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1 60W REV-001 DESIGN PCB
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2 TARGET ELECTRICAL SPECIFICATION

— Vv~ 90VAC - 132VAC
— Vo = 40V -50V

— Po—> 60W

— o> 1.25A

— Efficiency—> 85%

3 PROPOSED SOLUTION/SCHEMATIC
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LINE F1 L1 l
H
3! 500uH
------- I S 1 3
MoV L — st 100v Ve VLED+
175VAC = 1 0.1uF = <jre| SMA
20mm c3 e 275VAC x4 T
0.1uF ¥y * c2
arsvac| | [ttt L R o T 100F
3
S oanr < R
NEUTRAL 275VAC S 4K & . cs L cs2 |
‘ Tz R PV ST S : : :
E: 63V 63V . e : : : g
R2
D5 1: 124K
o5 3 12 D4 - P4
Sopizs ¥ sopizs 06 SMA 4
1000V 0 H
1000V RE PN3904 or v
100K soT23 SMA : Rs7
< M- i P
Re i Q4 1206
2 i PN3004
1206 +12V 5omo3 o A N .
: ‘e
RO < R10 cr : 1o LM3466 LM3466 : LM3466
15M S 15K R7 L oo :
10K l s0v
R14 < < R21
150 S S 8k
Soft-Start
VSNS U1 VDD Q2
600V
TO-220
A 5
W
ucc28810 R
VINS
ISNS  TZE [Bheec.@eeiennnt MN——
+ c12
L opr Rae cs
33K
v T sov 2.20F
+2: DNP vi
I A'A'Av l l N ) :
K 1K i
. ! R22 15K 18
All Reqstors are 0603, and all cla pers R23 :; R50
capacitors are 0805 unless nF 10 <10 Ro8 c16
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TRANSFORMER DESIGN
Design Parameters
Vacmin = 90 V¢
Vacmax = 132 V¢
POUT = 60 W
VOUT = 47V
Vocwn = V2 90V, =127V
VDC»MAX = \/E X 132VAC =186V
Vo-max = 50V
Pi = Pour (85%) = 70W
n

| _ Por =550mA
IN-AVE - -

% Voe_mm

fSW-MIN = 120kHZ

Assume we want a 600V MOSFET

Therefore Np/Ns maximum would be 5:1. | will choose ~ 3:1

Duty Cycle

Typical Duty Cycle 0.46

N
[Vo x —E
N
D= N S
P
(Vo X ] + (VIN-MIN )
Ns
DMAX =0.54
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Peak Input Current

Ippk

.
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! S t
D Ts
|:>OUT
IIN-AVE = ——=— =550mA
X Voc.ui
1 9
Energy = 3 x Lxiy,
Or, area of the triangle = 1/2 base x height
2 x|
lppk = AVE =2 0A
. P, x2
Therefore — ipp = [—N
fo x L
sw
Primary Inductance
di
V=L—
dt
L= Vin-vin X Dyiax _ 300uH
Fow_min X Tppi
Choose 200uH — 225uH
Calculating Primary Turns
50f 15 © 2011, Texas Instruments Incorporated December 1, 2011

COMPANY CONFIDENTIAL



I3 TEXAS
INSTRUMENTS

Maximum operating flux density for most cores is 0.20T

Lori X Ippi

BMAX -
Npg x A,
Where A, equals the specific cores effective area.

PQ26/20 (guess) effective core parameters.

Ae = 119mm?
_ Logy X Tppk
] BMAX XAe
B =Tesla
L = Henrys
A, =m?
200x10°(2.0A)

= 39 turns

P~ (0.20T)x51.8x10° m?

Alternatively:

L
Nﬁ = —PRL Choose an AL, and calculate primary turns. Graphs similar to the one on the right are quick and
L
simple to use. Define AL (160nH/T?), and then determine gap. Look for standard A, numbers when
designing your transformer.

L
N, = /% = 35turns — Al = 160nH/T?
L

L
N, = AF\’R' = 45turns — Al = 100nH/T?

L

December 1, 2011 © 2011, Texas Instruments Incorporated 6 of 15
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4.2 Core/Bobbin Selection

EE AND EI BOBBINS

= ] | rgw — -
L_I,n I+'-- \: —I: e |_| [“_ _ ":-':--* : —‘: -
—— o] HH TN T e
(LI L RS G pREERE Ly LT
TITES [V (T g e
X

