TOSHIBA
TCKES8xx Series

TOSHIBA CMOS Linear Integrated Circuit Silicon Monolithic

TCKE8xXx Series

18 V, 5A eFuse IC with Adjustable Overcurrent Protection and Reverse
Current Blocking FET Control

1. Description

The TCKES8xx series is 18 V high input voltage Single Input-Single
Output eFuse ICs. It can be used as a reusable fuse, and includes
protection features like adjustable over current limit by an external
resistor, short circuit protection, over voltage clamp, adjustable slew
rete control by an external capacitance, under voltage protection,
thermal shutdown and reverse current blocking by external MOSFET N N '
control circuit. -

Switch ON resistance is only 28 mQ (typ.), high output current is up
to 5.0 A, and wide input voltage operation characteristics makes this
series ideal for power management applications such as in the power
supply circuit of hard disk drive and battery charging applications.

This series is available in 0.5 mm pitch small package WSON10B WSON10B
(3.9 mm X 3:0 mm, t: 0.7 mm (typ.)). Thus this sleries is ideal for Weight : 19.3mg ( typ.)
various applications such as portable electronics that require
high-density soldering

2. Feature

e High input voltage: VIN max= 18.0 V

¢ High output current: louT (bc) = 5.0 A

e Low ON resistance : Ron = 28 mQ (typ.)

¢ Adjustable overcurrent limit : up to 5.0 A (Max)
o Fixed over voltage clamp

5V power rail TCKES805 : Vovc = 6.04 V (typ.)
12V power rail TCKE812 : Vovc = 15.1 V (typ.)

TCKEBS800 : No over voltage clamp
e Programmable slew rate control by external capacitance for inrush current reduction
e Programmable under voltage lockout by external resistor
e Reverse current blocking support by built in MOSFET driver
e Thermal shutdown
e Auto-discharge
e Small package:
WSON10B (3.0 mm x 3.0 mm, t: 0.7 mm (typ.))
e |EC62368-1 Certified

Notice

This series is sensitive to electrostatic discharge.
Please ensure equipment and tools are adequately earthed when handling.

Start of commercial production

2019-09
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TOSHIBA

TCKES8xx Series
3. Absolute Maximum Ratings (Note) (Ta = 25°C)

Characteristics Symbol Rating Unit
Input voltage VIN -0.3t018.0 \%
ILIM voltage ViLIM -0.3t06.0 \%
dv/dT voltage Vdv/idT -0.3t0 6.0 \
Control voltage VEN/UVLO -0.3t0 18.0 \%
Output voltage VouT -0.3 to Vi + 0.3 or 18.0 V which is smaller \%
External MOSFET voltage VEFET -0.31030.0 \%
Power dissipation Pbp 2.4 (Note 1) w
Junction temperature Tj 150 °C
Storage temperature Tstg -55to 150 °C

Note: Using continuously under heavy loads (e.g. the application of high temperature/current/voltage and the
significant change in temperature, etc.) may cause this product to decrease in the reliability significantly even if
the operating conditions (i.e. operating temperature/current/voltage, etc.) are within the absolute maximum
ratings. Please design the appropriate reliability upon reviewing the Toshiba Semiconductor Reliability
Handbook (“Handling Precautions”/“Derating Concept and Methods”) and individual reliability data (i.e.
reliability test report and estimated failure rate, etc).

Note1: Rating at mounting on a board: FR4 board. (76.2mm * 114.3mm * 1.6mm, 4 layer )

4. Operating Ranges

Characteristics Symbol Ranges Unit
Input voltage VIN 4.41018.0 \%
Output current louTt DC 0t0 5.0 A
ILIM External resistance RiLIm 20 to 300 kQ
Control voltage VEN/UVLO 0to 18 \%
External MOSFET voltage VEFET OtoVIN+4.9 \%
Spertr et 0t0ss o
External capacitance CdvidT 1 (typ.), 100 (max) nF
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5. Pin Assignment (Top view)
WSON10B
dv/dT 1 :::’" B Al ETYNTY
ENUVLO 2 [ _ | E i |9 EFET
vin 3 [ ! E GND T | 8vout
VIN 4[] E i " | 7vourt
VN 5[ 10 | _|evout
6. Top Marking (Top view)
Example: TCKE805NA
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Administrative code. Lot trace code  Device Marking
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TCKES8xx Series
7. Product list
Part number | Over voltage | CE Fault Top Package
Clamp function Response | Marking
TCKESOONA | N/A Active High | Auto-retry | 800NA [ WSON10B (3.0 mm x 3.0 mm, t: 0.7 mm (typ.))
TCKE8SOONL | N/A Active High | Latched 800NL | WSON10B (3.0 mm x 3.0 mm, t: 0.7 mm (typ.))
TCKE805NA | 6.04V (typ.) | Active High | Auto-retry | 805NA | WSON10B (3.0 mm x 3.0 mm, t: 0.7 mm (typ.))
TCKE8O05NL | 6.04V (typ.) | Active High | Latched 805NL WSON10B (3.0 mm x 3.0 mm, t: 0.7 mm (typ.))
TCKE812NA | 15.1V (typ.) | Active High | Auto-retry | 812NA | WSON10B (3.0 mm x 3.0 mm, t: 0.7 mm (typ.))
TCKE812NL | 15.1V (typ.) | Active High | Latched 812NL WSON10B (3.0 mm x 3.0 mm, t: 0.7 mm (typ.))
8. Block Diagram
VIN[] | Illﬂzll {]vouT
ove || { 1EFET
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Cpr:]ar:]%e 1 Gate ;ontrol 8 j:%
q Logic 9 : g
EN/UVLO [ ] 3 g
Internal || ; §
UvVLO ® 2
S ©
7
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Slew rate “’2" r
ew ra'
dvidT [ ]—l_ control Short circuit "] ILiM
o % g trip %
g % g Thermal disable + UVLO + TSD g
+ 5 R shutdown ]
[P (=] (=]
Q¢
28
57 | == I
| S—-
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9. PIN Description

