MICROCHIP SR10

Capacitor-Coupled Switched Shunt (CCSS) Regulator

Features General Description

« Efficiencies up to 75% at 20 mA The SR10 is a non-isolated, capacitor-coupled

+ Less than 20 mW Standby Power switched shunt regulator designed to operate directly

- Optional 6V, 12V, or 24V Fixed Output Voltage, from the AC line. C')utput'voltage can be elthgr fixed at
or adjustable from 6V to 28V 6V, 12V, or 24V using an internal feedback divider or be

adjusted over a 6V to 28V range using an external

* Output Current Scalable up to 50 mA feedback divider. Output current capability is scalable

* 120 VAC to 240 VAC Input to 50 mA by selection of the series coupling capacitor
* No Magnetics Cgs on the AC line. Standby power can be under
« Inherent Short-circuit Protection 20 mW, and efficiencies of 75% are possible depending
upon configuration and degree of transient protection.
Applications All components except for Cg are low voltage, easing
PCB layout and alleviating high-voltage creepage

* Household Appliances
* White Goods
+ Lighting Controls

concerns.

Inherent short circuit protection is provided by the
> reactance of the Cg series capacitor, which limits
* Utility Meters current even with a dead short on the output.
Overcurrent protection (OCP) shuts off the shunt
during a line transient.

Refer to “AN-H65 CSS Application Note” for further
information.

Package Type

8-lead SOIC
(Top view)
®
SH[1] 8] out
PGND [ 2] 7] D6
AGND [3] 6] D12
FB[4] 5| D24

See Table 2-1 for pin information.
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Functional Block Diagram
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Typical Application Circuits
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1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingst

W OUTs VSH :+vervreerrreemeeantenatee et e st eeteeat e e st e eas et ehe 4o ehe et e eh e 48 et eae e e eh bt e s £ ea e £ eh e e e eh bt h e e e e eh e £ e e et R e nae e re e e n e 40V
VBB vttt ttee et ettt ettt e h et et h e e e h et e ehe e h e e e e eh £ E e eae e ehE e e £ ea e e eh b et ek e EE e e £ ehbe e heeaae e ehbe e en e eae e sre e e eareeen s 5V
PGND_AGND ...................................................................................................................................................... +300 mV
||N(RMS) (SH to PGND) ................................................................................................................................ 300 mARMS
IDSH (PGIND 10 SH) .. e e e e e e e s e e e e e e e e e 300 mA
Operating Junction Temperature, T ... e e e —40°C to +125°C

1 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.

RECOMMENDED OPERATING CONDITIONS

Parameter Sym. Min. Typ. | Max. | Unit Conditions
Peak Shunt Current Veg — — — — | See Figure 3-2.
Output voltage Vour 6 — 28 \

ELECTRICAL CHARACTERISTICS

Electrical Specifications: Ty = 25°C unless otherwise noted. Voltages are referenced to PGND/AGND pin.

Parameter Sym. Min. Typ. | Max. | Unit Conditions
Feedback Threshold v 1.02 | 12 | 138 Ta =25°C,
(Shunt Turn-off) FB 102 | 12 | 138 | V |Tp=-40°C to +85°C (Note 1)
FB Input Bias Current Irg — — +1 pA
o D6 4.85 5 5.15 Vout =6V
Ié]at:ir:al Feedback Divider D12 Aoy 97 10 103 | VIV Vour = 12V
D24 19.4 20 20.6 Vout = 24V
Internal Divider Resistance Rpiv — 500 — kQ | OUT to AGND (Note 1)

100 mA SH to PGND

Shunt on Resistance RsH — 3 7 Q 100 mA PGND to SH

) 220 — — Vgp < 1.2V, 25°C
Maximum Shunt Current IsH A

180 — — MA 185°C (Note 1)

Shunt Diode Voltage Drop Vp — 880 — mV |lp =220 mA
Bias Current into OUT Pin Izias — 220 400 pA | 28V applied to the OUT pin
Pull-down Resistance on SH Rpp 40 50 60 kQ |Vgy=1.5V
Voltage at SH to Turn the Shunt on
SYNg Vsyne 2 23 | 25 | Vv
Voltage at SH to Turn the Shunt off
when on OCP Vocp 2 23 2.5 V | Shunton
Shunt Current Fall Time teaLL — 15 — ps |90%—-10%, Iy = 100 mA
OCP Response Time tocp — 15 — us shunt on, Ispunt < 10 mA

(See Figure 3-4.)

Note 1: Guaranteed by design
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TEMPERATURE SPECIFICATIONS

Parameter ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘ Conditions
TEMPERATURE RANGE
Maximum Junction Temperature ‘ T, ‘ —40 ‘ — ‘ +125 ‘ °C ‘
PACKAGE THERMAL RESISTANCE
8-lead SOIC | o | — 101 | — [ow]

OCP Timing Diagram

Transient
ov

oCP_°v ________ N

ocP

. N

OFF

~10mA

«— toep — Not to scale
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Timing Diagram (Note 1)

V,, if not clamped by the shunt nor by V, .. Provided by reference.
/ This waveform does not exist in an actual SR10 power supply.

