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MICROCHIP

MIC2090/1

Current-Limiting Power Distribution Switches

Features

.

1.8V to 5.5V Supply Voltage
790 mQ Typlcal RDS(ON) at 3.3V

MIC2090 is Rated for 50 mA Minimum
Continuous Current

MIC2091 is Rated for 100 mA Minimum
Continuous Current

Reverse Current Blocking (OGI)

20 ns Super Fast Reaction Time to Hard Short at
Output

10 ms Fault Flag Delay (tp_rauLT/) Eliminates
False Assertions

Auto-Retry Overcurrent and Short-Circuit
Protection (-1 Version)

Latch-Off on Current-Limit (-2 Version)
Thermal Shutdown

Fault Status Flag Indicates: Overcurrent,
Overtemperature, or UVLO

Undervoltage Lockout (UVLO)
Low Quiescent Current

Applications

USB Peripherals
Camcorder

DSC

MP3/iPod

SD Protection

USB Low-Power Hub

General Description

The MIC2090 and MIC2091 are high-side MOSFET
power switches optimized for general purpose 50 mA
or 100 mA low power distribution in circuits that require
overcurrent limiting and circuit protection. Typical
applications for these parts include switching power in
USB ports, portable consumer items, camera and
camcorder motor protection, thermal printer head
protection, and many other low current-load switching
applications.

The MIC2090 and MIC2091 come in two versions:
auto-retry current-limit and output latch off on an
overcurrent fault. The MIC2090 and MIC2091 are
offered in a space saving 5-pin SOT-23 package with
an operating junction temperature range of —40°C to
+125°C.

Package Type

MIC2090/1
5-Lead SOT-23 (M5)

VINA[|®  [[5]VOUT
GND[2]]
EN [3[]

T4]FAULT/
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MIC2090/1

Typical Application Circuit

MIC2090/1
5V BUS 1
];“’UF UsB
3 PORT
USB CONTROLLER 10kQ 3
MIC2091 e
OVER
Vin CURRENT/[ <g—— FAULT/ Vin +—p-
ON/OFF EN Vour Veus
—> T
GND
10uF
GND
Functional Block Diagram
UNDER VIN
VOLTAGE —. N
DETECTOR CURRENT POWER FET
] MIRROR FET
EN CONTROL LOGIC GATE CONTROL
#—1 AND DELAY TIMER
—
FAULT/ ﬂ |
_|
}— Current Sense
GND Comparator
THERMAL
vref | sENsOR
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MIC2090/1

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings 1

SUPPIY VOIRAGE (V[N +nveemrermtieitieetteste ettt sttt ettt st et ettt ea et e e bt e et ettt et eene e eereenneenene s —0.3V to +6.0V
OULPUL VOIAGE (VQUT) -+ervvervreerrremmrremteeateeateestttesite sttt esite et e st e e bt e nae e e bt e sae e e bt e sseeeab e e sb e e eaneeene e eereenneenene s —-0.3V to +6.0V
FAULT/ PiN VORAGE (VEAULT/):++-eeeereeeereerseememteeeeaneenseaseeseesseensesseessesseenseasseaseasseaseansesseanessseensesseensessenns —0.3V to +6.0V
FAULT/ PiN CUITENE (IEAULT/) -+-vv+vveereersreemeemmetateesteesettesteeeseessee st eseesaseeaseesaee e abeesseeebeesseeeaseenae e et e e saeeanbeesnnenaneene 25 mA
EN PiN VOIBGE (VEN) -+t veerrrerteeiieeitte sttt ettt sttt ettt sb e st rb e sttt e st e e eneeseneeneenanean -0.3Vto (V|y + 0.3V)
Power DIiSSIPAtION (PD) «..veeoueiirieiie ettt e Internally Limited
ESD RatiNg (HBM) (NOTE 1) ..ieieiiiie ettt et e e e e ettt e et e et e e s et e e et e e e me e e e neeeeanteeeemneeesaneeeeanseeeanneeennnes 3kV
LS I =g To T Y 1 (2L = ) S 200V

Operating Ratings

SUPPIY VOIAGE (V[N «nveemrermrieitieeit ettt sttt ettt et nb ettt sae e bt e s st eab e b e eab e e nbe e eabeenneenane s +1.8V to +5.5V
(O N o101 o] ¢=Yo [ (VA YU o ) IO +1.8V to +5.5V
EIN PN VOIBGE (VEN) -+t vveeereermtterteeitt ettt ettt st a et a e ea bt eb et et e nh e e s bt e bt sh et e bt e ehe e e bt e nneenan e e nneeenneenees 0V to V|y
L | I T T o = T R 0V to +5.5V
FAULT/ PIN CUITENL ...ttt bttt b e et b e eh et e bt e st e bt e s h bt et e e nae e e bt e eae e e bt e nbnesaneeneeas 1mA

T Notice: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at those or any other conditions above those indicated
in the operational sections of this specification is not intended. Exposure to maximum rating conditions for extended
periods may affect device reliability.

