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Introduction:

In USB and isolated low power converter designs-quasi resonant and discontinuous conduction mode
flyback converter topologies are a popular choice, due to their low parts count and relatively low cost.
To reduce the cost even further, TI has developed a quasi-resonant/discontinuous current mode flyback
controller with primary-side control. This removes the need for optocoupler and TL431 feedback
circuitry reducing the cost of these low power designs even more. To achieve relatively low no load
input power and regulate the output voltage and output current this device uses a control methodology
known as control law. This control methodology uses a combination of primary peak current amplitude
modulation (AM) and frequency modulation (FM) to regulate the output current and voltage please refer
to the data sheet [1] for details. This application report reviews the design of the 5SW adapter,
UCC28700EVM-068, evaluation module [2] using the UCC28700 power supply controller. The design
calculations are based on typical values. In a production design the values need to be modified for
worst case conditions. Also note there is a MathCAD design tool [3] that goes along with this
application note to make the power supply design process easier using this device.

Design Specifications:

Description Minimum Typical Maximum Units
RMS |I'IpUt Voltage 90 (VINMIN) 115/230 265 (VINMAX) V

No Load Input Power 30 (PinL) mw
Output Voltage 4.75 5 (Vour) 5.25 Vv
Output Voltage Ripple 100 (VrippLE) mVpp
Output Load Step 4.1 (Vorrm) 6.0 \Y/
(0.1to 0.6A), (0.6 to 0.1A)

Output Current 1(lou) A
Switching Frequency 105 (fmax) kHz
Full Load Efficiency 73(n) %
(230/115V RMS input)

Table 1, Design Specifications
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Functional Schematic:
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Figure 1, UCC28700 5W Offline Flyback Functional Schematic

Selecting RCB/NTC Resistor:
In this design cable compensation was not used and resistor R8 was not populated.
Please refer to the data sheet on how to setup cable compensation [1].

Initial Power Budget:
To meet the efficiency (1) goal an initial power loss budget (Psupcer) needs to be set.

Pour =Vour X loyr =5V x1A=5W

P
Paupcer = (ﬁj — Four = 1.85W

Bridge Rectifier Selection (Da ..Dp):
For this design a 600V, 0.8A, bridge rectifier from Diodes Incorporated was chosen for the bridge
rectifier diode (Da.. Dp), part number HDO6.

Vipa = IV, forward voltage drop of bridge rectifier diode (Vrpa)
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Pout 5w
_ n _ 074

= ) ~ 85mA, bridge rectifier average diode current (Ipa)
Vinmin *\/E o0V *\/E
V4 V4

Poa =Vepa X o =85mW | estimate power dissipated in bridge rectifier diode (Ppa)

Estimate remaining power budget based on bridge rectifier loss.

Pauocer = Paupcer — 2% Poa ® 1.68W

Transformer Calculations (T1):

Transformer demagnetizing duty cycle (Dyag) is fixed to 42.5% based on the UCC28700 control law
methodology [1].

Dy = 0.425

Tk is the estimated period of the LC resonant frequency at the switch node.
Tg =2us

Calculate maximum duty cycle (Dyax):

T
Dune =1 D = Fune — =1-0.425 —105kHz27“S = 0.47
Calculate transformer primary peak current (Ippk) based on a minimum flyback input voltage. This

calculation includes a factor of 0.6 to account for the reduction in flyback input voltage caused by the
ripple voltage across the input capacitors (Ca and Cg).

2x Poyr 2 x5W

— ~382mA
XV V2 X0.6x Dy 0.74%90V /2 x0.6%0.47

| pp

Selected primary magnetizing inductance (Lpy) based on minimum flyback input voltage, transformer,
primary peak current, efficiency and maximum switching frequency (fmax).

