Z— SC210KSIT
!‘ gmog 120 kHz Bandwidth, High Voltage Isolation

Current Sensor with Integrated Overcurrent Detection

Features and Benefits

1. Industry-leading noise performance with greatly improved bandwidth through proprietary
amplifier and filter design techniques

Small footprint package suitable for space-constrained applications

1 mQ primary conductor resistance for low power loss

High isolation voltage, suitable for line-powered applications

User-adjustable Overcurrent Fault level

Overcurrent Fault signal typically responds to an overcurrent condition in <2 ps
Integrated shield virtually eliminates capacitive coupling from current conductor to die due to
high dV/dt voltage transients

8.  Filter pin capacitor improves resolution in low bandwidth applications

9. 3t0 5.5V, single supply operation

10. Factory trimmed sensitivity and quiescent output voltage

11. Chopper stabilization results in extremely stable quiescent output voltage

12. Ratiometric output from supply voltage
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Approximate Scale 1:1
Package: 16-pin SOIC Hall Effect 1C Package (suffix SI)

Typical Application Circuit

V,
; 16 FAUREN R, -
—1 IP+ FAULT_EN [—=—->20 ] - —
2 P VOC 15 Ry, Ry | Sets resistor divider reference for Ve
+
— 3 P SC210 vee 14 R.= Cg Noise and bandwidth limiting filter capacitor
+
4 E—— R C Fault delay setting capacitor, 22 nF maximum
| L1 P+ FAULT 'Bcﬁ'\mﬁy_" (o]03 Y gcap !
F 9 e viouT 12 oc— T 01wF (A) | Use of capacitor required
i I AiTer 1Y Viour ) Use of resistor optional, 330 kQ recommended.
— 7 10 L Cr If used, resistor must be connected between
31" VIRT—™ . ¢ L FAULT pin and V.
L 1IP- GND —l I i
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o SC210KSIT
!‘ gmmg 120 kHz Bandwidth, High Voltage Isolation

Current Sensor with Integrated Overcurrent Detection

General Description

The SEC™ SC210KSIT current sensor provides economical and precise means for current sensing
applications in industrial, commercial, and communications systems. The device is offered in a small
footprint surface mount package that allows easy implementation in customer applications.

The SC210KSIT consists of a precision linear Hall sensor integrated circuit with a copper conduction
path located near the surface of the silicon die. Applied current flows through the copper conduction
path, and the analog output voltage from the Hall sensor linearly tracks the magnetic field generated
by the applied current. The accuracy of the SC210KSIT is maximized with this patented packaging
configuration because the Hall element is situated in extremely close proximity to the current to be
measured.

High level immunity to current conductor dV/dt and stray electric fields, offered by SEC proprietary
integrated shield technology, results in low ripple on the output and low offset drift in high-side, high
voltage applications.

The voltage on the Overcurrent Input (Voc pin) allows customers to define an overcurrent fault
threshold for the device. When the current flowing through the copper conduction path (between the
Ip+ and lp— pins) exceeds this threshold, the open drain Overcurrent Fault pin will transition to a logic
low state. Factory programming of the linear Hall sensor inside of the SC210KSIT results in
exceptional accuracy in both analog and digital output signals.

The internal resistance of the copper path used for current sensing is typically 1 mQ, for low power
loss. Also, the current conduction path is electrically isolated from the low voltage sensor inputs and
outputs. This allows the SC210KSIT family of sensors to be used in applications requiring electrical
isolation, without the use of opto-isolators or other costly isolation techniques. The SC210KSIT is
provided in a small, surface mount SOIC16 package. The lead frame is plated with 100% matte tin,
which is compatible with standard lead (Pb) free printed circuit board assembly processes. Internally,
the device is Pb-free, except for flip-chip high-temperature Pb-based solder balls, currently exempt
from RoHS. The device is fully calibrated prior to shipment from the factory.

