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Summary and Features  
¶ EcoSmartTM ï meets all existing and proposed energy efficiency standards including ErP.  
¶ No-load consumption <30 mW; more than 300 mW available in stand-by with 

500 mW input 
¶ > 84% average active-mode efficiency ï DOE6 and EC CoC (v5) 

¶ The board can fit P/G or the cost-effective D package   

¶ BP/M capacitor value selects power MOSFET current limit for greater design flexibility 
¶ Accurate detection output overvoltage protection (OVP) using primary bias winding sensed 

shutdown feature 
¶ Accurately toleranced I2f parameter ( -10%, +12%) reduces system cost  
¶ Increases MOSFET and magnetics power delivery  

¶ Reduces overload power, which lowers output diode and capacitor costs 
¶ Integrated TinySwitch-4 safety /  reliability features 
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PCB temperatures under all conditions 
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 Introduction  1

This engineering report describes an isolated flyback converter designed to provide a 
nominal output voltage of 12  V at 1 A load from a wide input voltage range of 85 VAC to 
265 VAC. This adapter utilizes the TNY288P from the TinySwitch-4 family of ICs, with 
provision for D and K packages placed on the top layer. 
 
This document contains the complete power supply specifications, bill of materials, 
transformer construction, circuit schematic and printed circuit board layout, along with 
performance data and electrical waveforms. 

 

Figure 1 ï Populated Circuit Board, Top View.  

 

Figure 2 ï Populated Circuit Board, Bottom View.  
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 Power Supply Specification  2

The table below represents the minimum acceptable performance of the design. Actual 
performance is listed in the results section. 
 

Description  Symbol  Min  Typ  Max  Units  Comment  

Input        

Voltage VIN  85  265 VAC 2 Wire ï no P.E. 

Frequency fLINE  47 50/60 64 Hz  

No-load Input Power (230 VAC)    0.15 W With Bias Winding Support.w/o  

No-load Input Power (230 VAC)    0.030 W UVLO Resistor or Bias Winding. 

Output        

Output Voltage VOUT 11 12 13 V ° 8% 

Output Ripple Voltage VRIPPLE    100 mV 20 MHz Bandwidth. 

Output Current I OUT   1 A  

Total Output Power        

Continuous Output Power POUT   12 W  

Overvoltage Shutdown VOV 14  16 V With Bias Sense. 

Efficiency        

Full Load h 84   % Measured at POUT 25 oC 

Required average efficiency at 
25, 50, 75 and 100 % of P OUT 

hDOE 83   % 
Per DOE EISA2007 (Level VI) with 
TNY278 & Standard Current Limit 

Environmental     

Conducted EMI  Meets CISPR22B / EN55022B  

Safety  
Designed to meet IEC950, 

UL1950 Class II 
 

Surge (Differential)    1 kV 1.2/50 ms surge, IEC 1000-4-5, 
Series Impedance: 

Differential Mode: 2 W 

Common Mode: 12 W 
Surge (Common mode)    2 kV 

Ring Wave    3 kV  

Electrical Fast Transient    4 kV  

ESD    
±15  

±8  

kV 

kV 
Air Discharge. 

Contact Discharge. 

Ambient Temperature TAMB 0  50 oC Free Convection, Sea Level. 
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 Schematic  3

 

 
 

 

Figure 3 ï Schematic. 
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 Circuit Description  4

This circuit is configured as a flyback topology power supply ut ilizing the TNY288PG. 
Secondary-side constant voltage (CV) regulation is accomplished through optocoupler 
feedback with a Zener reference. 

 Input Rectifier and Filter  4.1

The AC input voltage is rectified by input bridge BR1. The rectified DC is then filtered by 
the bulk storage capacitors C1 and C2. Inductor L1, C1 and C2 form an input pi filter, 
which attenuates differential mode conducted EMI.  

 TNY288PG Operation  4.2

The TNY288PG device U1 integrates the power switching device, oscillator, control, 
startup, and protection functions . 
 
The rectified and filtered input voltage is applied to the primary winding of T1. One side 
of the power transformer (T1) primary winding is connected to the positive leg of C2, 
and the other side is connected to the DRAIN (D) pin of U1. At the start of a switching 
cycle, the controller turns the power MOSFET on and current ramps up in the primary 
winding, delivering energy from bulk capacitor to transformer. When that current reaches 
the limit threshold, the controller turns the power MOSFET off. Due to the phasing of  the 
transformer windings and the orientation of the output diode, the stored energy is 
delivered to the output capacitor  during off time. 
 
