) SR036
Supertexinc. SR037

~J iy —
Demo Kit

Inductorless, Dual Output Off-Line Regulators

Features General Description
O Accepts peak input voltages up to 700V The Supertex SR036 and SR037 are inductorless, dual output
O Operates directly off of rectified 120V AC or 230V AC pff-llne contro!lers. They.do not require any .transformers,
inductors, or high voltage input capacitors. The input voltage,
Q Integrated linear regulator HV,, is designed to operate from an unfiltered full wave
Q Minimal power dissipation rectified 120V or 230V AC line. It is designed to_ control an
. . . external N-channel MOSFET or IGBT. When HVy is less than
U No high voltage capacitors required 45V, the external transistor is turned-on allowing it to charge
Q No transformers or inductors required an external capacitor connected to Vsoyrce. An unregulated DC
voltage will develop on Vgoyrce- Once HV y is above 45V, the
4 Up to 1.5W output power

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
whereas the SR037 provides a regulated 5.0V.

Applications

. WARNING!!! Galvanic isolation is not provided. Dangerous
O 3.3V or 5.0V power supplies voltages are present when connected to the AC line. It is
0 SMPS house keeping power supplies the responsibility of the designer to assure adequate
2 Whit d safeguards are in place to protect the end user from

e gooas electrical shock.

Q Appliances
Q Small off-line low voltage power supplies
Q Lighting controls

SRO03x Typical Application Circuit

~18V Unregulated

A N L —
—— GN2470 1.0uF 470uF
. 1 T
5 p— p—
c o - -
o
120VAC g”ﬁ SR036 Vsource SR036: Voyr=3.3V Regulated
or @ 58 SR037: Voyr=5.0V Regulated
230VAC ?o Hv | OF SRO37 » o
o Vour T
f 1.0uF
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Ordering Information SR036/SR037
Package Options
VOUT
MSOP-8 S0O-8 w/ Heat Slug
3.3V SR036MG* SR036SG
5.0V SRO37MG* SR037SG
* Proauct sugphied on 2500 prece carrer lqpe reel.
- - * - - -
Absolute Maximum Ratings Pin Configuration
V\n, High Voltage Input +700V
HVin [} Gate
Vour, Low Voltage Output +6.0V :?2 v
GND 1] N/C
Storage Temperature -65°C to +150°C MSOP-8
Soldering Temperature +300°C (top view)
Power Dissipation, MSOP-8 300mwW
. . HVin T ® Gate
- 1
Power Dissipation, SO-8 slug 1.50W NG Source
* All voltages are referenced to GND. N/C [Te] Vour
1 When underside plate soldered to 2cm? of exposed copper. GND Ne
*Absolute Maximum Ratings are those values beyond which damage to the device S0O-8 Slug
may occur. Functional operation under these conditions is not implied. Continuous Make no electrical connections
operation of the device at the absolute rating level may affect device reliability. All .
voltages are referenced to device ground. to Back8|f.|e Plate
(top view)
Electrical Characteristics
(Over operating supply voltages unless otherwise specified, T,=0°C to +125°C)
Symbol Parameter Min Typ Max | Units Conditions
700 Peak transient voltage
HV Input voltage \Y —
407 Peak rectified AC voltage
Vig HV,\ voltage when Gate is pulled to ground 40 45 50 \
Vas Gate to source clamp voltage 10 +15 +20 V. |lgg = +100pA
Veate Gate to ground clamp voltage 18 20 24 \Y
y Regulated output voltage for the SO-8 SR036 297 | 3.30 | 3.63 y Vsource = 10V
ouT i
with heat slug SR0O37 | 45 | 5.00 | 5.50 Vsource = 10V
\Y =10V
AV Vour load regulation 20 120 | my | SOURCE ’
our | rour 9 I oag = O to 50mA (1)
Freq Input AC frequency 40 100 Hz

(1) Load current on the regulated output must not cause SR03 power dissipation to exceed max ratings. Worst case power dissipation

is given by:

