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Using the TPS23851EVM-001

This user guide describes setup and use of the TPS23851EVM-001.

Introduction

It includes connection and wiring descriptions, PC installation of the user interface, schematics and layout
information and a detailed section describing how to use the GUI.

Equipment Supplied
 HPAG677 Backplane Board
 HPAG676 PSE Controller Board

Equipment Required

» Computer

e Laptop Computer Power Supply or 20-V to 60-V. Power Supply

* USB to Mini-USB Cable

» Valid POE Load

* National Instruments Website Download

» Texas Instrument's GUI for the TPS23851 (TPS23851 GUI Software)
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4 Hardware Connections
4.1 PCB Assemblies
The HPA677 is a backplane board. The HPA677 has two power supplies, the power-over-Ethernet ports
and the USB to I°C interface to support the HPA676. The HPAG676 connects to the backplane board. The
HPAG676 has the TPS23851 PSE controller and a power supply for the TPS23851. It controls port
connection to a valid PD.
Plug the HPA676 PCB assembly into the HPA677 backplane by aligning the three 10-pin connectors on
each board. See Board alignment photo, Figure 1.
)
Figure 1. Board Alignment
4.2 Power Supplies
Use either a laptop computer power supply or if not available, a lab power supply. No adjustment is
necessary with the laptop supply. Just plug the supply into J17.
With the lab power supply, if used, you must disconnected the output, turn on the power supply and adjust
the output voltage to 24 V +/-2 V. Adjust the supply current limit to 3 A. Connect the power supply output
to J9-1 and the supply GND to J9-2.
Connector J16 can be used to by-pass the 24-V to 54-V converter. This may be done if there is need to
vary 54 V when injecting a voltage into J16, remove any other input power at either J17 or at J9 when
using J16.
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4.3 USB Cable

Turn on the power supply first and then plug the USB connector. Green LED, D1 should turn on. Figure 2
shows the interconnect boards with power supply, USB, and POE load attachment.

Figure 2. Components and Interconnects

5 GUI Setup
1. Create a folder for the GUI and the National Instrument's download.

2. Go to National Instruments website and download and install the LabView Runtime Engine to the
new folder. Follow directions on screen. The download is free but you may be asked for a registration.
Use this link to get the runtime engine: http://joule.ni.com/nidu/cds/view/p/id/1101/lang/en. Download
LVRTES86std.exe and install.

3. Copy the attached file, TPS23851 GUI Software, to the new folder on the PC and unzip. Go to folder
TPS23851GUI and Double-click TPS23851.exe.

4. The GUI should start. Power the EVM and plug in a USB cable from computer to EVM. The green LED
at D1 will turn on.
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6 GUI Getting Started

The I°C device address is set in the hardware for address 20h. The GUI also defaults to this address. If a
different address is needed, go to the GUI's right half of the screen's Setup Tab and enter the new I°C
address. See Figure 3.

Also in the Setup Tab screen, the 400-kHz 1°C (default) is selected.
Leave the termination set to the default setting, open.
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Figure 3. Interrupt/Events and Setup Tabs

Select the Configuration Tab (reference Figure 4). At the far right in the Configuration Screen, the

selections are global which means they apply to all 4 ports. At the pull down that says Manual, select
AUTO, and select the rOx12h Button just to the left of AUTO. The four columns to the left get set to

AUTO.

To the left of GLOBAL on this same screen the window allows individual set up for each output port.
Those selections are then applied using the rOx12h Button to the left of the four-port mode entries.

Detection and classification are initiated within the parameters of the mode already selected by either
global or single port selection in the same way the mode was set. Then click the rOx14h Button to
activate. Classification and detection can be set or cleared before initiation with the green CLEN and DEN
Rectangular Buttons The green LEDs turn on for good status indication.
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Plug in a valid PD load to any of the four left-side ports and the load will be powered. The connectors are
ordered Port 4 thru Port 1 where Port 4 is the leftmost connector. The right-side 4 connectors are not
operational but are included for expansion. Left or right is determined by facing the port connectors plug
input side.

After an operator action in the GUI, the resultant event may be checked in other GUI windows tabs such
as Events or Interrupts. Interrupt/Event Tabs are shown in the left half of Figure 3. Follow the tabs to
get to the proper window to check results.

RUN and STOP are in the upper left corner of the GUI screen. The GUI is running when the arrow is
black filled.