2x Py; 2 x5W
Loy =——2—= 0.74 ~ 896UH

I 2

ook X fuax  (376mA) x 105kHz
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Vonon =2V, estimated voltage drop across FET during conduction
Vies =0.75V | voltage drop across current sense resistor

Vi = 0.6V | estimated forward voltage drop across output diode

Calculate transformer turns ratio primary to secondary (a;) based on volt-second balance.
Note in the following equation Lgy is secondary magnetizing inductance.

a — NP _ /LPM _ DMAX X(VINMIN \/EXO'6 _VAON _VRCS)z14 5
1 .
LSM

Dyiac X (VOUT +VDG)

Vioomn =8V, UCC28700 minimum VDD voltage before UVLO turnoff.
Ve = 0.3V | estimated auxiliary diode forward voltage drop

Vour mir =2V, Minimum voltage on the output when adapter is connected to a device with a depleted

battery.

Calculate transformer auxiliary to secondary turns ratio (az)

a, = N, _ Voomn +Voe ~32
Ns  Vour i +Voe

Transformer primary RMS current (Iprms)

I PRMS — I PPK

D';AX =151mA

Transformer secondary peak current RMS current (Ispk)

:Mz4_7A

|
SPK
Vour X Dyac
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Transformer secondary RMS current (Isgms)

DMAG

lsams = lspic ~1.8A, transformer secondary RMS current

For this design we estimated the power dissipated by the UCC28700 (P;c) would be 5S0mW maximum.
Note this will vary in the design based on the FET that is being driven and the maximum frequency it is
being driven at.

Pc =50mW

Calculate auxiliary winding peak current (Iapk)

Pc x2
Vour +Vpe)x@, X Dyag

=13mA

IAPK =

Calculate auxiliary winding RMS current (Iarms)

D
I arms = 1 apx '\;AG ~5.0mA

For this transformer we allow for 3% efficiency loss from the transformer (Pr;)

P, = Poyr x0.03 =150mW

Recalculate remaining power budget

Pauocer = Poupeer —Pri #1.53W

A Waurth Electronik transformer was designed for this application, part number 750312723, which has
the following specifications:

a; =15.33
a,=3.83
Ly, =925uH

L« =16uUH , primary leakage inductance

5W USB Flyback Design Review/Application Report 5
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Input Capacitor Selection (Cjy = Ca + Cpg):

Calculate input capacitor charge time (tcy) based on 40% input capacitor ripple voltage.

VINMIN \/E

4x47Hz

ten =

1—sin™ [VINMIN ‘/E —Viuwm ‘/EX 06]
=3.4ms

Calculate flyback average primary current (Ipt;) during input capacitor discharge.

P P
ouT + out

7%V i \/5 7%V iumn \/EX 0.6
2

=72mA

lor, =

Calculate total input capacitance (Cpy) based on minimum flyback input voltage and 40% ripple voltage
across the input capacitor.

1

To = ——=—— = 11ms, longest period of the rectified line voltage
2x47Hz

Vinrieeie = Vinvin X V2 x0.4 = 50.9V , input ripple to the flyback converter

CIN — IPTI(TRL _tCH ) ~ 10uE

VINRIPPLE

Calculate iput capacitor (Ca) RMS current (Ic arms) based on 40% input capacitor ripple voltage.

lemwpe = 2x(Cpt CB)tXV'NM'N V2x04 ~311mA, peak input capacitor charge current (Icinp)
CH

2 2 2
I = lowe | ton + lewe [Tee—tow | _( Tem ~ 82mMA
CA_RMS 2 \3xT,, 2 3xTq, 2
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Estimate of capacitor Cg‘s low frequency (1/Trr) RMS current (15 | rays)

I CB_LFRMS — I CA_RMS

Estimate of Cg‘s high frequency RMS current (Icg nrrms)

2 2
D D
ICBiHFRMS _\/[IPPK ’\;AX j _(IPPK gAXj ~122mA

Estimate of Cg’s total RMS current (Icg rms)

lcs rws = \/(ICB_LFRMS)Z + (lcg_HFRMS)Z ~147mA

For this design 4.7uF, 400V electrolytic capacitors, from Nichicon part number UVR2G4R7MPD were
chosen for the design.

C,=C; =4.7uF
These capacitors had a measured ESR of 6 ohms at 105 kHz
ESRCA = ESRCB = 6Q

Recalculate remaining power budget based on power dissipation by the ESRs in the input capacitors.