2
VIN
185kQ

P = +(16V—VOUT)X|OUT

Where Ioyr is the load on the regulated output
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Typical Performance Curves
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Applications Information SR036/SR037
Functional Block Diagram

Operating Principle

The SRO03x operates by controlling the conduction angle of the HVIN Gate Source
external MOSFET or IGBT as shown in Figure 1. When the O

rectified AC voltage is below the V, threshold, the pass transistor
is turned on. The pass transistor is turned off when the rectified Vv
AC is above HV . Output voltage (Vunreg) decays during the REF
periods when the switch is off and when the rectified AC is below Reg — VOUT
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.

GND

Switch ON

l

/\\/ Wi 7 N
/ V

VReG V V \

not to scale

Figure 1: Typical Waveforms

Power Dissipation

Power dissipation in the SRO3 is from 2 sources. The first is due to the bias current (or overhead) required to operate the device. This may
be calculated from Pgas = Vv / 185kQ where Vy is the input voltage in Vgys. The second source of power dissipation is the 3.3/5V linear
regulator and may be calculated from Preg = (16V - Vour) * lres, Where Vour is 3.3V or 5V, and Iggg is the load current on the 3.3/5V output.
The total power dissipated by the SR03x is the sum of these two: Pg s + Pres. (These equations are conservative — actual dissipation may
be less.)

To adequately dissipate the power, the underside plate of the SR03xSG should be soldered to at least 2cm? of exposed copper area on
the PCB.

Power is also dissipated by the pass transistor. Power dissipated by the transistor will be (16V * lyora.) * (1/Eff -1) where lora. is the sum
of the load currents on the regulated and unregulated outputs and Eff is the converter efficiency (see Efficiency Graph next page). The
transistor should be soldered to at least 5cm? of exposed copper area on the PCB for heatsinking.
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SR036/SR037

Using a MOSFET in place of an IGBT

VN2460 ~18V Unregulated
- —_ 1.0uF 270uF

1T

e
©
g (O]
120VAC 55 SR036 VsoURCE SR036: Vour=3.3V Regulated
or @ 59 SR037: Vour=5.0V Regulated
230VAC a0 Hvw | OF SRO37 |— I o
& :I: 1.0uF
SRO3 Efficiency
SRO03 Efficiency
50
VN2460, no EMI
) L~ GN2470, no EMI
é 40 - \ ‘\\
o d ~\\ ~“\\\
S 30 / / J
£ VN2460, wEMI GN2470, wEM
i
20
00 01 02 03 04 05 0.6 0.7 0.8 09 1.0 1.1 1.2 13 14 15 16
Punres (W)

Efficiency and EMI Test Circuit

120/230VAC GN2470

50/60Hz

. > VUNREG
Peke| V X & | _To______
400CA JEMI uF 220uF (VN2460)
' 470uF (GN2470)

1Suppressor

Al
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SR036/SR037

SRO03 Circuit using VN2460 (with EMI Suppression Circuit)

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

Hot Neutral
LOG ACTV DET: QPD Loe ACTY DET: QFD
1@ dB/ MEAS DET: PEAK QP AVEG 18 dB/ MEAS DET: PEAK QP AVEB
4 LOS REF 70.8 dBpV
© 18 T
o
Q.
1
(72]
©
=2
G B T TR Y TR T SR T T T LT LT ST EECTERTS SIEE SRTCTE s SE 48 CEEE T ] eenanes
START 168 kHz STOF 30.88 MHz START 158 kHz STOP 30.08 MNHz
IF BN 9.0 kHz AVE BW 3@ kHz SWP 100.8 sec IF BN 9.0 kHz AVE BW 3@ kHz SHP 1080.0 sec
Loe ACTY DET: AVE Loe ACTV DET: AVG
ie dB/ MEAS DET: PEAK QP AVG 18 dB/ MEAS DET: PEAK QP AVG
LO6 REF 78.@8 dBpVY LOB REF 7@8.8 dBpV
ie . — e T ie " T " "
() dB * : dB/ L :
o)) #A AS UNCAL #ATN AS UNCAL
3e J : 38 dB . .
©
h e
[ |
> |
< WA SB WA
SC LS SC LS
CORR| CORR
START 4158 kHz STOP 80.880 MHz START 4160 kHz STOP 3P.80 MHz
IF BH 9.0 kHz AVG BU 1.0 Hz SWP 100.8 sec IF BW 9.8 kHz AVE BH 1.8 Hz SWP 102.8 sec