Applications

1. Motor control and protection

2. Load management and overcurrent detection

3. Power conversion and battery monitoring / UPS systems

General Package Inform

Tape and Reel, 1000
pieces per reel

SC210KSIT +15 85 Yes —40 to 125
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f‘ — e 120 kHz Bandwidth, High Voltage Isolation
Current Sensor with Integrated Overcurrent Detection

Absolute Maximum Ratings

%ﬁﬁﬁﬁ

Supply Voltage V
|Filter Pin VEILTER 8 Vv
Analog Output Pin Viout 32 V
Overcurrent Input Pin Voc 8 V
Overcurrent FAULT Pin VEauLT 8 \Y
|Fault Enable (FAULT_EN) Pin VEAULTEN 8 Vv
Voltage Reference Output Pin Vzcr 8 V
IDC Reverse Voltage: Vcc FILTER, Viout Ve 05 Vv

Voc, FAUL, FAU LT_EN, and Vzcr Pins

Voltage by which pin
VEex voltage can exceed 0.3 V
the Vcc pin voltage

|Excess to Supply Voltage: FILTER, ViouT,
Voc, FAU LT, FAULT_EN, and Vzcr Pins

Output Current Source liouT(source) 3 mA
Output Current Sink liouT(sink) 1 mA
Operating Ambient Temperature Ta Range K -40to 125 °C
Junction Temperature Timax) 165 °C
Storage Temperature Tstg —-651t0 170 °C

Isolation Characteristics

‘ . . Agency type-tested for 60 seconds per
Dielectric Strength Test Voltage* Viso gencytyp P 3000 VAC

UL standard 1577
For basic (single) isolation per UL
\Working Voltage for Basic Isolation Vwesi Standard 1577; for higher continuous 277 VAC

voltage ratings, please contact SEC

Thermal Characteristics

hen mounted on SEC demo board with 1332 mm2 (654
Package Thermal Resistance Roja mm2 on component side and 678 mm2 on opposite side) 17 °C/W
of 2 oz. copper connected to the primary lead frame and
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SC210KSIT

120 kHz Bandwidth, High Voltage Isolation

Current Sensor with Integrated Overcurrent Detection

Functional Block Diagram

Fault 3
Comparator

_____________________________________________________________________________ .
|
i oD a I
LK |
POR 2 |
Fault Latch !
FAULT Reset ) | }
I
Dmm —
- ' FAULT
+ |
2Vrer — :
Control | i
i — |
OC Fautt Logic ama !
|
|
|
|
|
|

Sensitivity
Trim

Hall

P+ [1]
P+ [2]
P+ [3]
1P+ [4]
IP-[5 |
1P-[E
IP=[7 ]

IP-[&]

FALULT_EN
[15] voc
[i4]vce

[73] FAULT
[12] vICUT
[11] FILTER
[10] vzCR

8] GND

Amplifier

Rechvery
Terminal List Table, Latching Version
Sensed current copper conduction path pins. Terminals
1 through 4 Ip+ for current being sensed; fused internally, loop to I—
pins; unidirectional or bidirectional current flow.
Sensed current copper conduction path pins. Terminals
5 through 8 Ip— for current being sensed; fused internally, loop to Ip+
pins; unidirectional or bidirectional current flow.
9 GND  |Device ground connection.
Voltage Reference Output pin. Zero current (0 A)
10 Vzcr reference; output voltage on this pin scales with V¢c .
(Not a highly accurate reference.)
11 FILTER Filter pin. Terminal for an external capacitor connected
from this pin to GND to set the device bandwidth.
Analog Output pin. Output voltage on this pin is
12 Viour  |proportional to current flowing through the loop
between the Ip+ pins and lp— pins.
Overcurrent Fault pin. When current flowing
13 EAULT between IP+ pins and IP— pins exceeds the
U overcurrent fault threshold, this pin transitions to a
logic low state.
14 Ve Supply voltage.
15 v Overcurrent Input pin. Analog input voltage on this
OC  Ipin sets the overcurrent fault threshold.
Enables overcurrent faulting when high. Resets
16 FAULT EN —2¢% g g
~— | FAULT when low.
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!‘ :;:mmg 120 kHz Bandwidth, High Voltage Isolation