PIN Name Description

EN/UVLO This pin has two functions. One function turns on the output voltage of the internal
MOSFET and EFET terminal as an enable signal. Another function can be used as a
UVLO trip point with external resistors.

ILIM Current limit set input. A resistor between ILIM terminal and GND sets the current limit.
Rise time set input. A capacitor between dV/dT terminal and GND sets the slew rate of

dv/dT .
VOUT when the device turns on.

EFET Connect this pin to the gate of a blocking Nch MOSFET. This pin can be left floating if it
is not used

VIN Supply Input. Input to the power switch and the supply voltage for the device.

GND Ground.

VOUT Output. Output of the power switch.

10. Operation Logic Table

EN/UVLO “Low” EN/UVLO “ Hig_]h”
Output OFF ON
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TCKES8xx Series

11. Electrical Characteristics
11.1 TCKE805 DC Characteristics (Unless otherwise specified, Vin = 5V, Rium = 20 kQ)

Ta = 25°C Ta=-40t0 85°C
Characteristics Symbol Test Condition (Note 2) Unit
Min Typ. Max Min Max
Basic operation
X]Irl\el!slrj]glc:frri;/ic)nl;age lockout (UVLO) VIN_UVLO o o 4.15 o 4.00 4.40 Vv
x;,:telﬁggizr voltage lockout (UVLO) VIN UVhyst | — o 5 o o o %
EN/UVLO threshold voltage, rising VENR — — 1.1 — 1.0 1.2 \Y
EN/UVLO threshold voltage, falling VENF — — 0.96 — 0.89 1.01 \%
On resistance RoN louT=15A — 28 — — 38 mQ
Quiescent current (ON state) la(oN) ?{;EUNTZ%\,& RiLim = 120 k@, — o4 | — | — | o061 |ma
Quiescent current (OFF state) IQ(OFF) VEN = 0V — 33 — — 48 HA
dV/dT control
CdV/dT Voltage Vdv/dT — — 3 — — _ vV
Charging Current lav/dT VdvidT =0V — 250 — — — nA
Discharge resistance Rdv/dT VEN =0V, Igv/dT = 10 mA — 5 — 3 9 Q
dVv/dT to OUT gain GAINgv/dT (Note 2)  VgvidT =0.3V — 10.5 — — — —
External FET Gate driver
Charging Current IEFET VEFET =5V (Note 2) — 2 — _ _ pA
Output voltage VEFET (Note 2) — |VINtH49| — |VINH44|VINt53| V
Discharge resistance REFET VEN =0V, IEFeET =20 mA — 24 — 12 40
Over-voltage Protection
Over voltage clamp (OVC) Vove VIN=T7V, louT=1A | — | 6.04 | — | 562 | 645 | V
Overcurrent Protection
RiLim =20 kQ, VIN - VouT =1V — 5.15 — 4.44 5.87
RiLim = 24 kQ, VIN - VouT =1V — 4.38 — 3.88 4.88
RiLim =35.1kQ, VIN-VouTr=1V| — 3.06 — 2.70 3.41
LM RiLim =62 kQ, VIN-VouT =1V — 1.78 — 1.52 2.04
Overcurrent limit (Note3) A
(lout_cL) RiLim=120kQ, VIN-VouT =1V | — 0.96 — 0.76 1.16
RiLim =250 kQ, VIN-VouT =1V | — 0.50 — 0.35 0.65
RiLim=0Q, VIN-VouT =1V — 0.64 — — —
RiLim = OPEN, VIN - VouT =1V — 0.64 — — —
Short-circuit current limit IscL (Note 2),(Note 4) — 0.15 — 0.05 0.50 A
Fast trip comparator level (Islggil;ﬁgp) — |L|1M6X — — — A
ILIM short resistor detect Threshold RSHORTLIM | — — 11 — — — kQ
Thermal Protection
Thermal shutdown Threshold TsD Tj — 160 — — — °C
Thermal shutdown Hysteresis TspH Tj (Auto-retry Type) — 20 — — — °C

Note 2: This parameter is warranted by design.
Note 3: Pulsed testing techniques used during this test maintain junction temperature approximately equal to ambient

temperature.