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

ATTEN ACTV DET: QPD ATTEN ACTV DET: QPD
38 dB MEAS DET: PEAK QP AVG 30 dB MEAS DET: PEAK QP AVG
LO6 REF 78.8 dEpV LO6 REF 79.0 dBpv
i 10 - e i@ - P— P T
© a8/ 4 :
wAT STUNCAL
3| & -
1
(72]
©
8
START 150 kHz STOP 30.80 MHz START 150 kHz STOP 30.80 MHz
#IF BM 9.8 kHz AVG BW 30 kHz SWP 100.8 sec #IF BW 9.0 kHz AVG BW 3@ kHz SWP 100.9 sec
IF BANDWIDTH ACTYV DET: AVG SWEEPTIME ACTY DET: AVG
3.8 kHz MEAS DET: PEAK OP AUB 160.0 sec MEAS DET: PEAK QF AVG
LO6 REF 78.8 dBpV LOG REF 78.0 dBpV
190 - — — - ie - — " -
dB/ . : B/ L :
() #ATN AS UNCAL-- #ATN AS UNCAL-
o)) 30 dg| ; ; 39 dB p 3
©
| o
()
> WA SB
< SC LS
CORR
START 150 kHz STOP 30.80 MHz START 156 kHz STOP 30.€0 NMHz
#IF BW 9.8 kHz AVG BW 1.0 Hz SWP 108.8 sec #IF BW 9.8 kHz AVG BW 1.0 Hz SWP 180.8 sec
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SR036/SR037

SRO03 Circuit using GN2470 (no EMI Suppressor)

120VAC/60Hz Limits per 47CFR15.107 for Class B devices. 50mA total load.

Hot Neutral
ACTV DET: QPD ACTY DET: GPD
MEAS DET: PEAK @GP AVG MEAS DET: PEAK QP AVS
Lgs REF 70.8 dBpV
L : IR TF OVERLOAD ; : :
2STUNRCAL = UNLAL
R ia ds : :
©
Q
?.
7 WA SB
SC F§|
© CORR
=} H
START 156 kHz STOP 30.80 MHz START 456 kHz STOP 39.80 MHz
IF BH 9.8 kHz AVG BW 30 kHz SHP 188.8 sec IF BW 9.8 kHz AV BH 30 kHz SHP 188.0 sec
ACTV DET: AVG ACTY DET: AVG
MEAS DET: PEAK QP AVE MEAS DET: PEAK QP AVG
LOG REF 7.8 dBpV LOG REF 70.@ dBpV
i, . i : L8, — TF OVERLOAD - = .
#ATH | opreeeeees MEAS UNCAL- #ATH feeeeend MEAS UNCAL -
19 dBf" ; ; 10 dB| ; .
Q
(o)}
© i i Mt deacb b R b, T e R
o
WA SB
SC FS|
2 CORR|:reeieeevinendionbodundeded oo
START 158 kHz STOP 30.08 MHz START 168 kHz STOP 30.08 MHz
IF BW 9.8 kHz AV6 BW 1.8 Hz SWP 100.8 sec IF BW 9.0 kHz AVG BW 1.8 Hz SWP 10@0.8 sec

