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6 Pin Configuration

and Functions

TLV1805 DBV Package

6-Pin SOT-23
Top View
O
1 6 | V+
2 5 | SHDN
3 4 | +IN

Note the reversed positions of the input pins. This differs from a similar popular pinout.

Pin Functions

e PIN e TYPE DESCRIPTION
IN+ 4 | Noninverting input

IN— 3 | Inverting input

ouT 1 O Output

SHDN 5 | Shutdown (active high)

V+ 6 P Positive (highest) power supply

V— 2 P Negative (lowest) power supply

Copyright © 2018, Texas Instruments Incorporated
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7 Specifications

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

MIN MAX UNIT
Supply voltage: Vs = (V+) — (V-) -0.3 42 \Y
Input pins (IN+, IN-)@ (V-)-0.3 (V+) +0.3 \Y
Shutdown pin (SHDN)®) (V-)-0.3 (V-) +5.5 \Y
Current into Input pins (IN+, IN—, SHDN)® +10 mA
Output (OUT) (V-)-0.3 (V+) +0.3 Y,
Operating temperature -55 150 °C
Junction temperature, T, 150 °C
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
Input terminals are diode-clamped to the power-supply rails. Input signals that can swing more than 0.3 V beyond the supply rails must
be current-limited to 10 mA or less.
Shutdown pin is diode-clamped to (V). Input to SHDN that can swing more than 0.3 V below (V-) must be current-limited to 10 mA or

@)
(©)

7.2 ESD Ratings

less.

VALUE UNIT
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001® +1500 v
(ESD) | discharge Charged-device model (CDM), per JEDEC specification JESD22-C101®? +750
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standaed ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Supply voltage: Vg = (V+) — (V-) 3.3 40 \%
Ambient temperature, Tp -40 125 °C
7.4 Thermal Information
TLV1805
THERMAL METRIC® DBV (SOT23) UNIT
6 PINS
Roia Junction-to-ambient thermal resistance 166.9 °C/IW
Rojctop) Junction-to-case (top) thermal resistance 104.2 °C/IW
Ross Junction-to-board thermal resistance 46.8 °C/IW
Wit Junction-to-top characterization parameter 31.3 °C/IW
ViR Junction-to-board characterization parameter 46.6 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

Copyright © 2018, Texas Instruments Incorporated
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7.5 Electrical Characteristics

Vg=3.3V1040V, Vey =Vs/2; Ty = 25°C (unless otherwise noted). Typical values are at Vg = 12 V and T, = 25°C,V¢y = Vs

/2
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vg = 3.3V, 12V and 40V -4.5 +0.5 4.5
VIO Input offset voltage Vs = 3.3V, 12V and 40V, T, = —40°C to mv
o -6.5 6.5
+125°C
dVv,o/dT Input offset voltage drift T =-40°C to +125°C +2.5 pnv/°C
Vhys Input hysteresis voltage 14 mV
Vem Common-mode voltage range | Tp = -40°C to +125°C (V-)-0.2 (V+) +0.2 \%
Ig Input bias current 0.05 pA
los Input offset current 0.05 pA
PSRR Power-supply rejection ratio Vewm = V- 95 dB
CMRR Common-mode rejection ratio | (V=) < Vgum < (V+) 80 dB
v Voltage output swing Isink £ BMA, input overdrive = =100 mV, 300 mv
oL from (V-) Vg = 5V, Ta = —40°C to +125°C
v Voltage output swing Isource < BMA, input overdrive = +100 mV, 300 mv
OH from (V+) Vg =5V, Ta =-40°C to +125°C
Peak charging current
Isc_source | (sourcing) with output shorted | Vs =5V to 40V 100 mA
to V- O
Peak dis-charging current
Isc_sink (sinI((li)ng) with output shorted to | Vs =5V to 40 V 100 mA
V+
Vg =12V, no load, Vip =-0.1 V (output
. low), T = 25°C 135 200 KA
lo Quiescent current
Vg =12V to 40V no load, V|p =-0.1 V 400 A
(output low), Ta = —40°C to +125°C H
torr Time to enter shutdown C_=15pF 1.0 us
ton Time to exit shutdown C_=15pF 2.3 us
Vep Sutdown input: voltage range |y, _ 3 316 40v, T, = -40 to 125 °C 0 55 v
Vsp viH SHDN pin input high level Vg =3.3Vand 40V, Ty =-40to 125 °C 2 1.35 \%
Vsp viL SHDN pin input low level Vg =3.3V and 40V, Ty =-40to 125 °C 0.65 0.4 \
] Vg=Vgp =55V 0.015 nA
IB-spH SHDN bias current
Vs=5V, Vgp = ov 0.001 nA
lo-sp Quiescent current (Shutdown) | Vs = 12V; Tg = 25°C; Vsp > Vsp viH Min 9.5 13 HA

(1) Continuous short circuit can result in excessive heating and exceeding the maximum allowed junction temperature of 150°C. Please
refer to the Maximum Output Current Derating curve in the Typical Operation Plots.
(2) The recommended voltage range if Vgp is independent of Vs.