Reset is not active from the GUI Button. Reset can be done through the on-board push button switch.
Auto is grounded so all ports reset or power-up OFF.
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Figure 4. GUI Buttons
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7 HPAG676 Test Points

Table 1. HPA676 Test Points

TEST POINT SIGNAL NAME
TP1 PORT1_N
TP2 PORT1_P
TP3 GND
TP4 PSE_SDAI
TP5 GND
TP6 N48V_POE
TP7 PSE_SCL
TP8 PSE_SDAO
TP9 SDA

TP10 GND1
TP11 GND
TP12 GND
TP13 v3_3
TP14 N48V_POE
TP15 GND
TP16 OUT_P1
TP17 GATE_1
TP18 SEN_P1

8 HPAG676 Test Point Connector

Table 2. HPA676 Test Point Connector

(&
N

SIGNAL NAME

GND

TSTA

Shutdown4

Shutdown?2

Shutdown3

Shutdownl

INT

N | WIN|F

V3_3

SLUU492-February 2011
Submit Documentation Feedback
© 2011, Texas Instruments Incorporated

Using the TPS23851EVM-001 7


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU492

Switches

13 TEXAS
INSTRUMENTS

www.ti.com

9 Switches
e HPAG676 - None

 HPAB77 — S2 is a momentary RESET push button switch. This causes a reset to the TPS23851.

10 LEDs
» HPAG677 - Green LED D1 indicates USB attach
11 Jumpers
» HPAG676 - None
» HPA677 — See Table 3
Table 3. Jumper Function
JUMPER FUNCTION USER NOTES
J2 Hi / Lo speed USB input J2 1-2, Hl and J2 2-3, Lo
J4 Hi / Lo speed USB output J4 2-3, Hl and J21-2, Lo
J5 Manufacturing use J5 must be ON
J10 Enable USB interface J10 must be ON
J14 Manufacturing use J14 must be OFF
J18 Manufacturing use Must be position J18 1-2
12 HPAG677 Test Points
Table 4. HPA677 Test Points
TEST POINT SIGNAL NAME
TP1 54-V, output-side feedback
TP2 18-V to 60-V input (positive)
TP3 18-V to 60-V input (negative)
TP4 54-V, input-side feedback
TP5 54-V output
TP6 54-V negative / GND
TP7 RESET
TP8 Computer GND
TP9 GND
TP10 SCL
TP11 3.3-V out
TP12 3.3-V, input-side feedback
TP13 SDA
8 Using the TPS23851EVM-001 SLUU492-February 2011
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13 HPAG676 Schematics
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Figure 5. HPA676 Schematic 1
SLUU492-February 2011 Using the TPS23851EVM-001 9

Submit Documentation Feedback
© 2011, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU492

{i’ TEXAS
INSTRUMENTS

www.ti.com

HPAG676 Schematics

<« 3 D A
T K
9
il Ado)
4 elelel e 1 )
v ooy ey ey ey = LT £19
[4
“G—F FTENDHS _INOHS S
r Tz ¥NAHS Y __LNAHS 7T
¥4 ANOV aan ar 4'4'A% {e7eN
fra™ns) vN3S angg 21
- [44 S ~ LZM
¥d “3vE Tz Y3ALVD *._.Mn_ﬁlg
[ra 10 7T 1IN0 £130[ £d 1%
EdNIE AR 213057 Zd713)
ng..u__a 57D :wm_\:|g
fa- 1 oV o1
NG
Za N8 vig
Zaava) Vi
Za~1m S5 WS~ 15d
[1d7N3S) Z=HN3S Qvas| 5 avie 3
\d .u_a 3 13ALVD ._um... r o5~ 554
] Ve [§Tgle] INI| T (1N
= oLyny a1sy]
T V1S1 1383 T 1353

%01
ZEN 3

>

3XILeArZSdl
Ln

oL |
gy <

£¢N

Figure 6. HPA676 Schematic 2
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Figure 7. HPA676 Schematic 3
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14  Layout HPAG676
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Figure 9. Board Layout (top view)
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15 HPAG676 List of Materials

