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TSC102

High-side current sense amplifier plus signal conditioning amplifier
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Features
¢ Independent supply and input common-mode
voltages

o Wide common-mode operating range:
28to30V

e Wide common-mode surviving range:
-16 to 60 V (reversed battery and load-dump
conditions)

¢ Low current consumption: Icc max = 420 pA

January 2014

Datasheet - production data

o OQutput amplifier for tailor-made signal
conditioning

e -40 °C to 125 °C operating temperature range
e 4 kV ESD protection

Applications

e Battery chargers

e Automotive current monitoring
e Notebook computers

e DC motor control

¢ Photo-voltaic systems

e Precision current sources

e Uninterruptible power supplies
¢ High-end power supplies

Description

The TSC102 measures a small differential voltage
on a high-side shunt resistor and translates it into
a ground-referenced output voltage.

The device’s wide input common-mode voltage
range, low quiescent current and tiny TSSOP8
packaging enable use in a wide variety of
applications (also available in SO8 package).

The input common-mode and power supply
voltages are independent. The common-mode
voltage can range from 2.8 to 30 V in operating
conditions.

The TSC102 is rugged against abnormal
conditions on the input pins: Vp and Vm can
withstand up to 60 V in case of voltage spikes, as
little as -16 V in case of reversed battery, and up
to 4 kV in case of electrostatic discharge.

In addition to the current sensing amplifier, the
TSC102 offers a fully accessible amplifier for
output signal conditioning. The device’s overall
current consumption is lower than 420 pA.
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TSC102 Application schematic and pin description

1 Application schematic and pin description

The TSC102 high-side current sense amplifier features a 2.8 V to 30 V input common-mode
range that is independent of the supply voltage. The main advantage of this feature is that it
allows high-side current sensing at voltages much greater than the supply voltage (V¢c).

Figure 1. Application schematics
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Table 1 describes the function of each pin. Their position is shown in the illustration on the
cover page and in Figure 1 above.

Table 1. Pin description

Symbol Type Function
out Analog output Out voltage is proportional to the magnitude of the sense voltage
Vp-Vim
Gnd Ground line
Power supply
Vee Positive power supply line
Connection for the external sense resistor. The measured current
\Y, .
P enters the shunt on the V, side
Connection for the external sense resistor. The measured current
Vi . .
. exits the shunt on the V,, side
Analog input
A1 Connection to current sensing amplifier output
A2 Connection to signal conditioning amplifier non-inverting input
A3 Connection to signal conditioning amplifier inverting input

3
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Absolute maximum ratings and operating conditions

TSC102

2 Absolute maximum ratings and operating conditions

Table 2. Absolute maximum ratings

Symbol Parameter Value Unit
Vig Input pins differential voltage (Vy-Vyy) +20
\A Current sensing input pin voltages (V, and Vm)“) -16 to 60 \%
Vi Voltage for pins A1, A2, A3, Out, Vcc(!) 03to7
Tstg Storage temperature -55 to 150 o
T; Maximum junction temperature 150
TSSOP8 thermal resistance junction to ambient 120
Rihja , — ; °C/wW
SO08 thermal resistance junction to ambient 125
HBM: human body model for V,, and V, pins® 4
kV
s HBM: human body model®) 25
ESD
MM: machine model) 200 %
CDM: charged device model(®) 15 kV

1. These voltage values are measured with respect to the GND pin.

2. Human body model for Vm and Vp: a 100 pF capacitor is charged to the specified voltage, then discharged

through a 1.5 kQ resistor between the Vp or Vm pin and Gnd while the other pins are floating.

3. Human body model: a 100 pF capacitor is charged to the specified voltage, then discharged through a
1.5 kQ resistor between two pins of the device. This is done for all couples of connected pin combinations
while the other pins are floating.

4. Machine model: a 200 pF capacitor is charged to the specified voltage, then discharged directly between
two pins of the device with no external series resistor (internal resistor < 5 Q). This is done for all couples of
connected pin combinations while the other pins are floating.

5. Charged device model: all pins plus package are charged together to the specified voltage and then
discharged directly to ground.

Table 3. Operating conditions

Symbol Parameter Value Unit
Vee DC supply voltage from T,ip, t0 Trnax 3.5t055 \Y
Toper Operational temperature range (T pin 0 Tmax) -40 to 125 °C
Viem Common-mode voltage range (V, pin voltage) 2.8t030 \%
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Electrical characteristics

3

Electrical characteristics

Unless otherwise specified, the electrical characteristics given in the following tables have
been measured under the following test conditions.

