MICROCHIP LR645

High-Input Voltage SMPS, Start-up/Linear Regulator

Features Description

* Accepts Inputs from 15 to 450V LR645 is a high-input voltage, low-output current, linear

« Output Currents: Up to 3.0 mA Continuous, regulator that is available in two versions. A 3-terminal,
30 mA Peak fixed-output voltage version is available in TO-92,

TO-220 and SOT-89 packages, as well as an
adjustable voltage version available in an 8-lead SOIC
package.

* Supply Current Typically 50 pA
 Line Regulation Typically 0.1 mV/V
* Qutput Can Be Trimmed from 8.0 to 12V

* Qutput Current Can be Increased to 150 mA with
External FET

The 3-terminal version of LR645 functions like any
other low-voltage, 3-terminal regulator except it allows
the use of much higher-input voltages. When used in a
. . Switched-mode Power Supply (SMPS), start-up circuit,
Applications LR645 eliminates the need for large power resistors. In
« Off-line SMPS Startup Circuits (Pulse Loads) t'hIS appllcatlgn, current is drawn from the high voltage
. line only during start-up. Only leakage current flows
» Low Power Off-Line Regulators . .

} after start-up, thereby reducing the continuous power
* Regulators for Noisy Inputs dissipation to a few milliwatts.

The adjustable-voltage version allows trimming of the
output voltage from 8.0V to 12V. This version can also
be connected to an external depletion mode
metal-oxide-semiconductor  field-effect  transistor
(MOSFET) for increased output current. When used in
conjunction with depletion mode MOSFET DN2540N5,
an output current of up to 150 mA is achieved.

WARNING

The LR645 does NOT provide galvanic isolation. When operated from an AC line, potentially lethal voltages can be
present on the IC. Adequate means of protecting the end user from such voltages must be provided by the circuit
developer.
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LR645

1.0 ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGST

1] 0T 1 Yo €= o = PSS EEUURTN 450V
(O 181101 Vo] =T [T PSPPSR 15.5V
Operating and Storage teMPETAUIE ..........cooiiiiiii et e e e e s enee e e sneeeneeeenees -55°C to +150°C

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 listings of this specification, is not implied. Exposure
to maximum rating conditions for extended periods may affect device reliability.

11 ELECTRICAL SPECIFICATIONS
TABLE 1-1: ELECTRICAL CHARACTERISTICS '

Symbol Parameter Min Typ | Max | Units | Conditions
v Output voltage 9.3 10 10.7 V  |No load
out Output voltage over temperature2 9.0 10 11.5 V |T,;=-40to +125°C, No load
AVour Line regulation — 40 200 mV | VN = 15 to 400V, No load
Load regulation — 150 400 mV | VN =50V, oyt = 0to 3.0 mA
VN Operating input voltage range 15 — 450 \%
lina Input quiescent current — 50 150 MA | No Load
loFr VIN off-state leakage current — 0.1 10 MA | Vaux 2 Vout +1V applied to Vo pin
laux Input current to Vour — — 200 MA | Vaux 2 Vout +1V applied to Voyt pin
AVout/AVN | Ripple rejection ratio? 50 60 — dB | 120 Hz, No Load
en Noise voltage® — 25 — gV 10.01 to 100 kHz
IPEAK Output peak current® — 30 — mA | Coyt = 10 pF, V|y = 400V
Vaux External voltage applied to Vot — — 13.2 \Y
8-lead, adjustable voltage version only
Vourt Output regulation trim range? 8 — 12 V  |Noload
AVour Load regulation at 8V trim? — 200 400 mV |ViN=15V, loyTr =010 1.0 mA
Load regulation at 12V trim — 100 400 mV | VN =50V, lgyt =010 3.0 mA

Note 1: Test? Conditions unless otherwise specified: Tp = 25°C, Vy = 15V-450V, Cout =0.01 pF.
2: Ensured by design.
3: Pulse test duration <1.0 msec, duty cycle <2%Determined by characterization, not production tested.

