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TPS22946 Ultralow Power, Low Input Voltage, Current-Limited Load Switch
With Shutoff, Auto-Restart, and Overcurrent Condition Time-Out

1 Features
» Ultralow Quiescent Current 1 pA (Typical)
atVy=18V
* Input Voltage Range: 1.62 Vto 5.5V
* Low ON-Resistance
— ron=300mQatV, =55V
— ron=400mQatV, =33V
— ron=500mQatV,=25V
— ron=600mQatV,=18V

* Selectable Minimum Current Limit:
155 mA, 70 mA, or 30 mA

» Integrated Inrush Current Time-out (8 ms)
e Shutdown Current: < 1 pA
» Thermal Shutdown
* Fault Blanking
* Auto Restart
e Overcurrent Condition Time-out (Automatic
Disable for Permanent Overcurrent)
* 1.8-V Compatible Control Input
» ESD Performance Tested Per JESD 22
— 6000-V Human-Body Model
(A114-B, Class Il)
» Tiny DSGBA Package 1.4 mm x 0.9 mm (YZP)

2 Applications

» Fingerprint Module Protection
» Portable Consumer Electronics
» Mobile Phones

e Smartphones

* Notebooks

* GPS Devices

3 Description

The TPS22946 is an ultralow power load switch that
provides protection to systems and loads in high-
current conditions. The device contains a 300-mQ
current-limited P-channel MOSFET that can operate
over an input voltage range of 1.62 V to 5.5 V. The
switch is controlled by an on/off input (ON), which can
interface directly with low-voltage control signals. The
TPS22946 includes thermal shutdown protection that
prevents damage to the device when a continuous
over-current condition causes excessive heating by
turning off the switch.

When the switch current reaches the maximum limit,
the TPS22946 operates in a constant-current mode to
prohibit excessive currents from causing damage.
The current limit can be selected using the CL input:
a high CL input sets the current limit to 155 mA, a low
CL input sets the current limit to 70 mA, and a
floating CL input sets the current limit to 30 mA.

If the constant current condition persists after 10 ms,
the switch is turned off and the fault signal pin (OC) is
pulled low. The TPS22946 has an auto-restart feature
which turns the switch on again after 70 ms if the ON
pin is still active. If the TPS22946 remains in an over-
current condition for 5 seconds, the device shuts off
until it is turned on again by setting the ON control
signal off and then on.

If the device is used to protect an LDO, the inrush
current required by the LDO at startup can, in some
cases, exceed the current limit and initiate a blanking
(current limiting) condition. The TPS22946 provides
allowance for this scenario during startup of the LDO
by temporarily increasing the current limit to 435 mA
for 8 ms after the load switch is enabled.

The TPS22946 is available in space-saving 6-pin
DSBGA (YZP) package. The device is characterized
for operation over the free-air temperature range of
—40°C to 85°C.

Device Information®
PACKAGE BODY SIZE (NOM)
DSBGA (6) 0.90 mm x 1.40 mm

PART NUMBER
TPS22946

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application Schematic

Power

VIN VOUT
Supply

Cmi CLoap Rioap

J:_— CL GND ——|T_

ON %
— ON oC
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5 Pin Configuration and Functions

6-Pin DSBGA
YZP Package
cl| © O c| OO
Bl & O Bl OO
Al O W Al OO
2 1 1 2
Laser Marking View Bump View

Pin Assignments

Cc ON ocC
B CL GND
Vin Vour
2 1

Pin Functions

PIN
I/0 DESCRIPTION
NO. NAME
Al Vout O Output of the power switch
A2 VN | Supply. Input to the power switch and the supply voltage for the device
B1 GND - Ground
Current limit selection. CL high is 155-mA current limit, CL low is 70-mA current limit, and CL floating is
B2 CL | .
30-mA current limit.
c1 oc o Overcurrent output flag. Active-low open-drain output that indicates an overcurrent, supply undervoltage,
or overtemperature state.
Cc2 ON | On/off control input

