Supertex inc.

SR036

Inductorless, Dual Output
Off-Line Regulators

Features

VVVVYYVYYVYY

Accepts peak input voltages up to 700V

Operates directly off of rectified 120 or 230VAC

Integrated linear regulator

Minimal power dissipation

No high voltage capacitors required
No transformers or inductors required
Up to 1.0W output power

Applications

VVVYVYYVYY

3.3V power supplies

SMPS house keeping power supplies
White goods

Appliances

Small off-line low voltage power supplies
Lighting controls

Typical Application Circuit
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General Description

The Supertex SR036 is an inductorless, dual output off-line
controller providing up to 1.0W of output power. It does not
require any transformers, inductors, or high voltage input
capacitors. The input voltage, HV,, is designed.to operate
from an unfiltered full wave rectified 120V or 230V AC line. It
is designed to control an external N-channel MOSFET or IGBT.
When HV  is less than 45V, the external transistor is turned-on,
allowing it to.charge an external capacitor connected to V ...
An unregulated DC voltage will develop on Vg ... Once HV
is-above 45V, the transistor is turned off. The maximum gate
voltage for the external transistor is 24V. The unregulated
voltage is approximately 18V. The SR036 also provides a
regulated 3.3V.

WARNING! Galvanic isolation is not provided. Dangerous
voltages are present/when connected to the AC line. It
is the responsibility of the designer to assure adequate
safeguards are in_place to protect the end user from
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SR036

Ordering Information Pin Configuration

8-Lead MSOP SJIL:::tss?:g: HvN[ | ® 8 | GATE
Device 1313?:’312:;7;’::;;‘:}; ) 1473?:; i‘;’g’:ﬁ;‘:’;{) N/C Iz E SOURCE
0.65mm pitch 27 mm piteh N/Cc[3] 6 ] vouT
ND N/C
SR036 SR036MG-G SR036SG-G GND[ 4 | 5]
-G indicates package is RoHS compliant (‘Green’) 8-Lead MSOP (MG)
\nig; p—
@@“ t"‘?@ HVIN[ 1 |®| ‘I | 8 | GATE
g o nel[z] ! | [ Z_] SOURGE
- Supertexw I |
S, compliane Q.\e: N/C[3 ] : 1 [ e_]vout
Mk GNDE/(____I 5 |NIC
Heat Slug
8-Lead SOIC w/ Heat Slug (SG)
(top view)

Make NO electrical connections to backside plate!

Absolute Maximum Ratings

Parameter | VI Product Marking
V,» High voltage input +700V T op Merking
V,,» LOw voltage output +6.0V S036
LLLL
Storage temperature -65°C to +150°C : L = Lot Number
. YY = Year Sealed
Soldering temperature +300°C Bottom Marking™ \n\v = Week Sealed
Power diSSipation, 8-Lead MSOP 300mW = “Green” Packaging
o YYWW
Power dissipation, 8-Lead SOIC 1.5W7
Absolute Maximum Ratings are those values beyond which damage to the device
may occur. Functional operation under these conditions is not implied. Continuous 8-Lead MSOP (MG)

operation of the device at the absolute rating level may affect device reliability. All
voltages are referenced to device ground.

YY = Year Sealed

@YYWW WW = Week Sealed
SR036 L = Lot Number

LLLL = “Green” Packaging
8-Lead SOIC w/ Heat Slug (SG)

1. When underside plate soldered to 2cm? of exposed copper.

Electrical SpeCificationS (Over operating supply voltages unless otherwise noted, T, = 0°C to +125°C)

Sym | Parameter | Min | Typ | Max | Units | Conditions
- - 700 Peak transient voltage
HV,, | Input voltage \ —
- - 407 Peak rectified AC voltage
V., | HV, voltage when Gate is pulled to ground 40 45 50 V|-
V. | Gate to Source clamp voltage 10 | £15 | 20 V|l =£100pA
Vee | Gate to ground clamp voltage 18 20 24 V -
Vo, | Regulated output voltage for the 8-Lead SOIC | 2.97 | 3.30 | 3.63 | V | Vg gee = 10V
AV, | Vour load regulation - 20 120 mV | Vgouree = 10V, | 5p = 0 to 50mA’
Freq | Input AC frequency 40 - 100 Hz | -

1. Load current on the regulated output must not cause power dissipation to exceed max ratings. Worst case power dissipation is given by:
VIN2 +

185kQ

Where |, . is the load on the regulated output.