TABLE 1-2: THERMAL CHARACTERISTICS'

Package Oja Power Dissipation @T5=25°C
8-lead SOIC 101°C/W 0.31
TO-92 132°C/W 0.74
TO-220 29°C/W 1.8
TO-243AA (SOT-89) 133°C/W 1.6

Note 1: Mounted on FR5 board; 25mm x 25mm x 1.57mm. Significant Pp increase possible on ceramic substrate.
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LR645

2.0 PIN DESCRIPTION

The locations of the pins are listed in Package Type.
TABLE 2-1: PIN DESCRIPTION

Function Description
VIN Regulator input.
GND Ground return for all internal circuitry. This pin must be electrically connected to circuit common.
GATE Output GATE driver for an external N-channel depletion.
TRIM A voltage divider from Vg7 to this pin adjusts the output voltage.
VOUT Regulator output.
NC No connection.
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3.0 FUNCTIONAL DESCRIPTION

3.1 SMPS Start-Up Circuit

One of the main applications for LR645 is a start-up
circuit for off-line, switch-mode power supplies
(SMPS), as shown in Figure 3-1. A minimum output
capacitance of 10 nF is recommended for stability. The
wide operating, input voltage range of LR645 allows
the SMPS to operate and start-up from rectified AC, or
a DC voltage of 15 to 450V, without adjustment.

During start-up, the LR645 powers the V¢ line of the
Pulse-Width Modulation (PWM) IC with a nominal
output voltage of 10V. The auxiliary voltage connected

through a diode to the Vgyt pin of LR645 will start to
increase. When the auxiliary voltage becomes larger
than the output voltage LR645 turns OFF both its
internal high voltage input line and output voltage,
allowing the auxiliary voltage to power the V¢ line of
the PWM IC. After startup, LR645 doesn’t draw any
input current from the high-voltage line other than the
leakage current of the internal MOSFET switch, which
is typically 0.1 pA.

The 3-terminal version shown in Figure 3-1 has load
regulation guaranteed from 0 to 3.0 mA at a fixed
nominal output voltage of 10V. Applications requiring
higher output current and/or a different output voltage
can use the 8 pin adjustable version.

+ C o
15 - 450V
VIN vccC
|
. . PWM IC
::\N GND ::OUT
-0
—K
FIGURE 3-1: SMPS Start-up Circuit.
3.2 High-Current SMPS Start-Up

Circuit

The 8-lead version of LR645 has connections for an
external depletion-mode MOSFET for higher-output
current and external resistors for adjustable-output
voltage. As shown in Figure 3-2, the output current is
increased to 150 mA by using the DN2540, a 400V
depletion-mode MOSFET. The maximum operating
input voltage will be limited by the drain-to-source,
breakdown voltage of the external MOSFET, but can-
not exceed the 450V rating of LR645.

The output voltage can be adjusted from 8 to 12V with
two external resistors: R1 and R2. The ratio of R2/R1
determines the output voltage. R2 is connected
between the Vgyr and TRIM pins; R1 is connected
between TRIM and GND pins. Figure 3-3 is a curve
showing output voltage versus resistor ratio R2/R1.
The optimum range for R1 + R2 is 200 kQ to 300 kQ.
This minimizes loading and optimizes accuracy of the
output voltage. Figure 3-3 uses an R1 + R2 of 250 kQ.

+0 +

DN2540 5.0V

[ -
GATE V= 12V
15V p—
to VOUT vce
400V !
LR645 "2 PWM IC
_[Cw TRIM _[Cour
GND R1
e,
Note: Kt
When used with the DN25, +V, is not connected on the LR6.
FIGURE 3-2: High-Current SMPS Start-up Circuit.

DS20005384B-page 5

© 2015-2023 Microchip Technology Inc. and its subsidiaries



LR645

12
_ /
2
S /
] /
5 R1+ R2 = 250kQ
o
8
25 3.0 3.5 4.0
Resistor Ratio (R2/R1)
FIGURE 3-3: Typical Output Voltage vs
Resistor Ratio.
3.3 Off Line Linear Regulator

Circuits that require low voltages to operate logic and
analog circuits benefit from LR645. The conventional
use of step-down transformers can be eliminated,
thereby saving space and cost. Some examples of low-
voltage applications are: proximity controlled light
switches, street lamp controls, and low-voltage power
supplies for appliances such as washing machines,
dishwashers, and refrigerators.

The wide operating-input voltage range of 15 to 450V,
as well as the ripple rejection ratio of 50 dB minimum,
allows the use of a small, high-voltage input capacitor.

EQUATION 3-1:

The input AC line can be either full-wave or half-wave
rectified. A minimum output capacitance of 0.01 uF is
recommended for output stability.

Figure 3-4 shows the LR645 as a pre-regulator to a
precision regulator for high precision regulation. Higher
output current is also possible by using an external
depletion-mode MOSFET DN2540N5 as shown in
Figure 3-5.

Max

o— LR6 875 |—oO
ACSA 5.000V
AC Line —_ +0.002V

24v-277V. TG e @
1.04F 0.1pF 0to 3mA

o O

FIGURE 3-4: Cascading for Precision.