Note 4: Hard short less than 10 mQ.
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11.2 TCKE805 AC Characteristics
(Unless otherwise specified, Ta = -40 to 85°C, Vin = 5V, RiLim = 20 kQ, RLoap = 5 Q,

Cin=Cour =1 pF)

Characteristics Symbol Test Condition Min Typ. Max | Unit
. VENT to IIN = 100 mA, 1 A resistive load at VourT,
VouT on time toN CaviaT = OPEN (Note 5) — 330 — ys
VEN| to VEFET|, CEFET = OPEN TCKE805NA — 1.0 —
Vour off time toFF us
(Note 5) TCKES805NL — 0.5 —
VEN? to VouT become VIN* 90%, Cdv/dT = OPEN ps
(Note 6) 200 400 700
Output ramp time tavrdT VENT? to Vout become VIN* 90%, Cdv/dT = 1 nF
— 2.3 — ms
(Note 5)
Fast trip comparator delay trastofibly | louT > IFASTTRIP to louT = 0 (Switch off) (Note 5) — 150 — ns
VEN? to VEFET = VIN, CEFET = 1 nF (Note 5) — 2.6 — ms
EFET on time tEFET-ON
VEN? to VEFET = VIN, CEFET = 10 nF (Note 5) — 25 — ms
VEN| to VEFET =1V, CEFET=1nF TCKEBO05NA | — 1.2 — us
(Note 5) TCKE8OSNL | — | 08 | —
EFET off time tEFET-OFF
VEN/| to VEFET =1V, CEFET =10 nF TCKEBO5NA | — 29 — us
(Note 5) TCKE8OSNL | — | 25 | —
Note 5: This parameter is reference only.
Note 6: This parameter is warranted by design.
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TCKES8xx Series
11.3 TCKE800 & 812 DC Characteristics
(Unless otherwise specified, Vin =12 V, Riim = 20 kQ)
Characteristics o Ta=25°C Ta (N4o(ie:02;35 ° )
Symbol Test Condition Unit
Min Typ. Max Min Max
Basic operation
mlgsﬁzﬁrri\s/ior:;age lockout (UVLO) VIN_UVLO o o 4.15 o 4.00 4.4 vV
x;,:telﬁggizr voltage lockout (UVLO) VIN UVhyst | — . 5 . . o %
EN threshold voltage, rising VENR — — 11 — 1.0 1.2
EN threshold voltage, falling VENF — — 0.96 — 0.89 1.01
On resistance RoN louT=15A — 28 — — 38 mQ
Quiescent current (ON state) IQ(ON) :{)EUNTZ%\X RiLim = 120 k&, — 0.49 — — 0.64 | mA
Quiescent current (OFF state) IQ(OFF) VEN=0V — 46 — — 67 uA
dV/dT control
Capacitor Voltage Vdv/dT — — 3 — — — \Y
Charging Current ldv/dT VavidT =0V — 250 — — — nA
Discharge resistance Rdv/dT VEN =0V, lgv/aT = 10 mA — 5 — 3 9 Q
dVv/dT to OUT gain GAINgv/dT (Note 2) VgvidT =1.0V — 10.5 — — — —
External FET Gate driver
Charging Current IEFET VEFET =12V (Note 2) — 2 — — — MA
Output voltage VEFET (Note 2) — | VIN*H49 | — VINt4.4 [ VINtE.3 | V
Discharge resistance REFET VEN =0V, IgFeT = 20 mA — 24 — 12 40
Over-voltage Protection
Over voltage clamp (OVC) Voc E’T'gzégé)'ow =1A — | 1510 | — | 1411 | 1614 | v
Over-current Protection
RiLim =20 kQ, VIN-VouT =1V — 5.15 — 4.44 5.87
RiLIM =24 kQ, VIN - VouT =1V — 4.38 — 3.88 4.88
RiLim =35.1kQ, VIN-VouTt=1V| — 3.06 — 2.70 3.41
ILIM RiLiM =62 kQ, VIN -VouT =1V — 1.78 — 1.52 2.04
Over current limit (Note3) A
(lout_cL) [RiLm=120kQ, VIN-VouT=1V | — 0.96 — 0.76 1.16
RiLim =250 kQ, VIN-VouT =1V | — 0.50 — 0.35 0.65
RiLm=0Q,VIN-VouT =1V — 0.64 — — —
RiLim = OPEN, VIN-VouT =1V | — 0.64 — — —
Short-circuit current limit IscL (Note 2),(Note 4) — 0.15 — 0.05 0.5 A
Fast-trip comparator level (Bﬁgi:{?llzp) . IL|1M6x o o o A
ILIM short resistor detect Threshold RSHORTLIM |— — 11 — — — kQ
Thermal Protection
Thermal shutdown Threshold Tsb Tj — 160 — — — °C
Thermal shutdown Hysteresis TspH Tj (Auto-retry Type) — 20 — — — °C