Copyright © 2009-2015, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
V,  Input voltage | Vin, Vour, ON, CL -0.3 6 Y
T;  Operating junction temperature -40 125 °C
Tsg Storage temperature -65 150 °C
6.2 ESD Ratings
VALUE UNIT
g:;rgsr;l)t%gdy model (HBM), per JEDEC specification JESD22 (A114-B, +6000
Vespy Electrostatic discharge - — \%
Sggrlg(%d-dewce model (CDM), per JEDEC specification JESD22- +2000

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX'| UNIT
VN Input voltage 1.62 55 \%
Von ON pin voltage 0 55 \%
Ve CL pin voltage 0 VN \%
Vour OUT pin voltage 0 VN \%
Ta Ambient free-air temperature -40 85| °C
tcusetr  CL pin setting time 8 ms
Cin Input capacitor 1@ uF
Viy=18V 1.1 55
Viy ON high-level input voltage Vin=25V 12 25 \%
Viy=3.3V 1.3 55
ViN=55V 1.4 55
Viy=18V 0.4
] ViN=25V 0.4
Vi ON low-level input voltage \%
Vin=33V 0.5
ViN=55V 0.6
ViH CL low-level input voltage Vin=1.62V1to55V, |y=55pA 0.7 Vin VN \%
Vi CL high-level input voltage Viy=162V1to55V, | =55pA GND 0.3V \%
(1) See Application Information.
6.4 Thermal Information
TPS22946
THERMAL METRIC® YZP (DSBGA) UNIT
6 PINS
Raia Junction-to-ambient thermal resistance 131
Raic(top) Junction-to-case (top) thermal resistance 1.3
Reis Junction-to-board thermal resistance 22.6 °C/W
Wit Junction-to-top characterization parameter 5.2
Wig Junction-to-board characterization parameter 22.6

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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6.5 Electrical Characteristics
Viy=1.62Vto55V, TYP values at T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS T @ MIN  TYP  MAX| UNIT
lout=0mA,Vy=45Vto55V Full range 15 5
N Average quiescent current lout=0mA, Vy=3.0Vto3.6V 1.3 4| pPA
lout = OmA,Vy=162Vto1.98V 1 3
lineoFF) OFF state supply current Von=0V VN =3.6V, Voyr open | Full range 0.1 1| pA
. _ ViN=3.6V,
IOUT(LEAKAGE) OFF state switch current VON =0V VI(’)\‘UT short to GND Full range 0.1 1.1 |JA
25°C 0.3 0.4
VIN =55V
Full range 0.45
25°C 0.4 0.5
VIN =33V
Full range 0.55
) 25°C 0.5 0.6
ron ON-state resistance lout=-100 MA |V|y=25V Q
Full range 0.65
25°C 0.6 0.8
VIN =18V
Full range 0.85
25°C 0.7 0.9
VIN =162V
Full range 1
lon ON input leakage current Von = V)N or GND Full range 1| pA
ViN =18V, Voyr =15V, CL=GND Full range 70 85 120
ViN =33V, Voyr=3.0V, CL=GND Full range 60 80 115
o ViN=18V,Vour=15V,CL=VIN Full range 155 175 235
ILim Current limit mA
ViN=3.3V,Vour=3.0V,CL=VIN Full range 135 165 230
ViN =18V, Voyr = 1.5V, CL floating Full range 30 45 60
ViN =3.3V, Voyr = 3.0V, CL floating Full range 28 40 60
liimit_inrush Inrush current limit R=1Q,VN=33V,Vour=23V Full range 375 435 685| mMA
Shutdown threshold 135
Thermal shutdown @ Return from shutdown Full range 125 °C
Hysteresis 10
. ViNn=5V, Igink = 10 mA 0.1 0.2
VoL OC output logic low voltage Full range Y
V|N =18V, ISlNK =10 mA 0.1 0.3
loH OC output high leakage current | Vy =5V, Switch ON Full range 1| pA
(1) Full range Ty = —-40°C to 85°C
(2) See Overtemperature Protection.
Copyright © 2009-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.6 Switching Characteristics
V=18V, R =50Q, CL=1yF, T, =-40°C to 85°C, TYP values at T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
tPWRON Power-on time R, .=50Q,C_ =1uF 192 us
tPWROFF Power-off time R . =50Q,C_ =1uF 0.55 us
ton Turnon time R . =50Q,C_ =1uF 125 us
torr Turnoff time R .=50Q,C_=1pF 115 us
tr Vour rise time R, .=50Q,C_ =1uF 35 us
te Vourt fall time R, =50 Q, CL=1uF 120 MS
tBLANK Overcurrent blanking time 7 10 15| ms
tRSTART Auto-restart time 50 70 95| ms
tnweoutr  Overcurrent detection time-out® Vi = Von = 3.3V, hard short@ 6000 ms
t Overtemperature detection maximum 77 ms
OVRTMP response time :
. VN = Von = 1.8 V, Moderate over-current