Table 5. HPAG676 List of Materials

COUNT | REF DES DESCRIPTION PART NUMBER MFG
4 gé g? Capacitor, ceramic, 100 V, X7R, 10%, 0.47 pF, 1210 STD STD
Cl1 Capacitor, ceramic, 50 V, COG, 5%, 680 pF, 0603 STD STD
C12 Capacitor, ceramic, 100 V, X7R, 10%, 0.1 uF, 0805 STD STD
2 (C:ig €23, Capacitor, ceramic, 16 V, X7R, 10%, 0.01 pF, 0603 STD STD
Ci14 Capacitor, Ceramic, 25 V, X7R, 10%, 0.33 pF, 0805 STD STD
C16, C21 | Capacitor, ceramic, 25 V, X7R, 10%, 1 puF, 0805 STD STD
2 C18, C20 | Capacitor, ceramic, 50 V, COG, 5%, 100 pF, 0603 STD STD
C2, C4,
C6, C8,
9 C9, C10, | Capacitor, ceramic, 100 V, X7R, 10%, 0.1 pF, 1210 STD STD
C15, C17,
Cc22
C24 Capacitor, ceramic, 100 V, X7R, 10%, 1 pyF, 1210 STD STD
C25 Capacitor, ceramic, 6.3 V, X7R, 20%, 47 pF, 1210 STD STD
C26 Capacitor, ceramic, 6.3 V, X7R, 20%, 22 pF, 1206 STD STD
4 |pL DY | Diode, switch, 100 V, 400 mW, SOD-123 1N4148W-7-F Diodes Inc
D13 Diode, ZENER, 12 V, 500 mW, SOD-123 MMSZ5242BT1G On Semi
D14 Diode, Schottky, 100 V, 1 A, PowerDI 123 DFLS1100-7 Diodes, Inc.
4 Bg Bil Diode, LDO, 1.5 A, 100 V, overload, SMB S2B-13-F Diodes, Inc.
D3, D6, .- .
4 D9 D12 TVS unidirect, 600 W, 58 V, D0-214AA SMBJ58A-13-F Diodes, Inc.
4 E% :;21 Fuse, slim, SLO-BLO, 1.5 A, 63V, 1.5 A, 1206 046801.5NR Littelfuse
3 1,32, 93 il-rl](zﬁder, male, 10 pin, 100-mil spacing, 0.100 inch x 10 PEC10SAAN sullins
J4 Header, male, 8 pin, 100-mil spacing, 0.100 inch x 8 inch PECO08SAAN Sullins
L1 Inductor shield PWR, 22 uH, 0.300 in. sq. DR74-220-R Coiltronics
4 8; 82 MOSFET, N-channel, 100 V 2.3 A, SOT-223 IRFM120ATF Fairchild
Q5 MOSFET, N-channel, 100 V, 1.8 A, TSOP-6 SI13430DV-T1-E3 Vishay
Q6, Q7 Transistor, PNP, 80 V, MMBTA56, SOT23 MMBTA56-7-F Diodes Inc.
R1, R2,
5 R3, R4, Resistor, 1/10 W, 1%, 1 kQ, 0603 STD STD
R25
R17, R18,
5 R19, R20, | Resistor, 1/10 W, 1%, 10 kQ, 0603 STD STD
R32
0 R38 Resistor, 1/10 W, 1%, 10 kQ, 0603 STD STD
R21 Resistor, 1/8 W, 1%, 0.05 Q, 0805 STD STD
R22 Resistor, 1/10 W, 1%, 249 kQ, 0603 STD STD
R23, R33,
1 R34, R35, | Resistor, 1/10 W, 0 Q, 0603 STD STD
R36
1 R24 Resistor, 1/10 W, 1%, 20 kQ, 0603 STD STD
1 R26 Resistor, 1/10 W, 1%, 71.5 kQ, 0603 STD STD
1 R28 Resistor, 1/10 W, 1%, 4.7 kQ, 0603 STD STD
1 R29 Resistor, 1/10 W, 1%, 267 kQ, 0603 STD STD
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Table 5. HPA676 List of Materials (continued)