When the power MOSFET turns off, the leakage inductance of the transformer induces a 
voltage spike on the drain node. The amplitude of that spike is limited by an RCD clamp 
network that consists of D1, C3, R2 and R1. Resistor R2 and R1 not only damp the high 
frequency leakage ring that occurs when the power MOSFET turns off, but also limit the 
reverse current through D1 when the power MOSFET turns on. This allows a slow, low-
cost, glass passivated diode (with a recovery time of ¢2 ms.) to be used for D 1. The slow 

diode also improves conducted EMI and efficiency.  
 
Using ON/OFF control, U1 skips switching cycles to regulate the output voltage, based on 
feedback to its ENABLE/UNDERVOLTAGE (EN/UV) pin. The EN/UV pin current is sampled, 
just prior to each switching cycle, to determine if that switching cycle should be enabled 
or disabled. If the EN/UV pin current is <115 mA, the next switching cycle begins, and is 

terminated when the current through the power MOSFET reaches the internal current 
limit threshold. To evenly spread switching cycles, preventing group pulsing, the EN/UV 
pin threshold current is modulated between  115 mA and 60 mA based on the state during 

the previous cycle. An internal state machine sets the current limit to one of 4 levels 
appropriate for the operating conditions, ensuring that the switching frequency remains 
above the audible range until the tr ansformer flux density is low enough to prevent 
audible noise. This practically eliminates audible noise when standard dip varnishing of 
the transformer is used.  
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 Output Rectification and Filtering  4.3

Output rectification is provided by D 3. Low ESR capacitor C7 achieves minimum output 
voltage ripple and noise in a small can size for the rated ripple current specification.  A 
post filter (ferrite bead L2 and C8 ) attenuates noise and ripple further to meet the 
specification. 

 Feedback and Output Voltage Regulation  4.4

The supplyôs output voltage regulation set point is set by the voltage that develops 
across Zener diode VR2, R7 and the LED in optocoupler U2. The value of R8 was 
calculated to bias VR2 to about 0.5 mA when it goes into reverse avalanche conduction. 
This ensures that it is operating close to its rated knee current. Resistor R7 limits the 
maximum current during load transients. The values of R7 and R8 can both be varied 
slightly to fine -tune the output regulation set point. When the output voltage rises abo ve 
the set point, the LED in U2 becomes forward biased. On the primary-side, the photo-
transistor of U2 turns on and draws current out of the EN/UV pin of U1. Just before the 
start of each switching cycle, the controller checks the EN/UV pin current. If th e current 

flowing out of the EN/UV pin is greater than 115 mA, that switching cycle will be disabled. 
As switching cycles are enabled and disabled, the output voltage is kept very close to the 
regulation set point.  For greater output voltage regulation ac curacy, a reference IC such 
as a TL431 can be used in place of VR2. 

 Output Overvoltage Shutdown  4.5

PIôs proprietary primary overvoltage detection eliminates the use additional opto-coupler 
and enables to low voltage rated output. It  is accomplished by sensing the switching bias 
winding voltage during power MOSFET off time . When the power MOSFET is off, the 
reflected voltage on the bias winding is proportional to the output voltage  by a factor 
determined by the bias and output turns r atio. When this voltage exceeds the sum of 
VR1, forward voltage of D4, and the BYPASS (BP) pin voltage, an overvoltage condition 
occurs and current begins to flow into the BYPASS pin. When this current exceeds 5 mA 
the internal shutdown circuit in U1 is ac tivated. Reset is accomplished by removing input 
power and allowing the BYPASS pin voltage to drop below 2 V. Resistor R3 can be used 
to fine tune the overvoltage limit.   

 Undervoltage Lockout  4.6

Undervoltage (UV) lockout detection is accomplished by sensing the rectified dc voltage 
thru resistors R11, R12 and R13. When installed, power MOSFET switching is disabled at 

start-up until the current into the EN/UV pin exceeds 25 mA. This allows the designer to 

set the input voltage at which MOSFET switching will be enabled by choosing the sum of 
R11 ï R13. For example, a value of 3.6 MW requires an input voltage of 65 VAC (92 VDC 

across C2) before the current into the EN/UV pin exceeds 25 mA. The UV detect function 
also prevents the output of the power supply from gl itching (trying to restart) after 
output regulation is lost (during shutdown), by disabling power MOSFET switching until 
the input voltage rises above the undervoltage lockout threshold.  
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 EMI Design Aspects  4.7

In addition to the simple input p filter (C1, L1 and C2) for differential mode EMI, this 
design makes use of shielding techniques in the transformer to reduce common mode 
EMI displacement currents. Resistor R2 and capacitor C3 are added to act as damping 
network to reduce high frequency transformer ringin g. These techniques combined with 
the frequency jitter of TNY288 PG gives excellent conducted and radiated EMI 
performance. 

 ESD Design Aspects  4.8

Component placement and board layout play a crucial role in order to pass ESD 
compliance requirements. The following design considerations were applied in this 
reference board: 
 
¶ Place C6 as close as possible and directly to BP and SOURCE pins. 

