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NXP Semiconductors UM10423
SSL2101 120 V PAR30 buck reference board
1. Introduction

The intention of this user manual is to provide basic information on the operation and 
performance of the SSL2101 120 V buck reference board. This reference board is 
designed to highlight an efficient solution for the driver circuit used in mains dimmable, 
PAR30 LED recessed-light applications. It does not provide galvanic isolation from the AC 
line to the DC output, therefore mechanical isolation is required in the luminaire design. 
The design is highly efficient, cost effective and compatible for a wide range of dimmers. 
For more information on the operation of the controller IC, the SSL2101 and the Buck 
converters, please consult the SSL2101 data sheet (Ref. 1) and application note (Ref. 2). 
Data sheets and application notes are available on www.nxp.com.

 

1.1 Design specifications
 

WARNING

Lethal voltage and fire ignition hazard

The non-insulated high voltages that are present when operating this product, constitute a 
risk of electric shock, personal injury, death and/or ignition of fire. 

This product is intended for evaluation purposes only. It shall be operated in a designated test 
area by personnel qualified according to local requirements and labor laws to work with 
non-insulated mains voltages and high-voltage circuits. This product shall never be operated 
unattended.

Fig 1. Photo of SSL2101 120 V buck reference board; 
top side

Fig 2. Photo of SSL2101 120 V buck reference board; 
bottom side

019aaa953 019aaa954

Table 1. Performance and specifications
Tamb = 25 C

Parameter Conditions Min Typ Max Unit

Input voltage range f = 60 Hz 100 120 132 V

Output voltage 18 20 30 V

Output current VI = 120 V; VO = 20 V - 450 - mA

Switching frequency - 70 90 kHz
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2. SSL2101

The SSL2101 is a Switched Mode Power Supply (SMPS) controller IC that can be used in 
both buck (non-isolated) and flyback (isolated) topologies. The SSL2101 controller has 
the benefit of valley switching which improves the power supply efficiency. It incorporates 
an integrated bleeder circuit for triac dimming and an integrated power MOSFET to save 
board space and reduce costs. The SSL2101 is a very effective solution for applications 
with an output power up to 14 W. For higher wattage applications refer to the SSL2102 
data sheet (Ref. 3).

3. Basic description

The reference board is designed to operate from a nominal input voltage of 120 V (AC) at 
60 Hz with a tolerance of ± 10 % on the AC input voltage. It is designed to provide a 
nominal DC output current of 450 mA when the triac is fully ON. The maximum output 
voltage, V_LED+, for the reference board is 35 V (DC). The nominal switching frequency 
when the triac is fully ON or when the board is connected directly to the 120 V (AC) line is 
90 kHz. The driver is connected to six LEDs in the test condition. Six LEDs were used in 
this test application to achieve the desired forward voltage for optimal performance of this 
reference design. The user can adapt the design to match any LED solution up to 14 W.

This board has been designed with special focus on improving dimmer compatibility. High 
performances can be reached with SSL2101 fully integrated bleeder switches. This board 
further improves these performances with dedicated external circuitry.

4. Basic operation

The driver circuit can be divided into four parts:

• Input circuitry

• Damper and bleeder circuit

• Power circuit

• Dimming circuit

Output current ripple VI = 120 V; VO = 20 V; IO = 445 mA - 5.4 - %

Input power factor VI = 108 V to 132 V; VO = 20 V; IO = 445 mA 0.84 0.85 -

Efficiency VI = 108 V to 132 V; VO = 20 V; IO = 445 mA 84.1 84.5 - %

Output current regulation VI = 108 V to 132 V - 0.45 - %

Table 1. Performance and specifications …continued
Tamb = 25 C

Parameter Conditions Min Typ Max Unit
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4.1 Input circuitry (F1, C1, R1, D1, D2, D5 to D8, C3, L2, C4, C5, C6)

The input circuitry provides rectification of the AC line, some dampening, surge protection, 
EMI conditioning, and valley filling of the rectified AC input. The valley fill capacitors (C4 
and C5) charge and discharge during every 120 Hz cycle which allows the demo unit to 
have a high Power Factor (PF).

4.2 Damper and bleeder circuit (Q3 to Q6, Q8, Q10)

Since C9 and C6 charge and discharge every cycle, an active damper (R24, R25, R26, 
Q8) is needed to limit the inrush current every 120 Hz. The damper also assists in 
preventing oscillations that could cause interference with the triac in the dimmer. The 
bleeder circuit (Q3 to Q6) ensures that there is enough current flowing in the circuit to 
keep the triac inside the dimmer in conduction. The circuit can be modified via resistors 
R22 and R27 to adjust the minimum amount of current flowing through the circuit.