PBUDGET = PBUDGET - (ICAfRMS>Z X ESRCA _(ICBJMS )Z = ESRCB ~1.36W

Filter Inductor (La):

Filter inductor (L4) is used for EMI filtering. In this design it is just a place holder and the design has
not been optimized for EMI. 470uH inductor from Bourns was chosen, part number RLB0608-471KL.
This inductor has a DCR of 6.5 ohms.

DCR =6.5Q

Recalculate power budget based on DCR losses

PBUDGET = PBUDGET - (I PRMS )2 x DCR ~1.212W
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Fusible Resistor (Ry):
To limit the inrush current during power and for safety a 10 ohm, 3W fusible resistor from Bourn, part
number PWR4522AS10R0JA was placed at the input of this design.

R, =10Q

Recalculate power budget based on estimated Ry losses
2

PBUDGET = PBUDGET _(I PRMS) x RL ~ (0.984W

Trickle Charge Resistor (Rr):
To reduce no load power losses Rrand to keep no load power to a minimum, three 5.11MQ are used in
series for Rt

R; =5.1IMQx3 =15.33MQ

Per = M ~ 9.2mW , Total trickle charge resistor power dissipation

.
Recalculate power budget

Pauocer = Paupcer — Per = 0.974W

VDD Capacitor Selection (Cpp):

The Cpp is selected with the following equation based on the desired startup time (dtcpps) of the
UCC28700 controller and knowing the start current (Istart), as well as, the UCC28700 device startup
threshold (Vvpp(on)). For this design a 330nF capacitor was selected.

dtepps =18
lgrarr = 1.5UA
VVDD(on) =2V
V 2
(W — Vrarr J x Atepps
Cop ! =324nF ~330nF
Vyoo(on

Note after Cpp has been charged up to the device turn on threshold (Vvpp(n)), the UCC28700 will
initiate three small gate drive pulses (DRV) and start sensing current and voltage. (Please refer to figure
2) If a fault is detected such as an input under voltage or any other fault, the UCC28700 will terminate
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the gate drive pulses and discharge Cpp to initiate an under voltage lockout. This capacitor will be
discharged with the run current of the UCC28700 (Irun) intil the Vpp turnoff (Vyppofr) threshold is
reached. Note the Cpp discharge time (tcppp) from this forced soft start can be calculated knowing the
controller run current (Iryn) Without out gate driver switching and the controller’s VDD turnoff
threshold (Vvpp(ofr) and the following equations. If no fault is detected, the UCC28700 will continue
driving QA and controlling the input and output currents [1] and a soft start will not be initiated.

lauy =2.1IMA

VVDD(off) =8V

=71ms

dt _C VVDD(on) _VVDD(off)
CcDD DD

Ry

(VINMAX \/5 .y ]
RUN

VVDD(on) =21V

3 Initial DRV Pulses After Vpp(on)

.

DRV ‘ ‘ ‘ oV
Figure 2, VDD and DRV at Startup with Fault

—  Vvpp(or) =8V

Current Sense Resistor (Rcs):

For this design 2.05 ohm resistor was selected based on a nominal maximum current sense signal of
0.75V.

_ 0TV 1 96502 ~ 2.050hm

RCS

PPK
2 . . .o .
Pacs = (I PRMS ) x Res = 0.046W , nominal current sense resistor power dissipation

Recalculate power budget

Pauocer = Pauncer — Pres =~ 0.928W

5W USB Flyback Design Review/Application Report 9
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Select Output Diode (Dg):

Calculate diode reverse voltage (Vrpg)

1
VRDG :VOUT +VINMAX \/Ea_ ~ 29.45V

1
Calculate peak output diode (Ipgpk)

logek = lsex =4.7A

For this design we selected a 3A, 40V schottky rectifier with a forward voltage drop (Vepg) of 0.31V.