Note 2: This parameter is warranted by design.
Note 3: Pulsed testing techniques used during this test maintain junction temperature approximately equal to ambient

temperature.

Note 4: Hard short less than 10 mQ. .
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11.4 TCKES800 & 812 AC Characteristics

(Unless otherwise specified,Ta = -40 to 85°C, Vin =12 V, RiLm = 20 kQ, RLoap =12 Q,

Cin=Cour =1 pF)

Characteristics Symbol Test Condition Min Typ. Max | Unit
. VENT to IIN = 100 mA, 1 A resistive load at VourT,
VouT on time toN CaviaT = OPEN (Note 5) — 270 — us
TCKE800NA - 10 .
VEN/ to VEFET!, CEFET = OPEN TCKE812NA :
Vour off time toFF us
(Note 5) TCKE80ONL . 05 o
TCKE812NL :
VEN? to VouT become VIN* 90%, Cdv/dT = OPEN ps
300 500 700
(Note 6)
Output ramp time tdv/dT
VEN? to VouT become VIN* 90%, Cav/dT = 1 nF
— 4.8 — ms
(Note 5)
Fast-trip comparator delay trastofibly | louT > IFASTRIP to louT = 0 (Switch off)  (Note 5) — 150 — ns
VEN? to VEFET = VIN, CEFET = 1 nF (Note 5) — 6.2 — ms
EFET on time tEFET-ON
VEN? to VEFET = VIN, CEFET = 10 nF (Note 5) — 60 — ms
TCKE8O00ONA . 15 o
VEN/ to VEFET =1V, CEFET =1 nF TCKE812NA us
(Note 5) TCKEBOONL 11
TCKE812NL - | -
EFET off time tEFET-OFF
TCKE8O00ONA . 39 o
VEN| to VEFET =1V, CEFET = 10 nF TCKEB12NA us
(Note 5) TCKEBOONL 35
TCKE812NL - ) -
Note 5: This parameter is reference only.
Note 6: This parameter is warranted by design.
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12. Application Note

1.

Application circuit example

VIN | |6 | VOUT

A

—— Cmn | —— Cout
1 pF 1 pF
EN/UVLO EFET |— open
Caviat dv/dT
120 pF o Rum
36 kQ
= GND
(Ilum =3 A)
/77 77 /77

1) Peripheral circuits

Connect the power supply to the input terminal VIN. During normal operation, almost the same voltage as the
VN voltage is output from the output terminal VOUT through the internal MOSFET.

If the current suddenly decreases, for example, when short-circuiting or overcurrent is protected, high-spike
voltages may be generated due to back electromotive force of inductance components such as wirings connected
to the input/output terminals of the eFuse IC, causing damage to the eFuse IC and resulting damage. In this case,
a positive spike voltage is generated on the input side and a negative spike voltage is generated on the output
side.

When designing boards, design patterns so that the length of the wires on the input-side and output-side of the
eFuse IC is as short as possible. Also, the GND wiring area should be as wide as possible to reduce the
impedance. CN functions to suppress the peak value against the positive spike voltage generated by the inputs.
The peak value Vspike of the spike voltage and the capacitance value of the CiN have the following relationship. It
can be understood that the spike voltage can be reduced by increasing the Cin.

LIN

Vsprxe (V) = Viy #loyr X .
IN

Lin: effective inductance component of the input terminal (H), lout: output current (A)
Vspike: peak value of spiked voltage generated (V), Vin: power supply voltage during normal operation (V)

Toshiba eFuse IC recommends 1 pF for Cin and Court, and in most cases this value is effective enough. Be
sure to measure it on the actual PCB board.

If the transient voltage at the input terminal of the eFuse IC exceeds the absolute maximum rating, connect a
Zener diode between the input terminal and GND.

For negative spike voltage generated on the output side, SBD (Schottky barrier diode) can be connected to
prevent the output potential from dropping below GND.

SBD is effective not only for protecting eFuse ICs, but also for protecting ICs and devices connected to the load
side. Connect the SBD with the GND as the anode between the output terminal of the eFuse IC and the GND.