P= (16V - V.

our) * lour
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Typical Performance Curves
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Application Information
Operating Principle

The SR036 operates by controlling the conduction angle of
the external MOSFET as shown in Figure 1. When the recti-
fied AC voltage is below the V., threshold, the pass tran-
sistor is turned on. The pass transistor is turned off when
the rectified AC is above HV,N(OFF)' Output voltage (V \gec)
decays during the periods when the switch is off and when
the rectified AC is below the output voltage. The amount of
decay is determined by the load and the value of C1. Since
the switch only conducts with low voltages across it, power
dissipation is minimized.

Figure 1. Typical Waveforms

SR036

Functional Block Diagram
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Power dissipation

Power dissipation in the SR036 is from 2 sources. The first
is due to the bias current (or overhead) required to operate
the device. This may be calculated from P, .. =V /185kQ,
where V is the input voltage in V.. The second source of
power dissipation is the 3.3V linear regulator and may be
calculated from P = (16V -V, ) * | ... Where V- is 3.3V,
and |l... is the load current on the 3.3V output. The total
power dissipated by the SR036 is the sum of these two: P ¢
+ P (These equations are conservative — actual dissipa-
tion may be less.)

Transformers

not to scale

To adequately dissipate the power, the underside plate of
the SR036SG should be soldered to at least 2.0cm? of ex-
posed copper area on the PCB.

Power is also dissipated by the pass transistor. Power dissi-
pated by the transistor will be (16V * | ., ) * (1/Eff -1) where
l;ora. IS the sum of the load currents on the regulated and
unregulated outputs and Eff is the converter efficiency (0.30
to be conservative). The transistor should be soldered to at
least 5.0cm? of exposed copper area on the PCB for heat-

sinking.

AC Line

SR036

Do not use a transformer - either fixed or variable - on the AC line. The
inductance of the transformer interferes with the normal operation of
the SR036.
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Using a MOSFET in Place Of an IGBT
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Efficiency and EMI Test Circuit
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Supertex inc.
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SR036

SR036 Circuit Using VN2460 (with EMI Supression Circuit)

120VAC/60Hz - Limits per 47CFR15.107 for Class B devices. 45mA total load.

LOG ACTY DET: QPD Los ACTY DET: QFPD
1@ dB/ MEAS DET: PEAK QF AVG L L aCiy BETT PRl am ave
X ko4 JREF.70:8.UBRW LOB REF 78.8 dBpV
© Fa 18
()] an #ATH
a 8@ dBp
1
[72]
m HA SBl-cacimnmmmamrimdiaa.
> §C LS|
e] COR
START 180 kHz STOP 30,88 WAz TETTES op WHz
1F BN 9.8 kHz AVE BM 38 kHz SHP 180.@ sec BTART LBW T i s CY s iz S10PSEseY nuz
. L06 ACTY DET! AVSG
LA Bl DETY D¥RL ok s 18 dB/ MEAS DET: PEAK QP AVG
LO8 REF 79.8 dBuV
10 — —— - -
(] L 1 g:;n i MEAS UNCHL
O) _ls UHCH_I. """ g8 d = -
©
P
(O]
E WA SB|- '.;3 f G
SC LS| CORR]"
CORR|-
; e NGERRE START 158 kHZ STOP 88.880 NHx
START 150 kHz . v e TR .. IF BH 9.8 kHz AV -BH 1.8 Hz SWP 188.8 sec

208VAC/60Hz (230VAC/50Hz not available) - Limits per CISPR 14-1 for household appliances. 23mA total load.