7.6 Switching Characteristics

Typical values are at To = 25°C, Vg = 12 V, Ve = Vs / 2; Input overdrive = 100 mV (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

; Propagation delay time, high- | €L =15 pF 250 ns
PHL to-low CL=4nF 450 ns
; Propa%ation delay time, low-to- | CL = 15 pF 250 ns
PLH high ¢ CL=4nF 500 ns
o 20% to 80%, C, = 15 pF 18 ns

tr Rise time
20% to 80%, C, = 4 nF 0.3 Hs
_ 20% to 80%, C, = 15 pF 10 ns

te Fall time
20% to 80%, C, = 4 nF 0.26 Hs

(1) High-to-low and low-to-high refers to the transition at the input.

Copyright © 2018, Texas Instruments Incorporated
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Switching Characteristics (continued)

Typical values are at T, = 25°C, Vg = 12 V, V¢y = Vs / 2; Input overdrive = 100 mV (unless otherwise noted).

PARAMETER

TEST CONDITIONS

MIN TYP MAX UNIT

tsTART ‘ Power-up time @

45 Hs

(2) During power on, Vs must exceed 3.3 V for toy before the output is in a correct state.

VREF + 100mV

Input

Input

VREF O

VREF

VREF - 100mV

Output

V+
(V=)
Vsp b Output
(V=) + 100mV
V7
(V=) + 5V
sD 50%
(V-)
(V+)

(V=)

S ST *

} Output

N

N

K 1. Propagation Delay

Output | 4~ 50%

Y

ton

i X 50%
2\ 20%

>t e

J

Comparator output in shutdown

Kl 2. Shutdown Timing
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7.7 Typical Characteristics
at Tp = 25°C, Vg = 12V, Ve = Vg/2, and input overdrive = 100 mV (unless otherwise noted)
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Typical Characteristics (continued)
at T, = 25°C, Vg = 12 V, V¢ = Vg/2, and input overdrive = 100 mV (unless otherwise noted)
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Typical Characteristics (continued)

at T, = 25°C, Vg = 12 V, V¢ = Vg/2, and input overdrive = 100 mV (unless otherwise noted)

Shutdown Voltage (V)

19. Shutdown Input Bias Current vs. Shutdown Input
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20. Shutdown Input Bias Current vs. Shutdown Input
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Typical Characteristics (continued)

at T, = 25°C, Vg = 12 V, V¢ = Vg/2, and input overdrive = 100 mV (unless otherwise noted)
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21. Shutdown Input Bias Current vs. Temperature
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K 22. Maximum Output Current vs. Ambient Temperature

0.8 0.8
— 125°C — -40°C
0.7 — 85°C 0.7 — 0°C
< — 25°C = — 25°C
< 06 — 0°C Z 06 — 85°C
> — -40°C i — 125°C
g 05 Z 05
2 N 3 L
o 0.4 p——— o 04 -
£ N\ £ \
2 03 2 03
z N e )
£ o2 £ o2
e} e}
0.1 0.1
0 0
0 4 8 12 16 20 24 28 32 36 40 0 4 8 12 16 20 24 28 32 36 40
Supply Voltage (V) Supply Voltage (V)
Isource = 1 MA Isink = 1 mA
23. Output High Voltage vs. Supply Voltage 24. Output Low Voltage vs. Supply Voltage
10 10
— 125°C — 125°C
— 85°C — 85°C
] 50 °C 50 °C Z
< — 25°C < — 25°C 7
z — 0°C 2 1]l—0°C //
= — 40°C 3 — -40°C =
§ 1o0m > 5 =
® I ZZd
o) R & 100m
% Z £
< 10m S B
= = 7=
> e =3
a A
g 4 £ 1om Z4
C 1im 4 o} =
100y 1m |
100m 1 10 100 100m 1 10 100
Output Sinking Current (mA) Output Sourcing Current (mA)
V=33V Vs =33V