Moderate overcurrent detection condition® 63.5
tmopoc : ; ms

maximum response time 3

Vi = Von = 3.3 V, Moderate overcurrent condition® 65.5

tharDsHor  Hard-short detection maximum Vin = Von = 1.8 V, hard short® 270 us
T response time Vi = Von = 3.3V, hard short@ 295

(1) See Automatic Disable in Case of Permanent Overcurrent.
(2) Hard short check is performed at the output voltage of the switch. Hard short condition is active when Vgyt < 2/3 V|n.

©)

If the current going through the switch is above Iy, then the moderate over-current condition is activated
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6.7 Typical Characteristics

Temperature (°C)

Figure 3. Input Current (Quiescent) vs Temperature
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Figure 4. Input Current (Leakage) vs Temperature
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Figure 5. Input Current (Off) vs Temperature
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Figure 6. Current Limit vs Temperature
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Typical Characteristics (continued)

200 ‘ 1.4
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Vin (V) Temperature (°C)
Figure 7. Current Limit vs Input Voltage Figure 8. tgjank VS Temperature
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Figure 11. tpwrorr VS Temperature Figure 12. ON Threshold
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Typical Characteristics (continued)

. . . . . . . - VON . . . N . . VIN=3-3V
| Cy=1pF
............... R I S o 0 uF
. R, =500 mQ

lour |-

Vou
lour
V, =33V
Cy=1pF
.................. iy 1
R, = 500 mQ
Chi —S00mva  G0E 2.00mV & M30.01s Chi F  800mV Chi S00mva  G0E 2.00mv 5 M30.0as Chi v 800mV
Figure 13. ton Response Figure 14. tope Response
vl : : : : "
(see Note) | : : : : : : - Y| (seeNote)
Vour ; : ; ; ; ; ; ; ; Vour

lour [} lour

Chi 2.0V EIE T00mv  Ws.00ms CRi 7 1.00V CHi 2.0V [iE T00mv  M20.0ms Chi 7 1.00V
chz 2.00V 2.00

NOTE: V,,, signal forces the device to go into over-current mode. NOTE: V,,, signal forces the device to go into over-current mode.

Figure 15. tgank Response Figure 16. trestart RESPONSE

I - Vi
lour
: VON
- Vour - - : : : ' : : : < : : V,=3.3V
lour C,=10 pF
Cour=14F
Input and enable pins tied together . ... . . . S R TR N
V,r shorted to GND : : - : : | : : + : :
V,=Vo =33V v : : I : : ]
C, =10 uF : : : IR 1 7M. -7t e e S e B
Cour=1pF . . : A . . . = . . .
R =20Q

W 30.0ps ThT 7 34dmv W 30.0ps F153V
ch3z 100V & ch3 s00mv
Figure 17. Hard Short-Circuit Response Figure 18. Short-Circuit Response
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Typical Characteristics (continued)
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Figure 19. Moderate Overcurrent Response
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7 Parameter Measurement Information