4.3 Power circuit

The power stage converts the high voltage input from the input circuitry into a low voltage 
DC output to drive the LEDs. It also provides power to the IC with the auxiliary winding on 
the coupled inductor. During dimming the switching frequency and duty cycle of the 
switching MOSFET is adjusted. Note that the number of LEDs connected must not be less 
than 5 so that VCC voltage is always above UnderVoltage LockOut (UVLO) during 
dimming of the LEDs.

4.4 Dimming circuit (R8, R9, R12, D4 and C2)

The dimming circuit detects input voltage changes when dimming and appropriately 
adjusts the oscillator frequency and duty cycle to ensure good logarithmic dimming. More 
information on dimming adjustment can be found in the SSL2101 data sheet (Ref. 1).

5. Results

5.1 Electrical performance results

• All performance results described here are for an LED load of 6 LEDs with a 
combined forward voltage drop of 18.6 V.
UM10423 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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5.2 Driver board thermal tests

5.2.1 Thermal run1 vertical

As the main application for this driver design was a recess down-light application, thermal 
performance was a critical consideration. A test setup was developed to measure the 
increase in driver heat and component thermal stress.

The LED board and metal plate are separated from the driver board. Two driver 
assemblies are tested for comparison reasons. Driver boards are viewed on front 
(pin-through component) and back (surface mount) sides with a thermal imaging camera. 
Data is collected for drivers both with and without triac dimmer as part of the circuit.

Fig 3. Efficiency as a function of input voltage Fig 4. Output current as a function of input voltage
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Fig 5. Power factor as a function of input voltage Fig 6. Output current ripple as a function of input 
voltage
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5.3 Driver board thermals (top side); Full-on

 

 

Fig 7. LED board, driver board and thermal camera

 aluminium plate
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AR01 = diode D10; AR02 = R28, R29; AR03 = R27; AR04 = entire board.

Fig 8. 120 V (AC), no dimmer, Bd 100506026

Hottest component, D10, experiences a t = 34 C.

Hottest board area experiences a t = 27 C.

Fig 9. Plot AR01 (D10); maximum temperature as a function of time
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[1] AR01: diode D10.

[2] AR02: R28, R29.

[3] AR03: R27.

[4] AR04: entire board.

Table 2. Analysis
Max and Min are respectively the highest and lowest pixel temperatures in a thermal image area. 
Average is the average of all the pixels in an area and is not 1⁄2 x max  min

Label Value (C)

Min Max Average

5 minutes

image 25.2 52 -

AR01[1] 45 52 49.4

AR02[2] 39.3 44.4 42.1

AR03[3] 34.1 43.3 40.2

AR04[4] 26.4 52 36.6

10 minutes

image 25.5 56.3 -

AR01[1] 49.1 56.3 53.7

AR02[2] 46 49.7 47.6

AR03[3] 38.2 46 43

AR04[4] 26.6 56.3 40

20 minutes

image 25.7 58.8 -

AR01[1] 51.4 58.8 56.1

AR02[2] 47.7 52 50

AR03[3] 40.6 46.9 44.6

AR04[4] 26.8 58.8 41.9
UM10423 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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5.4 Driver board thermals (bottom side); Full-on

 

 

 

AR01 = SSL2101; AR02 = board area next to SSL2101; AR03 = entire board.

Fig 10. 120 V (AC), no dimmer, Bd 100506026

Hottest component, SSL2101, experiences a t = 38 C.

Hottest board area experiences a t = 31 C.

Fig 11. Plot AR01 (SSL2101); maximum temperature as a function of time

Table 3. Analysis
Max and Min are respectively the highest and lowest pixel temperatures in a thermal image area. 
Average is the average of all the pixels in an area and is not 1⁄2 x max  min

Label Value (C)

Min Max Average

5 minutes

image 25 57.3 -

AR01[1] 44.4 57.3 52.4

AR02[2] 36.2 50.4 45.8

AR03[3] 27.6 57.3 39.6
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SSL2101 120 V PAR30 buck reference board
[1] AR01: SSL2101.

[2] AR02: board area next to SSL2101.

[3] AR03: entire board.

5.5 Conducted emission testing

ElectroMagnetic Compatibility (EMC) testing was administered to a driver with LED load. 
In Figure 12, the blue line represents peak detection, while the black line represents 
average detection results. Both sets of results show that the driver board passes the limits 
set for LED luminaire products.