25. Output Sinking Current vs. Output Voltage
at 3.3V

Kl 26. Output Sourcing Current vs. Output Voltage
at 3.3V

10

Copyright © 2018, Texas Instruments Incorporated


http://www.tij.co.jp/product/jp/tlv1805?qgpn=tlv1805
http://www.tij.co.jp

13 TEXAS
INSTRUMENTS

www.tij.co.jp

TLV1805
JAJSGP1 —DECEMBER 2018

Typical Characteristics (continued)

at T, = 25°C, Vg = 12 V, V¢ = Vg/2, and input overdrive = 100 mV (unless otherwise noted)
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Typical Characteristics (continued)

at T, = 25°C, Vg = 12 V, V¢ = Vg/2, and input overdrive = 100 mV (unless otherwise noted)
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Typical Characteristics (continued)

at T, = 25°C, Vg = 12 V, V¢ = Vg/2, and input overdrive = 100 mV (unless otherwise noted)
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Typical Characteristics (continued)

at T, = 25°C, Vg = 12 V, V¢ = Vg/2, and input overdrive = 100 mV (unless otherwise noted)

1000

— 125°C
& 900 85°C
£ 50 °C
£ 800 — 25°C
K= —0°C
T o,
o 700 — -40°C
z
o 600 S
= \ \\
)
° 500 N
o AN \\
S N N L
g=1 N '\ |
S 400 NS =

™
g N— ——————
o
300

20 30 4050 70 100 200 300
Input Overdrive Voltage (mV)

500 700 1000

Propagation Delay, High to Low (ns)

1000
— 125°C
900 85°C
800 — %0
—0°C
700 —40eC

N\
600 \
\

500 \\ N

s

V/

400

/4

7]

300
20 30 4050 70 100 200 300
Input Overdrive Voltage (mV)

500 700 1000

20 30 4050 70 100 200 300
Input Overdrive Voltage (mV)

Vg=12V CL=4nF

R 47. Tp y Response Time vs.

500 700 1000

Vg=5V C_=4nF Vg=5V C_=4nF
R 45. Tp y Response Time vs. Overdrive R 46. Tpy. Response Time vs. Overdrive
at 5V at 5V
1000 1000
— 125°C — 125°C
& 900 85 °C - 900 \ 85 C
k= 50 °C = 50 °C
2 SO e > 800 N e
2 —0°C S \ —0°C
T 700 N — -40°C o 700 N — -40°C
3 N & NN
o 600 R £ 600 X
= N N T N \\
) RN > \ N
& NN | = N
2 500 R —— 2 500 S
5 5 T
S 400 S 400 =
5 g
o a
300 300

20 30 4050 70 100 200 300
Input Overdrive Voltage (mV)

C_=4nF

500 700 1000
Vg=12V

] 48. Tpy Response Time vs. Overdrive

20 30 4050 70 100 200 300
Input Overdrive Voltage (mV)

Vg=40V CL=4nF

49. Tp y Response Time vs. Overdrive
at 40V

500 700 1000

Overdrive at 12V at 12v
3000 3000
— 125°C — 125°C
- 85°C a 85°C
£ 50 °C £ 50 °C
< — 25°C = I\ — 25°C
5 2000 o & 2000 \ Z o
— -40°C o — -40°C
=] \ =
é: \Q\\\ T \\\
s ——— %‘ \§\\\\
2 1000 2 1000 o SUI
S 900 & 900 =i
S 800 T 800
© ©
3 700 & 700
o o
o 600 T 600
500 500

20 30 4050 70 100 200 300
Input Overdrive Voltage (mV)

C|_ =4nF

500 700 1000
Vs =40V

50. Tpy. Response Time vs. Overdrive
at 40V

14

Copyright © 2018, Texas Instruments Incorporated


http://www.tij.co.jp/product/jp/tlv1805?qgpn=tlv1805
http://www.tij.co.jp

13 TEXAS
INSTRUMENTS

www.tij.co.jp

TLV1805
JAJSGP1 —DECEMBER 2018

Typical Characteristics (continued)

at T, = 25°C, Vg = 12 V, V¢ = Vg/2, and input overdrive = 100 mV (unless otherwise noted)
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Typical Characteristics (continued)

at T, = 25°C, Vg = 12 V, V¢ = Vg/2, and input overdrive = 100 mV (unless otherwise noted)
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8 Detailed Description

8.1 Overview

The TLV1805 comparator features a rail-to-rail inputs with a push-pull output stage that operates at supply
voltages as high as 40 V or £20 V. The rail-to-rail input stage enables detection of signals close to the supply
and ground while the push-pull output stage creates fast transition edges to either supply rail. A low supply
current of 135 pA per channel with small, space-saving packages, makes these comparators versatile for use in
a wide range of applications, from portable to industrial.