VIN
Vour
ON® TPS22946
—1 —=C RL
+
G = o
Cyy =1 pF
N Lanp
GND L GND
TEST CIRCUIT
1.8V

| |
| |
ton —¢—» > — o

: : VOUTM
- ——— Vou 10% 10%
Vour Vout/2 Vout/2
VoL

ton/torr WAVEFORMS

******* Von
Von # Von'2 X Von'2 t e —» et
oV ' ' ov o bl
[ | |
(I | |
| |
|

Figure 20. Test Circuit and ton/topr Waveforms
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}:GIle kl V|N/2
o : ! ov
1
tewroN' | ﬂ_ﬂtPWROFF
1
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Vour J* Vout/2 K Vour/2
Vou

Von J \

Figure 21. tpwron/tpwrorr Waveforms
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8 Detailed Description

8.1 Overview

The TPS22946 is an ultralow power load switch that provides protection to systems and loads in high-current
conditions. The device contains a 300-mQ current-limited P-channel MOSFET that can operate over an input
voltage range of 1.62 V to 5.5 V. The switch is controlled by an on/off input (ON), which is capable of
interfacing directly with low-voltage control signals. The TPS22946 includes thermal shutdown protection that
prevents damage to the device when a continuous over-current condition causes excessive heating by
turning off the switch.

When the switch current reaches the maximum limit, the TPS22946 operates in a constant-current mode to
prohibit excessive currents from causing damage. The current limit can be selected using the CL input: a
high CL input sets the current limit to 155 mA, a low CL input sets the current limit to 70 mA, and a floating
CL input sets the current limit to 30 mA.

If the constant current condition still persists after 10 ms, the switch is turned off and the fault signal pin (OC)
is pulled low. The TPS22946 has an auto-restart feature which turns the switch on again after 70 ms if the
ON pin is still active. If the TPS22946 remains in an over-current condition for 5 seconds, the device shuts
off until it is turned on again by setting the ON control signal off and then on.

If the device is used to protect an LDO, the inrush current required by the LDO at startup can, in some
cases, exceed the current limit and initiate a blanking (current limiting) condition. The TPS22946 device
provides allowance for this scenario during startup of the LDO by temporarily increasing the current limit to
435 mA for 8 ms after the load switch is enabled.

The TPS22946 is available in a space-saving 6-pin DSBGA (YZP) package. The device is characterized for
operation over the free-air temperature range of —40°C to 85°C.

Table 1. Feature List

AUTO-
ron (TYP) AT INTEGRATED INRUSH |  CURRENT LIMIT OVERCURRENT
55V CURRENT LIMIT | "~ jRRENT TIME-OUT |  BLANKING TIME RETSIIAAERT TIME-OUT ENAELE
TPS22946 300 mQ 30 mfég ?nrRA' or Yes 10 ms 70 ms 6s Active high

8.2 Functional Block Diagram

A2

B2
CcL
Hard-
—\—' Short
ON e Control Detection
Logic EV

Current
Limit
A1
Vour
Thermal Oscillator

Shutdown ocC
c1

J¥l
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8.3 Feature Description

8.3.1 Detection Schemes

8.3.1.1 Overtemperature Detection

The thermal shutdown detection circuit is active every 8 ms for a period of 0.5 ms. The thermal shutdown
protects the part from internally or externally generated excessive temperatures. During an over-temperature
condition the switch is turned-off (Open). The switch automatically turns-on (closes) again if temperature of the
die drops below the threshold temperature while the part is still enabled.

In addition, if an overcurrent fault condition is detected due to a moderate overcurrent or a hard-short, the
thermal shutdown is activated immediately and stays on continuously for the duration of blanking (see Figure 32).

V,, is tied directly to V,,

VOUT

/ 129°C
Normal Temperature
Temperature (°C)

\
\
\
\

\
\
Inrush current window

Over Temperature
resumes the normal cycle
\ Over temperature detected
| during the ON cycle |
8mS tovrrme 0.5 ms \\\ 9 4 / 0.5 ml ) tovere )
! M i
Over Temperature ON OFF ON OFF ON OFF ON OFF
Detection
. SWITCH SWITCH
Load Switch Status OPEN CLOSE

SWITCH SWITCH
OPEN CLOSE
NOTE: Case where the temperature causes the overtemperature detection circuit to trip before the other detection schemes.