As noted above, Zener diode and SBD are recommended for eFuse IC because they can provide more robust
protective features. The diagram below shows the peripheral circuit diagram when a Zener diode and a SBD are
added.
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VIN | H I VOUT
= Gy | —— Cour
1 pF 1 pF
EN/UVLO EFET |— open
/ dv/dt ILIM = /i SBD
LIV
Zener 36 KO
Caviar =T GND (Ilum =3 A)
120 pF
/77 77 77 77 /77

2) Operation of the thermal shutdown function
The overcurrent protection function prevents damage to the IC and load by suppressing power consumption in the
event of an error. If the output current exceeds the limit current (ILim) due to a load error or short circuit, the output

voltage and output current also decrease, thereby limiting the power consumed by the IC and the load.

Toshiba recommends CUHZ20V as the Zener diode and CUHS20S30 as the SBD diode.

In addition to the short-circuit protection function, which will be described later, it is double-protected against

overcurrent, which greatly contributes to the prevention of ignition and smoke.

The timing chart of the auto-retry type overcurrent protection clamp operation is shown below.

Vour

)

Overcurrent
detection

Overcurrent elimination
during this period

Current clamp
gCIamped with ILuvg

T mmemrmrmemememepem

!

N

Thefinal shutdo

The:rmal 'shutdowni

i
i
i
i
1
i
i
i
i
i
i
i

Timing chart of overcurrent protection operation (auto-retry type)

When the output current reaches ILim and overcurrent is detected, the output current is clamped so that no more
current than Ipim flows. At this time, the output voltage drops slightly according to the relationship between the output
voltage and the current, which will be described later. If the overcurrent is not resolved at this stage, this condition is
maintained and the IC temperature continues to rise. Soon the IC reaches the operating temperature of the thermal
shutdown function, the MOSFET is switched off, and the eFuse IC stops operating.
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Next, the timing chart of the overcurrent protection clamp operation of the latch type is shown in the figure below.

This condition is maintained until the latch type is restarted by the control signals of the EN/UVLO terminal.
However, the auto-retry type repeats the restoration attempt by stopping the operation — lowering the temperature
— releasing the thermal shutdown — clamping the current — protecting the overheat — raising the temperature —
protecting the overheat — Stopping the operation until the overcurrent is eliminated.

Overcurrent Overcurrent
detection elimination Restart with EN/UVLO

VENuvLO

Vour

lum ===

lout

P T

Timing chart of overcurrent protection operation (latch type)

3) Setting the overcurrent protection function
The following figure shows the relationship between output voltage and current during overcurrent protection
clamp operation.

Y

Vour (V)

0 1 2 3 4
lour (A)
Output Voltage-Current Characteristics during Overcurrent Protection Clamp Operation

Toshiba eFuse IC has a variable current limit. By selecting the external resistor Rium of the ILIM terminal
appropriately, the current limit can be set to the optimum value for each application. The ILwm calculations are the
same as those for the TCKE8xx series, and are as shown below. However, the deviation between the theoretical
value and the measured value is large when the current is 1A or lower. Be sure to check the resistance value with
the actual machine when selecting the resistance value.

ILIM(A) - 0.13 + 101'8/R1L1M(k‘0)

Rium: ILIM terminal external resistor (kQ)
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The following is a diagram of the peripheral circuitry of the ILIM terminal and the relation between Rium and ILim.

VouT
Load
EFET — open
ILIM
RILIM

ILIM Terminal External Circuits

6

ILIM [A]

50 100

150 200 250
Rim [k2]

Riuim-luim Characteristics

For reference table below shows the resistivity of the RjLim and the current Ipm.

Rium (kQ) lum (A) (typ.) Conditions
20 5.15

24 4.38

36 3.00

?20 ;;2 Vin-Vour=1V
250 0.5

0 0.64

OPEN 0.64

4) Short Circuit protection

The short-circuit protection function prevents excessive current from flowing by stopping operation when the
power supply line or load is short-circuited due to some kind of abnormality. If the output current is 1.6 times the
current limit (ILim) for a very short period of time, the output is judged to be short-circuited and this function operates.

Toshiba eFuse IC employs an ultra-high-speed short-circuit protecting circuit (Fast trip function). Simulation results
are shown to suppress the current to near zero at 150 ns (typ.) from the occurrence of the short-circuit.

The following figure shows the operating waveforms of the simulated Fast trip function.

Vv

v

0.0
150.0 Iin
(2.0A/div)

1(4)

E

Short!

L Fast trip
1 1
“ \ h 150ns (typ.)

N

time(200ns/div)

Output voltages and output current waveforms during fast trip operation
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The short-circuit protection circuit performs the return operation 100 ps after Fast trip. If the short-circuit continues,
the protection operation starts again. The latch type does not attempt to recover thereafter, but continues to be
protected until it is restarted by the control signal. The auto-retry type attempts to recover until the short-circuit
condition is resolved by using the thermal shutdown cycle.