8.2 Functional Block Diagram

VCC

IN+ O + |
O ouT
IN- O /‘ lj
SHDN O Bias —  Power-on-reset

8.3 Feature Description

8.3.1 Rail to Rail Inputs

The TLV1805 comparator features a CMOS input with a common-mode range that includes both supply rails.
The TLV1805-Q1 is designed to prevent phase inversion when the input pins exceed the supply voltage.

8.3.2 Power On Reset

The TLV1805 incorporates a power-on reset that holds the output in a High-Z state until the minimum operating
supply voltage has been reached for at least 20us. After this time the output will start responding to the inputs.
This feature prevents false outputs during power-up and power-down.

8.3.3 High Power Push-Pull Output

The push-pull output stage, which is unique for high-voltage comparators, offers the advantage of allowing the
output to actively drive the load to either supply rail with a fast edge rate. A high output sink and source peak
current of over 100mA allows quickly charging and dis-cahrging capacitive loads such as cables and power
MOSFET gates. Caution must be taken to ensure that the package power dissipation is not exceeded when
switching at these high supply voltages. See K| 22 for the output current derating curve.

8.3.4 Shutdown Function

The TLV1805 has a logic level SHDN input. When the shutdown SHDN input is 1.4V above V-, the TLV1805 is
disabled. When disabled, the output becomes high impedance (Hi-Z), and the supply current drops to below
10pA. The input bias current remains unchanged. Voltages may still be applied to the comparator inputs as long
as V+ power is still applied and the applied input voltages are still within the specified input voltage range.
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Feature Description (continued)

AR
The maximum voltage on the shutdown pin is +5.5V referred to V-, regardless of

supply voltage. Connect the SHDN pin to V- if shutdown is not used. Do not float the
SHDN pin.

A high value pull-up or pull-down resistor on the output may be required if a specific logic level is required during
shutdown (when the output is High-Z). This prevents logic inputs from floating to illegal states when the
comparator output is in High-Z mode.

Since the Shutdown threshold voltage is a tested parameter, the shutdown pin can also be used as a second
comparison input to provide a secondary measurment, such as overvoltage monitoring, as shown in the P-
Channel Reverse Current Protection With Overvotlage Protection circuit.

8.3.5 Internal Hysteresis
The TLV1805 contains 14mV of internal hysteresis.

The hysteresis transfer curve is shown in 63. This curve is a function of three components: V14, Vos, and
Vhyst!
» Vqyis the actual set voltage or threshold trip voltage.

* Vgg is the internal offset voltage between V. and V|\_. This voltage is added to V14 to form the actual trip
point at which the comparator must respond to change output states.

*  Vyvst is the internal hysteresis (or trip window) that is designed to reduce comparator sensitivity to noise
(14 mV for the TLV1805).
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Vin * Vos = Vhyst / 2) Viu+Vos  Viu*+ Vos + (Vavst/ 2)

K 63. Hysteresis Transfer Curve

8.4 Device Functional Modes

8.4.1 External Hysteresis

External Hysteresis may be added to further improve response to noisy or slow-moving input signals.
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Device Functional Modes (continued)
8.4.1.1 Inverting Comparator With Hysteresis

+Vee
+5V
R1
1 MQ
Viv © -
5V »—<
Va + Rioap
100 kQ Vo A \
= = Vaz Vat
———\VA\— ov < > <
R3 1.67V v 3.33V
R2 1 MQ N
% 1 MQ
B Vo, High Vo Low
+Vee +Vee
R1 R3 R1
\ Va2
R2 R2 R3

Copyright © 2016, Texas Instruments Incorporated

K& 64. TLV1805 in an Inverting Configuration With Hysteresis

The inverting comparator with hysteresis requires a three-resistor network that is referenced to the comparator
supply voltage (Vcc), as shown in & 64. When V,y at the inverting input is less than V,, the output voltage is
high (for simplicity, assume Vg switches as high as Vc¢). The three network resistors can be represented as R1
|| R3 in series with R2. = 1 defines the high-to-low trip voltage (Va1).

R2
(R1 || R3) + R2 (1)

Vg = Ve X

When V,y is greater than V,, the output voltage is low, very close to ground. In this case, the three network
resistors can be presented as R2 || R3 in series with R1. Use 3\ 2 to define the low to high trip voltage (Va).