Figure 22. Overtemperature Detection
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Feature Description (continued)
8.3.1.2 Hard-Short Detection

The hard-short detecti
voltage, Voyr. A hard
limiting mode.

ov

ov

VOUT

on circuit is active every 250 us for a period of 125 ys. A comparator monitors the output
short is detected when Vgt is lower than 2/3 V,y. The switch then goes into current-

Vo, is tied directly to V,,

A hard short occurs on
Vout

Current increases
through switch
proportional to V,

IouT

> Over current due to hard

/ short Current is
/ limited

No current.

/ Switch is off

tBl ANK tRSTART tRLANK tRSTART

tTIMF.OUT

0425ms / Hard short detected during the ON cycle
Hard Short o b
Detection ON | OFF| ON | OFF
tIIARDiIlORT
Inrush Current window 8 ms
Over Temperature
Detection ON OFF

SE—

Ly ank trstarT by ank trstarr

Load Switch Status

SWITCH SWITCH SWITCH SWITCH SWITCH
OPEN CLOSE OPEN CLOSE OPEN

Figure 23. Hard-Short Detection
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Feature Description (continued)
8.3.1.3 Moderate Overcurrent Detection

The moderate overcurrent detection circuit is active every 64 ms for a period of 0.5 ms. A moderate over-current
condition is triggered when the output current of the switch exceeds the current limit value and is not yet into
hard short condition. The switch then goes into current-limiting mode.

V,, is tied directly to V,,

| A moderate short
> occurs on Vout

VouT

Current increases

through switch Over current Current is
proportional to Vg, limited
No current
/ Switch is off
|OUT _
Inrush current window
8mS
Moderate Over Current
Detection ON OFF
- tMDDO(I s t t
BLANK RSTART
Inrush current window * t
/ TIMEOUT
8mS t()\/’RTMP
Over Temp_erature ON OFF ON
Detecion .~ | |

3 tBLA\IK tRSTART
0.125 ms
| ]
Hard Short P

Detection OFF | ON OFF| ON | OFF ON | OFF | ON ON OFF | ON OFF | ON OFF | ON | OFF ON
tHARDSHOP‘\T
Load Switch Status S\(’)VEE?\‘H Sg}’_ggg S(V)VF',EiH
NOTE: The overcurrent does not cause the temperature to go above 140°C here.
Figure 24. Moderate Overcurrent Detection
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Feature Description (continued)

8.3.1.4 Current Limiting Mode

When an overcurrent condition (moderate or a hard short) is detected, the TPS22946 operates in a constant-
current mode to prohibit excessive currents from causing damage. TPS22946 has a current limit of 30 mA, 70
mA, or 155 mA.

If the constant current condition still persists after 10ms, the device shuts off the switch and pulls the fault signal
pin (OC) low. The TPS22946 has an auto-restart feature which turns the switch on again after 70 ms if the ON
pin is still active.

8.3.1.5 Fault Reporting

When a moderate overcurrent, hard short or overtemperature condition is detected, OC is set active low to signal
a fault condition. OC is an open-drain MOSFET and requires a pullup resistor between V,y and OC. During
shutdown, the pulldown on OC is disabled, reducing current draw from the supply.

8.3.1.6 Power-On and Power-Off Sequence

The device is enabled internally only once the hard-short detection circuit is enabled.
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V, /2

V,, is tied directly to V,

LDO Output stable
VOUT I

V\ Allotted time for LDO Inrush Current to

exceed normal current limit threshold

Temporarily increase current limit threshold to
allow for LDO Inrush current

Current Limit as set by CL
N LIMIT_INRUSH
L ooy / (30 mA, 70 mA, 155 mA)
Current Limit < 2
Threshold \
\\ i A -
8 ms
\ Value on the CL pin should be
\\\ stable by this edge for t., ¢
Changes on CL pin, will not affect current
CL pin ) L limit threshold after this time
Detection
Timing
<l t |
CLET Inrush Current window
4
Moderate Over t 000
Current Detection
8 ms 0.5ms
| .
tMODOC ”
Inrush Current window
4«
Over Temperature
Detection
4 [ [ 4 »
8 ms tovrmue 0.5ms 0.5ms
0.125ms
-
Hard Short ‘ ‘
Detection