5) Overvoltage protection function
The overvoltage clamp function clamps the output voltage with a limited voltage and prevents overvoltage from
being applied to the load without outputting any more voltage. This function is available on the TCKE805/812 series
and is not included in the TCKEB8QO series. The limit voltages are set to 6.04 V (typ.) for the TCKE805 series and 15
V (typ.) for the TCKEB812 series. The diagram below shows the relation between the input voltage and the output
voltage of TCKE800/805/812 series.

Vour 18V
~ (TCKE800, no clamp function)

15V
(TCKE812, typ.)

6.04V
(TCKE805, typ.)

UVLO 4.4V  6.04V

Overvoltage Characteristics of TCKE800/805/812

Similar to the overcurrent protection and short-circuit protection, the auto-retry type will attempt to recover from the
overvoltage, but the latch type will retain this state until it is restarted.

6) Inrush current reduction
When the output is turned on, an inrush current flows to charge the capacitor connected to the load side. If this
current is too large, the overcurrent protection circuit may malfunction, making it impossible to start up, or the output
voltage may overshoot.
To prevent this, this function controls the slew rate when the output voltage rises by limiting the inrush current.
The following figure shows the rise of the output voltage (VouT) and the inrush current when the inrush current is
limited by this function. As shown below, the output current at the start-up is gradually increasing.

s | |

| | T 1

EN:2 v/div | ! ! k

[ - 1! i

T B . TCKES12 |

i | I Cavar=1 nF :

Vour: 5 V/div 1 ' Cour=1 uF |

:-5;----—-—----—.—.--.- \ (- —t—t ! : Iour=1A |

| -« |

! I tavide : i

Tour: 0.5 A/div : é’/’ | |

I ! - -

4 L | Time: 2 ms/div |

[ ! | ! |

‘ i ! ! : |

Inrush current reduction (slew rate control) function
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7) Setting of slew rate control for inrush current reduction

Toshiba eFuse IC has a variable inrush current function. The external capacitor at the dV/dT terminal can be used
to appropriately set the rise time (taviar) of the output voltage. The formula for the rise time is as follows:

tavidT (8) = 0.36 X108 X VIN X (Cdv/dT+50%x10-12) +3.0 X 104
Vin: input voltage (V), Caviat: external capacitance of dV/dT terminal (F)

The following chart shows the peripheral circuit diagram of the dV/dT terminal and graphs showing the relation
between Cqv/gT and tqv/dT.

45
) | 40
To the power supply
p M 35 TCKE812
30 (Vin=12V)
eFuseIC é .
EN/UVLO $20
“ 15
dv/dT 0
TCKEB805
Caviat (== GND 5 (ViN=5V)
O T T T T T T T T T
01 2 3 4 5 6 7 8 9 10
Cavyar (NF)
External Circuits around dV/dT Terminal Caviat-taviar Characteristics

8) Thermal shutdown function

Thermal shutdown (overheat protection) is a function to shut off and protect the output by setting the IC to standby
when a large current continues to flow to the output and the junction temperature of the eFuse IC exceeds the set
temperature.

The following figure shows the operation image of the thermal shutdown function. When the thermal shutdown is
activated, no current flows through the IC, and the junction temperature begins to drop. Hysteresis is given to the
operating temperature and the recovery temperature of the thermal shutdown. The IC will not recover until the
temperature drops after a certain period of time.

Thermal shutdown turn

Vout T.=160C on temperature

N (T;=1607)

Junction Temperature T; x | Hysteresis(20°C)
Thermal shutdown
gmtput ¢ Y 8g,t:put = Recovery temperature

Output Voltage Vqut

< > >

0 " T Time
Hysteresis(207C)
Operation of thermal shutdown function
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9) Reverse current blocking
As an option, Toshiba eFuse IC can prevent reverse current flow by attaching an N-channel MOSFET to the EFET
terminal. The reverse current blocking function prevents reverse current from the output side to the input side when
the operation of the eFuse IC is stopped, for example, by turning off the power supply of the VIN or controlling the
input side by the EN/UVLO terminal.
The circuit for using the reverse current blocking function is shown in the figure below.

FET for reverse current

blocking
(External)
o s
To the power supply VIN |—|Q—| VOUT i |—B|—| E To the load
< ; i >
i1 P
= Cn I\\__ ______ J =— Cour
1uF 1 WF
EN/UVLO EFET
=
N dvyar | eFuselC | o N SBD
Zener R
ILIM
Caviar == GND 36 kQ
120 pF
77 77 77 77 77