Vo = 0.31V

Estimated diode power loss (Ppg)

p_ = FourVeoe 3y

VOUT

Recalculate power budget

Pauocer = Paupcer = Pog = 0.618W

Select Output Capacitors (Cour):

Select output ESR based on 90% of the allowable output ripple voltage

Veepre X0.9 100mV x0.9
| oo 47A

19mQ

ESRCOUT =

For this design the output capacitor (Cout) was selected to prevent Vour from dropping below the
minimum output voltage during transients (Vorrm)-

Vo = 4.1V

P
2mSX¢

Copy 2 —Jour*2 _j jp
VOUT _VOTRM
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For this design two 560uF capacitors were used in parallel on the output, with an ESR of 13mQ each.

Cour = 2% 560UF =1.12mF

13mQ

ESRoyr = 6.5mQ

Estimate total output capacitor RMS current (Icour rms)

2 2
Ispi X4/ Dyac B Pout ~1.46A
3

| cour _RMS
ouT

Estimate total output capacitor loss (Pcour)
2

PCOUT = (I COUT_RMS) X ESRCOUT =14mW

Recalculate power budget

PBUDGET = I:)BUDGET - I:)COUT ~ O6O4W

Select FET Qa:

For this design we had chosen a 600V rated MOSFET with the following characteristics:

Rpson = 4.50hm, FET Q4 on resistance

Coss =8.5pF , average FET drain to source capacitance

5W USB Flyback Design Review/Application Report 11
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Hv20200

"."nslt'\'"}

12
Vo= 480V /

g le=2A /

0 2 4 6 B 10 og(nC)
Figure 3, Gate Charge vs Vg

Estimate FET losses (Pga)

I orive = 0.35A, maximum FET gate drive current

Q, =9nC, gate charge just above the miller plateau

~ 52ns, estimated FET Vg rise and fall time
DRIVE

Estimate FET power loss by driving the FET’s gate (P,)

Q. =12nC, Gate charge at 12V drive clamp
V, =12V
P, =12V xQ, x fy =15mW

Calculate the average input voltage to the flyback at the maximum input voltage (Vinmax)-

V
Ve =Vinwax Xﬁ_%_ZXVFDA ~ 34N
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Estimate FET average switching loss (Psw)

lop xt, x f
Pow =Vey _(VOUT +VVDG)Xa1 = ) M = 269mW

Estimated FET Coss power dissipation (Pcoss)

Coss =8.5pF , average FET drain to source capacitance

C
Peoss = % x (VFLY )2 X fuax = 54mW

Calculate power loss from Rdson (Prpson)
Peoson = (Ipams)” % Rosoy = 0.1W

Estimate total FET losses (Pga)

Poa = Proson + Psw + Py + Peogs = 441mW
Recalculate the power budget

Pauocer = Peuncer — Poa ® 163mW

Setup Zener Clamp to Protect FET QAa:
V, =82V, Zener Clamp Voltage (Dz)

Vis max =600V, FET maximum drain to source voltage

Verawr =Ves wax % 0.9 =V yuax V2 ~165.2V , Available Clamp Voltage to Protect FET Qa

— VCLAMP -0.6 _Vz

Rq ~216.50

I op
Select a standard resistor for the design.

R =2150Q

5W USB Flyback Design Review/Application Report 13
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Estimate Zener Clamp/L; ¢ power dissipation (P k)

2
P = Lk X(IPP2K) X Fuax —122mW

Recalculate power budget

I:)BUDGET = I:)BUDGET - PLLK ~ 40mW

Select VS voltage divider (Rs;, Rs»):

lysiruny = 220UA VS Line-sense run current

Note Rg; so the converter will go into under voltage lockout when the input is below 80% of the
minimum specified input voltage.

a
Vi V2%0.38
Ry, = ~115.6kQ

IVSL(run)

Select a standard resistor for the design

R, =121kQ
4V
R., = = 27.7kQ
> (VOUT +VDG)X a, -4V
Rs,

Calculated Rg; is a starting point and will need to be adjusted in circuit. To have a 5V regulated output
this resistor was adjusted to 30.1k€Q

Ry, = 30.1kQ

Calculate VS divider power dissipation (Pys)

P — (\/ DMAX (VOUT +VDG )az )2 ~1.3mW

VS (R51 + RSZ)
Select auxiliary diode (Dg) for this design that had a forward voltage drop (Vpg) of 0.6V.