Current Sensor with Integrated Overcurrent Detection

COMMON OPERATING CHARACTERISTICS
Valid at Ta = -40°C to 125°C, Vcc =5 V, unless otherwise specified

| Cterswrise | smeol  Tewconditars [ Min [ . | e [unis

ELECTRICAL CHARACTERISTICS

Supply Voltage" Ve 3 - 5.5 V

Nominal Supply Voltage Veen - 5 - \%

Supply Current lee Viout Open, FAULT pin high - 1 145 | mA
Output Capacitance Load Cloap  [Viout pinto GND - - 10 nF

Output Resistive Load Rioao  Miout pinto GND 10 - - kQ
IMagnetic Coupling from

Device Conductor to Hall | MC,,,,, |Current flowing from Ip+ to Ip— pins - 9.5 - G/IA
Element

Internal Filter Resistance” Reanm - 1.7 - kQ
Erelsr?;% ((:Zeonductor Rormiary Ta = 25°C _ 1 _ mo
IANALOG OUTPUT SIGNAL CHARACTERISTICS

Full Range Linearity3 Eon |lp =Elooa -0.75 +0.25 | 0.75 %

Symmetry” Eqym o =%looa 99.1 100 | 1009 | %

Bidirectional  Quiescent] v I
OUtpUt OUT(QBI) P

TIMING PERFORMANCE CHARACTERISTICS

T,=25°C, Swing I, from0 Ato I, ,,
V\out Signal Rise Time ty no capacitor on FILTER pin, 100 pF - 3 -

0A,T,=25°C - Vv

S
fromV|OUT to GND H
Viour Signal Propagation TA = 25°C, no capacitor on FILTER ~ 1 ~
Time PROP )in,100 pF from Vjour to GND Hs
. T,=25°C, Swing |, from0 Ato |
\Y Signal Response A - P ) PoAY
Tilr?\lg '9 P tresponse O capacitor on FILTER pin, 100 pF - 4 - s
fromV|OUT to GND
. -3 dB, Apply I, suchthat V ;. =1
\B/;%%Twidtr:_arge Signal fis  Vpk-pk, no capacitor on FILTER pin, - 120 - KHz
100 pF from V,out to GND
Output reaches 90% of steady-state
Power-On Time too level, no capacitor on FILTER pin, T, = - 35 - us
25°C
OVERCURRENT CHARACTERISTICS
Setting Voltage for
i VX025 | - |V x04
Overcurrent Switchpoint” oc ce ce v
Signal Noise at
Overcurrent Comparator Incomp - +1 - A
Input
OV(.ercurrgnt FaUIt6,7 Eo. Switchpoint in VBC safe operating area; B 45 B %
Switchpoint Error assumes | qup = 0A
Overcurrent - FAULT Pin Vo |1 mAsink currentat FAULT pin - - 0.4 \Y

Output Voltage
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SC210KSIT
120 kHz Bandwidth, High Voltage Isolation
Current Sensor with Integrated Overcurrent Detection

