m TSC1801

Datasheet

Very high accuracy (0.5%) high bandwidth (2.1 MHz) bidirectional low-side
current sense amplifier

Features

. Wide supply voltage range: 2.0 Vto 5.5V
. Fixed gain: 20 V/V

. Total output error < 0.5%
. Offset voltage: £200 pV max.
. Gain error: 0.1% max.

. Bandwidth: 2.1 MHz
. Extended temperature range: -40 °C to +125 °C
. Automotive AEC-Q100 qualified
. Safety capable: documentation available to aid functional safety system design
. Benefits:
- Total error guaranteed
- Reduced bill of material

SOT23-6

Applications
TSC1801 . High bandwidth low-side current sensing
. Low-side motor control
. Power management in Solar Powered Systems
. Power management in HEV and EV
. Solenoid control
Description

The TSC1801 is a low-side current measurement amplifier. The TSC1801 is
designed to sense drops across shunt resistors at low common-mode voltages. The
gain value is set to 20 V/V, selectable by part number.
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1 Schematic diagram

Figure 1. Internal schematic diagram
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Pin description

2 Pin description

Figure 2. Pin connections (top view)

VREF ouT
VCC- IN-
VCC+ IN+

Dot or letter K denotes pin 1 position

Table 1. Pin description

rne e i

1 VREF Voltage reference input for zero-current mid-point setting
2 VCC- Negative supply voltage

3 VCC+ Positive supply voltage

4 IN+ Non-inverting input channel

5 IN- Inverting input channel

6 ouT Output channel
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,l Typical application schematic

3 Typical application schematic

3.1 Motor control

Figure 3. 3-phase motor-control with low-side current measurement by TSC1801
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3.2 PFC converter

Figure 4. Power Factor Corrector with low-side current measurement by TSC1801
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Maximum ratings and operating conditions

4 Maximum ratings and operating conditions

Table 2. Absolute maximum ratings

VCC 6 V

Supply voltage
Vid Input voltage differential (Vn+ - Vn.) @) Ve
Vin Input voltage: IN+, IN-, VREF pins (?) (VCC-)- 0.4 to (VCC+) + 0.3 Vv
lin Input current +10 mA
Tstg Storage temperature -65 to +150 i
T Maximum junction temperature 150 ©
Rth-ja ®) | Thermal resistance junction-to-ambient SOT23-6 240 °C/W
HBM: human body model (industrial grade) ) 4 kV
ESD HBM: human body model (automotive grade) (*) 4 kV
CDM: charged device model ©) 1.5 kV

All voltage values are with respect to the VCC- pin, unless otherwise specified.

The maximum input voltage value may be extended to the condition that the input current is limited to +10 mA.
Rth-ja is a typical value, obtained with PCB according to JEDEC 2s2p without vias.

Human body model: HBM test according to the standard ESDA-JS-001-2017.

Human body model: HBM test according to the standard AEC-Q100-002.

Charged device model: the CDM test is done according to the standard AEC-Q100-011.

S O A W DN~

Table 3. Operating conditions

Vee Supply voltage 20Vto b5V
Vref VREF pin voltage Vee-to Voo
Viem Common-mode input voltage range Vee-—0.1VitoVees-1.5V
V|N+ - V|N- operating range with total error < 0.3%
Vsense
Gain 20 VIV +122 mV
Toper Operating free air temperature range -40 °C to +125 °C
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S7

5 Electrical characteristics

Table 4. DC electrical characteristics at Vgc =3.3 Vand Vgc =5V, Vit =Vee/2, VIN.= 0V, Vgense = ViN+ - VIN-= 0V,
T =25°C, C__ =47 pF and R_ =10 kQ connected to Vcc/2 (unless otherwise specified)