R2 || R3
R1 + (R2 || R3) @

Vi = Ve

3 3 defines the total hysteresis provided by the network.
AV, =V =V, (3)
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Device Functional Modes (continued)

8.4.1.2 Noninverting Comparator With Hysteresis

+Vee
+B5V
VRer
+2.5V Vo
Va
O—\W\—4
Vin 1 Rioap
330 kO — L
VY
R2
1 MQ
Vo High Vo Low
*+Vee Ving
5V L
R2 R1
Va= Vrer Va=Vrer Vo \ A
Vinz Ving
R1 R2 A
1675V 3.325V
= Vin

Vinz
Copyright © 2016, Texas Instruments Incorporated

B 65. TLV1805-Q1 in a Noninverting Configuration With Hysteresis

A noninverting comparator with hysteresis requires a two-resistor network, as shown in ¥ 65, and a voltage
reference (Vrege) at the inverting input. When Vy is low, the output is also low. For the output to switch from low
to high, V,y must rise to Vy;. Use 3\ 4 to calculate V ;.

VREF
Vi = R1 X +V,
IN1 R2 REF (4)
When V| is high, the output is also high. For the comparator to switch back to a low state, V,y must drop to V\»
such that V, is equal to Vger. Use 3\ 5 to calculate V.
Virer (R1+ R2) — Ve X R1

V =
IN2 R2 ®)
The hysteresis of this circuit is the difference between V,y; and V,y,, as shown in = 6.
R1
AV = Ve X —
IN CcC R2 (6)
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9 Application and Implementation

x

/:

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

The TLV1805 family of devices can be used in a wide variety of applications, such as MOSFET gate drivers,
zero crossing detectors, window comparators, over and undervoltage detectors, and high-side voltage sense
circuits.

9.2 Typical Applications

Comparators are used to differentiate between two different signal levels. For example, a comparator
differentiates between an over-temperature and normal-temperature condition. However, noise or signal variation
at the comparison threshold causes multiple transitions. This application example sets upper and lower
hysteresis thresholds to eliminate the multiple transitions caused by noise.

Ru
576 kQ
5V
5V
Rx
100 kQ + Vout

Ry p—
100 kQ -
VIN

K 66. Comparator with Hysteresis

9.2.1 Design Requirements

The design requirements are as follows:
e Supply voltage: 5V

e Input:OVto5V

e Lower threshold (VL) =2.3V £0.1V
e Upper threshold (VH) =2.7 V £0.1 V
* VH-VL=24V 0.1V

* Low-power consumption

9.2.2 Detailed Design Procedure

A small change to the comparator circuit can be made to add hysteresis. Hysteresis uses two different threshold
voltages to avoid the multiple transitions introduced in the previous circuit. The input signal must exceed the
upper threshold (Vy) to transition low, or below the lower threshold (V,) to transition high.

66 illustrates hysteresis on a comparator. Resistor Ry sets the hysteresis level.

When the output is at a logic high (5 V), Ry is in parallel with Ry. This configuration drives more current into Ry,
and raises the threshold voltage (VH) to 2.7 V. The input signal must drive above VH = 2.7 V to cause the output
to transition to logic low (0 V).
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Typical Applications (continued)

When the output is at logic low (0 V), Rh is in parallel with Ry. This configuration reduces the current into Ry, and
reduces the threshold voltage to 2.3 V. The input signal must drive below VL = 2.3 V to cause the output to
transition to logic high (5 V).

For more details on this design, refer to Precision Design TIPD144, Comparator with Hysteresis Reference
Design.
9.2.3 Application Curve

67 shows the upper and lower thresholds for hysteresis. The upper threshold is 2.76 V and the lower
threshold is 2.34 V, both of which are close to the design target.

o 9

[T. o0V & ]-m.;p., 10.0M57+ @ l[nmw 3._.1.1]
242V

| -+w 250,000, 10k points 09: 38151

K 67. TLV1805 Upper and Lower Threshold with Hysteresis
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Typical Applications (continued)
9.2.4 Reverse Current Protection Using MOSFET and TLV1805

An N-Channel or P-Channel MOSFET may be used to protect against reverse current. Reverse current is
defined as current flowing from the load (V| pap) t0 the source (Vgarr)- Both the P-Channel and N-Channel
circuits work on the same basic principle, where a comparator monitors the voltage across the MOSFET's
Source and Drain terminals (monitoring Vps). The described circuits also protect against reverse voltage.

MOSFET
: Intrinsic :
| “Off" Body Diode :
VBATT Source : 9_"7 | Drain VLOAD
WA
| - |
! On" " Rps(oN) !
T |
Gate
+
Battery —_ Load

K 68. Simplified Operational Theory

When the current is flowing from the battery (Vga77) to the load (V pap), the battery voltage will be higher than
the load voltage due to voltage drop across the MOSFET caused by the Rpgony Or the intrinsic body diode
forward voltage drop. The comparator will detect this and turn "on" the MOSFET so that the load current is now
flowing through the low loss Rpg(ony path.