1 Notice: The device is not guaranteed to function outside its operating ratings.

Note 1: Devices are ESD sensitive. Handling precautions recommended. Human body model, 1.5 kQ in series with
100 pF.

ELECTRICAL CHARACTERISTICS

Electrical Characteristics: V|\ = 5V; Tp = +25°C, bold values indicate 40°C < Tp < +85°C, unless noted. Note 1

Parameter | Symbol | Min. | Typ. | Max. | Units ’ Conditions
Power Input Supply
Input Voltage Range VN 1.8 — 5.5 V —
Shutdown Current — 5 10 Ven S_O'SV (switch off),
| uA Vour = open
VIN -
>
Supply Current — 70 110 Ven __1 SV (switch on),
Vour = open
Undervoltage Lockout .
Threshold VuvLo — — 1.75 V V| rising
Undervoltage Lockout
Threshold Hysteresis Voo nvs | — 100 - mv.—
Enable Input
Enable Logic Level High v 1.5 — — Vv ViHminy: Note 2
Enable Logic Level Low EN — — 0.5 ViL(max). Note 2
Enable Current Bias lEN — 0.1 — pA Ven =5V
R =500Q, C_=0.1 yF See Timing
Output Turn-On Delay ton — 215 — us Diagrams.
Output Turn-On Rise Time tr — 5 — us R =500Q, C, = 0.1 uF See Timing
Diagrams.
. . R =500Q, C| =0.1 yF See Timing
Output Turn-Off Delay toFr 125 ps Diagrams.

© 2021 Microchip Technology Inc. and its subsidiaries DS20006611A-page 3



MIC2090/1

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Characteristics: V| = 5V; Tp = +25°C, bold values indicate —40°C < T, < +85°C, unless noted. Note 1

Parameter Symbol | Min. Typ. Max. Units | Conditions
Output Turn-Off Fall Time te — | 15 | — ps  |RL=5000,C, =0.1pF See Timing
Diagrams.
Internal Switch
— 700 1200 MIC2090 V| = 5.0V, loyt = 50 mA
— 790 1200 MIC2090 V |y = 3.3V, IgyT = 50 mA
) — 1300 — MIC2090 V|N = 18V, lOUT =50 mA
On-Resistance Rps(on) mQ
— 700 1200 MIC2091 V|N =5.0V, IOUT =100 mA
— 790 1200 MIC2091 Vy = 3.3V, gyt = 100 mA
—_— 1300 —_— MIC2091 V|N = 18V, IOUT =100 mA
Input-to-Output Leakage MIC2090 and MIC2091, Vgy <
Current (Forward Leakage — — — 10 MA 0.5V, (output off), V| = 5.5V,
Current) Vour = 0V
Output-to-Input Leakage MIC2090 and MIC2091, Vgy <
Current (Reverse Leakage — — — 10 MA 0.5V, (output off), Voyt = 5.5V,
Current) VN =0V
Current-Limit
50 75 100 MIC2090 @ Voyt = 4.5V
. 50 100 150 MIC2090 @ VoyT = 0V
Current-Limit Threshold lumir mA
100 150 200 MIC2091 @ Vout = 4.5V
100 175 250 MIC2091 @ Voyt = 0V
Short-circuit applied to output after
Short-Circuit Response Time | tsc resp — 20 — ns switch is turned on, see Timing
Diagrams. V,y = 3.3V.
Time After Switch Shuts Down
from an Overcurrent tauto
Condition Before It Tries to RESTART 30 60 90 ms =
Turn on Again.
FAULT/ Flag
Error Flag Output Voltage — — — 0.4 \% Sinking 1 mA
When an overcurrent condition
happens, the part will go into
constant output current for this
Time After Switch Comes into time. After this time, it will turn off
Current-Limit before the Pin | tp payLTy 5 10 20 ms the output and pull low the pin
FAULT/ is Pulled Low. FAULT/. The MIC2090-1 and
MIC2091-1 will automatically restart
themselves after the auto restart
time tAuTORESTART:
FAULT/ is connected to V|y = 5V
FAULT/ Rising Time trR FAULT/ | — 5 — ps through 10 kQ and 100 pF in
- parallel. See Timing Diagrams.
FAULT/ Falling Time tr FaLLTY | — 1 — ys —
Reverse Voltage Protection (OGl)
If the output voltage is greater than
Output Voltage Greater than oGl . 85 . mv the input voltage by this amount,
Input Voltage the part will shut down. The enable
pin must be cycled to reset.