10 minutes

image 25.5 61.9 -

AR01[1] 47.8 61.9 56.6

AR02[2] 39 54.7 50

AR03[3] 28.2 61.9 43.2

20 minutes

image 24.7 63.2 -

AR01[1] 48.5 63.2 58

AR02[2] 39.6 56 51.1

AR03[3] 27.9 63.2 44.4

Table 3. Analysis …continued
Max and Min are respectively the highest and lowest pixel temperatures in a thermal image area. 
Average is the average of all the pixels in an area and is not 1⁄2 x max  min

Label Value (C)

Min Max Average
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5.6 SSL2101 120 V, 10 W, 2 inch, round buck application schematic
 

Fig 12. SSL2101 120 V buck reference design EMC image

019aaa970
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NXP Semiconductors UM10423
SSL2101 120 V PAR30 buck reference board
6. Bill Of Materials (BOM) 

 

Table 4. NXP Semiconductors reference design SSL2101 buck board 20 V, 450 mA

RefDes Quantity Value, type PKG Tolerance Rating Manufacturer Part number

R1 1 1.2 k 1206 5 % 1/4 W Yageo RC1206JR-071K2L

R8 1 150 k 1206 1 % 1/4 W Yageo RC1206FR-07150KL

R9 1 15 k 0603 1 % 1/10 W Panasonic ERJ-3EKF1502V

R10 1 7.68 k 0603 1 % 1/10 W Panasonic ERJ-3EKF7681V

R11 1 180 k 0603 1 % 1/10 W Panasonic ERJ-3GEYJ184V

R12 1 39 k 0603 1 % 1/10 W Panasonic ERJ-3EKF3922V

R13 1 0.56  1206 1 % 1/4 W Rohm MCR18EZHFLR560

R14 1 100 k 0805 1 % 1/8 W Panasonic ERJ-6ENF1003V

R15 1 10  0603 1 % 1/10 W Panasonic ERJ-3GEYJ100V

R17 1 200 k 1206 1 % 1/4 W Yageo RC1206FR-07200KL

R18 1 1.2 k 0603 1 % 1/10 W Yageo RC0603JR-071K2L

R19 1 4.7 k 0603 1 % 1/10 W Yageo RC0603JR-074K7L

R20 1 12 k 0603 1 % 1/10 W Yageo RC0603JR-0712KL

R21 1 100 k 1206 1 % 1/4 W Stackpole RMCF 1/8 100K 1% R

R22 1 37.4 k 1206 1 % 1/4 W Yageo RC1206FR-0737K4L

R23 1 5.49 k 0603 1 % 1/10 W Yageo RC0603FR-075K49L

R24 1 200  1210 5 % 1/3 W Stackpole RMCF 1/4 200 5% R

200  axial 5 % 1/2 W Yageo CFR-50JB-200R

R25 1 120 k 1206 - 1/4 W Yageo RC1206JR-07120KL

R26 2 6.8  1206 - 1/10 W Yageo RC0603JR-076K8L

R27 1 9.1  1206 1 % 1/4 W Yageo CFR-25JR-9R1

R28 1 3.3 k 1206 5 % 1 W Yageo FMP100JR-52-3K3

R29 1 2.2 k 1206 5 % 1 W Yageo FMP100JR-52-2K2

R30 1 953 k 1206 1 % 1/4 W Yageo RC1206JR-07953KL

R32 1 2 M 0603 5 % 1/10 W Stackpole RMCF 1/16 2M 5% R

R33 1 49.9 k 1206 1 % 1/4 W Stackpole RMCF 1/8 49.9K 1% R

R34 1 6.5 k 0603 1 % 1/10 W Stackpole RMCF 1/16 6.49K 1% R

C1 1 0.047 F radial 10 % 250 V AVX BF024G0473K

EPCOS B32529C3473K189

C2, C7 2 4.7 F 0805 20 % 25 V (DC) 
(X5R)

Murata GRM21BR61E475MA12L

1206 20 % 25 V (DC) 
(X7R)

Murata GRM31CR71E475KA88L

C3 1 330 pF 0603 10 % 50 V (DC) 
(X7R)

Murata GRM188R71H331MA01D

0805 20 % 50 V (DC) 
(X7R)

Kemet C0805C331K5RACTU

C4, C5 2 22 F radial 20 % 200 V (DC) Panasonic EEU-EB2D220

160 V (DC) Nichicon UPW2C220MPD
UM10423 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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NXP Semiconductors UM10423
SSL2101 120 V PAR30 buck reference board
C6 1 0.22 F radial 5 % 250 V WIMA MKP4.22/250/5