20 VIV

Gain TSC1801B

Total output error Gain = 20, Vcc =5V, T=25°C +0.5
AVout ) %
Vsense = +/-100 mV (1) 40°C <T<125°C +1
100 mV < Vgut < Ve - 150 mV, T =25 °C 0.1
Eg Gain error 100 mV < Vgut < Ve - 150 mV, %
0.15
-40°C<T<125°C
T=25°C + 50 + 200
Vio Input offset voltage, referred to input uv
-40°C<T=<125°C +700
AV /AT Input offset voltage temperature drift -40°C<T=<125°C +5 uv/eC
Rgiff Differential input resistor 2 kQ
AEQ/AT Gain error drift 10 ppm/°C
NLE Non-linearity error 100 mV < Vgyt < Ve - 150 mV +0.01 %
Vee- £ Viem S Vee+- 1.5V, T=25°C 83 100
Common-mode rejection ratio
CMR Vee- < Viem £ Vee+- 1.5V, dB
20.10g (AVio/AVigm) ©C- = Fiem = TCCH 83 100
-40°C<T<125°C
10%.Vee S Vief £90%.Vee, T=25°C 85 100
Reference voltage rejection ratio
REFR 10%.Vee < Vief < 90%.Vec, dB
20.l0g (AVio/AV ef) e 85 100
-40°C<T<125°C
Supply-voltage rejection ratio 20V=Vgcs55V,T=25°C 109
SVR dB
20.log(AV;o/AVce) 20V<sVecs55V,40°C<sT=<125°C 90 108
v High-level output voltage drop Vsense =1V, T=25°C 20
OH mV
(Von = Vee+ - Vour) Vsense =1V, -40°C<T<125°C 25
v Low-level output voltage drop Vsense =- 1V, T=25°C 10
oL mV
(VoL = Vour) Vsense =- 1V, -40°C < T<125°C 20
Output shorted to Vs, T=25°C 55 70
IsiNKs Vsense =- 1V
Output shorted to Vges, -40°C < T <125 °C 40
lout mA
Output shorted to Vg, T=25°C 50 63
ISOURCE; Vsense =1V
Output shorted to Vg, -40 °C < T<125°C 40
ClLmax Maximum capacitive load Gain = 20 No sustained oscillations 1 nF
AVoui/Aloyt | Load regulation -10 mA < gyt < 10 mA 0.3 2 mV/mA
Power supply
T=25°C 3.3 3.6
lcc Supply current Vn+ = ViN-= Vo/2 mA
-40°C<T<125°C 3.6

Voutmeas — Vsense - Gain — Vref

Total output error defined by the formula: AVout = -
Vsense - Gain
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Table 5. AC electrical characteristics at Vgc =3.3Vand Vgc =5V, Vief = Vec/2, VIN-= 0V, Vgense = ViN+ - VIN-= 0 V,
T =25°C, C_ =47 pF and R =10 kQ connected to Vcc/2 (unless otherwise specified)

AC performance

BW Bandwidth at -3 dB Gain 20 VIV 21 MHz
SR Slew rate, Vot 10% to 90% Vout from 300 mV to V. - 300 mV 14 V/us
f=10 Hz 170
en Input voltage noise density f=100 Hz 50 nV/NHz
f=10 kHz 9
en p-p Input noise voltage Gain = 20 0.1Hz=<f<10Hz 8 MVpp
ts Settling time Vsense = 0t0 40 mV, Vo1 £ 1% 300 ns
tinit Initialization time Vsense =40 mV, Vout + 1% 25 us
VRr = 200 MVpeak-peak, f =400 MHz 60
EMI rejection ratio VRE = 200 MVpeak-peak: f = 900 MHz 85
EMIRR dB
EMIRR = 20 log (VRrr/AVio) VRr = 200 MVpeak-peak: f = 1800 MHz 90
VRr = 200 MVpeak-peak, f = 2400 MHz 90
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6 Typical performance characteristics

R = 10 kQ connected to V¢ / 2, unless otherwise specified.