DS20006611A-page 4
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MIC2090/1

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Characteristics: V| = 5V; Tp = +25°C, bold values indicate —40°C < T, < +85°C, unless noted. Note 1

Parameter Symbol | Min. Typ. Max. Units | Conditions

Time that the output voltage can be
— OGl1ve — 10 — ms greater than the input voltage
before the chip is shut down.

Thermal Protection

TOVER- — 150 — oG T, rising

Overtemperature Shutdown

TEMP — 140 — T, falling

Note 1: Specification for packaged product only.

2: Vi max) = Maximum positive voltage applied to the input that will be accepted by the device as a logic low.
ViHminy = Minimum positive voltage applied to the input that will be accepted by the device as a logic high.

Timing Diagrams

FIGURE 1-1: Output Rise and Fall Times (tg, tg).
V., : 50% 50% i
| |
| |
3 ! 3 N
:‘ fon i :‘ torr "l
¥90% i
VOUT i
|
FIGURE 1-2: Switch Delay Time (ton, tofr)-

© 2021 Microchip Technology Inc. and its subsidiaries DS20006611A-page 5




MIC2090/1

TEMPERATURE SPECIFICATIONS (Note 1)

Parameters ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Storage Temperature Range T, -65 — +150 °C |—
Junction Operating Temperature Range T, —40 — +125 °C —
Ambient Operating Temperature Range Ta —40 — +85 °C |—
Lead Temperature — — — +260 °C Soldering, 5s
Package Thermal Resistances
Thermal Resistance SOT-23 | 0 | — | 2527 — | ow |—

Note 1: The maximum allowable power dissipation is a function of ambient temperature, the maximum allowable
junction temperature and the thermal resistance from junction to air (i.e., Ta, T, 04). Exceeding the
maximum allowable power dissipation will cause the device operating junction temperature to exceed the
maximum +125°C rating. Sustained junction temperatures above +125°C can impact the device reliability.

DS20006611A-page 6 © 2021 Microchip Technology Inc. and its subsidiaries



MIC2090/1

2.0 TYPICAL PERFORMANCE CURVES
Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.
10 110.0 | | |
- —_— ~l lumt @ Vour = OV
:t% 8 3100.0 < —
| - N
-4 = ~
r i = 90.0 -k ——
8 4 /// E lumt @ Vour = 0.9V * Voyr
E —_T | & N
s, 3 800 —~
(7]
0 70.0
15 20 25 30 35 40 45 50 55 15 20 25 3.0 35 40 45 50 55
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
FIGURE 2-1: V|n Shutdown Current vs. FIGURE 2-4: MIC2090 Current-Limit vs.
Input Voltage. Input Voltage.
8.0
80
< 7.8
27 ,/
z 7 e
& // >
= e —_—
2 7 E 74 S~
0 L~ =)
N Cono = 104F
8 7.2
40 7.0
15 20 25 30 35 40 45 50 55 15 20 25 30 35 40 45 50 55
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
FIGURE 2-2: Vn Supply Current vs. Input FIGURE 2-5: MIC2090 FAULT/ Delay vs.
Voltage. Input Voltage.
1.3
61.0
212 r // 60.5
9 Vin Risingk /— Y )
g ¥ % 60.0
i3 -l I £ N———T~
X0 - Ve Falling E 595 \\
E 0.9 Vd i uDJ 59.0 \
m *
<
E 0.8 58.5
58.0
0.7 15 20 25 30 35 40 45 50 55
156 20 25 30 35 40 45 50 55 INPUT VOLTAGE (V)
INPUT VOLTAGE (V)
FIGURE 2-3: Enable Thresholds vs. Input FIGURE 2-6: MIC2090 Auto-Reset Time
Voltage. vs. Input Voltage.
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MIC2090/1
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FIGURE 2-7: MIC2091 Current-Limit vs.

Input Voltage.
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FIGURE 2-8: Switch On-Resistance vs.
Input Voltage.
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FIGURE 2-9: Output Turn-On Delay vs.

Input Voltage.
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FIGURE 2-10: Output Rise Time vs. Input
Voltage.
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FIGURE 2-11: Output Turn-Off Delay vs.
Input Voltage.
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FIGURE 2-12: Output Fall Time vs. Input

Voltage.
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MIC2090/1
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FIGURE 2-16:
Temperature.

Vn Supply Current vs.
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FIGURE 2-17:
Temperature.