OFF |ON | OFF ON |OFF |ON OFj ON | OFF| ON |OFF| ON

Load Switch

tarosudrr

Status Soren X CLoSE
Figure 25. Power-On/Power-Off Sequence Timing
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Feature Description (continued)
8.3.1.7 Automatic Disable in Case of Permanent Overcurrent

When the switch enters the current-limiting mode due to a hard short condition or a moderate over-current
condition, TPS22946 goes through the 10-ms blanking state and the 70-ms auto restart state. If the hard-short
condition or the moderate over-current condition persists after 5 s, the part shuts off regardless of the ON signal.
The switch is turned on again after a power reset if the ON pin is HIGH.

8.3.2 Inrush Current Time-out Feature

The inrush current required by the LDO at startup can in some cases exceed the current limit and initiate a
blanking (current limiting) condition. TPS22946 provides allowance for this scenario by temporarily increasing the
current limit to 435 mA for 8 ms after the load switch is enabled. This time-out is initiated by the positive edge
transition on the ON signal.

TPS22946
Vi D> VIN VOouT °
ON I ON l
COUTCL
> CcL
—— C,
GND ocC =
TPS72018
VIN VOouT
LDO_EN D> EN

COUTLDO

\H—’

GND 1

Figure 26. Inrush Current Time-out Circuit
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Feature Description (continued)

LDO Output stable

/ V\ Allotted time for LDO Inrush Current to

exceed normal current limit threshold
VDUT
Temporarily increase current limit threshold to
! allow for LDO Inrush current
. A/ Current Limit as set by CL
b HHITNROS (30 mA, 70 mA, 155 mA)
% ‘\\ tPWRON N / ’ ’
Current Limit >
Threshold
- 8 ms g
Allotted time for CL state to be detected.
) Changes on CL pin will not affect current limit
CL pin 4 -« threshold after this time.
Detection
Timing
tCLSET g

Figure 27. Inrush Current Time-out Timing

8.3.3 CL Control Pin

The TPS22946 supports three current limits: 30 mA, 70 mA, and 155 mA. The current limit selection is
determined by the status of the digital input CL pin, as shown in Table 2. A high impedance, or floating, condition
allows the CL pin to support a third state. The TPS22946 monitors the state of the CL pin during start-up from a
disabled state, and upon start-up sets the current limit accordingly. When floating the CL pin, keep the total
capacitance on the pin less than 100 pF and the resistive loading greater than 10 MQ to ensure proper

operation. Any changes to the state of the CL pin after the start-up operation has completed are ignored until the
next start-up cycle.

The CL pin must be driven with logic levels referenced to VIN. The CL pin can be tied high or low on the printed

wiring board (PWB) or driven by a general purpose 1/0 (GPIO), as long as the V, and V; recommended
operating conditions are met.

Table 2. CL Control Pin

CL PIN STATUS CURRENT LIMIT
Logic low® 70 mA
Float® 30 mA
Logic high® 155 mA

(1) Resistance to VCC or GND < 100 Q
(2) Load on CL: C <100 pF, R > 10 MQ
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Figure 28. CL Pin Read Timing When cycling VIN (ON Pin Tied to VIN)
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To change
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Figure 29. CL Pin Read Timing Cycling ON Pin (VIN High)

8.3.4 Overtemperature Protection

An overtemperature condition occurs when the temperature of the part is greater than 140°C. The OC flag will go
low to indicate a fault. If the overtemperature condition persists for more than 6 seconds, the part times out and
shuts OFF. The part must be enabled by either toggling the ON pin or the VIN pin. If the temperature falls below
130°C within 5 seconds, the part will start normal operation.