A
B | C
4_" :_L ::' .I!
l__]_l ™ T |l T
o T Tt I R o 2 Sk R &
Y ‘] L oP
[P [Pa|Po Ps Pl |
X Y P2
Type 4
Dimensions in mg;]%
Part No. Type A B T E X Y i T
25 75 545 50 20 70 7.3 0.6
BE22-118CPFR 1 450 511 330 536 866 669 681 033
5.2 78 845 5.0 220 7.0 17.3 0.85
BE22/1%/6-118CPFR 1 565 A1 ezt 236 566 B89 681 033
8.1 T T8 50 750 B0 19.3 0.90
BE25-118CPFR 1 713 gl 786 536 964 708 760 035
181 9.9 CY 7.0 28.0 2.0 20.6 0,00
BE28-1110CPLFR 1 713 80 exi: 576 Tice Ged 11 0%
192 131 137 70 30.0 5.0 7465 0.6
BE30-1110CPFR 1 756 516 539 578 1181 984 97D 033
104 13.1 137 7.0 30.0 7.0 2465 0.70
BE30-1112CPFR 1 o4 56 549 576 81 Gad 970 028
231 24 66 70 330 28.0 786 0.00
BE3>-1112CPLFR 1 908 488 554 276 1.299 1402 1.126 0%
240 127 157 70 350 5.0 D87 0.00
BE35-1112CPLFR 1 045 560 618 576 1578 ‘984 1130 0%
765 40 173 70 6.0 0.0 0.5 0.60
BE40-1112CPFR 1 1.043 551 681 576 1497 1181 1.201 03
265 20 173 70 360 0.0 0.5 0.80
BE40-1112CPNFR 1 7.043 551 B8 576 747 1,81 1.201 031
Dimensions in mm Parameter Wi
Part No. oP Pi P2 Pa Terminal E-"c o) Aw gw @ Accessory item
(mm) {mm) (mm) (mm) pins H (mm?) (mm) 9
BE22-118CPFR 0.8 50 150 125 & e 20.0 386 23 —
BE2211%/6-118CPFR 0.8 50 150 125 8 # 315 428 27 —
BE25-118CPFR 0.8 50 150 125 & ﬁj 425 49.4 35 —
BE28-1110CPLFR 0.8 50 200 175 10 g; 30.4 50,1 5.0 —
BE30-1110CPFR 08 50 200 200 10 gz 445 6.0 49 FEA0F
BE30-1112CPFR 08 50 250 200 12 %j 432 58.0 6.2 FE-20-G
BE33-1112CPLFR 0.8 50 250 225 12 £ 88.8 723 6.8 —
BE35-1112CPLFR 08 50 250 200 12 =1 887 685 77 —
7 of 15 © 2011, Texas Instruments Incorporated December 1, 2011
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Effective parameter Electrical characteristics
R 2y
Part No. C1 Ae pe Ve Av-value (nH/N?) fgg:l_llosz CE:;N) .:-_" ax. ?V; Bobbin item
(mm-1)  (mm2)  (mm) (mm?)  Without air gap With air gap 100°Cz’ ml, g

100+£7%
PC40EE20/20/5-Z 1.38 310 43.0 1340 1400+25% 160410%% 0.51 75 —
PC40EF20-Z 1.34 335 449 1500 1570+25% 100+7% 0.69 7.4 —

) ' ' ° 160+10% ' ’

125+7% BE22-1110GPFR
PC40EE22-Z 0.970 4.0 39.6 1620 2180+25% o 0.61 88 BE22-118CPFR

250+10% BE-22-5116

N 100+7%
PC40EE25/19-Z 1.22 40.0 487 1950 2000+25% 200210% 0.86 9.1 —
. 100+7% _
PC40EF25-Z 1.11 51.8 57.8 2990 2000+25% 160+10% 1.40 15
PC40EE25.4-Z 1.21 40.3 487 1963 2000+£25% 125+7% 0.90 10 —
’ ) ’ ) ° 250+10% )

200+5% BEA0-1110CPFA
PC40EE30-Z 0.529 109.0 57.7 6290 4690+25% o 2.90 32 BE3(-1112CPFR

400+7% BE 305112
PC40EE30/3077-Z 142 597 669 4000  2100+25% ;ggf?j 151 2 —

4.3 Wire selection and transformer build

W5 - Bobbin width is equal to dimension 12mm from the above illustration.
Wy - Equals the margin tape required width.
Op — Outside diameter of the wire used.

As an example, if we have 18mm of bobbin width, and we want to add 4mm of tape on each side, then we
have 10mm of width.

| want to split the primary into two windings (series connected), 52T total (13 X 2 X 2) across bobbin.
W; —2W,,

Oo-max = Turns

— 22-gauge wire has an Op of 0.6438mm diameter
— 24-gauge wire has an Op of 0.511mm diameter
— 28-gauge wire has an Op of 0.321mm diameter

One could use triple insulated wire on the secondary; therefore no margin tape is required.
¢ Primary wire gauge= 20Ga
e Secondary (triple insulated) wire gauge= 20Ga
¢ Auxiliary wire gauge= 24Ga

Gauge to diameter and vice versa conversion

http://www.66pacific.com/calculators/wire calc.aspx

Triple insulated wire

http://www.furukawa.co.jp/makisen/eng/product/texe series.htm

We need to guarantee that the primary inductance keeps us in DCM.