Fault Enable (FAULT_EN

Pin) Input Low Voltage V. - - |01xV, | V
Threshold
Fault Enable (FAULT_EN
Pin) Input High Voltage Vi 0.8x V. - - \Y,
Threshold
Fault Enable (FAULT_EN
Pin) Input Resistance Ree a 1 a MQ
OVERCURRENT CHARACTERISTICS
Set FAULT_EN to low, V. = 0.25 x
Veer Coc =0F; thenruna DC I,
exceeding the corresponding
Fault Enable (FAULT_EN overcurrent threshold; then reset ~ 15 ~ S
Pin) Delay FED IFAULT_EN from low to high and a
measure the delay from the rising edge
of FAULT_EN to the falling edge of
FAULT
Set FAULT_EN to low, V. = 0.25 x
Veer Coc =0F; thenruna DC I,
Fault Enable (FAULT EN exceeding the corresponding
Pin) Delav(Non-Latchin t overcurrent threshold; then reset _ 150 _ ns
). g( 9 Treopu) FAULT_EN from low to high and
\versions) -
measure the delay from the rising edge
of FAULT_EN to the falling edge of
FAULT
FAULT _EN set to high for a minimum
5 ¢ Eault of 20 us before the overcurrent event;
vercurrent Fau - - = -
. too switchpoint set at V. = 0.25 X V. ; _ 1.9 _ us
Response Time delay from Ip exceeding overcurrent
fault thresholdto V gagis < 0.4V,
FAULT_EN set to high for a minimum
of 20 us before the undercurrent event;
Undercurrent Fault switchpoint set at V. = 0.25 x V. ;
Response i
! ) t delay from I, falling below the _ _
Time(Non-Latching uc Y P h J hold to 3 HS
versions) overcurrent faultthresno 0 to
EauLT > 0.8 x Ve, without external
Coc Capacitor, Rpy = 330 kQ
Overcurrent Fault Reset Time from V, ey < V. tO ~ 500 ~ s
Delay Ok Vgaurs >0.8x Ve, Ry, =330kQ
Overcurrent Fault Reset ¢ Time from Ve <V, torising edge B 250 B s
Hold Time OCH  of VEAULT
Overcurrent  Input  Pin — 9E0 ;

. R T,=25°C,V nto GND - -
Resistance oc A oc P! 2 MQ
VVOLTAGE REFERENCE CHARACTERISTICS

T, = 25 °C (Not a highly accurate
\Voltage Reference Output| Vg ré?‘erence) ( gnly 0.48xV . |0.5%V . |0.51xV | V
\Voltage Reference Output | Source current 3 - - mA
Load Current #CRISink current 50 - - HA
\Voltage Reference Output AV, B +10 B mV

Drift
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’/""S C SC210KSIT
120 kHz Bandwidth, High Voltage Isolation
Current Sensor with Integrated Overcurrent Detection

[ ‘ SEC ELECTRONICS INC.

1. Devices are programmed for maximum accuracy at Vcc = 5 V. The device contains ratiometry circuits that accurately alter
the 0 A Output Voltage and Sensitivity level of the device in proportion to the applied V¢ level. However, as a result of
minor nonlinearities in the ratiometry circuit, additional output error will result when V¢ varies from the Vc level at
which the device was programmed. Customers that plan to operate the device at a V¢ level other than the V¢ level at
which the device was programmed should contact their local SEC sales representative regarding expected device accuracy

levels
2. Under these bias conditions.
3. RF(INT) forms an RC circuit via the FILTER pin.
4. This parameter can drift by as much as 0.8% over the lifetime of this product.
5. This parameter can drift by as much as 1% over the lifetime of this product.
6. See page 8 on how to set overcurrent fault switch point.
7. Switchpoint can be lower at the expense of switch point accuracy.

8. This error specification does not include the effect of noise. See the INCOMP specification in order to factor in the additional
influence of noise on the fault switch point.

9. Fault Enable Delay is designed to avoid false tripping of an Overcurrent (OC) fault at power-up. A 15 ps (typical) delay will
always be needed, every time FAULT_EN is raised from low to high, before the device is ready for responding to any
overcurrent event.

10. During power-up, this delay is 15 ps in order to avoid false tripping of an Overcurrent (OC) fault.
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SC210KSIT