Ve = 0.6V
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Vi = Vour +Vpe )x@, —Vpe #20.8V , UCC28700 supply voltage at Vpp

a .
Vieoe =Vob +Vinmax V2x 22~ 115v , maximum reverse voltage across Vpg
1

leun = 2.1ImA, UCC28700 bias current when gate drive = 0V

P +1 xV,
=9 RN VP ~2.8mA, Estimated UCC28700 VDD current.

|
DD
Voo

Calculate Dg power dissipation (Ppg)
Poe = lpp XVpe = 1.7MW
Recalculated power budget

Psuocer = Psupcer = Ris — Poe = 037mW

Preload Resistor Selection (Rz):

To keep the output voltage from climbing at no load a pre-load resistor is required. This is generally a
trial an error process. For this designs the preload resistor that kept the output regulated under no load
conditions was 3.01 kQ.

R, =3.01K

Calculate Rz power dissipation (Prz)
2
P, = M ~ 8.3mW
RZ
Recalculated power budget and there is 29 mW of margin left in the power budget to meet the efficiency
requirements of the design. Note in production designs, more margin might be required. Also note

these calculations are estimations and the final design may need to be adjusted to hit efficiency and
regulation requirements.

I:)BUDGET = I:)BUDGET - PRZ ~ 29mW

5W USB Flyback Design Review/Application Report 15
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Internal Blanking

The UCC2870X controller regulates the output voltage by sensing the auxiliary (Aux) winding. This
removes the need for opto isolator feedback scheme reducing the cost of the design. However, this
voltage control feedback scheme is susceptible to leakage spikes at the switch node that occur in most
flyback converters. This signal is coupled through the turns ratio of the transformer (T1) and shows up
on the Aux winding during t;x reser , please refer to figure 4 for details.

To help insure the leakage spike on the Aux winding does not cause a control issues, the UCC2870X
blanks (tg) the Aux signal to the controller for 500 ns to 1.5 us depending on loading. Please see the
data sheet details [1]. Note the ringing on the auxiliary winding needs to be less than 100mV peak
to peak after tg. Snubbing circuitry on the secondary and/or auxiliary winding may be required to
reduce ringing.

Aux Ringing after ts < 100mV
tik_Rreser

d

VS Samples Aux Voltage for Control

N

Aux/
D¢ Cathode

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: QA off

| |

| |

Mg !

Figure 4, Auxiliary Winding VS Blanking

To ensure the leakage spike does not cause control issues it needs to be dissipated before the Aux
blanking (tg) has terminated. The tank frequency (fLc) between the switch node capacitance (Cswy) and
the transformer leakage inductance (L; k) should be greater than 1MHz.

1

fo—
L 2><7zx\/L,_K><CSWN
1
flo 2———=1IMHz
2x500ns
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Select line compensation resistor R ¢:
Resistor Ry ¢ provides offset to the peak current comparator input (CS). Ryc is adjusted to terminate the

gate drive signal (B) early to prevent primary current (A) from over shooting [1]. Please refer to figures
5 and 6 for details.

With Power FET on,

o Vaux Vaux = Vieik * Na / Np
Na
Rs1 sLEIEE E Vesr = VRs+VRy
lysLs |:I
- «— ™

0A

i
Turn-off B | QA

Delay - Td

VOARs

Figure 5, Peak Current Limit Comparator Figure 6, CS(A), QA,(B), VQAps Signals
K.c =25, Line Compensating Ratio [1]
Calculate Ry ¢ initial resistor setting based on QApg rise and fall time (t;)

_ Kic xRs1 xReg x 1ty xal/a2

Lpwm

Ric ~1.38kQ, Starting Point for Ry ¢

In circuit adjust Rrc so the maximum output current is (Iout). For this design RLC was set to 4.64 kQ.