*  Tamp=25°C,Vee =5V, Vgense = Vp-Vin =50 mV, Vi, =12 V.
e Noload on Out pin.

e Signal conditioning amplifier used as a buffer (pin A3 connected to pin Out and pin A1
connected to pin A2).

Table 4. Supply

Symbol Parameter Test conditions Min. | Typ. | Max. Unit
Veense = 0V, pin A1 open, pin
lce A2 shorted to Gnd 240 420
Toin < Tamp < T,
Total supply current mn__em max - MA
Veense = 50 mV, pin A1
lcct connected to pin A2 420 700
Tmin < Tamb < Tmax
Table 5. Current sensing amplifier input stage
Symbol Parameter Test conditions Min. | Typ. | Max. Unit
DC SC.c?mmofr{;mode reje\(;tion 28V <V, <30V . 00
CMR1 ariation of Vyq qu)rsus iem -40 °C < Top < 150 °C
referred to input
AC common-mode rejection 2.8 V<V <30V 75
AC | Variation of V,; versus Vicm 1 kHz sine wave dB
CMR1 | referred to input (peak-to-peak 2.8V <V, <30V
voltage variation) 10 kHz sine wave 60
Supply voltage rejection 3.5V< V<55V
SVR1 0 o 85 90
Variation of V44 versus V@ -40 °C < Tymp < 125 °C
(3) Tamp=25°C +1.5
Vos Input offset voltage 40 °C < Ty < 125 °C 123 mV
dV,/dT |Input offset drift versus T -40°C <Tymp <125 °C +3 18 pv/eC
VCC =0V
I Input leakage current 1
k P 9 Tmin < Tamb < Tmax
\Y, =0V HA
I Input bias current sense 5 7
b P Tmin < Tamb < Tmax
1. See Section 6: Parameter definitions for the definition of CMR
2. See Section 6 for the definition of SVR
3. See Section 6 for the definition of V4
IS73 DoclD16754 Rev 3 5/23




Electrical characteristics

TSC102

Table 6. Current sensing amplifier output stage

Symbol Parameter Test conditions Min. | Typ. | Max. Unit
Gain
AV (variation of V1 versus Vgense) 20 VNV
A1 node high-level saturation Veense= 1V
Voh1 voltage lg1=1mA 85 185
Von1 = Vee-Vai -40 °C< Tymp < 125 °C
V 1V m
: ; sense —~
Vg C;Itr;oceie low-level saturation Iy =1 mA 75 165
9 -40 °C< Typp < 125 °C
lsc1 Short-circuit current A1 connected to V¢ or Gnd 10 30 mA
AV,4/AT | Output voltage drift versus T | Triin < Tamb < Tmax +400 | ppm/°C
. S5 mMA < lg4<+5mA
AVy44/Al,4 | Output stage load regulation I, sink or source current 0.4 12 mV/mA
Vgense = 50 mV
AVy4 Total output voltage accuracy® Tamp=25°C 2.5
Trin < Tamb < Tmax +4
Vsense = 100 mV
AVy4 Total output voltage accuracy(® Tamp=25°C 2.5
Tmin < Tamb < Tmax +4 o
(o]
Vgsense = 20 mV
AVy4 Total output voltage accuracy® Tamp=25°C 18
Tmin < Tamb < Tmax +10
Vsense = 10 mV
AVy4 Total output voltage accuracy!?) Tamp=25°C 13
Tmin < Tamb < Tmax +16

See Section 6: Parameter definitions for the definition of output voltage drift versus temperature.

2. Output voltage accuracy is the difference with the expected theoretical output voltage V,1.4n = AV * Vggnse- See Section 6
for a more detailed definition.

Table 7. Current sensing amplifier frequency response

Symbol Parameter Test conditions Min. | Typ. | Max. Unit
. ) \Y, =10 mV to 100 mV,
0, sense ’ - -
ts V51 settling to 1% final value Crong = 47 pF 7 us
SR Slew rate Vsense = 10 mV to 100 mV 0.2 0.4 - Vlius
BW 3 dB bandwidth Cioag = 47 pF - 800 - kHz
Table 8. Current sensing amplifier noise
Symbol Parameter Test conditions Min. | Typ. | Max. Unit
en Equivalent input noise voltage f=1kHz - 50 - nVAHz
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Electrical characteristics