Figure 5. Input offset voltage distribution Figure 6. Gain error distribution
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Figure 7. Common-mode rejection ratio distribution
Figure 8. Supply current vs. supply voltage
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Figure 9. Supply current vs. input common-mode voltage Figure 10. Supply current vs. temperature
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Lys

Figure 15. Input offset voltage vs. input common-mode  Figure 16. Input offset voltage vs. input common-mode

with Vcc =55V with Vge =2V
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Figure 17. Input offset voltage vs. supply voltage

Input Common Mode Voltage (V)

Input Common Mode Voltage (V)

Figure 18. Input offset voltage vs. reference voltage
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Figure 19. Output current vs. output voltage Figure 20. Output current vs. temperature with Vg = 5.5V
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Figure 21. Output current vs. temperature with Vgc =2 V Figure 22. Voh and Vol vs. temperature with Vgc =5.5V
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Figure 23. Voh and Vol vs. temperature with Vgc =2V Figure 24. Linearity vs. Vsense with Vgc =5.5V
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Figure 27. Gain error vs. temperature at Vgc = 5.5V Figure 28. Load regulation with Vgc =5V
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Figure 29. Gain vs. frequency for different capacitive

loads Figure 30. Overshoot vs. capacitive load
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Figure 33. Settling time on rising edge
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Figure 35. PSRR vs. frequency
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Figure 34. Settling time on falling edge
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Figure 39. Noise vs. frequency

Figure 40. 0.1 Hz to 10 Hz voltage noise
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Figure 41. Power up V¢ =5V Figure 42. Power up Vgc =2V
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7 Application information

71 PCB layout recommendations

Particular attention must be paid to the layout of the PCB tracks connected to the amplifier, load, and power
supply. The power and ground traces are critical as they must provide adequate energy and grounding for all
circuits. The best practice is to use short and wide PCB traces to minimize voltage drops and parasitic
inductance. In addition, to minimize parasitic impedance over the entire surface, a multi-via technique that
connects the bottom and top layer ground planes together in many locations is often used. The copper traces that
connect the output pins to the load and supply pins should be as wide as possible to minimize trace resistance.

Figure 44. PCB traces

VREF VCC-

7.2 Decoupling capacitor

In order to ensure op amp full functionality, it is mandatory to place a decoupling capacitor of at least 22 nF as
close as possible to the op amp supply pin. A good decoupling helps to reduce electromagnetic interference

impact.
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7.3 Macromodel
Accurate macromodels of the TSC1801 device are available on the STMicroelectronics’ website at: www.st.com.
These models are a trade-off between accuracy and complexity (that is, time simulation) of the TSC1801
operational amplifier. They emulate the nominal performance of a typical device within the specified operating
conditions mentioned in the datasheet. They also help to validate a design approach and to select the right
operational amplifier, but they do not replace on-board measurements.

DS14854 - Rev 3 page 16/24



‘ TSC1801
,l Package information

8 Package information

To meet environmental requirements, ST offers these devices in different grades of ECOPACK packages,
depending on their level of environmental compliance. ECOPACK specifications, grade definitions, and product
status are available at: www.st.com. ECOPACK is an ST trademark.
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8.1 SO0T23-6 package information

Figure 45. SOT23-6 package outline
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Table 6. SOT23-6 mechanical data

-mm“m
A 0.90

1.45 0.035 0.057
A1 0.10 0.004
A2 0.90 1.30 0.035 0.051
b 0.35 0.50 0.013 0.019
c 0.09 0.20 0.003 0.008
D 2.80 3.05 0.110 0.120
E 1.50 1.75 0.060 0.069
e 0.95 0.037
H 2.60 3.00 0.102 0.118
L 0.10 0.60 0.004 0.024
0 0° 10° 0° 10°
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9 Ordering information

Table 7. Order codes

TSC1801BILT -40 °Cto 125 °C SOT23-6 K314

-40°Cto125°C
TSC1801BIYLT SOT23-6 K317
automotive grade (")

1. Qualified and characterized according to AEC-Q100 and Q003 or equivalent, advanced screening according to AEC Q001
and Q002 or equivalent. For qualification status details, click on the “Maturity Status Link” on the datasheet first page. On
the product page in www.st.com, check “Quality and Reliability” tab.
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Table 8. Document revision history

T T

11-Dec-2024 1 Initial release.
17-Jan-2025 2 Added new Section 6: Typical performance characteristics.

Updated title, features, applications on the cover page, Figure 2 and

24-Feb-2025 3 Figure 44.
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IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgment.

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

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2025 STMicroelectronics — All rights reserved
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