If the temperature is not constantly high above 140°C and is toggling between greater than 140°C and less than
130°C, the internal time-out timer keeps resetting. If this event occurs more than 32 times, it will cause the part to
shut OFF. It can be enabled by toggling either the ON pin or the VIN pin.
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8.4 Device Functional Modes

Table 3. Function Table

ON

CL

TPS22946

X

VN to Vour switch is off (open)

X

VN to Vour switch is on (closed)

HO

Current limit set to 155 mA

L@

Current limit set to 70 mA

X | X | X | T |

Float®

Current limit set to 30 mA

(1) Resistance to VCC or GND < 100 Q
(2) Load on CL: C <100 pF, R > 10 MQ

Yes

Reset

Vw=H
ON = L (default)

A

ON:L—>H

Inrush current

solution for 8 ms|

No

Yes

%
<>

Moderate over-current

Over-temperature

detection every
63.5 ms for 0.5 ms
(See moderate over-current
flow for details)

detection every
7.5 ms for 0.5 ms
(See over-temperature
detection flow for details)

Hard-short detection every
0.125 ms for 0.125 ms
(See hard-short flow
for details)

Figure 30. Functional Flow Diagram
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|:| - Common to all the detection schemes

|:| - Common to OC and HS mode only

Vy=H
ON = L (Default)

If at any time ON: H — L, then

switch returns to this state

Switch = Closed

Wait for 63.5mS

Switch = Closed

®

Y
A Yes oN:L—H
No
Moderate OC detect
ON=0.5ms
Reset
Y

trmeour ss

Current limit = 600 mA
Start tryeour sooma = 8 MS

Yes

VNO

tT\MEOU'LGOCV"A
=8ms

No

Yes
A 4

Set current limit back
to default *

A

i

* Default: As determined by CL [
OC — Over current

Reset

treour ss

HS — Hard short

v Yes

Start tryeour ss

%

Switch = Open

OC signal = L
A 4
AutoRestart = Wait for
70 ms
Yes
No

ON=L
Switch = Open
OC signal = H

¢No

Reset

trmeour ss

Current is limited.
Thermal circuit
is enabled.

A 4

Blanking = Wait for
10 ms

Y

No

A

ON=H
Switch = Open
OC signal = L

OC limit =
H

Figure 31. Moderate Overcurrent Detection Flow Diagram
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|:| - Common to all the detection schemes
|:| - Common to OC and HS mode only
Reset
Vy=H « If at any time ON: H — L, then
ON =L (Default) switch returns to this state
No
_Yes
Switch = Closed
e
Edge
y No
‘ OTDON=0.5ms
|
Switch = Closed < No Temp >
Wait for 7.5 ms 140°C
Yes
ON=H
Switch = Open
OC signal = L
Temp <
130°C
Yes
Yes
OTD - Overtemperature Detect ‘ON =L
OC - Overcurrent Switch = Open
HS — Hard Short OC signal = H
Figure 32. Overtemperature Detection Flow Diagram
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|:| - Common to all the detection schemes

|:| - Common to OC and HS mode only

Reset

If at any time ON: H — L, then
switch returns to this state

Switch = Open
OC signal =L

Switch = Closed

AutoRestart = Wait for
70 mS

Switch = Closed
Wait for 0.125mS @ Yes ON =
y Edge

No

Hard Short detect ON
=0.125mS

\ 4
No ON=L
Feset < HS silgnal g Switch = Open A
bweour s = OC signal =H
Start tTIMEOuT_SS Reset
trmeour_ss

ON=H
Switch = Open
OC signal = L

Current is limited.
Thermal circuit is
enabled.

v

Blankin%= Wait for
10mS

HS_siﬂnal

OC - Overcurrent
HS — Hard Short

Reset

treour ss

Figure 33. Hard Short-Circuit Detection Flow Diagram
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9 Application and Implementation

NOTE

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

9.1.1 On/Off Control

The ON pin controls the state of the switch. Activating ON continuously holds the switch in the on state so long
as there is no fault. A junction temperature in excess of 150°C overrides the ON control to turn off the switch. ON
is active HIGH and has a low threshold making it capable of interfacing with low voltage signals. When the
MOSFET is off, the body diode is disabled so no current can flow through it from the input to the output;
however, the body diode does not prevent reverse current flowing.