 

¶ Separate the ground trace of U2 from the ground trace of C5. The two ground 
traces can be merged at the bulk capacitor C2 ground pin. This minimizes 
coupling of ESD. 
 

¶ Route Y capacitor C9 traces directly to bulk capacitor C2 positive pin, and the 
other end to directly to RTN terminal  
 

¶ Route the spark gap between RTN terminal and Neutral terminal    
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 PCB Layout  5

 

Figure 4 ï Populated Circuit Board, Top View.  

 

Figure 5 ï Populated Circuit Board, Bottom View.  
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 Bill of Materials  6
Item  Qty  Ref Des  Description  Mfg Part Number  Mfg  

1 1 BR1 
1000 V, 0.8 A, Bridge Rectifier, SMD, MBS-1, 4-
SOIC 

B10S-G Comchip 

2 1 C1 10 mF,±20%, 400 V, Electrolytic, (10 x 14.5)  UVC2G100MPD Nichicon 

3 1 C2 15 mF, 400 V, Electrolytic, (10 x 16) UVC2G150MPD Nichicon 

4 1 C3 1 nF, 1000 V, Ceramic, X7R, 1206 CC1206KKX7RCBB102 Yageo 

5 1 C5 10 mF, 25 V, Electrolytic, Gen. Purpose, (5 x 12) ECA-1EM100 Panasonic 

6 1 C6 100 nF, 25 V, Ceramic, X7R, 0805 08053C104KAT2A AVX 

7 1 C7 
1000 mF, 16 V, Electrolytic, Very Low ESR, 23 mW, 

(10 x 20)  
EKZE160ELL102MJ20S Nippon Chemi-Con 

8 1 C8 
100 mF, 16 V, Electrolytic, Low ESR, 250 mW, (6.3 
x 11.5) 

ELXZ160ELL101MFB5D Nippon Chemi-Con 

9 1 C9 1 nF, Ceramic, Y1 440LD10-R Vishay 

10 1 C10 
560 pF, ±5%, 100  V, Gedneral Purpose, Ceramic 
Capacitor, C0G, NP0, 0805 

CC0805JRNPO0BN561 Yageo 

11 1 D1 1000 V, 1 A, Rectifier, DO-41 1N4007-E3/54 Vishay 

12 2 D2 D4 100 V, 0.2 A, Fast Switching, 50 ns, SOD-323 BAV19WS-7-F Diodes, Inc. 

13 1 D3 150 V, 3 A, Schottky, DO-201AD STPS3150RL ST 

14 1 F1 1 A, 250 V, Slow, Long Time Lag, RST 1 RST 1 Belfuse 

15 1 L1 1000 mH, 0.3 A RLB0914-102KL Bourns 

16 1 L2 
3.5 mm x 4.45 mm, 56 W at 100 MHz, # 22 AWG 

hole, Ferrite Bead 
2761001112 Fair-Rite 

17 1 R1 RES, 51 W, 5%, 1/4 W, Thick Film, 1206  ERJ-8GEYJ510V Panasonic 

18 1 R2 RES, 510 kW, 5%, 1/4 W, Thick Film, 1206  ERJ-8GEYJ514V Panasonic 

19 1 R3 RES, 10 W, 5%, 1/8 W, Thick Film, 0805  ERJ-6GEYJ100V Panasonic 

20 1 R6 RES, 8.2 kW, 5%, 1/8 W, Thick Film, 0805  ERJ-6GEYJ822V Panasonic 

21 1 R7 RES, 392 W, 1%, 1/8 W, Thick Film, 0805  ERJ-6ENF3920V Panasonic 

22 1 R8 RES, 2.00 kW, 1%, 1/8 W, Thick Film, 0805 ERJ-6ENF2001V Panasonic 

23 1 R9 RES, 100 W, 5%, 1/4 W, Thick Film, 1206  ERJ-8GEYJ101V Panasonic 

24 1 R10 RES, 0 W, 5%, 1/4 W, Carbon Film  ZOR-25-B-52-0R Yageo 

25 3 
R11 R12 

R13 
RES, 1.2 MW, 5%, 1/8 W, Thick Film, 0805  ERJ-6GEYJ125V Panasonic 

26 1 RV1 300 VAC, 25 J, 7 mm, RADIAL V300LA4P Littlefuse 

27 1 T1 Bobbin, EE16 Vertical, 10 pins YW-527-00B Yih-Hwa 

28 1 U1 TinySwitch-4, TNY288PG, DIP-8C TNY288PG Power Integrations 

29 1 U2 Optocoupler, 80 V, CTR 80-160%,  4 -DIP PS2501-1-H-A CEL 

30 1 VR1 DIODE ZENER 6.8 V 500 mW SOD123 MMSZ5235B-7-F Diodes, Inc. 