Enable Threshold vs.
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FIGURE 2-13: OGI Threshold vs. Input
Voltage.
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FIGURE 2-14: OGl Delay vs. Input Voltage.
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FIGURE 2-15: V|n Shutdown Current vs.
Temperature.

-15 10 35 60 85

TEMPERATURE (°C)

FIGURE 2-18:
Temperature.

MIC2090 Current-Limit vs
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MIC2090/1

110
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FIGURE 2-19: MIC2090 Current-Limit vs.
Temperature.
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40 -15 10 35 60 85
TEMPERATURE (°C)
FIGURE 2-20: MIC2090 FAULT/ Delay vs.
Temperature.
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FIGURE 2-21: MIC2090 Auto-Reset Time

vs. Temperature.
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FIGURE 2-22: MIC2091 Current-Limit vs.
Temperature.
190
~ 180 i I A -
E lumt @ Vour = 0V T~ -
[ M
s 170 ~
4
-
[
g lumt @ Vour = 4.5V I
O 150
Viy = 5.0V
140 | |
40 -15 10 35 60 85
TEMPERATURE (°C)
FIGURE 2-23: MIC2091 Current-Limit vs.
Temperature.
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FIGURE 2-24: Rps(on) vs. Temperature.
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MIC2090/1
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FIGURE 2-25: Output Turn-On Delay vs.
Temperature.
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FIGURE 2-26: Output Rise Time vs.
Temperature.
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FIGURE 2-27: Output Turn-Off Delay vs.
Temperature.
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FIGURE 2-28: Output Fall Time vs.
Temperature.
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FIGURE 2-29: OGI Threshold vs.
Temperature.
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FIGURE 2-30: OGl Delay vs. Temperature.
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MIC2090/1
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FIGURE 2-31: V\y UVLO Thresholds vs.
Temperature.
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Vour A y N : : C_=10pF ]
1V/div : : : : lour = 50MA
VFAULT/
1V/div
b wa
50mA/div
Time (400ps/div)
FIGURE 2-32: Vy Turn-On.
v Ve =V, =5V
C, =10uF
lour = 50MA
V‘IN o
2V/div 4
VOuT m
2V/div
274
IIN 2 "m-‘
50mA/div
Time (4ms/div)
FIGURE 2-33: Vin Turn-Off.

VOUT
1V/div
VIN
0.2V/div s '
Time (100ms/div)
FIGURE 2-34: UVLO Thresholds.
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2V/div "
V
svidiv®]
V V, =55V
FAULT/ )] ! R, = 1100
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50mA/div _'[ ) ) '
Time (40ms/div)
FIGURE 2-35: Enable Turn-On/Turn-Off.
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FIGURE 2-36: Enable Turn-On Delay and
Rise Time.
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MIC2090/1
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FIGURE 2-37: Enable Turn-Off Delay and
Fall Time.
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FIGURE 2-38: Current-Limit Response,
Enabled into Short.
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FIGURE 2-39: Power-Up into Short-Circuit

(-1 Version).
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FIGURE 2-40: Current-Limit Response,
Stepped Short.
1]
V, =55V 4
VOUT ﬁ\. = . . gy ORI
2v/div “f T
_P“'."'"""""‘"ﬂ : : P — : :
VFAUR// E\J \-—-————-—J Lm
IIN
50mA/div
Time (20ms/div)
FIGURE 2-41: Current-Limit Response,

Stepped Overcurrent.

o e - : : e - .V‘N ey
COUT_= 10pF
Verorr IOUT = 50mA

5V/div ™

V,

5v/div 1

Ve o

5v/div B

[
]

IOUT

50mA/div

FIGURE 2-42: Output Recovery from
Short-Circuit and FAULT/ Response (-1 Version).

Time (10ms/div)
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<4

VIN
5V/div [T
VOUT B
5V/div

FAULT/ V‘N =5.5V

5V/div & - lour = 50MA |

| ‘
50mA/div B\-wmj

Time (200ms/div)

FIGURE 2-43: Output Recovery from
Thermal Shutdown and FAULT/ Response.

V,

1vrdiv Pl V,, = 5.5V

- TURN-OFF WHEN V. <1.8V -

Time (2ms/div)

13}

IIN
50mA/div

FIGURE 2-44: loyt Current Limiting for
Vour < 1.8V (-1 Version).