SYNC

ov

ON
OFF

Not to scale.

Note 1: (1) Output voltage decays under load until (2) it hits the regulation point which (3) turns off the shunt, (4)
freeing Vgy to rise (5) until it is clamped by Vot where (6) input current flows to the output, causing Voyt
to rise (7) until Vg falls below Vot. (8) When it reaches Vgyne (9) the shunt is turned on and current no
longer flows to the output. (10) The cycle repeats.
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2.0 PIN DESCRIPTION

All pins of SR10 are low voltage. Other details on the
pins are listed in Table 2-1. See Package Type for the
location of pins.

TABLE 2-1: PIN FUNCTION TABLE

Pin Number | Pin Name

Description

1 SH Shunt

2 PGND Power ground for the shunt

3 AGND Analog ground for the controller
4 FB Feedback input

5 D24 Internal feedback divider 24V tap
6 D12 Internal feedback divider 12V tap
7 D6 Internal feedback divider 6V tap
8 ouT Connect to regulator output

© 2022 Microchip Technology Inc. and its subsidiaries
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3.0 APPLICATION INFORMATION

The SR10 is a capacitor-coupled, switched shunt
regulator. Capacitor-coupling to the AC line limits input
current due to the finite charge per cycle that can be
transferred. Contrasting with a traditional Zener shunt,
the switched shunt operates either fully on or fully off,
resulting in low standby power consumption.

31 Output Current Capability

Output current capability is largely a function of the Cg
capacitor and the input voltage. Table 3-1 provides
approximate current capability for various Cg values
and line voltages. Actual current will be less due to
losses. Higher output voltages slightly reduce output
current capability.

3.1.1 Cs TABLE

Table 3-1 is based on the previously provided
equations for Cg. Actual output current may be less due
to losses (~5% less). AC line voltage is
assumed to be 90 VRMS-135 VRMS at 60 Hz or
190 VRMS-275 VRMS at 50 Hz. Slashed cells exceed
recommended operating conditions for peak shunt
current at 85°C.

For universal 120V and 240V operation, choose Cg
based on 120 VAC and make sure that operation at
240 VAC does not fall in a slashed cell. The relevant
cells are adjacent to each other. For example, if 50 mA
at 12V is needed and a full rectification is used, a Cg
capacitor of 2.2 yF + 10% provides 53.8 mA at
120 VAC (90 VAC low line). But at 240 VAC, the cell
to the right (240 VAC column) is slashed, and universal
operation is not possible. This assumes 120 VAC low
line is 90 VAC and 240 VAC high line is 275 VAC. For
other high/low voltages, use the equation.

v
_|

C, limits input current via finite charge
transfer per cycle.
No power losses in charge transfer.

t4

[~ o
AI

Shunt operates either fully on or fully off.
No power-wasting linear operation.

FIGURE 3-1: Simplified Schematics.
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TABLE 3-1: OUTPUT CURRENT CAPABILITY (mA)
6V Output 12V Output 24V Output
(o] Half Full Half Full Half Full
cs Tol | 120V | 240V | 120V | 240V | 120V | 240V | 120V | 240V | 120V | 240V | 120V | 240V
60Hz | 50Hz | 60Hz | 50 Hz | 60 Hz | 50 Hz | 60 Hz | 50 Hz | 60 Hz | 50 Hz | 60 Hz | 50 Hz
220 nF |10% | 2.9 5.2 5.7 10.3 29 5.2 5.4 10.1 2.7 5.1 4.8 9.6
20% | 2.6 4.7 5 9.2 25 4.6 4.8 9 24 4.5 4.3 8.5
330 nF 10%| 4.4 7.9 8.5 15.5 43 7.8 8.1 15.1 4.1 7.6 7.2 14.4
20%| 3.9 7 7.6 13.8 3.8 6.9 7.2 134 3.6 6.8 6.4 12.8
470 nE 10%| 6.3 1.2 | 121 22 6.1 11.1 11.5 215 5.8 10.8 | 10.3 | 20.5
20% | 5.6 10 10.8 19.6 54 9.9 10.2 19.1 5.2 9.6 9.1 18.2
680 nE 10% | 9.1 16.2 | 175 31.9 8.9 16 16.6 31.2 8.4 15.7 | 149 | 297
20% | 81 144 | 156 284 7.9 143 | 14.8 27.7 7.5 139 | 132 | 264
10 uF 10% | 13.3 | 23.9 | 257 46.9 13 236 | 244 45.8 12.4 23 219 | 437
20% | 11.9 | 21.2 | 229 41.7 11.6 21 21.7 40.7 11 205 | 194 | 38.8
15 uF 10%| 20 |3581| 386 | 7041 | 195 |3541| 36.7 | 68.71 186 (3461 | 32.8 | 6551
20% | 178 |31.81| 343 | 6251 | 174 |3141| 326 | 61.11 16.5 |30.71| 29.1 |58.21
22 uF 10% | 294 |52.51| 56.6 |103.21| 28.6 |51.91| 53.8 [100.81| 27.2 |50.71| 48.1 [96.11
20% |26.11(46.61|50.31| 91.71| 2551 [46.11|47.81| 89.61 | 2421 |4511|42.71|8541
Note 1: Exceeds recommended operating limits
3.2 Output Voltage 3.3 Additional Information