Table 9. Signal conditioning amplifier

Symbol Parameter Test conditions Min. | Typ. | Max. Unit
Viem Common-mode voltage range Tmin < Tamb < Tmax 0 Vce
Vaz =1V
Vio Input offset voltage Tamp=25°C 3.5 mV
-40° C < Tymp < 150 °C 4.5
AV Input offset voltage drift Trin < Tamb < Trmax 5 \/®
lib Input bias current Va0 = Va3 =Vee/2 10 pA
Output high-level saturation Vao=1V V=0V i, =1mA
Voh2 - o o 85 | 185
voltage (Von2 = Vec-Vout) -40° C< Tymp < 125° C
Vaa=0VVy3=1V mV
Voi2 Output low-level saturation voltage | Ioyt = 1 mA 75 165
-40 °C< Tymp <125 °C
lsco Short-circuit current Out connected to V¢ or Gnd 12 30 mA
-10 mA <l < +10 mA
AVyu/Algyt | Output stage load regulation V=1V 300 pV/mA
lout Sink or source current
_ f ; Tmin < Tamb < Tmax
ouz | S sommarnote secton g%y, By o | o
10 icm 0 V<Vyp<5V 60 80 o
— 3.5V<Vge<b5V
SvRz | SuERl e e VeV s | s
10 cc 40 °C < Tymp < 125 °C
. . RL =10 kQ Cload =100 pF,
GBP Gain bandwidth product f= 100 kHz 1 MHz
PM Phase margin RL =10 k& Cjpaq = 100 pF 65 deg
RL =10 kQ Cjpaq = 100 pF
V;o=05Vto45V
SR |Slew rate A3 connected to OUT 02 | 04 Vis
(follower configuration)
Slew rate measured from 10%
to 90% of V¢ step
IS73 DoclD16754 Rev 3 7/23




Electrical characteristics curves: current sense amplifier

TSC102

4

Figure 2. Output voltage vs. Vsense

Electrical characteristics curves: current sense

amplifier

Unless otherwise specified, the test conditions for the following curves are:

¢ Tamb=25°C, Ve =5V, Vense =Vp-Vin = 50 mV, Vi, = 12 V.

e no load on Out pin.

e signal conditioning amplifier used as a buffer (pin A3 connected to pin Out and pin A1

connected to pin A2).

Figure 3. A1 pin voltage accuracy vs. Vsense
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Figure 5. Supply current vs. Vsense
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Electrical characteristics curves: current sense amplifier

Figure 6. Vp pin input bias current vs. Vsense

Figure 7. Vm pin input bias current vs. Vsense
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Figure 8. Output stage low-state saturation

Figure 9. Output stage high-state saturation

voltage versus output current (Vsense = -1 V) voltage versus output current (Vsense = +1 V)
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Figure 10. Output stage load regulation

Figure 11. Step response
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Electrical characteristics curves: current sense amplifier TSC102

Figure 12. Bode diagram Figure 13. Power supply rejection ratio
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TSC102 Electrical characteristics curves: signal conditioning amplifier

5 Electrical characteristics curves: signal conditioning

amplifier

Unless otherwise specified, the test conditions for the following curves are:
o Tamb =25 c>C, VCC =5V
e noload on Out.

Figure 14. Input offset voltage versus input

e signal conditioning amplifier tested as standalone ampilifier.

common-mode voltage

Figure 15. Input offset voltage versus supply

voltage (Vicm = Vcc/2)
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Parameter definitions TSC102
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6.1

6.2

6.3

12/23

Parameter definitions

Common-mode rejection ratio (CMR)

The common-mode rejection ratio (CMR) measures the ability of the current sensing
amplifier to reject any DC voltage applied on both inputs V, and V,,. The CMR is referred
back to the input so that its effect can be compared with the applied differential signal. The
CMR is defined by the formula:

Va1

o9 Av

icm

CMR = -20-

Supply voltage rejection ratio (SVR)

The supply voltage rejection ratio (SVR) measures the ability of the current sensing
amplifier to reject any variation of the supply voltage V¢. The SVR is referred back to the
input so that its effect can be compared with the applied differential signal. The SVR is
defined by the formula:

AV

SVR = 20 log——2'
9AV..- Av

Gain (Av) and input offset voltage (V)

The input offset voltage is defined as the intersection between the linear regression of the
Va1 versus Vgenee curve with the X-axis (see Figure 18). If V444 is the output voltage with
Vsense = Vsense1 = 90 mV and V, 45 is the output voltage with Vggnge = Vgense2 = 5 MV, then
Vs can be calculated with the formula:

V =V Vsense1 _Vsense2 V
os ~ Vsensel™ © Vout1

Va11 _Va12

The amplification gain Av is defined as the ratio between the output voltage and the input
differential voltage.