COUNT

REF DES

DESCRIPTION

PART NUMBER

MFG

R30, R37

Resistor, 1/10 W, 1%, 4.99 kQ, 0603

STD

STD

R31

Resistor, 1/10 W, 1%, 49.9 Q, 0603

STD

STD

R5, R6,
R9, R10,
R13, R14,
R15, R16

Resistor, 1/3 W, 1%, 1 Q, 1210

STD

STD

R7, RS,
R11, R12,
R27

Resistor, 1/10 W, 1%, 10 Q, 0603

STD

STD

18

TP1, TP2,
TP3, TP4,
TP5, TP6,
TP7, TPS,
TP9,
TP10,
TP11,
TP12,
TP13,
TP14,
TP15,
TP16,
TP17,
TP18

Test point, white, thru hole, 5012, 0.125 inch x 0.125 inch

5012

Keystone

Ul

quad IEEE 802.3 PoE PSE controller, SSOP

TPS23851DCE

TI

u2

1-Mbps digital isolators, SO-16

ISO7241ADW

TI

U3

4.5V-52V VIN Current Mode Boost Controller, MSOP-10PP

TPS40210DGQ

TI

U4

BUFF/DVR DL non-inv SC706, SOP-6

SN74LVC2G07DCKR

TI

RlRrlRr| Rk

PCB, 4 inch x 3 inch x 0.032 inch

Any

Any

Sub
Assembly

PCB, 7.1 inch x 6.6 inch x 0.062 inch

HPAG77

TI

SLUU492-February 2011
Submit Documentation Feedback

© 2011, Texas Instruments Incorporated

Using the TPS23851EVM-001

15


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU492

www.ti.com

{i’ TEXAS
INSTRUMENTS

HPAG677 Schematics

HPAG677 Schematics

16

Buwwesbpud sa1ye sadwnl sroway 5
% Am B
4 - Al

el HV| ea el el e
IET Tiea et eva | =5 A
T
e N —1< [N
ar -an +n_..h T od
e -ankg - W
o | TN NesStr L= ; +A
. T e _
L Av OoA DaA 2 _ v Nﬁ
= hWn_znv —-n > ! , o
— L w2 i
[amd " 908a g7 ESMen IShEN
N;Eﬂ:m_wz:nz #Nd—0ddd
q UQ he gl ”—\z&r_
- g Yi&ziom >
2oy sr 15 5 2 L Bumwoibaig Bujluwesbouy
a8z [P ‘U._ Japy up Jedwnp uop GQ sedwnp
2)0jndoy JoN of % A whd o05d] | m: W”A esz
LR 4 = : W\
paysex0 . ofiy
asn L gp 3 G} znmmwos
3 v L
Y 41-0059rHXT- 455 B
14
o
oy NN I ER
Ny = ﬂﬁqaqzﬂjﬂn_nqlt_wﬂas/. 801 i
. TICEIVEREEERY @ [0
B3 SW 3 1271 g " ST
g s e msute [—— o L
b L aisay £ 30T
£, 32T s 4 % - @.J PR S
A K, AL LY 9 yoa L 3T
W 2
2 S5H, WAL * I MHE uunm.” %
m T e d ~ D] )2
Sy AbdL £ldl e Nd@iteasnl ] [EIENEEEE | ai
72 m a 3 ELI-T] = BOMY
At 33 ,HH (1] [aia/va s/ Jane/ Gana] | &V ,M“ NE R
[ _l@ EE S 10149/ 195/ JNS/ 08| | TP |4
S f NI (20100, Lu3 WS/ L3 va Ng Hga %
! WA amo/H0eAd | BY HM“ M H EIERETEE]
oo s [T s zmoand] [ IV * o >E.N
[ e Ef ' BIY 0D moand | B | ' EEEEEER: w M s . ;o It 1 g 109081
s _ _.w_.%;wwmwwwwuw@mﬁw “ ._..n.o
m|n|> a0z [oaga/ vH1a8Ad] T
[} EF o Lzd [£9109/5 178/ i
> rlmgn o84
: nee
564 214 A1 S o) ‘Auo uawonjassp | F
V00 L @AE'E wS S BDAwA 0 B GE | [T
e |__H__|. <t
ZHNTI
A _Lydzg
sdzz L sl L
©T ﬁ 4 5
[ I L
2]

SLUU492-February 2011

Submit Documentation Feedback

Figure 10. HPA677 Schematic 1
© 2011, Texas Instruments Incorporated

Using the TPS23851EVM-001

16


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU492

HPAG677 Schematics

Figure 11. HPA677 Schematic 2

17

Using the TPS23851EVM-001

© 2011, Texas Instruments Incorporated

Jy TEXAS
INSTRUMENTS
www.ti.com

dNEER9  yoz e
nmn_ £TH zza
N , www } A AMA ~
+ A 28y
R MY . ]
T LYRESLANN L warz | uneeee
ooy S VIEYAIL =0} Lz ooz | . o o
- £82 13 |
A » .
Pt aniap
SMazZAYd ¥12 _ - .
1, L
—w T e ] oz
§ ecu S AE'B
w3 | deezi L +u_H__ znww.._a 3 A np TN N._:._ -
VS | oz M T 5 Gzd 3 @ | T e
I se1d sl ezl 200EOFILHEN _ o S5
661 4001 o3 BN ez N prTYevS ! e T =
oL AN
“ IR L oL Z-dB02€000 7/
HH_ Sed L, [ BN
A91 % AgL Av EET
== A =
290 [ %4}
AAA |l
W —p—— }
ez SMOZAVE
(40 aza wo L
4 SMazAvE LGS
810 iq4°]
|_| Pt
inde) =z 4y ow.mm [ f
913 122 |_| B .
_ 5 Apdl | moze
bz H ¢ 4 aNLe== YEES ApaL
JOAT'E = INOA _J>>s|=|— M ) 492 agy Lﬂw_mr,um
bhed Mo ydgsg Z ._| )
Bl ¥8] T d 30N
JAAYG = VA

Submit Documentation Feedback

SLUU492-February 2011


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU492

{i’ TEXAS
INSTRUMENTS

www.ti.com

HPAG677 Schematics

abes sy} ua cuauadwas

ajojneiag jeN oq ﬂ

H e HE_:_ Hm__
H:u %n_u ﬂnu
A

=T

XNTIS-CZIGIBRLY  LX3D/¥ Ld|

vass
[~}
&
<
3
-4

£

1S0A/¥X30/L 1d
A3IS/£X3/9 1d|
ASW/ZXIV/T 1d

Ssn RX3V/E) 4|
R3/T )|

SS/x321/1°1d
1WVIX/21/% 1d]

