‘— TSC210, TSC212, TSC213

' l ife.augmented

Datasheet

High/low-side, bidirectional, zero-drift current sense amplifiers

Features

i~

*  Wide common mode voltage: -0.3 to 26 V
«  Offset voltage: £35 pV max. (TSC210)
« 2.710 26V supply voltage
« Different gain available
QFN10 (1.8x1.4) SC70-6 < — TSC210 (200 V/V)
— TSC212 (1000 V/V)
— TSC213 (50 V/V)
*  Gain error: £1% max.
«  Offset drift: 0.1 pV/°C max.
*  Gain drift: 20 ppm/°C max.
*  Quiescent current: 100 pA
*+  QFN10 (1.8x1.4) and SC70-6

Applications

*  Telecom equipment
+  Power management
*  Notebook computers

Product status link * Industrial applications

«  Battery chargers
TSC210, TSC212, TSC213

Description

The TSC210, TSC212 and TSC213 is a series of zero-drift current sense amplifiers
that can sense current via a shunt resistor over a wide range of common mode
voltages from -0.3 to +26 V, whatever the supply voltage is. It is available in three
different versions, each of them having a different gain. The TSC21x is designed with
a specific zero-drift architecture, which can achieve high precision.

The TSC21x are current sense amplifiers that may be used in various functions such
as precision current measurement, over current protection, current monitoring,
feedback loops.

These devices fully operate over the broad supply voltage range of 2.7 to 26 V and
over the industrial temperature range -40 to 125 °C.
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Pin connections and description

1 Pin connections and description

Figure 1. Pin connections (top view)

2 8
Ref [1 | [ 6 Jour e ' VIN-
GND 2 Il VIN-  GND VIN-
vee [3] 4 v our VIN+

Table 1. Pin description

Reference voltage input
GND 2 9 Ground
Vce 3 6 Power supply voltage

Connection to the external

Vin+ 4 2,3 ]
sense resistor

Vin- 5 4,5 Connectlo_n to the external
sense resistor

ouT 6 10 Output voltage

NC 1,7 Not connected'")

1. Pins can be left floating or connected to VCC or GND.
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Block diagram

2 Block diagram
Figure 2. Block diagram
Vce Vief
IIoad I: Rshunt - Ool';::;;
Vi

TSC21x

|

GND

Output voltage = (Rshunt X lioad) X Gain + Vref

Table 2. Resistors and gain values

TSC210 1 MQ 5kQ 200
TSC212 1 MQ 1kQ 1000
TSC213 1 MQ 20 kQ 50
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3

3 Absolute maxiumum ratings and operating conditions

Table 3. Absolute maximum ratings

Supply voltage'"
Vin Differential voltage between input pins (In+, In-) -26 to +26 v
Common mode voltage on input pins Gnd-0.3 to 26
Ref Reference input voltage Gnd-0.3 to Vcc+0.3 \Y
lin Input current to any pin(® 5 mA
Vout Output voltage Gnd-0.3 to Vce+0.3 Y,
TiLead Lead temperature for 10 s©®) 260 °C
Tstg Storage temperature -65to 150 °C
T Junction temperature 150 °C

Thermal resistance junction to ambient (4)®)

Rin-ja QFN10 124 oC/W
SC70-6 232
HBM: human body model(®) 3000

ESD CDM: charged device model () 1000 v
Latch-up immunity 200 mA

1. All voltage values, except the differential voltage are with respect to the network ground terminal.

N

Input voltage can go beyond supply voltage but input current must be limited. Using a serial resistor with the input is highly
recommended in that case.

Reflow at peak temperature of 260 °C. Time above 255 °C must not exceed 30 s.
Short-circuits can cause excessive heating and destructive dissipation.

Ry, are typical values.

According to JEDEC standard JESD22-A114F.

According to ANSI/ESD STM5.3.1.

N O O KL

Table 4. Operating conditions

Supply voltage 2.7 to 26
Viem pommgn mode voltage on 03 1to0 +26 v
input pins

Operating free-air

-40 to 125 °C
temperature range
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Electrical characteristics

4 Electrical characteristics

Table 5. Electrical characteristics, T = 25 °C, Vgense = Vin+- VIN- (unless otherwise specified),
TSC210, TSC213: Vgc=5V, ViN+=12 V, VRer= Vcc/2 (unless otherwise specified),
TSC212: Vg =12V, Vin+ =12V, VReg = Vec/2 ( unless otherwise specified)

Power supply

|A VolAt]|

CMRR

PSRR

I
lio
Output

NLE
CL

Vewt

Vsw-

Supply voltage

Quiescent current

Offset voltage (RTI) (")
TSC210, TSC212
TSC213

Offset voltage variation
(RTI) vs. temperature

Vsense =0 mV

Tmin. < T < Tmax.