120 kHz Bandwidth, High Voltage Isolation

Current Sensor with Integrated Overcurrent Detection

PERFORMANCE CHARACTERISTICS

TA Range K, valid at Ta =—40°C to 125°C, Vcc = 5 V, unless otherwise specified

g;)rt:g?zed Accuracy Lon 125 - | 125 | A
Linear Sensing Range |l =375 - 37.5 A
Noise? VaoisE(rmiTa = 25°C, Sens =56 mV/A, C, =0, C o, = 4.7 0F 150 | - -y
5) R\ oap OPEN
l,=125A, T, =25°C - | 56 | - |mVIA
Sensitivity’ Sens l,=12.5A, T, = 25°C to 125°C - 56 - | mV/IA
l,=12.5A, T, =-40°C to 25°C - | 57 | - |mVIA
I,=0A,T,=25C - +4 - mV
Electrical Offset
\/oltage Variation Voe I,=0A, T, =25°Ct0125°C - +14 - mV
[Relative to Vo
l,=0A, T, =-40°C to 25°C - | #23 ) - | mv
gvlezrsfgcl:l scale of 1,,,, I, applied for 5 ms, T, = 25°C B 199 B %
5
Total Output E E .
otal Dutput £rror Tor Over full scale of 1,,,, I, applied for 5 ms, T, = 439 o
_40°C to 25°C - ’

1. Although the device is accurate over the entire linear range, the device is programmed for maximum accuracy over the

range defined by Ipoa . The reason for this is that in many applications, such as motor control, the start-up current of the

motor is approximately three times higher than the running current.

2. Vpipk NOIse (6 sigma noise) is equal to 6 x Vyoise(rms). Lower noise levels than this can be achieved by using Cs for

applications requiring narrower bandwidth. See Characteristic Performance page for graphs of noise versus C; and

bandwidth versus Cs.

3. This parameter can drift by as much as 2.4% over the lifetime of this product.

4. This parameter can drift by as much as 13 mV over the lifetime of this product.

5. This parameter can drift by as much as 2.5% over the lifetime of this product.
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Characteristic Performance
Bandwidth value, Cg Capacitor connected between FILTER pin and GND
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a
=]
7
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N
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, . . .
0.01 0.1 1 10 100 1000
Capacitance(nF)
Noise versus External Capacitor Value
Cr Capacitor connected between FILTER pin and GND
Vcec = 5V
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1200 1
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1000 < | |
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120 kHz Bandwidth, High Voltage Isolation
Current Sensor with Integrated Overcurrent Detection

Characteristic Performance Data
Accuracy Data

Electrical Offset Voltage versus Ambient Temperature

30

Sensitivity versus Ambient Temperature

2 88
4 . \
20 87
1 L \
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s 1 <85 '
3 . 3 —
=, s i * E At |
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> ] E 84
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83
204 & 82
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Nonlinearity versus Ambient Temperature Symmetry versus Ambient Temperature
i 1003,
5 . 100.2 ] \‘_’_’_______,
’\,,// 100.1 4
0.1 L
100.0 .
0.0 3 *
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o / 2
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ur 0.2 A x iy =
0= 99.6
-0.4 e 99,51 A
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Total Output Error versus Ambient Temperature
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10/13



':?'.lfsisif ‘E::: SS(:::Z].()}<153|-1_
120 kHz Bandwidth, High Voltage Isolation
Current Sensor with Integrated Overcurrent Detection

[ ‘ SEC ELECTRONICS INC.

Setting Overcurrent Fault Switchpoint

The Voc needed for setting the overcurrent fault switchpoint can be calculated as follows:

Voc =1.17 x Sens X | loc | ,
where Voc is in mV, Sens in mV/A, and loc (overcurrent fault switchpoint) in A.
| loc | is the overcurrent fault switchpoint for a bidirectional (AC) current, which means a
bi-directional sensor will have two symmetrical overcurrent fault switchpoints, +loc and —loc .
See the following graph for loc and Voc ranges:

A

0.4V_/(1.17 x Sens)

0.25V_ /(117 x Sens)

-0.25V__/(1.17 x Sens)

0.4V, /(117 x Sens) |

........ Not Valid Range
Valid Range

Example:For SC210KSIT, if required overcurrent fault switchpoint is 20 A, and Vcc =5V, then the
required Voc can be calculated as follows:
Voc =1.17 x Sens x loc = 1.17 x 85 x 15 = 1492 (mV)

Overcurrent Fault Operation

The primary concern with high-speed fault detection is that noise may cause false tripping. Various

applications have or need to be able to ignore certain faults that are due to switching noise or other

parasitic phenomena, which are application dependant. The problem with simply trying to filter out

this noise in the main signal path is that in high-speed applications, with asymmetric noise, the act of

filtering introduces an error into the measurement.