ATTEN ACTY DET® QFD 2
30 dB HEAS DET: PEAK P.AUS 8a'ah RERS DET: PERK op ave
X LO6 REF 70.8 dBuv
S i et — -
o) dB/ = iz | 4
$ATH WERS - UNCHE
o 38 dB .
1
(7]
© WA S8
: SC LS
O CORR
START 158 kHz STOF 30.90 MHz TART 158 FHE : — =
WIF BN 3.8 KWz | AV B 38 kHz SWP 186.0 seo START 1:%5"%.0 kwz s BM 38 KkHz SnoF.39:80 bz
IF. BANDWIDTH ACTV DCT: AVG SHEEPTINE ACTV DET: AYG
9.0 kHz MEAS DLT: PEAK QP AVG i8e.8 sec MEAS DET: PEAK QF AVE
LOG REF 7.2 dBpV
i@ = R
(O] : : dB/ z 1
AS UNCAL #ATH AS UNCAL-
(®)] : 30 de )
©
| -
(O]
= ua s WA s8
< SC LS SC LS
CORR CORRL i Bttt S snovremmems s Beaiire ol B2
START 158 kHz STOP 38.80 fHz START 158 kHz STOP 30.80 hHz
#IF BW 9.8 KkHz AVE BH 1.8 Hz SWP 188.8 ses #1F BM 9.0 kHz AVE BH 1.8 Hz SWP 188.8 sec
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SR036 Circuit Using GN2470 (no EMI Supressor)
120VAC/60Hz - Limits per 47CFR15.107 for Class B devices. 50mA total load.

SR036

F BH 9.8 kHz

ACTV DET: @PD f
HEAS DET: PEAK GP AVS FEAS DET: PEAK oP Ave
LOS REF 78.8 dBpv LOB REF 78.8 dBpV
1 : T TF GVERLOAD : : : & :: ie
#ATH i omaed
~ i@ dgf
©
()
o
T TEL
vy SC F§
(%2} CORR|
©
> - =i H =
START 158 kHz STOP 30.88 MHx
@) IF BW 9.8 kHz AVE BH 3@ kHz SWP 180.8 sec START %“ kHz

LOG REF 78.8 dBpV

ACTV DET: AVE
MEAS DET: PEAK QP AVE

Average

START 168 kHz
IF BH 9.8 kHz

STOP 3@.88 MHz

AVE BH 1.8 Hz SHP 18@.80 sec

DET: AVE
DET: PEAK QF AVE

lige REF 7@.8 dBuV
dB/ : i\ 0\: ¢

BTN
18 dB

WA SB
SC F

CORR|

kHz

START 158
IF BW 3.8 kHz

STOP 38.80 MHz

AVE BHW 1.9 Hz SHP 18@.28 sec

208VAC/60Hz - (230VAC/50Hz not-available). Limits per CISPR 14-1 for household ‘appliances. 25mA total load.

Hot Neutral
LOB ACTV DET: QPD R
i RERY BE 222 or mus iotan RS B EESS o e
LO8 REF 7@.8 dBpV
REF 70.0 dByY 1;] - — TF OVERLOAD . :
BATH STUNCHL
~ 18 de
©
()
o
L ua 8
SC F
8 CORR
START 15@ kHz STOP 28.88 MHz STOP 30.0@ MWHz
kH
&) IF BH 4.8 kHz AVG BM 30 kHz SWP 188.8 sec START %gseu 5.0 kHz AvS BN 38 kHz WP 188.8 sec
ACTV DET: AVE ACTV DET: AVE
MEAS DET: PEAK @P AVG HEAS DET: PEAK @GP AVE
LO6 REF 78.0 dBpY
33/ : : s : IF OVERLOAD .
SATH AS UHCHL
18 dB ; :
(0]
(®)]
o
WA SB
() sC F|
> CORR|
START 150 FHz STOP 88.80 MHz : - — -
: START 15@ kHz STOP 88.00 MHZ
IF BW 9.8 kHz AVE BH 1.8 Hz SWP 100.8 sec 188 kHz . AUG BH 1.0 Hz E10P 26.82 Wiz
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SR036 Circuit Using GN2470 (no EMI Supressor)

120VAC/60Hz - Limits per 47CFR15.107 for Class B devices. 100mA total load.

Quasi-peak

Average

Hot

Neutral

SR036

6 REF 7@.8 dBpV

MERS - UNCHL

START 16@ kHz
IF BW 9.8 kHz

AVE BW 38 kHz

STOP
SHP

38.8@ MHz
188.8 sec

LO6 REF 78.@ dBpV
i@ 5 e

dB/

#ATH |-

i@ dB|

WA S
SC F
COR

START %SB kHz

F BH 9.8 kHz AVE BM 38 kHz

STOP

20.80 MHz

SWP 180.8  sec

LOG REF 7@.8 dBpV
1 C——

MEAS UNHCAL

START 4158 kHz
IF BW 9.8 kHz

AVE BH 1.8 Hz

STOP 30.88 MHz

SHP

189.8 sec

MEAS UNCAL-"

START 4158 kHz
IF BW 9.8 kHz

AVG BW 1.8 Hz

STOP 30.00 MHz

SHP 4188.8 sec
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Application Information (cont.)