In a reverse current condition, V| gap Will be higher than Vgarr. The comparator will detect this and drive the gate
to set Vgg = 0 to turn "off" the MOSFET (non-conducting). The body diode is reverse biased and will block
current flow.

For a P-Channel MOSFET, the gate must be driven at least 4V or more below the battery voltage to turn "on" the
MOSFET.

For a N-Channel MOSFET, the gate must be driven 4V or more above the battery voltage to turn "on" the
MOSFET. If a higher voltage is not available in the system, a charge pump is usually required to generate a
voltage higher than the battery voltage to provide the necessary positive gate drive voltage.

9.2.4.1 Minimum Reverse Current

There is a minimum amount of reverse current that is needed to trip the comparator. To detect this reverse
current, a voltage must be dropped across the MOSFET (Vygas)-

When the MOSFET is off, Vgg will be in the -600mV to -1V range due to the forward voltage drop (Vg) of the
MOSFET body diode. Response to this large voltage will be immediate.

However, with the MOSFET "on" (conducting), the current required to create the trip voltage will be much
greater. The trip voltage drop required across the MOSFET Rpgony Will be the comparator offset voltage plus half
of the hysteresis.

The maximum offset voltage of the TLV1805 is 5mV with a typical hysteresis of 14mV. The trip voltage can be
calculated from:

Virip = Vosmay ¥ (Vhyst /2) =5 mV +7mV =12 mV (7)

The actual current trip point will depend on the MOSFET Rpgony @and Vgs drive level. Assuming the MOSFET
has a 22 mQ on resistance, the trip current is found from:

ITR|P = VTR|P/ RDS(ON) =12 mV /22 mQ = 546mA (8)
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Typical Applications (continued)
9.2.4.2 N-Channel Reverse Current Protection Circuit

In order to turn "on" the N-Channel MOSFET, the MOSFET gate must be brought "High" above Vgatr. If @ higher
voltage is not available, a charge pump circuit is required to provide the comparator with a supply voltage above
VBaTT-

J1
External Clock

Input Charge c R2
Clock Pump omparator AN
EXT~ Select Ct D2 R1 Supply Clamp 10 kQ

u1
TLV1805-Q1 Q1
SQ4850EY
N-Channel

470
= INT 100V D3

uF 15V

c2 C3

D1 100V 35V D4
VBATT_NCH BATG4 1uF 10uF | BATS4 VLOAD_OUT_NGH
O . -4 . +——O
Input S wD
Protection Internal Oscillator Output — 10kHz JP1
J . ce Oscillator Supply Short
—_— 50V .
D5 0.22uF _ G4 D6
SMAJ28CA e 50V DB2430100L
c7 0.22uF
—— 50V R6 R7 R5 )
0.22yF 56 kQ S 56 kQ 56 kQ Oscillator —
GND : Circuit GND
O 3 N6 —O

_— 1 —
- . b 2 U2 -
TLV1805-Q1
R8 cs5 L
56 kQ

69. N-Channel Reverse Current Schematic with Oscillator

C1, D1, D2 & C2 form the charge pump. The AC drive signal is applied through C1 into the charge pump. The
result is a voltage across C2 that is approximately equal to the peak-to-peak amplitude of the AC waveform,
minus 700mV. If a 12Vpp waveform is applied to the C1 input, 11.3V will be generated across C2. This voltage is
on top of the Vg7 VOltage, so the voltage seen from the D2-C2 junction ground is 23.3V. This provides the
needed higher voltage to drive the MOSFET and power the comparator.

An external oscillator source may be used, such as the gate drive output of a switcher, system clock or any
avaialbe clock source in the 1kHz to 10MHz range. The charge pump should be fed by a 50 percent duty cycle
square wave source of 5Vpp or more. Since the input capacitor of the charge-pump effectively AC-couples the
input, the oscillator may be ground referenced.

R1 and D3 form the comparator supply clamp to limit the gate drive to prevent exceeding the Vgsuax) of the
MOSFET during an overvotlage event. R1 must be sized to dissapate any expected overvoltage.

D4 and R2 clamp the input should Vgart drop below V| gap (as in a supply reversal).

The output diode D6 is used to anchor the output during light or floating loads. At light or no loads, there is a
possibility the MOSFET could turn on due to the comparator offset voltage. The diode provides enough of a
negative leakage to turn the MOSFET off.