R = 4.64kQ

Estimate no load input power (Py.):

fyun = 1kHz , Minimum operating frequency
P, =V, xQ, x fy,, =144uW , gate drive power dissipation at fy
lyar =85UA, VDD input current at 1 kHz operating frequency [1]

Rioo = Py + lyarr xVpp # 1.9MW , Estimated UCC28700 power dissipation at fun

5W USB Flyback Design Review/Application Report 17
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Estimate switching losses (Pswrwm) at high line at fyn

|
PPK
xt, x fin

3
PSWFM = VFLY - (VOUT _VVDG )X al 2 ~ 945uW

— COSS

Peoss = TX (Very ) x fyn = 0.5mW | estimated Coss losses at fun

I 2
Lipx X( P;Kj X i
P« = ~129uW , estimate of leakage power dissipation at no load

LLK

The estimated no load input power (Pnr) is roughly 22 mW. In the actual SW design the no load input
power was roughly 20 mW at 230V RMS input voltage.

P, =8.3mW
Py =9.2mW

I:)NL = I:)VDD + I:)SWFM + PCOSS + PRZ + PRT + I:)LLK ~22mW

VOUT = 5V/1A
™
R1 D1 m D2 B340LB-13-F T
Id +
ir AR i .; ~ vour
a4, 47 MURS160-13-F J|& P I
T A <l|¢
SVEIPGKES2A  —————¢ P . @
[ Pl 560 uF seouF < 301k
SRa (¢
gs.uM j ; [
RS L ™7
QL Z51m 1000pF
STD2HNKG0Z-1 03 l
/e R7
u i ‘H?\ uL =191k
e RO RS1B-13F UCC28700
=511M
470 wH I 1 NTC -
2N GN 3
VIN = 90V to 265V RMS DS R1S N oD
L Lann— i q=
e 12 . A A o e g™ =S 28w
175 p =Rl ~R12  LRI13
B 10 47 uF 7w 2R S 5% .
Neutral J—I—l A A L | rio
<
n 3300F < 40k
™ HDOS

Figure 7, Schematic

18 5W USB Flyback Design Review/Application Report



I3 TEXAS

INSTRUMENTS SLUAG53B
Efficiency:
Efficiency
78%
76% -
74%
L>)‘ ~
S 72% - /
Q
Q
o 70%
IS / ——Efficiency @ 115V RMS
68% —
—— Efficiency @ 230V RMS
66% /
64%
25% 50% 75% 100%
Output Power
Figure 8, Efficiency
Load Transient at 115V RMS
CH1 = louT, CH4 = VouTt with a 5V offset
Tek Run: 5.00kS/s' SaTmpIe [Trig]] . TekS.[l[]kSI[s - 3 Acgs .

T

+

Ch1 5.00mvQ

100mv

M10.0ms Chi 7

2.2mV 16 May 2012

15:37:43

Figure 9, 0.1 to 0.6A load step

#AT0 0ms CRT

ZIMV 16 May 2012
15:40:17

CHT S oomve —
To0my

Figure 10, 0.6 to 0.1A load step
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Load Transient at 230V RMS
a. CH1 = lout, CH4 = VouTt with a 5V offset

Tek ST 5.00kS/s Tek EHEH 5.00ks/s 3 Acs
[ F
E E

Ll AM MMWWWWW

------ Chi S.00mve TWT0.0ms ChT v 2.2mV 16 May 2012

Thi 5.00mv9""'].00mv M10.0ms Chi F  2.2mv 12:24;:\;;012 Loomy 10 May 2
Figure 11, 0.1 to 0.6A load step Figure 12, 0.6 to 0.1A load step
REFERENCES

[1] UCC28700/1/2/3 Data Sheet, Constant-Voltage, Constant-Current Controller with Primary Side
Regulation, SLUSB41, July 2012, http://www.ti.com/lit/gpn/ucc28700
[2]Using the UCC28700EVM-068, UCC28700EVM-068 SW USB Adapter, SLUU968, July 2012,

http://www.ti.com/litv/pdt/sluu968
[3] UCC28700 MathCAD design tool, http://www.ti.com/litv/zip/sluc381
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Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

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
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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