TEVLX

il <l i wiN ol of

388
39

Lav/L"ad

B3z
m

vav/ved

g

E 135/8 2d
f[ﬂ'/L od
L609v/970d

g6 Fav/50d

GE
u

4=
(g

JIEN " Le8g

(Tagn ~1ced
(o158~ I1ced

Vs

(Tos= " LcoR

LA )

(o158

==

MIZIBZREYdEN T

[N

hnw‘t")n‘-—
RARRRE
Lars

wz |

sz 619

WISN | GeR ] mm <IND|

D ¥
\¥i155d

s an

7n‘w‘~‘:

N5 isaE

(72514

INI3_dsN

TN

14
MSTIEIGRVLNS
wn

4 va/B Zan S (G
d

£ Za/ 12 K
M)1MES/153] m"
158/Di0

vOs/L 14 ®
126/0'1d 8

E

QLY dSN

NI~ 13835 don]

[

VOSA =5

9

abad 811} Us ByUALGSWEY
rc] nopdegneq N

Figure 12. HPA677 Schematic 3

SLUU492-February 2011

Submit Documentation Feedback

Using the TPS23851EVM-001

18

© 2011, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU492

HPAG677 Schematics

J‘i; TEXAS
INSTRUMENTS

www.ti.com

,( kN
1 e
AEV'T T e -
58 ZBaI1Cy 1L x_1r = gy
F -] ? niae 906% IBAN
6in ] 1™ ) LN
| zia — bt |
NE6Y FLIY | 6 by £ 4l T nNeg
15 B92 L7 i - L
I 100QATLHE X
W:E a9ep N85y %oy A azn
A 6602 2> g1sva Y viH 9
=a

T
H.tosw
14\_.-3
AZZV vy 471p9
ZHAQG | %n} %5 14\5

Hﬂnzu 5
5 Lo _.“ T
A z
FuR__ Bdy
Z08@ezxan ?/
aun var
7N
q ;mNNn
#ZL
T g Dol
. A £l Ve
; [
T AFQ ACD .
sir Ly 0yl el A8 | Aga T’“¢
_ ¥ [2¢ =dNZZ 42T ALy ANy N
R, H ! 622 = ) £
v o+
VILBAYS = IMOA z : .
SdL HApL H Lit
1 Zdl

JOAN@S — Bl = WA

19

Using the TPS23851EVM-001

Figure 13. HPA677 Schematic 4
© 2011, Texas Instruments Incorporated

Submit Documentation Feedback

SLUU492-February 2011



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU492

{i’ TEXAS
INSTRUMENTS

www.ti.com

HPAG677 Schematics

g

IND

T T 1= " |e=0n
f [T13
- — | 7/eszsiiom
[ 2T hegu
T B e
I [ -vou
: 225 | [ Hcau
L te
ar + | -£oe
: =2 5 [ +zau
M__u [-zou
e
[ SN N

V99-LAX | -VLBR
9T

1 T

oNg

o

9504

(7104

| ¥/5/Z/02aL

+ L

- vouL
+00x1

T

| -FoaL
2L

|-z
FLOUL

~IoNL

1|

-y

4l
[

]

INO

[

acan

- 4

1|
o

o E M :
=

€n

I

]|
3l

i

B

VBR—LEX | -v/BR
e

&N—D>
\m'\m\N\ LML
+vRil

[ v

e

4romL
Lo
B
+ QUL
H.EE
S y0uL

—1ay1L

Br|

o

ana

AW

V99~ 18X) ~ VLB
&

;N [0

L_Q\U\N /)AL
+ VORL
|-y

|

+0au1

;
| -EouL
+L

[-zoL
a1

|-

4 e
+ +
533 — 173 —
] ae 3 an
T ™= [" Je=on T I N
f NEED f EED
- — [prerzsm || ol — ELZ 4
= T rpau = =T +vau
o B e ’ \M E re
wh _[[-vau oo [[=vau
: ECCgE RN VT M: = 1| +equ
¥ . ta ¥ A ra
ar T =+ | -£ne | T =+ | —saus
: = 3 [ reoa 4 =2 3 [ [ rema
i ¢ NS
Mﬁ [-zmu M_. [=zau
- N i Ny
(L — e 1 e
T — el
VEB-LEX | - VBB vBR—19X t-v /B8
[ VET
_ ai [~
Hd ol )——— 1
o Trisesy a1
o Flxbd
[T L
o ZlH0d k]
N Z1ead s
¥