9.2.4.2.1 N-Channel Oscillator Circuit

The oscillation frequency is determined by R5 and C5. The default configuration oscillates around 10kHz
(depending on RC component tolerances). For further information on selecting these RC values, please see the
Engineers Cookbook Circuit entitled Oscillator Circuit (SNOA990). Do note that R5 does present an AC load to
the oscillator output, and should be sized appropriately to minimize the peak charging currents of C5 (use large
resistors and small capacitors).
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Typical Applications (continued)

The output amplitude is roughly equivalent to the V| gap Voltage minus the TLV1805 output saturation
(approximately 300mV). With a maximum supply voltage of 40V for the TLV1805, the oscillator circuit is capable
of generating up to 39Vpp!

The TLV1805 oscillator typically starts oscillating when V|, gap reaches 2.8V, though full specified operation does
not occur until 3.3V.

For more information, please see the TLV1805-Q1 Evaluation Module Users Guide TLV1805-Q1 Evaluation
Module Users Guide (SNOU158).
9.2.5 P-Channel Reverse Current Protection Circuit

K] 70 shows the P-Channel circuit. In order to turn "on" the P-Channel MOSFET, the gate must be brought "Low"
below Vgart . TO accomplish this, the comparators Inverting input is tied to the battery side of the MOSFET to set
the output low during forward current.

— W\
Q1 47 Q
R3
SQJ459EP 100 k@)

VBATT_PCH P-Channel
O—

VLOAD_OUT_PCH

Input
Protection

c2
50V

D :
0.22uF D5
AJZSCA DB2430100L

50V

0.22uF
GND GND
O—'

& 70. P-Channel Reverse Current Schematic

This design implements a "floating ground" topology, using D3, D4 and R12, to allow for clamping the
comparator supply voltage as to not exceed the Vgguax) of the MOSFET. During a reverse voltage or supply
drop, D4 also prevents C1 from discharging to allow some standby time to keep the comparator powered during
the event.

During "normal" forward current operation, the quiescent current of the comparator circuit flows through D4 and
R4. D3 provides the clamping during an overvoltage event.

R4 is sized to allow for minimum voltage drop during "normal" operation, but also to allow for dissipation during
overvoltage events. R4 will see the battery voltage minus the D3 Zener voltage during an overvoltage event.
Since the comparator supply voltage is clamped by D3, the maximum battery voltage is determined by the power
dissipated by R4 and the Vpgax) of the MOSFET.

R2 limits the gate current should there be any transients and should be a low value to allow the peak currents
needed to drive the MOSFET gate capacitance. R3 provides the pull-down needed when the comparator output
goes high-Z during power-off to ensure the gate is pulled to zero volts to turn off the MOSFET.

R1 and D2 clamp the input voltage should the Vgarr input go below the floating ground Voltage (such as in a
battery reversal). A bonus feature is that during a reverse battery voltage condition, D2 and R1 pull the floating
ground down towards the negative potential, providing power to the comparator during reverse voltage.

The output clamp diode D5 is used to anchor the output during light or floating loads. At light or no loads, there is
a possibility the MOSFET could turn on due to the comparator offset voltage. The diode provides enough of a
negative leakage to turn the MOSFET off.
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Typical Applications (continued)

If shutdown of the comparator circuit is desired, a transistor or MOSFET switch can be placed between the
ground end of R4 and ground. The MOSFET will be in body diode mode when the comparator is disabled.
9.2.6 P-Channel Reverse Current Protection With Overvotlage Protection

The SHDN pin can be utilized to add Overvotlage Protection (OVP) by adding a second MOSFET, zener diode
and resistor, as shown in X 71.

G R2 R3 G
Q1 100 kQ 220 a2
VBATT P-Channel P-Channel VLOAD_OUT
o L) 3 . Iy
D S S D
C1
50V
R1 1uF
AV
10 kQ

ZD1 —
13V
D GND
Shutdown when > 1.35V

GN

13.7 kQ

71. Adding Overvoltage Protection Using SHDN Pin

When the SHDN pin is pulled 1.35 V above V-, the comparator is placed in shutdown. During shutdown, the
comparator output goes Hi-Z and R2 pulls the gate and source together to turn off the MOSFET (Vgs =0 V).

RPD pulls the SHDN pin low while the Zener diode is not conducting (< V7). When ZD1 reaches its breakdown
voltage and starts conducting, it will pull RPD up to a voltage calculated to place >1.35 V on the shutdown pin.

The Zener diode ZD1 should be chosen so that the breakdown voltage (Vg) is 1.35 V below the desired
overvoltage point. The Zener should have low sub-threshold leakage and a sharp knee, such as the low power
1N47xx or BZD series.

