 V 100 124 
 

-40 °C < T< 125 °C 95 
  

Avd Large signal voltage gain 
Vout = 0.5 V to (Vcc+ - 0.5 V) 110 120 

 
-40 °C < T< 125 °C 105 

  

VOH 
High level output voltage 
drop from VCC+ 

  
80 110 

mV 
-40 °C < T< 125 °C 

  
150 

VOL Low level output voltage   
90 110 

-40 °C < T< 125 °C 
  

150 

Iout 

Isink 
Vout = Vcc 40 60 

 

mA 
-40 °C < T< 125 °C 10 

  

Isource 
Vout = 0 V 40 70 

 
-40 °C < T< 125 °C 20 

  

ICC 
Supply current  

(per channel) 

No load, Vout = Vcc/2 
 

103 125 
µA 

-40 °C < T< 125 °C 
  

140 

AC performance 

GBP Gain bandwidth product RL = 10 kɋ, CL = 100 pF 
 

560 
 kHz 

Fu Unity gain frequency RL = 10 kɋ, CL = 100 pF 
 

500 
 

ʌm Phase margin RL = 10 kɋ, CL = 100 pF 
 

58 
 

Degrees 

Gm Gain margin RL = 10 kɋ, CL = 100 pF 
 

18 
 

dB 

SR+ Positive slew rate 
RL = 10 kɋ, CL = 100 pF, 

Vout = 0.5 V to VCC - 0.5 V 
0.15 0.20 

 
V/ɛs 

SR- Negative slew rate 
RL = 10 kɋ, CL = 100 pF, 

Vout = 0.5 V to VCC - 0.5 V 
0.12 0.16 

 

en 
Equivalent input noise 

voltage 

f = 1 kHz 
 

29 
 nV/ãHz 

f = 10 kHz 
 

28 
 

THD+N 
Total harmonic distortion + 

noise 

fin = 1 kHz, Gain = 1, RL = 100 kɋ, 
Vicm = (Vcc - 1 V)/2, BW = 22 kHz, 
Vout = 2 Vpp  

0.004 
 

% 
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Symbol Parameter Conditions Min. Typ. Max. Unit 

trec Overload recovery time RL = 10 kɋ, CL = 100 pF, Gain = 1 
 

2 
 

µs 
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Figure 1: Supply current vs. supply voltage at  

Vicm = VCC/2 

 

Figure 2: Input offset voltage distribution at  

VCC = 2.7 V 

 

 

Figure 3: Input offset voltage distribution at VCC = 12 V 

 

Figure 4: Input offset voltage distribution at VCC = 36 V 

 

 

Figure 5: Input offset voltage vs. Temperature at  

VCC = 36 V 

 

Figure 6: Input offset voltage temperature variation 

distribution at VCC = 36 V 
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Figure 7: Input offset voltage vs. supply voltage 

 

 

Figure 8: Input offset voltage vs. common-mode voltage 

at VCC = 2.7 V 

 

 

Figure 9: Input offset voltage vs. common-mode voltage 

at VCC = 36 V 

 

Figure 10: Input bias current vs. common mode voltage 

at VCC = 4 V 

 

 

Figure 11: Input bias current vs. common mode voltage 

at VCC = 36 V 

 

Figure 12: Output current vs. output voltage at  

VCC = 2.7 V 
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Figure 13: Output current vs. output voltage at  

VCC = 36 V 

 

Figure 14: Output voltage (Voh) vs. supply voltage 

 

 

 

Figure 15: Output voltage (Vol) vs. supply voltage 

 

 

Figure 16: Amplifier behavior close to negative rail at 

VCC = 5 V 

 

 

Figure 17: Amplifier behavior close to positive rail at 

VCC = 5 V 

 

Figure 18: Slew rate vs. supply voltage 
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Figure 19: Negative slew rate behavior vs. temperature 

at VCC = 36 V 

 

Figure 20: Positive slew rate behavior vs. temperature 

at VCC = 36 V 

 

 

Figure 21: Small step response vs. time at VCC = 36 V 

 

Figure 22: Output desaturation vs. time 

 

 

Figure 23: Gain and phase vs. frequency at  

VCC = 2.7 V 

 

Figure 24: Gain and phase vs. frequency at  

VCC = 36 V 
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Figure 25: Phase margin vs. output current at  

VCC = 2.7 V and 36 V 

 

Figure 26: Phase margin vs. capacitive load at  

VCC = 2.7 V and 36 V 

 

 

Figure 27: Overshoot vs. capacitive load at VCC = 2.7 V 

and 36 V 

 

Figure 28: Noise vs. frequency at VCC = 36 V 

 

 

 

Figure 29: Noise vs. time at VCC = 36 V 

 

Figure 30: THD+N vs. frequency 
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