=l

NO

aEDA

AmN LOA
| ¥/2/2/ 11081

B = L: = £ +vaa

L = =]
s ] v
% =7 +v0m

¥ e
o T T || =quw
£ = L[+

< ==,
o | ool
==

h S
! -1

vBe—18X 1 -v/BR
e

HHE
[
L&

W aNg
— [ Jecan
[ Tzon
12
— Amﬂ\.n\ T/ WL

n -

E [ M: I +vaus
i

5o 7
Mo 7

-

T = [=sau
o M: T %z0u

[ =yau
EA YT

[

[ “zau

i
n A~ |

|~ 1w

VBB—LEX -V /BR
Ld'u

Figure 14. HPA677 Schematic 5

SLUU492-February 2011

Submit Documentation Feedback

Using the TPS23851EVM-001

20

© 2011, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU492

J‘i; TEXAS
INSTRUMENTS

HPAG677 Schematics

www.ti.com

Keppunca pau 2un el Q

[ 1V{41

IS
>

BN 1N 5 mn» Jn_Jn
(3w s w” _uh
CEIEIT 7T
G7e o Tp 7 —
G 3 o
G@sos I i e ]
[ o7 are BY oy ED £ E_ T T
n ” N MVERE (TS oz lze bee T T
u 20) oy 'l W
N | @u | BRM
TILELNT “ TLLEINT P TiLELN “ AuE N o~ DLEINT A e
9 x x
% @ va o0
)
-~
VOS SAS
A Toes) (G, (== —
TOSN_d5A] oir
= e
[1ocE "o WILDVA ~ dSW| VOSS LSRR
G (G5

AZLTIATYZ

I

(N—3538 o)

Hh.._a H..:vn Hh:va Hh:_n \_VL..; Hl!. Hk:
14\5 14\_00 14\30 14\39 14\-«0 14\& 1445“_
1 - | -
=4 onoy
%S 5 13534
s vi[g £ v 4
e Ay = O
q vl 7 1
[} < 4]
¢ A
ez n.ﬂ loon v w T
MVLBINTHZNS o
Lan nn
g
e v LN
[
80 o

Figure 15. HPA677 Schematic 6

21

Using the TPS23851EVM-001

SLUU492-February 2011

Submit Documentation Feedback

© 2011, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU492

www.ti.com

{i’ TEXAS
INSTRUMENTS

HPAG677 Schematics

Keppunca pau 2un el Q

IS
>

PR

ICIET

e e

I

EED

[}

40y

TILELNT

2]
9

=

[oss—iooe)

s 0%
rh LA nuu
vy L]
14
Ll ¥ W\\\\\\\\\,
it e T — 1
i b L T
T CLN— T— 1
MVERE (TS bz Lz ez e
W-ﬂ. @y B
e
-~
VOIS SAS
Dy
air
135 B5T|

AZLTIATYZ

I

DD

FEEELER

EE

N353 ds)

Too Toe T e T T I
A
et

BT TeE

{(Diss an

SLUU492-February 2011

Submit Documentation Feedback

Figure 16. HPA677 Schematic 7
© 2011, Texas Instruments Incorporated

Using the TPS23851EVM-001

22



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU492

13 TEXAS
INSTRUMENTS

www.ti.com HPAG77 List of Materials

17 HPAG677 List of Materials

Table 6. HPAG677 List of Materials

COUNT | REF DES DESCRIPTION PART NUMBER MFG
2 C1, C9 Capacitor, tant, 10 V, 20%, 10 pF, 3216 293D106X0010A2TES3 | Vishay
2 C10, C62 | Capacitor, ceramic, 16 V, X7R, 10%, 4.7 uF, 0805 STD STD

C12, C29,
8 gg% ggg Capacitor, ceramic, X7R, 100 V, 10%, 2.2 pF, 1210 STD STD

C37,C38

C13 Capacitor, ceramic, 270 pF, 50 V, COG, 5%, 270 pF, 0402 | STD STD
1 Cl4 Capacitor, ceramic, 25 V, X7R, 10%, 0.01 pF, 0402 STD STD
1 c16 Eéa)pacitor, POSCAP, 6.3 V, 45 mQ, 20%, 100 pF, 6032 6TPB10OMC Sanyo
0 C19 Capacitor, ceramic, X7R, 50 V, 10%, 2.2 nf, 0603 STD STD

C2, C4,

C6, C11,

C49, C50,
13 C51, C52, | Capacitor, ceramic, 25 V, X7R, 10%, 0.1 pF, 0603 STD STD