31 1 VR2 11 V, 500 mW, 2%, DO-35 BZX79-B11,133 NXP Semi 

32 1 +12V Test Point, RED, THRU-HOLE MOUNT 5010 Keystone 

33 2 N RTN Test Point, BLK, THRU-HOLE MOUNT 5011 Keystone 

34 1 L Test Point, WHT, THRU-HOLE MOUNT 5012 Keystone 
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 Transformer Specification  7

 Electrical Diagram   7.1

 

Figure 6 ï Transformer Electrical Diagram. 

 Electrical Specifications  7.2

Parameter  Condition  Spec.  

Nominal Primary 

Inductance 

Measured at 1 VPK-PK, 100 kHz switching frequency, between pin 1 

and pin 3 with all other windings open.  
860 mH 

Tolerance Tolerance of Primary Inductance. ± 10% 

Leakage Inductance Measured across primary winding with all other windings shorted. <20 mH 

 Material List  7.3

Item  Description  

[1]  Core: EE16 PC44. 

[2]  Bobbin: EE16, Vertical, 10 Pins. PI#: 25 -00970-00. 

[3]  Magnet Wire: #31  AWG. 

[4]  Magnet Wire: #30  AWG. 

[ 5]  Tripe Insulated Wire: # 26. 

[ 6]  Polyester Tape: 9 mm. 

[ 7]  Polyester Tape: 5 mm. 

[ 8]  Varnish: Dolph BC 359 or equivalent. 
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 Transformer Build Diagram  7.4

 

Figure 7 ï Transformer Build Diagram. 

 Transformer Instructions  7.5

Winding 

Preparation  

Place the bobbin Item [2] with the pins facing the winder. Winding direction is counter-

clockwise as shown. 

W1 
1st  Primary  

Start at pin 3. Wind 60 turns of wire Item [3] in two layers. After the last turn, bring 
the wire back across the windings into pin 2.  

Insulation  Place one layer of tape Item [6] for insulation.  

W2  

Bias  

Start at pin 4. Wind 11 turns of two strands of wire Item [3] in one layer. Wind all turns 

on tightly on one side. Bring the back into pin 5.  

Insulation  Place one layer of tape Item [6] for insulaton.  

W3 

Secondary  

Start at pin 10. Wind 12 turns of two strands of wire Item [5] in two layers. Finish at 

pin 9. 

Insulation  Place one layer of tape Item [6] for insulation.  

W4  

Shield  

Start at pin 1. Wind 6 turns of three strands of wire Item [4] in one layer. Spread the 

turns evenly across the bobbin. The end of the last turn is no -connect (NC). 

Insulation  Place one layer of tape Item [6] for insulation  

W5  
2nd  Primary  

Start at pin 2. Wind 30 turns of wire Item [3] in one layer. After the last turn, bring the 
wire back across the windings into pin 1.  

Insulation  Place one layer of tape Item [6] for insulation  

Assembly  

Grind core halves for specified primary inductance.  

Place a floating wire along the core, and solder one end to pin 1.  

Wrap core halves and floating wire with tape Item [7].  
Remove pin 2. Varnish with Item [8].  
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 Transformer Winding Illustrations  7.6

Winding 
Preparation  

 

Place the bobbin Item [2] with the pins 

facing the winder. Winding direction is 
counter-clockwise as shown. 

W1  

1st  Primary  

 

Start at pin 3. Wind 60 turns of wire Item 

[3] in two layers. End at pin 2.  

Insulation  

 

Place one layer of tape Item [6] for 

insulation. 

W2  
Bias  

 

 

Start at pin 4. Wind 11 turns of two strands 

of wire Item [3] in one layer. Wind all turns 
on tightly on  one side. Bring the back into 

pin 5. 
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Insulation  
 

 

Place one layer of tape Item [6] for 

insulation. 

W3  
Secondary   

 

Start at pin 10. Wind 12 turns of two 

strands of wire Item [5] in two layers. Finish 

at pin 9.  

Insulation  

 

Place one layer of tape Item [6] for 

insulation. 

W4  
Shield  

 

Start at pin 1. Wind 6 turns of three strands 

of wire Item [4] in one layer. Spread the 
turns evenly across the bobbin. The end of 

the last turn is no connect (NC).  
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Insulation   

 

Place one layer of tape Item [6] for 

insulation 

W5  
2nd  Primary  

 

 

Start at pin 2. Wind 30 turns of wire Item 

[3] in one layer. After the last turn, bring 
the wire back across the windings into pin 

1. 

Insulation  

 

Place two layers of tape Item [6] for 

insulation 