SR036

Fuse GN2470 oV
* * UNREG
>Z 1007 |
c 220uF
120VAC kel
Géj 5 1KQ g
o (") 5% '
230VAC »no
o Gate Source
HVIN VOouT
SR036

ON/OFF >—| Emmem

_T_ —O VReg
1.0uF

v 3

Figure 2: Example Circuit with Enable Control

Figure 2 is an example circuit using the SR036 along with
a Supertex GN2470 IGBT to generate an unregulated volt-
age of approximately 18V and a regulated voltage of 3.3V.

Source

The combined total-output current'is typically 50mA. The
TN2106K1 in _series with a 1.0KQ resistor can be added for
applications requiring an enable control.

Fuse GN2470
R
c
120VAC @ Q S
or 53 ]
230VAC e
o Gate
HVIN
SR036

2N3904
’ j_ OV, = 5.0V
1.0MQ == 1.04F
5.6V
R OV, = 3.3V

!GND

Figure 3: Generating Two Regulated Voltages

For applications requiring two regulated voltages, an inex-
pensive discrete linear regulator can be added-to regulate
the unregulated output as show in Figure 3. The discrete
linear regulator consists of a Zener diode, a resistor and a bi-

polar transistor. The regulated voltage, V.1, is determined

by the Zener diode voltage minus the base-to-emitter volt-
age drop of 0.6V. Figure 3 uses a 5.6V Zener diode to obtain
a 5.0V output. Different Zener diode voltages can be used to
obtain different regulated output voltages.

Fuse GN2470 Unregulated Voltage
.’\" 4 ¢
2L | 2200F _[1.00F & [
c 1N4001 : I
120VAC 09 ! :
or @ 58 -
230VAC » o 12V Coil
o Gate | Source Relay
3.3V Logic
| ™| sroze |2, Control
Circuit

GND 1.0uF
Figure 4: Driving 12V Relay Coils 47 5

The circuit shown in Figure 4 uses the SR036 to supply a
regulated 3.3V for the logic control circuitry, while the unreg-
ulated voltage is used to drive a 12V relay coil. The operat-

I 1VN2110K1

ing voltage for a 12V relay coil is typically very wide and can
therefore operate directly from the unregulated line.
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Application Information (cont.)

SR036

Features:

1. Precision Current Regulator
2. Zener Voltage Boost

PWM Dimming
(optional)

Constant Current
Regulator

Fuse . GN2470 Upregulated Vo_ltage
LT 1 T
c 220pF .
120VAC RS $ N
230VAC 6: Gate | Source §
HVIN SR036 VOUT VRE §
| ¢ Q
oND 1.0pF Q2
g 330Q 330Q
Figure 5: Driving LEDs from 120VAC V
The circuit shown in Figure 5 uses the SR036 to drive 12 current is approximately 20mA.
high efficiency red LEDs from an AC line. The average LED
Vinges = VY, + 14V R =V \ree / 1-5MA
. =V, +8V I e .
use GN2470 . UNREG |
\—e N/ NP |
Rt Lt PR R i + ! v
, c : EMI Filter ! I I | !
AC line %‘% ] ' é (optional) | | ' |
\, Se/ P I ! | Vieo | lep!
wn o ! | ! 1 |
"""" GATE = : i
) HVIN | Supertex | SOURCE E i
_ SR036 P ! ;
Figure 6: N ;
Precision Current Drive for NV R i
LED String from AC Line | Voltage :
i+ Boost i

4. EMI Filter (optional)

3. PWM Dimming (optional)

Notes:

1. The circuit uses the SR036 and GN2470 to drive a string of LEDs from AC power line.

2. The LED current is regulated at up to 40mA.

3. The LED string voltage can be up to AC line voltage (120V for 120VAC / 230V for 230VAC).

= 2.5V /R, <40mA
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SR036

Application Information (cont.)