Vsense =0 mV
Vsense = 0 mV

Vsense =0 mV,

Tmin.< T < Tmax.

Common mode rejection ratio

TSC210, TSC212

TSC213

Power supply rejection
ratio

Input bias current

Input offset current

Gain

Gain error

Gain error vs.
temperature

Linearity error

Maximum capacitive load

Output swing close to
Vee

Output swing close to
Gnd

Vin+= 010 26 V,

Vsense =0 mV,

Tmin. < T < Tmax.
Vip+=0to 26 V,

Vsense = 0 mV,

Tmin. < T < Tmax.

Vo= 271026V

ViN+t=18 V, Vsense = 0 mV
Vsense =0 mV

Vsense = 0 mV

TSC210
TSC212
TSC213

Vsense =-5to + 5 mV

Tmin. < T < Tmax.
Tmin. < T < Tmax.

Vsense =-5to + 5 mV
No sustained oscillation
R =10 kQ to Gnd
Tmin. < T < Tmax.
R.=10 kQ to Gnd

Tmin. < T < Tmax.

2.7

-100

105

100

15

V0.2

65

0.05

140

120

0.1

28
0.02

200
1000
50

0.02

0.01
470

Ve-0.05

26 Y
100
uA
115
35
Vv
100
0.3 pv/eC
dB
10 pVvIv
35
MA
VIV
+1 %
20 ppm/°C
%
pF
Y
30 mV
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Electrical characteristics

Rioad | Load regulation lout=-10 to +10 mA
Dynamic performance

Vec =5V, Viem=12V,

Cl =100 pF
BW Bandwidth TSC210 25 kHz
TSC212 6
TSC213 100
Vee =5V, Vigm = 12V,
Cl = 100 pF
SR Slew rate TSC210 0.2 V/us
TSC212 0.05
TSC213 0.85
f=1kHz
En Noise (RTI)(") 18e210 0 nV/AHz
TSC212 50
TSC213 38

1. RTI stands for ‘related to input”
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Typical characteristics

5 Typical characteristics

The TSC210 is used for typical characteristics, unless otherwise specified

Figure 3. Input offset voltage production Figure 4. Input offset voltage vs temperature
distribution

100

[T ] 8°

T=25C 60
Vec=hV,
Viem=12V 40

o

=)

Vio (1V)
o

Popuation (%)

3

Vref=Ved2
T —|_ 80 || Vserse=0v|

Veo=bV

oLl s |

- S S NI S S O, S, . . -25 0 25 50 75 100 125
Inpt offset voltage (V) Temperature (°C)

Figure 5. Common-mode rejection ratio production Figure 6. Common mode rejection ratio vs

e temperature
distribution p
’ [T1 ;
] 4
25 T=25°C||_|
Vee=5V| 3
20 — 2
9 ]
s S 1
o115 =
k) To
2 — r
L1 g -1
] — 2
5
| 3 [ TVrer=vod2
| 4 || vserse=0v
== Vee=5V Viem =12V
D 30 1000 4 92 49 12 O (2 © P 1O W2 (® 42 0P 0?2 O 40 5 T I
CommonModeRejection Ratio (UV/V) -25 0 T e|2n5peratu5r)g(°0) 75 100 125
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Figure 7. Gain vs frequency Figure 8. Power supply rejection ratio vs frequency
70 m 140
60 S
120 SN
50 10
100
“ )
3, &
= | [ L] %
8 » TSC213]] a e
10 % 40
1 Viem=12 V
H Vieme12V, Vref = Veo2 C
© 11 Gt 00pF conrected to Vo2 20 Vripple=100 mVpp
Yo 1 1 A1 B -'|-=|2|5|”c|;” .
10 100 Tk 10 100 O10 100 1k 10k 100k

Frequency (Hz) Frequency (Hz)

Figure 9. Common mode rejection ratio vs ) . .
frequency Figure 10. Positive output voltage swing vs output
current Vgc =2.7V

140
V+ I
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100
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Figure 11. Negative output voltage swing vs output