W . "
V,, = 5.5V

v
1v/div Y

Time (2ms/div)

IIN =z
50mA/div -

v T K
2vidiv ™ S
€, =100y,
v C = 10uF
OUT (7 fuammmannnd? - o.5.5.5tbb0 bnns . CURRENT LIMIT TIME EXCEEDS,
2V/div : : 1, eaur AND OUTPUT TURNS OFF
. VTV .WHENCL:wOuF
VFAUI:T/ (4 RT= 110Q
5Vidiv ™| C_-=10uF, 474F, 100uF
A i | o "
|
50mA/di"\; (3 s e .
Time (2ms/div)
FIGURE 2-46: Inrush Current Response.
: :
v Vv, =4V 4
2vidiv "] Vo =5V
lour = 100mA
I )
VOl_JT
2V/div 2
Y/
5Vidiv P m— |
loyr 2 : :
100mA/div Time (10ms/div)
FIGURE 2-47: Vourt < Vin, Enable into

Pre-Biased Output.

v

S OW—“J L—ov—-—w-:
2V/div (1§

VOUT
5V/div v
SVId e -

| P

ouT
500mA/div ”1
‘ V, =33V
VOUT = SV
IOUT = OmA

FIGURE 2-45: loyT Current Limiting for
Vour > 1.8V (-1 Version).

| Time (10ms/div)

FIGURE 2-48: Vour > Vin, Enable into
Pre-Biased Output.
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V_IN : p
5V/div i
Ve "
iv
V; 2
B T
IOUT
500mA/div V. =33V
N TV
VOUT = 5V
lour = OMA
Time (10ms/div)

FIGURE 2-49: VOUT > V/N’ V/N Turn-On
into Pre-Biased Output.

A o
\/_IN D . .
5V/div
v : " §
2V/div " '
VFAULT/
5V/div B
IO‘.JT 3
500mA/div V\N =33
VOUT = 5V
lour = OMA

Time (10ms/div)

FIGURE 2-50: Increase Vo1 Above V)
While Running.

=

-Eolee EN 1
to reL L
(1Vrdiv) ] o .

Vout 7
(1V/diV) 2 Enable into ‘ La_tx:h-oﬁ i
increasing Iouﬂ -
lout : ] : ]
(50mA/div)2 1
VFAULT/ W : ‘
(2V/div) - .
Time (200ms/div)
FIGURE 2-51: Overcurrent Latch-Off and

Recovery (-2 Version).
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE

Pin Number | Pin Name Description
1 VIN Supply (Input): +1.8V to +5.5V. Provides power to the output switch and the
MIC2090/MIC2091 internal control circuitry.
2 GND Ground.
3 EN Enable (Input): Active-high TTL compatible control input. A high signal turns on the

internal switch and supplies power to the load. This pin cannot be left floating.

4 FAULT/ |Fault Status (Output): Open-drain output. Can be connected to other open-drain
outputs. Must be pulled high with an external resistor.

When EN = 0, FAULT/ pin is high

When EN = 1, a low on the FAULT/ pin indicates one or more of the following
conditions:

1. The part is in current limit and is turned off.

2. The part is in thermal limit and is turned off.

3. The partis in UVLO

5 VOUT | Switched Output (Output): The voltage on this pin is controlled by the internal switch.
Connect the load driven by the MIC2090/MIC2091 to this pin.
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40 FUNCTIONAL DESCRIPTION

4.1 VlN and VOUT

V) is both the power supply connection for the internal
circuitry driving the switch and the input (source
connection) of the power MOSFET switch. Vg is the
drain connection of the power MOSFET and supplies
power to the load. In a typical circuit, current flows from
V|n to VouT toward the load.

When the switch is disabled, current will not flow to the
load, except for a small unavoidable leakage current of
a few microamps (forward leakage current).

42 Cp

A minimum 1 pF bypass capacitor positioned close to
the V|y and GND pins of the switch is both good design
practice and required for proper operation of the switch.
This will control supply transients and ringing. Without
a sufficient bypass capacitor, large current surges or a
short may cause sufficient ringing on V| (from supply
lead inductance) to cause erratic operation of the
switch’s control circuitry. For best performance, place a
ceramic capacitor next to the IC.

An additional 10 yF (or greater) capacitor, positioned
close to the V;y and GND pins of the switch is
necessary if the distance between a larger bulk
capacitor and the switch is greater than three inches.
This additional capacitor limits input voltage transients
at the switch caused by fast changing input currents
that occur during a fault condition, such as current limit
and thermal shutdown.

When bypassing with capacitors of 10 yF or more, it is
good practice to place a smaller value capacitor in
parallel with the larger to handle the high-frequency
components of any line transients. Values in the range
of 0.1 yF to 1 yF are recommended. Again, good
quality, low-ESR capacitors, preferably ceramic, should
be chosen.

43  Cour

An output capacitor is required to reduce ringing and
voltage sag on the output during a transient condition.
A value between 1 yF and 10 uF is recommended.