3.4

LR645 is a true linear regulator. Its power dissipation is
therefore a function of input voltage and output load
current. For example, if the LR645 provides a
continuous load current of 3 mA at 10V, while its input
voltage is 400V, total dissipation in the LR645 can be
calculated using Equation 3-1.

Power Dissipation Considerations

The 1.23 watts is for continuous operation. This is
within the dissipation capabilities of the TO-220 and
SOT-89 packages. See Table 1-2 on Page 3 for
deratings. For SMPS start-up applications, the output
current is usually required only during start-up. This
duration depends upon the auxiliary supply output
capacitor and Coyr, but is typically a few hundred
milliseconds. All package types of the LR645 have
been characterized for use with a Coyt of at least
10 yF, and an AC line of 277V.

Ppiss = Vin=Vour) * Uour t Iyaxouiescend) = (400V —=10V) x (3.0 mA + 150 ud)

= [.23 Watts
o DN2540N5
. Ly |
AC Line -1
24 - 277V GATE
1 Vour | 5.0V 5.0V
c. LR645 REG O .
_— —— 0-150mA
COUT -
O
GND
FIGURE 3-5: High-Current Regulation.
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4.0 PACKAGING INFORMATION

4.1 Package Marking Information

8-Lead SOIC: Example: 3-Lead TO-243AA* Example:
(SOT-89):
Lo i
XXXXXXXX| [LR645LG XXXYWW LR6318
XXXXYYWW 32318 NNN 256
CENNN| | O@P256|

INIRIN

Jutt

U

JU

Example: 3-Lead TO-92: Example:

3-Lead TO-220:

Q Q XXXXXX :hgg;s

318256
o0 © O KOO :
XXXXXXX LR645N5 YWWNNN
XXYYWWNNN ©2318256

-
o

3

Y

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 (€3))
can be found on the outer packaging for this package.

Note: Inthe 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 not include the
corporate logo.
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8-Lead Plastic Small Outline (C2X) - Narrow, 3.90 mm (.150 In.) Body [SOIC]
Atmel Legacy Global Package Code SWB

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Microchip Technology Drawing No. C04-057-C2X Rev K Sheet 1 of 2
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8-Lead Plastic Small Outline (C2X) - Narrow, 3.90 mm (.150 In.) Body [SOIC]
Atmel Legacy Global Package Code SWB

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Pins N 8
Pitch e 1.27 BSC
Overall Height A - — 1.75
Molded Package Thickness A2 1.25 — -
Standoff § A1 0.10 — 0.25
Overall Width E 6.00 BSC
Molded Package Width E1 3.90 BSC
Overall Length D 4.90 BSC
Chamfer (Optional) h 0.25 — 0.50
Foot Length L 0.40 — 1.27
Footprint L1 1.04 REF
Lead Thickness C 0.17 — 0.25
Lead Width b 0.31 — 0.51
Lead Bend Radius R 0.07 — —
Lead Bend Radius R1 0.07 — —
Foot Angle 0 0° — 8°
Mold Draft Angle 01 5° — 15°
Lead Angle 02 0° — —

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed 0.15mm per side.

4. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.
5. Datums A & B to be determined at Datum H.

Microchip Technology Drawing No. C04-057-C2X Rev K Sheet 2 of 2
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LR645

8-Lead Plastic Small Outline (C2X) - Narrow, 3.90 mm (.150 In.) Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

/ SILK SCREEN
C
| |
X1
E
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 1.27 BSC
Contact Pad Spacing C 5.40
Contact Pad Width (X8) X1 0.60
Contact Pad Length (X8) Y1 1.55

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-2057-C2X Rev K

© 2015-2023 Microchip Technology Inc. and its subsidiaries DS20005384B-page 10



LR645

3-Lead Plastic Small Outline Transistor (MB) - [SOT-89]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Microchip Technology Drawing C04-029C Sheet 1 of 2
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3-Lead Plastic Small Outline Transistor (MB) - [SOT-89]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS
Dimension Limits|  MIN | NOM [ MAX
Number of Leads N 3
Pitch e 1.50 BSC
Outside Lead Pitch el 3.00 BSC
Overall Height A 1.40 1.50 1.60
Overall Width H 3.94 4.10 4.25
Molded Package Width at Base E 2.50 BSC
Molded Package Width at Top E1 213 | 220 | 229
Overall Length D 4.50 BSC
Tab Length (Option A) D1A 1.63 1.73 1.83
Tab Length (Option B) D1B 1.40 1.60 1.75
Tab Length (Option C) D1C 1.62 1.73 1.83
Foot Length L 0.79 1.10 1.20
Lead Thickness C 0.35 0.40 0.44
Lead 2 Width b 0.41 0.50 0.56
Leads 1 & 3 Width b1 0.36 0.42 0.48