Figure 12. Positive output voltage swing vs output
current Vg =2.7V 9 P g g p

current Vec =5V

GND#3.0 Vi
[125°C] | @5°C| [40°C] I
/ / 1/ i
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Figure 13. Negative output voltage swing vs output = Figure 14. Positive output voltage swing vs output

current Vgc =5V current Vgc =26 V
GND+6 | V+ T
GND+55 - 5 s
g 25°C 25 [-40°0] (V+)0.5V Veerzsy
| / icm=12V
GND+4.5 ] (V4)-1.0V
S GNDw s
8 GND+35 / / g (VO-18V
£ GND*3.0 7 S (vH)20v
S GND+25 3 \ \
GND+2 g (V+)-2.5V \
GND+15 (V+)-3.0V |
GND+1 e 125°d [e5°C]| [40°d
GND+05 veors v (V85
GND Vicm=12 |
00 50 100 150 200 250 300 350 V40 050 100 150 200 250 300 350
Output current (mA) Output current (mA)

Figure 16. Input bias current vs input common

Figure 15. Negative output voltage swing vs output mode voltage with supply voltage = 5 V

current Vgc =26 V
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Figure 17. Input bias current vs input common Figure 18. Input bias current vs temperature
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Figure 19. Quiescent current vs temperature Figure 20. Input referred noise vs frequency
100 10000
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Figure 21. 0.1 Hz to 10 Hz voltage noise Figure 22. Step response (10-mVpp input step
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Figure 23. Common mode voltage transient Figure 24. Inverting differential input overloaded
response
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Figure 25. Non inverting differential input overload Figure 26. Start-up response
- —— 6
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Figure 27. Brownout recovery
6
——
5 ( \Vcc
4 4
3
32 ~~N—
s Vout
-1
0
-1
Mref =25V,
-2 Vsense =0V,
T=25°C
3 I I
Time (100 us/div)

DS13237 - Rev 2 page 11/22



TSC210, TSC212, TSC213

Package information

3

6 Package information

In order 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.

6.1 SC70-6 package information

Figure 28. SC70-6 package outline

A2
A

T, T
I
- T B e

@Ju

Table 6. SC70-6 mechanical data

T wmees T e
Symbol
L e [ e [ [ s [ o= |
A 0.80 1.10 0.037 0.041
A1 0 0.10 0.000 0.004
A2 0.80 1.00 0.035 0.039
b 0.15 0.30 0.008 0.010
c 0.10 0.18 0.004 0.004
D 1.80 2.20 0.078 0.086
E 1.15 1.35 0.050 0.052
e 0.65 0.025 0.026
HE 1.8 24 0.083 0.090
L 0.10 0.40 0.013 0.015
Q1 0.10 0.40 0.011 0.013

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 29. SC70-6 recommended footprint

il

0‘8 —_— — 290

e

DS13237 - Rev 2 page 13/22



&7 TSC210, TSC212, TSC213
Y/

QFN10 package information

6.2 QFN10 package information

Figure 30. QFN10 package outline

8X
L2

L3 L1

©

BOTTOM VIEW o || Moo 15 :

e-_ :3 _‘_
]

1

[

b

Tt
|
|
[
1
1
1
|
1 —]

e

PIN#2 AND 3 ARE FUSE TOGETHER
PIN#4 AND 5 ARE FUSE TOGETHER

SIDE VIEW -

10X

DETAIL A

]
J
N
T

PIN1

INDEX | AREA —\| \\§

s
Sy/j')
3

E

TOP VIEW

DS13237 - Rev 2 page 14/22



TSC210, TSC212, TSC213
QFN10 package information

3

Figure 31. QFN10 detail A package outline

DETAIL A

.7 Termiﬁoﬁ_e_n%___ - B B N
0.3540.10
—A3

o % Terminal Thickness
- J_ - |
o

S 0.05 Ref. ’l

a DETAIL A
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Table 7. QFN10 mechanical data

m T e

A 0.70 0.75 0.80
A1 0.0 0.05
A3 0.203REF

0.15 0.20 0.25
D 1.35 1.40 1.45
e 0.40 BSC
E 1.75 1.80 1.85
L1 0.20 0.30 0.40
L2 0.25 0.35 0.45
L3 0.10 0.20 0.30
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QFN10 package information

Figure 32. QFN10 recommended footprint
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7 Ordering information

Table 8. Ordering information

TSC210ICT SC70-6
200 010

TSC2101QT QFN10

TSC212ICT SC70-6
1000 Tape and reel 012

TSC2121QT QFN10

TSC213ICT SC70-6
50 013

TSC213IQT QFN10

DS13237 - Rev 2 page 17/22



&7 TSC210, TSC212, TSC213
Y/

Revision history

Table 9. Document revision history

13-Feb-2020 1 Initial release.

27-Feb-2020 2 Update features in cover page and Section 4 Electrical characteristics.
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IMPORTANT NOTICE - PLEASE 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 acknowledgement.

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, please 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.

© 2020 STMicroelectronics — All rights reserved
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