Examples of eFuse IC Peripheral Circuits with Reverse current blocking Function

Our SSM6K513NU is recommended as an external FET to prevent backflow. SSM6K513NU main characteristics
are as follows:
Drain-Source voltage: Vpss= 30 V
Gate-Source Voltage: Vess = 20 V
Drain current: I = 15 A
Drain-Source on-resistance: Rps (on) =8 mQ @Vas=4.5V
When using other products, select a product with as low of on-resistance as possible, with sufficient Vbss and Ip
margins for the power supply voltage and the load current that is expected to be used.
The EFET terminal outputs the internally boosted voltage V|N+4.9V (typ.). If this function is not used, open the
terminal.
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10) Under voltage lockout function (UVLO)

This function stops the operation of the eFuse IC when the input voltage is low and prevents malfunction of the load.
The TCKES8xx series will not operate unless the input voltage exceeds 4.15 V (typ.). This voltage has hysteresis at the
rising and falling edges. At the falling edge, the voltage stops at 5% (typ.) lower than 4.15 V at the rising edge (about
3.95V).

The following figure shows the operation of this function.

TCKES8xx Series

A
Vour

"""""""""" = Risinqg

UVLO

415V VN

Operation of UVLO circuit

11) EN/UVLO terminal function
The TCKES8xx series is equipped with EN/UVLO terminal, and this terminal can be used to control the operation of
the whole eFuse IC. It is also possible to set the operating voltage of the under voltage lockout function to the
optimum value by externally attaching a resistor.
The following are examples of uses for this terminal.

(1) When the operating voltage of the under voltage lockout function is not changed or the operation control is not

performed.
To the power supply VIN
eFuselC
EN/UVLO
dv/dT
Caviar == GND

/77

Connections of EN/UVLO terminals (Direct VIN connection)

Connect the EN/UVLO terminal directly to the VIN terminal. This eliminates the need for pull-up resistors in the
TCKES8 series. The EN/UVLO terminal is designed to be breakdown-voltage 18 V, and the VIN terminal and the
EN/UVLO terminal can be directly connected. This helps reduce the number of parts.
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(2) When the operating voltage of the under voltage lockout function is not changed and the operation control is
performed from the outside.

To the power supply VIN
ON eFuse IC
OFF <«+— EN/UVLO
dv/dT
Caver == GND
/77

Connecting Examples of EN/UVLO Terminals (External Control)

Connect external control signals directly into the EN/UVLO terminal. Since the on/off threshold voltages of the
EN/UVLO terminals are hysteretic, set the "H" level of the control signal to be 1.1 V (typ.) or higher and the "L" level
of the control signal to be 0.96 V (typ.) or lower.

If the EN/UVLO terminal is open (indefinite), the eFuse IC operation may become abnormal. Be careful not to
open this terminal even when it is at the "L" level.

(3) When the operating voltage of the under voltage lockout function is not changed and the operation is controlled
by the short-circuit switch with the VIN terminal.

Power supply VIN
s
EN/UVLO
R1 H dv/dT
Caviat
= GND
/77 [77

Connection examples of EN/UVLO terminals (connected by VIN and switches)

Switches can be directly connected to the VIN so that the operation can be controlled. A pull-down resistor is
required to prevent the EN/UVLO terminal from being opened when the SW1 is opened. The value of the pull-down
resistor may be any value that does not cause the EN/UVLO terminal to become indefinite. However, when the SW1
is conducting, consider the current flowing through R1, and check the value with the actual device to determine the
value of the pull-down resistor.
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(4) To change the operating voltage of the under voltage lockout function

By adding an external resistor to the EN/UVLO terminal, the operating voltage of the under voltage lockout function
can be changed to an optimum value. An example of the circuit is shown in the figure below.

Power supply VIN Power supply VIN
R1 eFuse IC R1 eFuse IC
EN/UVLO EN/UVLO
R2 dv/dT SW1 ) [] R2 dv/dT
C Caviar
::deT eND 1 GND
/77 77 77
a) In case of no operation control b) in case of operation control

Connections of EN/UVLO terminals (VIN resistive division)

a) is an example of the circuit when the operation control is not performed by the EN/UVLO terminal, and b) is an
example of the circuit when the operation control is performed.

As shown in the drawing, operation is stopped when the input voltage drops by controlling the operation of the
EN/UVLO terminal with the voltage obtained by dividing the input voltage by external resistors. The operating
voltage of the under voltage lockout function can be set to the optimum value by properly selecting the external
resistance. However, the voltage cannot be setto 4.15 V or less.

The equation for setting Vin_UVLOsany by controlling the external resistors R1 and R2 of the EN/UVLO terminal is
as follows.

R1+R2
TXVENF(V)

V ene: EN threshold (falling) 0.96 V (typ.)

Vin UVLO(squy(V) =

As described above, the control voltage of the EN/UVLO terminal is hysteretic, and therefore the voltage to be
activated at the time of rising changes. The start-up voltage Vin_UVLOyise) is calculated by the following equation.

R1+ R2
“R2 X Venr(V)

V enr: EN Threshold Voltage (rising) 1.1 V (typ.)