C53, C57,

C58, C59,

C60, C61
0 C17 Capacitor, ceramic, 25 V, X7R, 10%, 0.1 pF, 0603 STD STD
1 C20 Capacitor, ceramic, 50 V, COG, 5%, 270 pF, 0402 STD STD
1 C22 Capacitor, ceramic, 50 V, 5%, COG, 15 pF, 0402 STD STD
1 C23 Capacitor, ceramic, 50 V, NP0, 10%, 330 pF, 0603 STD STD
2 C24, C25 | Capacitor, Ceramic, 25 V, X7R, 10%, 0.033 pF, 0402 STD STD
4 ggg gig Capacitor, ELECT, 63 V, FK, 47 pF, 8 mm x 10.2 mm EEV-FK1J470P Panasonic
1 Cc27 Capacitor, ceramic, 6.3 V, X5R, 10%, 1 pF, 0603 STD STD
1 C28 Capacitor, ceramic, 5%, 200 V, NP0, 220 pF, 1206 STD STD
2 C3, C15 Capacitor, TANT, 16 V, 20%, 1 pF, 3216 293D105X0016A2TE3 | Vishay
0 C21 Capacitor, TANT, 16 V, 20%, 1 pF, 3216 293D105X0016A2TE3 | Vishay
1 C30 Capacitor, ceramic, X7R, 250 V, 10%, 0.1 pF, 1206 STD STD
1 C39 Capacitor, ceramic, 50 V, X7R, 10%, 1 uF, 1206 STD STD
1 C41 Capacitor, ceramic, 16 V, X7R, 10%, 1 uF, 0603 STD STD
1 C42 Capacitor, ceramic, 16 V, X7R, 10%, 10 pF, 1210 STD STD
2 ggg cae, Capacitor, ceramic, 25 V, X7R, 10%, 1 pF, 0805 STD STD
2 C44, C48 | Capacitor, ceramic, 50 V, 10%, X7R, 0.01 pF, 0603 STD STD
1 C45 Capacitor, ceramic, 50 V, X7R, 10%, 470 pF, 0603 STD STD
2 C47, C68 | Capacitor, ceramic, 25 V, X7R, 10%, 0.1 puF, 0603 STD STD
2 C5, C54 | Capacitor, ceramic, 100 V, C0G, 5%, 1000 pF, 0805 STD STD
0 C18 Capacitor, ceramic, 100 V, C0G, 5%, 1000 pF, 0805 STD STD
1 Cc64 Capacitor, ceramic, 50 V, COG, 5%, 270 pF, 0603 STD STD
1 C65 Capacitor, ceramic, 2000 V, X7R, 10%, 1000 pF, 1206 STD STD
1 C66 Capacitor, ceramic, 2000 V, X7R, 10%, 2200 pF, 1812 STD STD
1 Cc67 Capacitor, ceramic, 100 V, X7R, 10%, 0.1 pF, 0805 STD STD
1 C69 Capacitor, ceramic, 50 V, COG, 5%, 33 pF, 0603 STD STD
2 C7,C8 Capacitor, ceramic, 50 V, C0G, 5%, 22 pF, 0603 STD STD
0 C55, C56 | Capacitor, ceramic, 50 V, COG, 5%, 22 pF, 0603 STD STD
1 C70 Capacitor, ceramic, 16 V, X7R, 10%, 10 pF, 0805 STD STD
1 C71 Capacitor, ceramic, 6.3 V, X5R, 20%, 47 pF, 1206 STD STD
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Table 6. HPA677 List of Materials (continued)