To get around this issue, and allow the user to prevent the fault signal from being latched by noise, a

circuit was designed to slew the FAULT pin voltage based on the value of the capacitor from that pin

to ground. Once the voltage on the pin falls below 2 V, as established by an internal reference, the

fault output is latched and pulled to ground quickly with an internal N-channel MOSFET.

Fault Walk-through

The following walk-through references various sections and attributes in the figure below. This figure

shows different fault set/reset scenarios and how they relate to the voltages on the FAULT pin,

FAULT_EN pin, and the internal Overcurrent (OC) Fault node, which is invisible to the customer.

1. Because the device is enabled (FAULT_EN is high for a minimum period of time, the Fault
Enable Delay, tFED , 15 ps typical) and there is an OC fault condition, the device FAULTpin
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[ ‘ SEC ELECTRONICS INC.

starts discharging.

2. Whenthe FAULTpin voltage reaches approximately 2 V, the fault is latched, and an internal
NMOS device pulls the FAULT pin voltage to approximately 0 V. The rate at which the
FAULTpin slews downward (see [4] in the figure) is dependent on the external capacitor, Coc,
onthe FAULTpin.

3. When the FAULT_EN pin is brought low, the FAULT pin starts resetting if no OC fault
condition exists, and if FAULT_EN is low for a time period greater than tocn. The internal
NMOS pull-down turns off and an internal PMOS pullup turns on (see [7] if the OC fault
condition still exists).

4. The slope, and thus the delay to latch the fault is controlled by the capacitor, Coc, placed on the
FAULT pin to ground. During this portion of the fault (when the FAULT pin is between V¢c and
2 V), there is a 3 mA constant current sink, which discharges Coc. The length of the fault delay, t
is equal to:

t = Coc ><(Vcc _2\/)
3mA

where V¢ is the device power supply voltage in volts, t is in seconds and Coc is in Farads. This
formula is valid for Rpy equal to or greater than 330 kQ. For lower-value resistors, the current
flowing through the Rpy resistor during a fault event, IPU , will be larger. Therefore, the current
discharging the capacitor would be 3 mA — IPU and equation 1 may not be valid.

5. The FAULTpin did not reach the 2 V latch point before the OC fault condition cleared. Because
of this, the fixed 3 mA current sink turns off, and the internal PMOS pull-up turns on to recharge
Coc through the FAULT pin.

6. This curve shows V¢ charging external capacitor Coc through the internal PMOS pull-up. The
slope is determined by Coc.

7.  When the FAULT_EN pin is brought low, if the fault condition still exists, the latched FAULT
pin will be pulled low by the internal 3mA current source. When fault condition is removed then
the Fault pin charges as shown in step 6.

8. At this point there is a fault condition, and the part is enabled before the FAULT pin can charge to
Vcc. This shortens the user-set delay, so the fault is latched earlier. The new delay time can be
calculated by equation 1, after substituting the voltage seen on the FAULT pin for Vcc.

Vce

2V

ov

Fault En
Input

0C Fault Condition
(Active High)
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Package 16-pin SOICW

10.30 £0.20 ~ 8°

-
-

-
-t

jopooopol S

750 =010 | 10.30 +0.33 T T T

Branded Face —| |w— (075BSC
4 SEATING PLANE

15}( C e
_L SEATING GAUGE PLANE
Y PLANE

0.30
0.10

0.51
0.31

A Terminal #1 mark area

& Branding scale and appearance at supplier discretion

& Reference land pattern layout (reference IPC7351
SOIC127P600X175-8M); all pads a minimum of 0.20 mm from all
adjacent pads; adjust as necessary to meet application process
requirements and PCB layout tolerances

For Reference Only; not for tooling use (reference MS-013AA)

Dimensions in millimeters
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown

5 065 | f"_ |-—12?
Sl
i
-t 5,50

—
]
——
S
~
m——]
-

12 A PCB Layout Reference View
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