VIN—UVL O(‘m’se) (V} =

As shown in b) above, the switch can be connected in parallel with R2 to control the operation. In this case,
contrary to the case of (3), the eFuse IC stops operating at the time of SW1 conduction. At this time, R1 is the
current limiting resistor. Be careful when selecting the resistors for R1 and R2.

12) Precautions regarding protection functions
Toshiba eFuse IC has various protection functions. Be aware that not every function will cause the eFuse IC to
cease functioning. When using these products, please read through and understand the concepts described and follow
absolute maximum ratings from the information above or from our ‘Semiconductor Reliability Handbook’. Please operate
these products below absolute maximum ratings in all instances. Furthermore, Toshiba highly recommends inserting
failsafe systems into the design.
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13) Timing chart
The timing chart of the auto-retry type is shown in the figure below.

High

EN/UVLO © | s cycle (Retry) TSD cyde (ﬁetry) TSD cycle (Retry)

iClamp :  Clamp c|amp

””””” *”'*'Current L -
Fast tnp : lelt : /TSD ON :

lrspoN| T
o

= P — — i A S L i -
200us TSD OFF | 200us TSD OFF TSD OFF 200us

Over voltage | Short-circuit | Over current
Timing chart (auto-retry type)

The timing chart of the latch type is shown in the figure below.

TSD — Latch off ‘| TSD — Latch off

Vour

18 TEEE - S SE SN SS SR S

R TR S R akreht
Fast trip : S‘Smlt nKTSD ON 1 i

TSDONE P

Tour &
2‘0_6'us ‘ . . Eﬁus ;EJOus . .(2_0"()us . %bus Z?bus
Over voltage Short-circuit Over current uvLo
Timing chart (latch type)
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Representative Typical Characteristics
ton Response
ViN=5V, Caviat = 120 pF, Cout = 1 UF, RLoap = OPEN

Venuvo
(2 Vidiv)

‘
Vout e

_i (5 Vidiv) -

i

(200 mAVdiv)
T

i

I
1
I
I
I
I
I
I
|
|
I
I
I
I
I
|
I
I

Timet (200 ps/div)

ViN=5V, Caviar = 120 pF, Coutr= 1 pF, RLoan = 3.3 Q

T
VENnuVLO
(2 V/div)
I

|
|
|
|
|
|
|
|
! |
Vour e 1|
|
|
|
|
|
|
|

(6 Vidiv) T

I
(1 A/div)
Timet (200 ps/div)
torr Response
ViIN= 5V, Caviat = 120 pF, Cout= 1 YF, RLoap = 3.3 Q

v
b

|
¢ |
: VenuvLo }
(2 Vidiv) ‘
' |

; |

Vour \

1 (5 V/div) |

T |

|

|

|

|

|

|

|

|

i
1 (1 A/div)

Timet (200 ps/div)

Over voltage clamp

Caviat = Open, Cout= 1 PF, RLoap = Open
Vin 5V to 8V

ViN= 5V, Caviat = 120 pF, Cout = 10 uF, RLoap = OPEN

Venuvio
1(2 Vdiv)

I

EVOUT B
(5 V/div)

I

iy
/(200 mA/div)
T

I

Timet (200 ps/div)

I
1
:
I
!
I
|
I
I
I
I
I
I
I
I
I
\
I

ViN=5V, Caviar = 120 pF, Cout= 10 yF, RLoan = 3.3 Q

T
VenuvLo
(2 Vidiv)

Vour
(5 Vidiv)

i
(1 Ardiv)

Timet (200 ps/div)

VIN
(5 V/div)
| -
Vour
2 (5 V/div)
Note: The above characteristics curves are presented for
Timet (5 ms/div) reference only and not guaranteed by production
test, unless otherwise noted.
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13. Package Dimensions
WSON10B Unit: mm
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Weight : 19.3 mg ( typ.)
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14. Land pattern dimensions for reference only
Unit: mm
1685
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] | ]
s e = 24| 38
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

e TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the
Product, or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest versions of
all relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application notes
for Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the
instructions for the application with which the Product will be used with or for. Customers are solely responsible for all aspects of their
own product design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such
design or applications; (b) evaluating and determining the applicability of any information contained in this document, or in charts,
diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and (c) validating all operating
parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR
APPLICATIONS.

* PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH
MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT

I("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, Class 3 medical devices, equipment used
for automobiles, and military vehicles and munitions. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO
LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our website.

¢ Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

e The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to
any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

e ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

e Do not use or otherwise make available Product or related software or technology for any military purposes, including without
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). Product and related software and technology may be controlled under the
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the
U.S. Export Administration Regulations. Export and re-export of Product or related software or technology are strictly prohibited except
in compliance with all applicable export laws and regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of
Product. Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled
substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES
OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.

Toshiba Electronic Devices & Storage Corporation

https://toshiba.semicon-storage.com/
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