A 10 yF or larger capacitor should be used if the
distance between the MIC2090/MIC2091 and the load
is greater than three inches. The internal switch in the
MIC2090/MIC2091 turns off in (typically) 20 ns. This
extremely fast turn-off can cause an inductive spike in
the output voltage when the internal switch turns off
during an overcurrent condition. The larger value
capacitor prevents the output from glitching too low.

4.4 Limitations on Coyt

The part may enter current limit when turning on with a
large output capacitance, which is an acceptable
condition. However, if the part remains in current limit
for a time greater than tp gayLT, the FAULT/ pin will
assert low. The maximum value of Cqur may be
approximated by Equation 4-1.

EQUATION 4-1:

_ ovarrouiny X 'p FAULTOMIND

Courmax) Vivonan,

Where:

lLimiTviny = The minimum specified value in the Electrical
Characteristics table.

to_FauLT(viny = The minimum specified value in the
Electrical Characteristics table.

ViN(MAx) = The maximum input voltage to the switch.

4.5 Current Sensing and Limiting

The MIC2090/MIC2091 protects the system power
supply and load from damage by continuously
monitoring current through the on-chip power
MOSFET. Load current is monitored by means of a
current mirror in parallel with the power MOSFET
switch. Current limiting is invoked when the load
exceeds the overcurrent threshold. When current
limiting is activated in the -1 version, the output current
is constrained to the limit value, and remains at this
level until either the load/fault is removed, the load’s
current requirement drops below the limiting value, or
the switch goes into thermal shutdown. If the
overcurrent fault is large enough to drop Vgoyt below
(typically) 1.8V, the internal MOSFET turns off very
quickly (typically 20 ns). This prevents excessive
current from flowing through the device and damaging
the internal MOSFET.

The latch-off feature of the -2 version latches the output
off when the output current exceeds the overcurrent
threshold. V|y or the enable pin must be toggled to
reset the latch.

4.6 Enable Input

The EN pin is a TTL logic level compatible input that
turns the internal MOSFET switch on and off. The
FAULT/ pin remains high when the EN pin is pulled low
and the output is turned off. Toggling the enable pin
resets the output after an OGI (output greater than
input) condition occurs. In the -2 version, toggling the
enable pin resets the output after an overcurrent event.

© 2021 Microchip Technology Inc. and its subsidiaries
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4.7 Fault/Output

The FAULT/ is an N-channel open-drain output that is
asserted LOW when the MIC2090/MIC2091 switch
either begins current-limiting or enters thermal
shutdown.

During an overcurrent or short-circuit event, the
FAULT/ signal asserts after a brief delay period,
tp FauLT,, in order to filter out false or transient
overcurrent conditions.

The FAULT/ output is open-drain and must be pulled
high with an external resistor. The FAULT/ signal may
be wire-OR’'d with other similar outputs, sharing a
single pull-up resistor.

4.8 Power Dissipation and Thermal
Shutdown

Thermal shutdown is wused to protect the
MIC2090/MIC2091 switch from damage should the die
temperature exceed a safe operating temperature.
Thermal shutdown shuts off the output MOSFET and
asserts the FAULT/ output if the die temperature
reaches the overtemperature threshold, ToyerTEMP-

The switch will automatically resume operation when
the die temperature cools down to 140°C. If resumed
operation results in reheating of the die, another
shutdown cycle will occur and the switch will continue
cycling between ON and OFF states until the reason for
the overcurrent condition has been resolved.

Depending upon the PCB layout, package type,
ambient temperature, etc., hundreds of milliseconds
may elapse from the time a fault occurs to the time the
output MOSFET will be shut off. This delay is caused
because of the time it takes for the die to heat after the
fault condition occurs.

Power dissipation depends on several factors such as
the load, PCB layout, ambient temperature, and supply
voltage. Calculation of power dissipation can be
accomplished by Equation 4-2.

EQUATION 4-2:

2
Pp = Rpscony * lour

To relate this to junction temperature, Equation 4-3 can
be used.

EQUATION 4-3:

T)=PpxRy it Ty
Where:

T, = Junction temperature.
T = Ambient temperature.
Rewa) = Thermal resistance of the package.

In normal operation, excessive switch heating is most
often caused by an output short-circuit. If the output is
shorted, when the switch is enabled, the
MIC2090/MIC2091 switch limits the output current to
the maximum value. The heat generated by the power
dissipation of the switch continuously limiting the
current may exceed the package and PCB’s ability to
cool the device and the MIC2090/MIC2091 will shut
down and signal a fault condition. Please see the “Fault
Output” description for more details on the FAULT/
output.