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

Hot Neutral
: Loe ACTY DET: QPD
£8%an. REAS DET! PEAK ap ave 18 dB/ MEAS DET: PEAK QP AVG
LOG REF 78.8 dBpV Lge REF 70.8 dBupY
10 : dB/ N :
; #ATHN 5 UNCAL
x 2 uN\.r!I. 19 dB| o LS .
©
Q
o
; 4 8
[} CORR
@  CoRR[reieieie bt b e e T
= TRTEE STOP 30.00 MH
: - AR - START 4158 kHz . z
c START 158 kHz STOP 3@.80 MHz IF BW 9.8 kHz AUG BW 38 kHz SWP 188.8 sec
IF BW 9.8 kHz AVG BW 38 kHz SWP 186.8 sec
ACTY DET: AVG ACTY DET: AVG
MEAS DET: PEAK QP AVG MEAS DET: PEAK QP AVG
L0G REF 72.0 dBpY L0G REF 78.8 dBpY
10 — — - ie - — -
dB/ b H L M
BATN oot dedodb bt AS UNCAL- $ATH |- AS UNCAL:
1@ de ; ; 10 dBf" : '
@ | 0 [T TUITUUTET Dbl | L T T LR
(o))
©
o ua sB ua sB|-
O SC FS SC F$
S CORR CORR|-
START 150 kHz STOP 30.90 MHz START 158 kHz STOP 30.00 MHz
IF B 3.8 kHz AVG BM 1.8 Hz SUP 180.8 sec IF BH 8.0 kHz AVG BW 1.9 Hz SWP 100.8 seo
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SRO03 Circuit using GN2470 (no EMI Suppressor)

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

Quasi-peak

Average

Hot

Neutral

SR036/SR037

LOG REF 70.0 dBpV
18 e T

dB/ T
#ATH |-

i@ dB|

wE
onr
Aanw
Dwvm

kHz

START 158
IF BW 9.6 kHz

AVG BW 30 kHz

STOP 30.80 MHz
SWP 180.8 sec

LOG REF 70.8 dBpV
i g

START 150 kHz
IF BW 9.8 kHz

AVG BW 3@ kHz

STOP 30.08 MHz

SWP 108.8 sec

IF OVERLOAD

Lot KMEAS UNCAL---

START 158 kHz
IF BW 9.8 kHz

AVG BW 1.6 Hz

STOP 36.80 MH=z

SWP 188.8 sec

START 158 kHz
IF BW 9.8 kHz

AVG BW 1.8 Hz

STOP 38.00 MHz
SWP 188.86 sec
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Applications Information, continued SRO36/SR037
Fuse GN2470
AV 4 L O V,
¥ o F_L UNREG
c 220uF
120VAC @ e2 1KQ g g
or 59 p
230VAC @5
o Gate Source
Wi SR036 [Vor _

ON/OFF )—| 371'N2106K1

O Vgeg

or SR037 _L
1uF

Vv

Figure 2: Example Circuit with Enable Control

Figure 2 is an example circuit using the SR036 or SR037 along
with a Supertex GN2470 IGBT to generate an unregulated
voltage of approximately 18V and a regulated voltage of 3.3V for
the SR036 or 5.0V for the SR037. The combined total output

current is typically 50mA. The TN2106K1 in series with a 1KQ
resistor can be added for applications requiring an enable

control.

Fuse GN2470 2N3904
oN\_o A L 4 L 4 O Vout1=5.0V
= 1.0uF 7
5 220uF 1MQ 1uF
120VAC <> g2 g g u
[T
or /\/ sQ p
230VAC » o
o Gate Source
. ™ SRo36 | o O Voutz =3.3V

—LmF
v v

Figure 3: Generating Two Regulated Voltages

For applications requiring two regulated voltages, an inexpen-
sive 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 bipolar
transistor. The regulated voltage, Vout1, is determined by the

A052704

Zener diode voltage minus the base-to-emitter voltage 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.