AV = out
sense

3
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Parameter definitions

Figure 18. V,, versus Vg, se Characteristics: detail for low Vg5 Values
Va1
A
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AMO04509

Output voltage drift versus temperature
The output voltage drift versus temperature is defined as the maximum variation of V4 with

6.4
respect to its value at 25 ° C, over the temperature range. It is calculated as follows:
AVa1 _ Va1(Tamb)_Va1(250C)
- e 25°C
amb ™

AT
With Trin < Tamb < Tmax-
Figure 19 provides a graphical definition of the output voltage drift versus temperature. On
this chart, V44 is always within the area defined by the maximum and minimum variation of

V1 versus T, and T = 25 °C is considered to be the reference.

DoclD16754 Rev 3
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Parameter definitions TSC102

Figure 19. Output voltage drift versus temperature
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TSC102 Parameter definitions

6.5 Output voltage accuracy

The output voltage accuracy is the difference between the actual output voltage and the
theoretical output voltage. Ideally, the current sensing output voltage should be equal to the
input differential voltage multiplied by the theoretical gain, as in the following formula.

Va1-th = AV. Vgense

The actual value is very slightly different, mainly due to the effects of the input offset voltage
Vs and the non-linearity.

Figure 20. V,4 vs. Vgo,se theoretical and actual characteristics

Vai
1 Actual

/j Vat accuracy forV___=5mV

’/ sense

» \/sense

AMO04510

The output voltage accuracy, expressed as a percentage, can be calculated with the
following formula:

abs(Vyq—(Av- Vggs0))
al =~
AV Veanse
with Av = 20 V/V.
‘Yl DoclD16754 Rev 3 15/23




Application information TSC102

7 Application information

The TSC102 can be used to measure current and feed back the information to a
microcontroller, as shown in Figure 21.

Figure 21. Typical application schematic
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This fully-accessible output amplifier offers wide schematic possibilities, as shown in the
following examples.

Figure 22. Gain higher than 20
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Figure 23. Gain lower than 20
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Figure 24. Overcurrent protection
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Application information TSC102

Figure 25. First-order low-pass filter
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Figure 26. Second-order low-pass filter
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8 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.

DoclD16754 Rev 3 19/23
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TSSOP8 package information

Figure 27. TSSOP8 package mechanical drawing
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Table 10. TSSOP8 package mechanical data

Dimensions

Ref. Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
A 1.20 0.047
A1 0.05 0.15 0.002 0.006
A2 0.80 1.00 1.05 0.031 0.039 0.041
b 0.19 0.30 0.007 0.012
0.09 0.20 0.004 0.008
D 2.90 3.00 3.10 0.114 0.118 0.122
6.20 6.40 6.60 0.244 0.252 0.260
E1 4.30 4.40 4.50 0.169 0.173 0.177

e 0.65 0.0256

k 0° 8° 0° 8°

L 0.45 0.60 0.75 0.018 0.024 0.030

L1 1 0.039
aaa 0.10 0.004

DocID16754 Rev 3 "_l




TSC102

Package information

8.2

3

SO8 package information

Figure 28. SO8 package mechanical drawing
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Table 11. SO8 package mechanical data

Dimensions
Ref. Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
A1 0.10 0.25 0.004 0.010
A2 1.25 0.049
b 0.28 0.48 0.011 0.019
0.17 0.23 0.007 0.010
D 4.80 4.90 5.00 0.189 0.193 0.197
5.80 6.00 6.20 0.228 0.236 0.244
E1 3.80 3.90 4.00 0.150 0.154 0.157
e 1.27 0.050
h 0.25 0.50 0.010 0.020
L 0.40 1.27 0.016 0.050
L1 1.04 0.040
k 0 8° 1° 8°
cce 0.10 0.004
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9 Ordering information
Table 12. Order codes
Part number Temperature range Package Packing Marking
TSC102IPT TSSOPS8 102l
-40 °C, +125°C
TSC102IDT S08 TSC102I
] Tape and reel
TSC102IYPT 40 °C, +125 °C TSsops™ 102Y
TSC102IYDT automotive grade sos() TSC102IY
1. Qualification and characterization according to AEC Q100 and Q003 or equivalent, advanced screening
according to AEC Q001 and Q 002 or equivalent.
10 Revision history
Table 13. Document revision history
Date Revision Changes
09-Nov-2009 1 Initial release.
Mar. Added automotive grade qualification for SO8 package
03-Mar-2011 2 (note 2. under Table 12).
31-Jan-2014 3 Table 12: Updated automotive-grade footnotes.
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331
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