0.15 F radial 5 % 250 V WIMA MKP4-.15/250/10 P10

C8 1 100 F radial 20 % 50 V (DC) Panasonic EKY-500ELL101MHB5D

50 V (DC) Nichicon UPW1H330MED

C9 1 0.1 F radial 5 % 250 V WIMA MKP2.1/250/5

C11 1 22 nF 0603 - 22 nF; 16 V TDK C1608X7R1C223K

C12 1 0.22 F 0603 10 % 0.22 F; 16 V TDK C1608X7R1C224K

C13 1 1 nF 0805 5 % 1 nF; 250 V TDK C2012C0G2E102J

D1 1 bridge rectifier MBS-1 - ComChip Tech B6S-G

D4[1] 1 75 V Zener 
diode

SOD80C 5 % 75 V NXP 
Semiconductors

BZV55-C75

D5 1 200 V TVS SMA - 200 V Littlefuse Inc. SMAJ200A

D6 1 fast recovery 
diode

SMA - 400 V; 1 A Fairchild RS1G_Q

600 V; 1 A Vishay Zetex RS1J-13-F

D7, D8, 
D9

3 fast recovery 
diode

SMA - 400 V; 1 A Diodes Inc. S1G-13-F

D10 1 fast recovery 
diode

axial - 400 V; 1 A Taiwan 
Semiconductor

HER104

D11[1] 1 16 V Zener 
diode

SOD80C 2 % 16 V NXP 
Semiconductors

BZV55-B16

D12[1] 1 switching 
diode

SOD80C - 75 V; 100 mA NXP 
Semiconductors

BAV103; BAV115

D13[1] 1 2.4 V Zener 
diode

SOD80C - 2.4 V NXP 
Semiconductors

BZV55-B2V4

D14 1 diode LL-34
/SOD80

- 150 mA; 
100 V

Vishay Zetex LS4148-GS08

D15[1] 1 15 V Zener 
diode

- 15 V NXP 
Semiconductors

BZV55-B15

D17 1 switching 
diode

LL-34
/SOD80

- 150 mA; 
100 V

Vishay Zetex LS4148-GS08

F1 1 fast acting 
fuse

axial - 1 A; 250 V Littlefuse Inc. 0224001.HXP

fast pico fuse axial - 1 A; 250 V Littlefuse Inc. 0263001.MXL

L2 1 470 h coil pin-
through

- 460 mA Bourns RLB1314-471K

RL622-471K-RC

450 mA Murata Power 13R474C

L4 1 transformer
/inductor; 
270 h

EP13 - - Wurth Midcom -

MOV1 1 MOV - - 240 V;
1.25 kA; 15 J

Panasonic ERZ-V07D241

Q3[1] 1 NPN
_MMBTA42

SOT23 - 100 mA; 
300 V

NXP 
Semiconductors

MMBTA42; 215

Fairchild 
Semiconductors

MMBTA42_Q 

Table 4. NXP Semiconductors reference design SSL2101 buck board 20 V, 450 mA …continued

RefDes Quantity Value, type PKG Tolerance Rating Manufacturer Part number
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[1] Components supplied by NXP Semiconductors

7. References

[1] Data sheet SSL2101 — SMPS IC for dimmable LED lighting

[2] Application note AN10876 — Buck converter for SSL applications

[3] Data sheet SSL2102 — SMPS IC for dimmable LED lighting

Q4[1] 1 NPN
_PZTA42

SOT223 - 100 mA; 
300 V

NXP 
Semiconductors

PZTA42; 215

Q5 1 NFET
_BSS131

SOT23 - 110 mA; 
240 V

Infineon BSS131 L6327

Q6 1 PFET
_ZVP4525

SOT23-6 - 200 mA; 
250 V

Diodes ZVP4525E6

PFET
_ZVP2120A

TO-92 - 120 mA; 
200 V

Diodes ZVP2120A

Q8[1] 1 NFET_BSP87 SOT89 - 100 mA; 
300 V

NXP 
Semiconductors

BSP87; BSP115

NFET_BSP89 SOT223 - - NXP 
Semiconductors

BSP89; BSP115

Q10 NFET
_2N7002

SOT363 - Fairchild 
Semiconductors

2N7002DW

U1[1] 1 control IC SO16 - - NXP 
Semiconductors

SSL2101

Table 4. NXP Semiconductors reference design SSL2101 buck board 20 V, 450 mA …continued

RefDes Quantity Value, type PKG Tolerance Rating Manufacturer Part number
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8. Legal information

8.1 Definitions

Draft — The document is a draft version only. The content is still under 
internal review and subject to formal approval, which may result in 
modifications or additions. NXP Semiconductors does not give any 
representations or warranties as to the accuracy or completeness of 
information included herein and shall have no liability for the consequences of 
use of such information.