Applications Information, continued SRO36/SR037
Fuse GN2470 Unregulated Voltage
Y * +-0—+ —0
¥ J_ 1.0uF | l |
5 220uF 1N4001 : '
120VAC g2 $ '
29 I |
or @ 52 f i |
230VAC » o 12V Coil
o Gate Source - Relay
- Vo 3-3V Logic
)\  smow =y Control —| VN2110K1
Circuit
Figure 4: Driving 12V Relay Coils
The circuit shown in Figure 4 uses the SR036 to supply a
regulated 3.3V for the logic control circuitry while the unregu-
lated voltage is used to drive a 12V relay coil. The operating
voltage for a 12V relay coil is typically very wide and can
therefore operate directly from the unregulated line.
Fuse GN2470 Unregulated Voltage @~
o\ e +—0— —o
> o o b1
120VAC <> "E’,'g g I |
or f\_/ 59 p —_————d
230VAC “ o 5V Coil
a Gate Source - 1KQ Relay
HV Vour 5 Y Logic 2N3904
SR037 Control
Circuit
$ g é 100Q
Figure 5: Driving 5V Relay Coils

The circuit shown in Figure 5 uses the SR037 to supply a
regulated 5.0V for the logic control circuitry while the unregu-
lated voltage is used to drive a 5.0V coil relay. To overcome the
voltage variation of the unregulated line, a bipolar transistor is

40mA

5.0V- 1KQ- Ve

R =

40mA
=100Q

10

used to drive the coil with a constant current. The resistor value
from the emitter to ground sets the desired coil current. For an
arbitrary coil current of 40mA, the resistor value can be calcu-
lated as:

, where Vo =0.6V and =100

A052704



Applications Information, continued SRO36/SR037

Fuse GN2470 Unregulated Voltage ————
.l\,v &- a 0 rY C
2L _L 1.04F : I
g 220uF Vz I '
120VAC Q= 5.1V I |
or @ 59 : - _=
230VAC »n o 5V Coil
o Gate Source Relay
Logic
w o 9.0V
= SRro37 g Control |
_L Circuit
gm g " é
Figure 6: Driving 5V Relay Coils with Zener Diode Clamp
The circuit shown in Figure 6 uses the SR037 to supply a diode also acts as the catch diode when the coil is switched to the
regulated 5.0V for the logic control circuitry. A 5.1V Zener diode off state. An external series resistor is used to limit the amount
is used in parallel with the 5.0V relay coil to ensure that the relay of Zener current.
coil’s maximum operating voltage is not exceeded. The Zener
Fuse GN2470  Unregulated Voltage
o~ o ° °
N2 _L 1.04F
c 220uF
o N
120VAC 5% 6 2
230VAC E Gate Source §
N
HVu| SR0O36 or | Vour VREG N
SR037 | 3
GND 1uF §
g 330Q 330Q
Figure 7: Driving LEDs from 120VAC V

The circuit shown in Figure 7 uses the SR036 or SR037 to drive
12 high efficiency red LEDs from an AC line. The average LED
current is approximately 20maA.

A052704 11



Applications Information,

continued

SR036/SR037

Fuse

GN2470

Vunreg = Vz + 14V
= Vled + 8V

R = Vunreg/ 1.5mA

Surge
Protection

L
o

OI
(]
N

Gate

HVin| Supertex

Figure 8:

LED String from AC Line

Features:

1. Precision Current Regulator
2. Zener Voltage Boost

3. PWM Dimming (optional)

4. EMI Filter (optional)

SR037

(optional)

Source

GND

Zener
Voltage
Boost

Precision current drive for "7 | __

Troue T anr

EMI Filter I I

(optional)

PWM Dimming

Constant Current
Regulator

lled =2.5V/Rs <40mA

The circuit uses the SR037or SR036 and GN2470 to drive a string of LEDs from AC power line.

The LED current is regulated at up to 40mA.

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

Fuse

Vunreg = Vled + 8V

R = Vunreg/ 1.0mA

AC line

Q)

Surge
Protection
N

<Vz+ 16V

GN2470 I Vunreg

N/ RECARTY:
il il +
L EMI Filter 1 I I
P g (optional) ! |
o I i ! lled
! : .