The output voltage may be adjusted over the range of
6V to 28V using either the SR10’s internal feedback
divider or by using an external divider. The internal
divider has taps for 6V, 12V, and 24V which are brought
out to pins D6, D12, and D24, respectively. Connecting
the appropriate tap to the feedback pin FB provides the
chosen output voltage.

If an output voltage other than that provided by the
internal divider is required, an external feedback divider
from Vgyr to the FB pin may be used. The range is
from 6V to 28V.

For a more detailed description or for sample circuits,
an application note and a demo board are available.
The “AH-H65 CCSS Application Note” explains the
operating principle of the capacitor-coupled switched
shunt regulator. It also provides design equations and

guidelines as well as specifies special testing
considerations.
The “SR10DB1SR10 Demo  Board” details

jumper-selectable half-wave or full-wave rectification,
jumper-selectable output voltage, and socketed
components that allow easy optimization.

TABLE 3-2: OUTPUT VOLTAGE CONNECTIONS
Connection Output Voltage
FB Connected to D6 6V
FB Connected to D12 12v
FB Connected to D24 24V

FB Connected to External Divider

RF'B]
Vour = 1.2V x (1 - _)

FB2

Note 1: A 470 pF capacitor from FB pin to AGND pin minimizes the effects of a noisy AC line.
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FIGURE 3-4:

Shunt Turn-off Fall Time.

DS20005770A-page 10

© 2022 Microchip Technology Inc. and its subsidiaries




SR10

4.0 PACKAGING INFORMATION

4.1 Package Marking Information

8-lead SOIC Example
HHHHA HHHA
XXXXXXXX SR10
@ YYWW €32214
o NNN e 320

ali:lzl= HHHH

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.

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 product code or customer-specific information. Package may or
not include the corporate logo.
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8-Lead SOIC (Narrow Body) Package Outline (LG/TG)
4.90x3.90mm body, 1.75mm height (max), 1.27mm pitch

i— D ] 4\ 61

HHH A T

il \ W e

L1 Plane
View B
A‘j — — _ ViewB
Note 1 - ~ L
e |7 N
i \ — 7 \
¥ Seating '
i T CO0—CJ—1J Plne \—‘—N\—I //
N el bl g ~——
Side View A View A-A

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

Note:
1.

This chamfer feature is optional. A Pin 1 identifier must be located in the index area indicated. The Pin 1 identifier can be: a molded mark/identifier;
an embedded metal marker; or a printed indicator.

MIN |1.35* | 0.10 | 1.25 | 0.31 | 4.80* | 5.80* | 3.80* 0.25 | 0.40 0° | 5°
Dimension 1.27 1.04 | 0.25
mm) |NOM| - | - | - | - [490]600]390 g5c| - | - |Rer|BSC| " | -
MAX | 1.75 | 0.25 | 1.65* | 0.51 | 5.00* | 6.20* | 4.00* 0.50 | 1.27 8° | 15°
JEDEC Registration MS-012, Variation AA, Issue E, Sept. 2005.

* This dimension is not specified in the JEDEC drawing.
Drawings are not to scale.
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APPENDIX A: REVISION HISTORY

Revision A (September 2022)

» Converted Supertex Doc# DSFP-SR10 to
Microchip DS20005770A

» Changed the package marking format

» Changed the quantity of the LG package from
2500/Reel to 3300/Reel to align packaging
specifications with the actual BQM

* Made minor text changes throughout the
document

© 2022 Microchip Technology Inc. and its subsidiaries DS20005770A-page 13
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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.

PART NO. XX - X
Device Package Environmental Media Type
Options
Device: SR10 = Capacitor-Coupled Switched Shunt (CCSS)
Regulator
Package: LG = 8-lead SOIC
Environmental: G = Lead (Pb)-free/RoHS-compliant Package
Media Type: (blank) = 3300/Reel for an LG Package

Example:

a) SR10LG-G: Capacitor-Coupled Switched Shunt
(CCSS)Regulator, 8-lead SOIC,
3300/Reel for an LG Package.

DS20005770A-page 14
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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.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AVR,
AVR logo, AVR Freaks, BesTime, BitCloud, CryptoMemory,
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registered trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.
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