December 1, 2011 © 2011, Texas Instruments Incorporated 8 of 15
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4.4 Transfomer Design #1

V|N = 90VAC - 132VAC ,emc=cs=escscccccccccccccccna,

16 N ™
Vo = 40V ~ 50V P RA e i
lpri-Pk = 2.0A i 201 ig Nsec |
20 R Qg
Pout = 60W (max) 30 I :
{Nema g i i
Core/bobbin = EF25 vertical type E 3 V12T i
5 20T i s &7
= Mag Inc R material 40 i E
= Ferroxcube 3F3 material 16 i
= Epcos N87 material i Naux 0 ;
5 5T @ i
A/ = 160nH/turns? ¢ ............................ 4
- VOUT =45V
- VAUX =18V

— NPR:NSEC =~4:1
- NpR| =40T - NSEC =12T - NAUX =5T

V,
Primary (Aux Winding): V,y :L OUTJXF’2

SEC

9of 15 © 2011, Texas Instruments Incorporated December 1, 2011
COMPANY CONFIDENTIAL



4.5 60W Driver Performance
Input Input Power Output Output Output Efficiency
Voltage Power Factor Voltage Current Power
115VAC 67W 0.980 47v 1.25A 58W 86.5%
Scope Shots
AC Line Voltage and Current
POUT = 45W
iR AR Eap
N ]
[ ‘_;inmsr,ca,:. 425 9mé
‘ ﬁiFreq(cza 53.86Hz
jpk-Pk(czj 178.0v
4+ 4 ,
_— _— - Chz 1 ‘500"?" 11 11 _—
Chd  500mA Q Bw A Ch2 - 10V
December 1, 2011 © 2011, Texas Instruments Incorporated 10 of
15
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Primary Waveforms

Vps (blue), Primary V¢ (pink)

LI % B 5 55 o I P P e B o) o B D Y R 0 W4 O [S3 W  F  B F ° o R P I D B  0 P -
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IFreqiC2)  131.4kH:

|Pk-PK(C2) 482.0Y

111 1 l L1 1 1 J 11 1 1 ] | A ] e | ] 111 1 g
M 20ps 125654  IT 200psit
& Chz - 394Y

p v by b T

Ch2 100Y By

jlgete Jligete

Ch3 10.0v By

Vs (pink), Ips (blue)

Tek  Stopped Single Seq

PR PRk 2 O BRI e IS B B

1 Acys

T L] LT EEder T ol

14 Sep 11 16:36:24

"l'l"“}\\!',i

: | ch3 Position
5 =T *l -1.0div

L | 1 4
- : 1 Ch3 Scale

i" . 100.0¥
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I RN B

i T

11y

el b by Laa gy
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100y
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1.0v

By

M 2.0ps 125MS/s
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137.1kHz

HighiC3)

Low signal
amplitucle

263.5Y
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Secondary Waveforms

Diode voltage anode (blue), Total output current (green), Output voltage (pink) - Poyr = 45W

LA L L L L L L L L L L L L -

|

RMS(C4)  907.1mA

P e |

Freq(C2)  132.0kHz

|Pk-PK(C2) 1200V

v b b b by T b byvnn b bawa
Chz  500v By M 2.0ms 5.0MSHs 200nst
Ch3 10.0v By Ché4 200mA& Q Bw A Ch2 » -11.0V

Output voltage (pink), Total output current (green), Single LM3446 current output (yellow) - Poyr = 45W

—
1

Mean(C1)  286.8mé

MeaniC4) 881.8mé

SRMS(C3) 471V

Illlllllllilll[ll!llllll IIIIIiIIIIIIIIilIIIlIiII

L B

| PRI BTN |

VLN )

Ch1  100mé Q M 10.0ms 1.0MSis  1000nsit
Ch3 200V By Ch4  200mA& Q Bw A& Ch1 + 292mA
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Output Current Sense waveforms

CH1 (yellow) output current of single LM3466, CH4 (green) total current, CH2 (blue) single channel sense

voltage, CH3 (pink) total output current sense - Poyr = 45W

.

Ch1  100m& @ Ch2  200mY  Bw  M40msB25kSk  16.0psht
Ch3  200mY  Bw Chd  200mA @ Bw A Chi s 292mA

Fault Condition Waveforms

1 Ch3 Position
-3.04div
Ch3 Scale

; 200.0my

{Mean(C1)  285.8mA

BES

|RMS(C3)  181.0mY

{Mean(C4) 877 5Sma

Start up into open load, and shutdown - Blue Trace (CH@) is output voltage, Pink trace (CH3) anode of

secondary diode (no damage to LED driver)

—
b

2+
. = 1 ) B e 2 ] B el T Tl M e B I I B e A ‘ v b by
chz  10.0v By M 1.0s 2.5kSks 400psit
Ch3 500V By & Ch2 + 53.0v
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EMI
Rev-001
® * RBW 9 kHz
*VBW 10 Hz
Ref 100 dBpv *Att 10 dB SWT 340 s
100 1 MHz 10 MHz l
S [ & |
SGL
1 av[
[—80
TDF
[—70
Trec)sork
[—60
[ rec| VG
4
[—50
} ﬁ ll’rr LHE 1 EF i
g H‘ 6pB
[—30 \«f
[—20
10 “
o]
Center 2.121320344 MHz Span 29.85 MHz
Date: 13.SEP.2011 15:01:18
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5 REVISION HISTORY

Date Author Revision Description
Dec 18, 2011 Matt Reynolds 1.0 - Initial report.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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