Vonres = Viep * 8V R =V \res/ 1-0MmA
<V,+16vV |
‘\Fus.e GN2470 ' Ve |
! >z leuFLmOuF *

EMI Filter I I
I (optional)
Gate

HVIN | Supertex | SOURCE
SR036

AC line

&

180K

Surge
Protection
N

Figure 7:
Simple Current Drive for e ittt
LED String from AC Line

Features:

1. Simple Current Regulator

2. Automatic Voltage Boost

3. Zener Boost Voltage Limit (optional)
4. EMI Filter (optional)

Notes:

Zener Boost Voltage
Limit (optional)

| o=V, [ Ry< 40mA

1. The circuit uses the SR036 and GN2470 to drive a string of LEDs from AC power line.
2. The LED current is regulated at up to 40mA.
3. The LED string voltage can be up to AC line voltage (120V for 120VAC / 230V for 230VAC).

5upertex INcC. - 1235 Bordeaux Drive, Sunnyvale, CA 94089 - Tel: (408) 222-8888 * FAX: (408) 222-4895 « www.supertex.com
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SR036

8-Lead MSOP Package Outline (MG)
3.00x3.00mm body, 1.10mm height (max), 0.65mm pitch

D

A .0 A 4 o

E1 N\

Note 1 — ////7 Lz‘l Gauge
(Index Area s Plane
D/2 x E1/2) / J

N\ = -
L /A 4 7 Seating
1 |:| |:| |:| |:, - L1 | 78 Plane

Top View View B
A .
[ — — _ ViewB
- ~
/ v
N 7 \
A A2 T - |
f * — 1 \ ] /
} — Seating N P4
A1 |<— e —>| - b ‘4— Plane ~ _
L
Side View View A-A

Note:

1. 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 | 0.75* | 0.00 | 0.75 | 0.22 | 2.80* | 4.65* | 2.80* 0.40 0° 50
Dimension 0.65 0.95 | 0.25
(mm) NOM - - 0.85 - 3.00 | 490 | 3.00 BSC 0.60 REF | BSC - -
MAX | 1.10 | 0.15 | 0.95 | 0.38 | 3.20* | 5.15* | 3.20* 0.80 8° 15°¢

JEDEC Registration MO-187, Variation AA, Issue E, Dec. 2004.

* This dimension is not specified in the original JEDEC drawing. The value listed is for reference only.
Drawings are not to scale.

Supertex Doc. #: DSPD-8MSOPMG, Version G101008.
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SR036

8-Lead SOIC (Narrow Body w/Heat Slug) Package Outline (SG)
4.90x3.90mm body, 1.70mm height (max), 1.27mm pitch

D1
-~ D —» -— -
8 8
i Exposed
Thermal
T Pad Zone
_|_ *EZ
Note 1 S i
(Index Area |~ i
D/2 x E1/2)
pddd . HdHb
1 1
Top View Bottom View

- 61

A View B

i
A A2 ) Note 1 / Gauge
LY e PR e
- Plane A
0 T -
| |+| *H Y \ -/ \l\\l —
~ :'
A1 1€ ~b — L1L A eating

~—
~

Plane

Side View View A-A View B

Notes:
1. If optional chamfer feature is not present, 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.

Ssymbol | A | A1 | A2| b | D |D1| E |E1|E2] e | nh| L |L1]L2]oe]e
MIN | 1.25% | 0.00 | 1.25 | 0.31 | 4.80* | 3.307 | 5.80* | 3.80* | 2.29" 0.25 | 0.40 0° | 5°

Dimension 1.27 1.04 | 0.25
m)INOM| - - | - | - |490| - 1600 390 | - |ggo| - | - |pgeeigddl - -
MAX | 1.70 | 0.15 | 1.55* | 0.51 | 5.00* | 3.81" | 6.20* | 4.00* | 2.79 0.50 | 1.27 8o | 15°

JEDEC Registration MS-012, Variation BA, Issue E, Sept. 2005.

* This dimension is not specified in the original JEDEC drawing. The value listed is for reference only.
1 This dimension is a non-JEDEC dimension.

Drawings not to scale.

Supertex Doc. #: DSPD-8SOSG, Version C090408.

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline
information go to http.//www.supertex.com/packaging.html.)

Supertex inc. does not recommend the use of its products in life support applications, and will not knowingly sell them for use in such applications unless it receives an
adequate “product liability indemnification insurance agreement.” Supertex inc. does not assume responsibility for use of devices described, and limits its liability to the
replacement of the devices determined defective due to workmanship. No responsibility is assumed for possible omissions and inaccuracies. Circuitry and specifications
are subject to change without notice. For the latest product specifications refer to the Supertex inc. website: http//www.supertex.com.
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