After the MIC2090/MIC2091 shuts down, and cools, it
will re-start itself if the enable signal remains true.

In Figure 4-1, die temperature is plotted against gyt
assuming a constant ambient temperature of +85°C
and a worst case internal switch on-resistance (Roy).
This plot is valid for both the MIC2090 and MIC2091.

9%
[S]
< 89
E 88
2
2 e "
E 86
= L
o 8
-
w84
(a]
83 Lo b b b b b b L
0.01 002 0.03 0.04 005 006 007 008 009 0.1
lour (A)
FIGURE 4-1: Die Temperature vs. loyT

4.9 IL|M|T VS. IOUT Measured ('1
Version Only)

When the MIC2090/MIC2091 is current-limiting, it is
designed to act as a constant current source to the
load. As the load tries to pull more than the maximum
current, Voyt drops and the input to output voltage
differential increases. When Vg1 drops below 1.8V,
the output switch momentarily turns off to ensure the
internal MOSFET switch is not damaged by a very fast
short-circuit event.

When measuring loyt in an overcurrent condition, it is
important to remember voltage dependence, otherwise
the measurement data may appear to indicate a
problem when one does not really exist. This voltage
dependence is illustrated in Figure 4-2 and Figure 4-3.

In Figure 4-2, output current is measured as Vgyr is
pulled below V, with the test terminating when Vgt
is 2.5V below V|y. Observe that once I 1 is reached,
loyT remains constant throughout the remainder of the
test.

Figure 4-3 repeats this test, but simulates operation
deeper into an overcurrent condition. When Vgyr
drops below 1.8V, the switch turns off for a few
microseconds before turning back on.

DS20006611A-page 18
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v
1V/div B

50mA/div
Time (2ms/div)
FIGURE 4-2: loyt in Current-Limiting for
bQ)UT'> 1.8V.

OUTPUT : I

:TURNSOFF >
o R W

VOUT 3
1V/div B
ly : . i \
50mA/div E ' '
Time (2ms/div)
FIGURE 4-3: loyT in Current-Limiting for
VOUT <1.8V.

410 Undervoltage Lockout (UVLO)

The  MIC2090/MIC2091 switches have an
Undervoltage Lockout (UVLO) feature that will shut
down the switch in a reproducible way when the input
power supply voltage goes too low. The UVLO circuit
disables the output until the supply voltage exceeds the
UVLO threshold. Hysteresis in the UVLO circuit
prevents noise and finite circuit impedance from
causing chatter during turn-on and turn-off. While
disable by the UVLO circuit, the output switch (power
MOSFET) is OFF and no circuit functions, such as
FAULT/ or EN, are considered to be valid or operative.

4.11 Output Greater than Input (OGI)

The internal MOSFET switch turns off when it senses
an output voltage that is greater than the input voltage.
This feature prevents continuous current from flowing
from the output to the input.

If the output voltage rises above V|y by the OGI
threshold voltage (typically 85 mV), the internal
MOSFET switch turns off after a period of time,

specified in the Electrical Characteristics table as
OGIme- The FAULT/ pin remains high during and after
an OGI event.

Figure 4-4 shows the output voltage, input current, and
FAULT/ pin voltage when the output voltage is raised
above the input. Reverse current flows through the
internal MOSFET switch for the OGlg period, until
the internal MOSFET switch is turned off and the input
current goes to OA.

VOUT 3 : W

2v/div ®

I il
100mA/div B

VFAULY/

2V/idiv

Time (4ms/div)
OGlI Event.

FIGURE 4-4:
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5.0 PACKAGING INFORMATION

5.1 Package Marking Information

5-Lead SOT-23* Example
(Front)
XXX L1K
5-Lead SOT-23* Example
(Back)
NNN 240
Part Number Marking
MIC2090-1YM5-TR L1K
MIC2090-2YM5-TR L2K
MIC2091-1YM5-TR M1K
MIC2091-2YM5-TR M2K

mark).

Legend: XX..X Product code or customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
@ Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator ()
can be found on the outer packaging for this package.

e, A, V¥V Pin one index is identified by a dot, delta up, or delta down (triangle

the corporate logo.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information. Package may or may not include

Underbar (_) and/or Overbar (7) symbol may not be to scale.