The pull-down resistor RPD should be chosen to create 1.35 V at the desired Zener diode current (usually 100uA
to 1mA) at the Zener breakdown voltage. Actual resistor value should be verified on the bench due to differences
in actual Zener diode threshold voltages.

If a 14.3 V overvotlage trip point (OVP) is desired, the Zener Diode voltage should be 12.95 V. We will choose a
100uA Zener current. The required Zener diode breakdown voltage is determined from:

Vg =Vpoy-135V=14 .3V-135V=1295V 9)
RPD =1.35V /100 pA = 13.5 kQ (13.7kQ nearest value) (10)

Resistor RPD may be split into two resistors to create a voltage divider if more precise trip points are needed, or
a more convenient zener voltage is desired. Series voltage references can also be used if more accuracy is
desired. A second resistor in series with the Zener or reference can extend the breakdown voltage.

The maximum voltage allowed on the Shutdown pin is 5.5V, so make sure the highest Vgart Voltage does not
exceed 5.5 V.

Note that the above circuit, as shown for simplicity, does not protect against reverse voltage. Reverse clamping
diodes would be needed on the -IN, SHDN and Load Output. Also make sure Vgapr does not exceed the
Vasmax) of the MOSFET.
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Typical Applications (continued)
9.2.7 ORing MOSFET Controller

The previous reverse current circuits may be combined to create an OR'ing supply controller, utilizing either the
P-Channel or N-Channel topologies.

For the previous P-Channel circuit, if no negative input voltages are possible, and the input voltage is below the
MOSFET's Vggmax) » then D3, D4 and R4 may be eliminated (the D2 anode, U1 pins 2 and 5, and C1 can be
directly grounded).

For the N-Channel circuit, the oscillator drive can be shared between the channels, or eliminated if a higher
system voltage is available to provide the higher votlage.

Charge Pump

Gate ||_o ° °
Drive I N
+ TLV1805

a1l
) ;
Power ‘/ ~ TIT ~ \‘I

Supply i i A i *—
#1 \ ’ /
\ /
~N_ _7
Charge Pump
cat ' System
ate —>
Drive >__| l Power
+ TLV1805
Q2
~
P i \
ower / \
Supply L L & * *—+ 4L, +
#2 \ ’I !
\ /
~N_ _7

K 72. N-Channel OR'ing MOSFET Controller
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10 Power Supply Recommendations

The TLV1805 family of devices is specified for operation from 3.3 V to 40 V (£1.65 to +20 V); many specifications
apply from —40°C to +125°C. Parameters that can exhibit significant variance with regard to operating voltage or
temperature are presented in the Typical Characteristics section.

AE
Supply voltages larger than 40 V can permanently damage the device; see the
Recommended Operating Conditions section.

Place 0.1-uF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high-
impedance power supplies. For more detailed information on bypass capacitor placement; see the Layout
Guidelines section.

The TLV1805 does not contain reverse battery protection, so applying negative voltage to the supply pins must
be avoided. The TLV1805 cannot withstand ISO 16750 type waveforms alone and requires external protection
circuitry.

11 Layout

11.1 Layout Guidelines

Comparators are very sensitive to input noise. For best results, maintain the following layout guidelines:

e Use a printed circuit board (PCB) with a good, unbroken low-inductance ground plane. Proper grounding (use
of ground plane) helps maintain specified performance of the TLV1805 family of devices.

» To minimize supply noise, place a decoupling capacitor (0.1-uF ceramic, surface-mount capacitor) as close
as possible to Vg as shown in K 73.

» On the inputs and the output, keep lead lengths as short as possible to avoid unwanted parasitic feedback
around the comparator. Keep inputs away from the output.

» Solder the device directly to the PCB rather than using a socket.

* Run the ground pin ground trace under the device up to the bypass capacitor, shielding the inputs from the
outputs.

11.2 Layout Example

73. Oscillator Circuit Layout Example
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TLV1805DBVR Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 1UBF
TLV1805DBVR.A Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1UBF
TLV1805DBVRG4 Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1UBF

TLV1805DBVRG4.A Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1UBF

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer:The information provided on this page represents TI'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 TI 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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o Automotive : TLV1805-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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PACKAGE OUTLINE

DBVOOO6A SOT-23 - 1.45 mm max height
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.25 per side.
4. Leads 1,2,3 may be wider than leads 4,5,6 for package orientation.

5. Refernce JEDEC MO-178.
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EXAMPLE BOARD LAYOUT
DBVOOO6A SOT-23 - 1.45 mm max height
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NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DBVOOO6A SOT-23 - 1.45 mm max height
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NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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