9.2 Typical Application

This application demonstrates how the TPS22946 can be used to power a downstream load that includes a

capacitive element (Coap)-

Power
Supply

VIN

CIN

T
1
_TL—CL

[ —on

VOUT +
CLOAD —I—— RLOAD

GND
1

- VDD

oC

Figure 34. Typical Application Schematic

9.2.1 Design Requirements

For this design example, use the following as the input parameters.

Table 4. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Vin 33V
Output capacitance (C_oap) 1pF
Vour rise time (tg) 50 ps
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9.2.2 Detailed Design Procedure

To begin the design process, the designer must know the following:
» V) voltage

» Output capacitance (C,pap)

*  Vgur rise time (tg)

The TPS22946 has a 435-mA current limit during initial turnon of the switch, liyit_inush- This current limit is higher
than the steady-state current limit, I, ,,. The purpose of this feature is to allow the inrush current that is caused by
charging up the capacitor, C,oap- TO calculate the inrush current that is caused by the capacitor during initial
turnon, use the following equation:

dVour

dt

nrush = Cp %

where
e Iinrusn = amount of inrush current caused by C, oap
e C, = capacitance on VOUT
e dt=Vgyrise time
e dVgyr = increase in Vg during the rise time (2)

Using the given example values, the inrush current in this typical application will be 66-mA:
66 mA =1 pF x 3.3V /50 pF (2

The oscilloscope capture in Figure 35 shows the inrush current for the given design example.

9.2.3 Application Curve

Stop [ ; |

@VOUT — e

SouT
T e = — ]

+
(1OoN
& 200V 1.00V 40.0us 2.50G5/s & - |13 Mar 2015
W+v119.400us 1M points 1.00V [113:12:46
Figure 35. Inrush Current With 1-uF Output Capacitor
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10 Power Supply Recommendations

The device is designed to operate from a VIN range of 1.62 to 5.5 V. The VIN power supply should be well
regulated and placed as close to the VIN terminal as possible. The power supply must be able to withstand all
transient load current steps. In most situations, using the minimum recommended input capacitance of 1 uF is
sufficient to prevent the supply voltage from dipping when the switch is turned on. In cases where the power
supply is slow to respond to a large transient current or large load current step, additional bulk capacitance may
be required on the input.

11 Layout

11.1 Layout Guidelines

» The C,y capacitor should be placed as close as possible to the V,y pin.

* The V|y and Vgyr traces should be the appropriate width to carry the load current.

» The CL pin may be connected directly the GND or VIN (depending on the desired current limit). The CL pin

may also be left floating.
VDD
To ucC E

11.2 Layout Example

To ucC

ONONO
) @ (&)

Q Via to GND Plane

Figure 36. Layout Example
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12 Device and Documentation Support

12.1 Trademarks
All trademarks are the property of their respective owners.

12.2 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y'\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.3 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS22946YZPR ACTIVE DSBGA YZP 6 3000 Green (RoHS SNAGCU Level-1-260C-UNLIM ~ -40to 85 (5H ~ 5H2)
& no Sh/Br)



http://www.ti.com/product/TPS22946?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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i PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 19-Feb-2015
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS22946YZPR DSBGA | YZP 6 3000 178.0 9.2 102 | 152 | 0.63 | 4.0 8.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 19-Feb-2015
TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS22946YZPR DSBGA YZP 6 3000 220.0 220.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

YZP (R—XBGA—NB) DIE-SIZE BALL GRID ARRAY

.
«— E
(8] —»| 0,25

|
I
[ JEHE A
| [0
l ‘ 0,50
7 ~
: A (4
® l
\ 1 2
Ball A1 Index A
a ndex Area Bottom View o o 025
0,21
(]2 0,015 @[CA[B]
-0,05 C
0,50 Max ¥ o]0 ]c]
—*—U U_"_ 5 Seating Plane
s ] |
0,15 D: Max = 1.418 mm, Min =1.358 mm

E: Max = 0.918 mm, Min =0.858 mm

4204741-4/M 1113

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
B. This drawing is subject to change without notice.
C. NanoFree™ package configuration.

NanoFree is a trademark of Texas Instruments.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated
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