DS20006611A-page 20
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5-Lead SOT-23 Package Outline and Recommended Land Pattern

TITLE
5 LEAD SOT23 PACKAGE OUTLINE & RECOMMENDED LAND PATTERN
DRAWING # | SOT23-5LD-PL-1 | UNIT | MM
2.90+0.10
r—+0.95 TYP
8 & i g 2¥
o =5
[ 10° TYP H ~—
’:l ’:1]:! (2 PLCS) ’ o owm
i ) K % 2N
! 2 R { 5
(E—-————-l————__ - g (.a |
1 o o
| 23 |
- o~ |
T ] ._T_, SEATING PLANE
uiR S ' =
ZA e | 3=
0.250 (MIN 10° TYP Qo
0.500 %MAXS (2 PLCS) 85
TOP VIEW /w\ SIDE VIEW
1.90 BSC—f
fr—70.95 BSC
_—l ; OONSO !
o | 7
95 0.45+0.1 i b
aa J_ > g
&& DETAIL v g H
=} o
1 °3 ‘ H <«
¥ 2 o~ 1 8 et
[ole] A
o 2 | o
o|w© H
10° TYP i o
(2 PICS) s S
Ed =
0.66+0.02
END VIEW
RECOMMENDED [LAND PATTERN
NOTE:
1. PACKAGE OUTLINE EXCLUSIVE OF MOLD FLASH & BURR.
2. PACKAGE OUTLINE INCLUSIVE OF SOLER PLATING.
3. DIMENSION AND TOLERANCE PER ANSI Y14.5M, 1982.
4. FOOT LENGTH MEASUREMENT BASED ON GAUGE PLANE METHOD.
5. DIE FACES UP FOR MOLD, AND FACES DOWN FOR TRIM/FORM.
6. ALL DIMENSIONS ARE IN MILLIMETERS.
Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging.
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APPENDIX A: REVISION HISTORY

Revision A (November 2021)

* Converted Micrel document MIC2090/1 to Micro-
chip data sheet DS20006611A.

* Minor text changes throughout.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, contact your local Microchip representative or sales office.

Device -X X XX -XX
Part No. Current-Limit Junction Package Media Type
Recovery Temp. Range
Device: MIC2090/MIC2091 :Cur_rent-Limiting Power Distribution
Switches
Current-Limit 1 = Auto-Retry
Recovery: 2 = Latch-Off
Junction
Temperature Y = —40°C to +125°C
Range:
Package: M5 = 5-Lead SOT-23
Media Type: TR = 3,000/Reel

Examples:
a) MIC2090-1YM5-TR: MIC2090, Auto-Retry Current-

Limit Recovery, —40°C to
+125°C Temp. Range,
5-Lead SOT-23, 3,000/Reel

b) MIC2090-2YM5-TR: MIC2090, Latch-Off Current-

Limit Recovery, —40°C to
+125°C Temp. Range,
5-Lead SOT-23, 3,000/Reel

c) MIC2091-1YM5-TR: MIC2091, Auto-Retry Current-

Limit Recovery, —40°C to
+125°C Temp. Range,
5-Lead SOT-23, 3,000/Reel

d) MIC2091-2YM5-TR: MIC2091, Latch-Off Current-

Note 1:

Limit Recovery, —40°C to
+125°C Temp. Range,
5-Lead SOT-23, 3,000/Reel

Tape and Reel identifier only appears in the
catalog part number description. This identifier is
used for ordering purposes and is not printed on
the device package. Check with your Microchip
Sales Office for package availability with the
Tape and Reel option.
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Note the following details of the code protection feature on Microchip products:

. Microchip products meet the specifications contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is secure when used in the intended manner, within operating specifications, and

under normal conditions.

. Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code protection features of
Microchip product is strictly prohibited and may violate the Digital Millennium Copyright Act.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not
mean that we are guaranteeing the product is “unbreakable”. Code protection is constantly evolving. Microchip is committed to
continuously improving the code protection features of our products.

This publication and the information herein may be used only
with Microchip products, including to design, test, and integrate
Microchip products with your application. Use of this informa-
tion in any other manner violates these terms. Information
regarding device applications is provided only for your conve-
nience and may be superseded by updates. It is your responsi-
bility to ensure that your application meets with your
specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at https:/
www.microchip.com/en-us/support/design-help/client-support-
services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS".
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FORA
PARTICULAR PURPOSE, OR WARRANTIES RELATED TO
ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
RECT, SPECIAL, PUNITIVE, INCIDENTAL, OR CONSE-
QUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY
KIND WHATSOEVER RELATED TO THE INFORMATION OR
ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES
ARE FORESEEABLE. TO THE FULLEST EXTENT
ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON
ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION
ORITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applica-
tions is entirely at the buyer's risk, and the buyer agrees to
defend, indemnify and hold harmless Microchip from any and
all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under
any Microchip intellectual property rights unless otherwise
stated.

For information regarding Microchip’s Quality Management Systems,
please visit www.microchip.com/quality.
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