Notes:

1. Dimensions D and E do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed 0.127mm per side.
2. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-029C Sheet 2 of 2
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3-Lead Plastic Small Outline Transistor (MB) - [SOT-89]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

X1

X2

— B

. SILK SCREEN

RECOMMENDED LAND PATTERN

Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
C 1.50 (BSC)

X (3 PLACES) 0.900

X1 1.733

X2 (2 PLACES) 0.416

G (2 PLACES) 0.600

Y (2 PLACES) 1.300

Y1 3.125

Y2 1.475

Y3 0.825

Y4 1.000

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-2029C
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LR645

3-Lead Transistor Outline Package (Supertex N5) - [TO-220]
Supertex Legacy

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Microchip Technology Drawing C04-034-N5 Rev C Sheet 1 of 2
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3-Lead Transistor Outline Package (Supertex N5) - [TO-220]
Supertex Legacy

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Terminals N 3
Terminal Pitch e 2.54 BSC
Overall Height A 4.064 4.445 4.826
Tab Thickness A1 1.143 1.270 1.397
Base to Lead A2 2.032 2.540 3.048
Terminal Width b 0.635 0.826 1.016
Shoulder Width b2 1.143 1.334 1.524
Terminal Thickness c 0.305 0.432 0.559
Overall Length D 13.730 14.730 15.730
Molded Package Length D1 8.850 9.000 9.150
Exposed Pad Length D2 12.6 REF
Overall Width E 9652 | 10.160 | 10.668
Exposed Pad Width U 6.35 REF
Exposed Pad Width E1 6.858 7.874 8.890
Body Width E2 9.779 10.224 10.668
Tab Length H1 5.842 6.350 6.858
Terminal Length L 12.700 13.716 14.732
Terminal Shoulder Length L1 3.050 3.455 3.860
Mounting Hole Diameter P 3.708 3.835 3.962
Mounting Hole Center Q 2.540 2.794 3.048

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-034-N5 Rev C Sheet 2 of 2
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3-Lead Plastic Transistor Outline (TO) [TO-92]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

[$]0.006@[B[AD)]

(DATUM A)

(DATUM B)
TOP VIEW

SIDE VIEW

VIEW A-A

Microchip Technology Drawing C04-101-TO Rev D Sheet 1 of 2
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3-Lead Plastic Transistor Outline (TO) [TO-92]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units INCHES

Dimension Limits| MIN [  NoMm [ MAX
Number of Pins N 3
Pitch e .050 BSC
Bottom to Package Flat D 125 - .165
Overall Width E 175 - .205
Overall Length A 170 - 210
Molded Package Radius R .080 - .105
Tip to Seating Plane L .500 - -
Lead Thickness C .014 - .021
Lead Width b .014 - .022

Notes:
1. Dimensions D and E do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed .005" per side.
2. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing C04-101-TO Rev D Sheet 2 of 2
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NOTES:
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APPENDIX A: REVISION HISTORY

Revision B (October 2023)

* Minor style edits.

» Updated Section 4.0 “Packaging Information”.
Revision A (April 2015)

» Converted Supertex Document # DSFP-LR645
A062113 to Microchip Data Sheet DS20005384A.
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NOTES:
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. K% ;I)S =XXXX
Device Package Environmental Media
Type Type
Device: LR645 = High-Input, Voltage SMPS, Start-up/Linear
Regulator
Package: LG = 8-lead SOIC (adjustable voltage)
N3 = TO-92 (fixed voltage)
N5 = TO-220 (fixed voltage)
N8 = TO-243AA (SOT-89) (fixed voltage)
Environmental: G = Lead (Pb)-free/ROHS-compliant package
Media Type: (blank) = 3300/Reel for LG package
= 1000/Bag for N3 package
= 50/Tube for N5 package
= 2000/Reel for N8 package
P003 = 2000/Reel for N3 package
P013 = 2000/Ammo Pack for N3 package

Examples:

a) LR645LG-G:

b) LR645N3-G

c) LR645N3-G-P003:

d) LR645N3-G-P013:

e) LR645N5-G

f)  LR645N8-G

Note 1:

Tape and Reel,

8-lead SOIC package,
Adjustable voltage
TO-92 package, Bag,
Fixed voltage

Tape and Reel,

TO-92 package,

Fixed voltage

AMMO Pack,

TO-92 package,

Fixed voltage

TO-220 package, Tube,
Fixed voltage

Tape and Reel,
TO-243AA package,
Fixed voltage

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.

DS20005384B-page 21
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NOTES:
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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
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