Vied
§ R

Gate

HVin| Supertex

Figure 9:
Simple current drive for LED
String from AC Line

SR037

Source

Zener Boost Voltage
Limit (optional)

Features:

1. Simple Current Regulator

2. Automatic Voltage Boost

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

lled = Vbe / Rs < 40mA

The circuit uses the SR037 or SR036 and GN2470 to drive a string of LEDs from AC power line.

The LED current is regulated at up to 40mA.

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

12
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SR036/SR037

Supertex Inc. does not recommend the use of its products in life support applications and will not knowingly sell its products for use in such applications unless it receives an adequate "products
liability indemnification insurance agreement." Supertex does not assume responsibility for use of devices described and limits its liability to the replacement of devices determined to be defective
due to workmanship. No responsibility is assumed for possible omissions or inaccuracies. Circuitry and specifications are subject to change without notice. For the latest product specifications,
refer to the Supertex website: http://www.supertex.com. For complete liability information on all Supertex products, refer to the most current databook or to the Legal/Disclaimer page on the
Supertex website.

©2004 Supertex Inc. All rights reserved. Unauthorized use or reproduction prohibited. sl-,pe'-tex '."c
7 4

DOC #: DSFP-SR036SR037 A052704 1235 Bordeaux Drive  Sunnyvale  CA « 94089
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Supertexinc. Package Outlines

8-Lead MSOP Package Outline (MG)

0.116 = 0.004
(2.9464 £ 0.1016)

®©

__I |_ 0.013 £0.005

‘ |:| |:| |:| |:| (0.330 £0.127)

@ 0.118 £0.004
0.193 £0.006 (3.000 £0.102)

(4.902 £0.152)

©

o)
A\

12° t+4°
0.040 £ 0.003 é) oo |30
(1.016 £0.076) > _i tJf
0.004 +0.002 0.0256 BSC 0.006 +0.0003 0.0215 + 0.006
(0.102 £ 0.051) (0.650) (0.1524 £ 0.0076) (0.5461 £ 0.1524)
M L d= Dimensions in Inches
Note: Circle (e.g..) indicates JEDEC Reference. easurement Legend = (Dimensions in Millimeters)
Doc. #: DSPD-8MSOPMG A051804
st'pertexinc 1235 Bordeaux Drive, Sunnyvale, CA 94089
]

TEL: (408) 222-8888 / FAX: (408) 222-4895

©2004 S upertex Inc. All rights reserved. Unauthorized use or reproduction prohibited.
P 9 P P WWW.S upertex.com



Supertexinc. Package Outlines

8-LEAD SMALL OUTLINE PACKAGE WITH HEAT SLUG (SG)

0.1935 +/- 0.0035
4.915 +/- 0.085

HHH A “
r——?—— 0.1535 0.236

0.1 +/-0.01 | Heat Slug | +/-0.0035 | +/-.008
(2.54 +/-0.25) | 3.9) (5.995)
\l; (+/-0.09) |(+/-0.205)

70O w
0.0165 +/-0.0035 >| |

(0.42 +/-0.09)

0.14 +/-0.01
(3.555 +/- 0.255)

£

0.055 +/- 0.005

‘5 ‘II: (1.395 +/- 0.125) 0.0085 +/- 0.0015

[ \ / \ \—!M)
jimimimiy 1 T NS

0.0575 +/- 0.0065 i ? 0.033 +/-0.017 | | i j 0°-8°
M>| |<— (1.46 +/-0.16) 0.0015 +/- 0025 (0.84 +/- 0.43)
(1.27 +/- 0.25)

(0.065 +/-0.035)

Dimensions in Inches
(Dimensions in Millimeters)

Measurement Legend =

Dimensions do notinclude end flash, mold flash material protrusion.

Doc. #: DSPD-8SOSG A051204
— 1235 Bordeaux Drive, Sunnyvale, CA 94089
St'pertex'nc. TEL: (408) 222-8888 / FAX: (408) 222-4895
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