8.2 Disclaimers

Limited warranty and liability — Information in this document is believed to 
be accurate and reliable. However, NXP Semiconductors does not give any 
representations or warranties, expressed or implied, as to the accuracy or 
completeness of such information and shall have no liability for the 
consequences of use of such information. 

In no event shall NXP Semiconductors be liable for any indirect, incidental, 
punitive, special or consequential damages (including - without limitation - lost 
profits, lost savings, business interruption, costs related to the removal or 
replacement of any products or rework charges) whether or not such 
damages are based on tort (including negligence), warranty, breach of 
contract or any other legal theory. 

Notwithstanding any damages that customer might incur for any reason 
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards 
customer for the products described herein shall be limited in accordance 
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make 
changes to information published in this document, including without 
limitation specifications and product descriptions, at any time and without 
notice. This document supersedes and replaces all information supplied prior 
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed, 
authorized or warranted to be suitable for use in life support, life-critical or 
safety-critical systems or equipment, nor in applications where failure or 
malfunction of an NXP Semiconductors product can reasonably be expected 
to result in personal injury, death or severe property or environmental 
damage. NXP Semiconductors accepts no liability for inclusion and/or use of 
NXP Semiconductors products in such equipment or applications and 
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these 
products are for illustrative purposes only. NXP Semiconductors makes no 
representation or warranty that such applications will be suitable for the 
specified use without further testing or modification. 

Customers are responsible for the design and operation of their applications 
and products using NXP Semiconductors products, and NXP Semiconductors 
accepts no liability for any assistance with applications or customer product 
design. It is customer’s sole responsibility to determine whether the NXP 
Semiconductors product is suitable and fit for the customer’s applications and 
products planned, as well as for the planned application and use of 
customer’s third party customer(s). Customers should provide appropriate 
design and operating safeguards to minimize the risks associated with their 
applications and products. 

NXP Semiconductors does not accept any liability related to any default, 
damage, costs or problem which is based on any weakness or default in the 
customer’s applications or products, or the application or use by customer’s 
third party customer(s). Customer is responsible for doing all necessary 
testing for the customer’s applications and products using NXP 
Semiconductors products in order to avoid a default of the applications and 
the products or of the application or use by customer’s third party 
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein 
may be subject to export control regulations. Export might require a prior 
authorization from national authorities.

Evaluation products — This product is provided on an “as is” and “with all 
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates 
and their suppliers expressly disclaim all warranties, whether express, implied 
or statutory, including but not limited to the implied warranties of 
non-infringement, merchantability and fitness for a particular purpose. The 
entire risk as to the quality, or arising out of the use or performance, of this 
product remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers be liable 
to customer for any special, indirect, consequential, punitive or incidental 
damages (including without limitation damages for loss of business, business 
interruption, loss of use, loss of data or information, and the like) arising out 
the use of or inability to use the product, whether or not based on tort 
(including negligence), strict liability, breach of contract, breach of warranty or 
any other theory, even if advised of the possibility of such damages. 

Notwithstanding any damages that customer might incur for any reason 
whatsoever (including without limitation, all damages referenced above and 
all direct or general damages), the entire liability of NXP Semiconductors, its 
affiliates and their suppliers and customer’s exclusive remedy for all of the 
foregoing shall be limited to actual damages incurred by customer based on 
reasonable reliance up to the greater of the amount actually paid by customer 
for the product or five dollars (US$5.00). The foregoing limitations, exclusions 
and disclaimers shall apply to the maximum extent permitted by applicable 
law, even if any remedy fails of its essential purpose.

Safety of high-voltage evaluation products — The non-insulated high 
voltages that are present when operating this product, constitute a risk of 
electric shock, personal injury, death and/or ignition of fire. This product is 
intended for evaluation purposes only. It shall be operated in a designated 
test area by personnel that is qualified according to local requirements and 
labor laws to work with non-insulated mains voltages and high-voltage 
circuits.

The product does not comply with IEC 60950 based national or regional 
safety standards. NXP Semiconductors does not accept any liability for 
damages incurred due to inappropriate use of this product or related to 
non-insulated high voltages. Any use of this product is at customer’s own risk 
and liability. The customer shall fully indemnify and hold harmless NXP 
Semiconductors from any liability, damages and claims resulting from the use 
of the product.

8.3 Trademarks
Notice: All referenced brands, product names, service names and trademarks 
are the property of their respective owners.
UM10423 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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