COUNT | REF DES DESCRIPTION PART NUMBER MFG
1 C72 Capacitor, ceramic, 50 V, 10%, X7R, 1200 pF, 0402 STD STD
1 D1 LED, ALINGAP, RA, green, DIF, 565 NM, 0.250 inch x SSE-LXH305SGD-TR | Lumex
0.250 inch
1 D10 Diode, ultra fast, 3 A, 200 V, TO-252AA MURD320 On Semi
1 D11 Diode, ultra fast, 1 A, 200 V, SMA MURA120T3G On Semi
1 D13 Diode, GP, 250 V, SOT23 BAS21 Fairchild
1 D14 Diode, ZENER, 9.1V, 225 mW, 9.1 V, SOT-23 BZX84C9V1LT1G On Semi
3 | D119 piode, GP, 200 V, 200 mA, SOD-323 BAV20WS-TP Micro Commercial
1 D2 Diode, SCHOTTKY, 2 A, 30 V, SMB MBRS230LT3G On Semi
D3, D4,
0 D5, D6, LED, GRN, S-TYPE, GULL WING, 0.068 inch x 0.049 inch | LNJ306G5TR02 Panasonic
D7
0 D8 LED, red, S-GW type, SMD, 0.068 inch x 0.049 inch LN1271RALTRP Panasonic
D9, D12,
5 D15, D17, | Diode, switch, 75 V, 200 mA, SOT-23 BAS16LT3G On Semi
D18
1 J1 Conne_ctor, recpt, USB-B, mini, 5 pins, SMT, 0.354 inch x UX60-MB-5ST Hiroise Electrical Co
0.303 inch
2 J10, J14 | Header, male, 2 pin, 100-mil spacing, 0.100 inch x 2 inch | PECO2SAAN Sullins
Connector, male, right angle, 2 x 5 pin, 100-mil spacing, 4 | ,_ 'y
o i wall, 0.607 inch x 0.484 inch 9-146257-0-05 Tyco
0 J12 Header, male, 8 pin, 100-mil spacing, 0.100 inch x 8 PECO8SAAN Sullins
0 J13 _Header, _male, 2 x 7 pin, 100-mil spacing, 0.100 inch x 2 PECO7DAAN sullins
inch x 7 inch
1 J16 Term, _blk, hdr, PCB, 4POS, 3.81 mm, green, 0.280 inch x 1793810000 Weidmuller
1.000 inch
1 17 Connector, DC power jack, ra, 3 position, 0.394 inch x IPD1135-509-7F Foxconn
0.433 inch
1 13 i(ricgﬂnector, PoE, 1 x 8 gigabit Magjack, 1.550 inch x 4.550 0874-1X8T-66A Bell
J4,J18 Header, male, 3 pin, 100-mil spacing, 0.100 inch x 3 inch | PECO3SAAN Sullins
J6 Header, male, 4 pin, 100-mil spacing, 0.100 inch x 4 inch | PECO4SAAN Sullins
3 J7, J8, _Header, female 10 pin, 100-mil spacing, 0.100 inch x 10 PPTC101LFBN-RC sullins
J15 inch
1 39 Term_lnal block, 5.08 mm, vertical, 2 position, 0.40 inch x ED120/2DS On Shore Technology
0.35inch
1 L1 Inductor, SMT, 3.8 A, 38 mQ, 10 pH, 9.4 mm x 12.95 mm | DO3316P-103ML Coilcraft
1 L2 Inductor, SMT, 2 A, 80 mQ, 3.3 pH, 0.26 inch x 0.09 inch | DO1608C-332ML Coilcraft
0 Q1 Transistor, NPN, GP, 40 V, SOT-23 MMBT2222A-TP Micro Commercial
1 Q2 Transistor, GP, SS, NPN, 40 V, SC-75 MMBT3904TT1G On Semi
1 03 I\S/I(SSSFETS, 150V, 26 A, 64 W, 45 mQ at 10 V, PWRPAK Si7430DP-T1-E3 Vishay
2 Q4, Q6 Transistor, SS, PNP, 40 V, 300 mW, SOT23 MMBT3906-TP Micro Commercial
1 Q5 Transistor, NPN, 80 V, SOT23 MMBTAOQ6-7-F Diodes Inc
1 Q7 MOSFET, N-channel, 150 V, 1.2 A, TSOP-6 S13440DV-T1-E3 Vishay
1 R1 Resistor, 1/10 W, 1%, 200, 603 STD STD
1 R10 Resistor, 1/10 W, 1%, 1.00M, 603 STD STD
R11, R5, .
4 R12 R13 Resistor, 1/10 W, 1%, 100K, 603 STD STD
R2 Resistor, 1/10 W, 1%, 15K, 603 STD STD
R6 Resistor, 1/10 W, 1%, 15K, 603 STD STD
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Table 6. HPA677 List of Materials (continued)

COUNT | REF DES DESCRIPTION PART NUMBER MFG
2 |R22, R27 | Resistor, 1/16 W, 1%, 3.01K, 402 STD STD
1 |R23 Resistor, 1/16 W, 1%, 20K, 402 STD STD
1 |Roa Resistor, 1/8 W, 1%, 57.6K, 805 STD STD
1 |R25 Resistor, 1/4 W, 1%, 1.2, 1206 STD STD

R53, R55,
6  |R62 R67, | Resistor, 1/10 W, 1%, 2.2K, 603 STD STD

R77. R78

R26, R58,
0  |R59. R60, | Resistor, 1/10 W, 1%, 2.2K, 603 STD STD

R61

R28 Resistor, 1/16 W, 1%, 200, 402 STD STD
1 |R29 Resistor, 1/8 W, 1%, 10, 805 STD STD
3 |R3R% | Resistor, 110 W, 1%, 15K, 603 STD STD
1 |R30 Resistor, 1/16 W, 1%, 1.5K, 402 STD STD
1 |Ra1 Resistor, 1/16 W, 1%, 41.2K, 402 STD STD
2 |R32 R81 | Resistor, 1/16 W, 1%, 9.09K, 402 STD STD
2 |R33, R80 | Resistor, 1/16 W, 1%, 499, 402 STD STD
1 |R34 Resistor, 1/8 W, 1%, 3.9, 805 STD STD
1 |R35 Resistor, 1/10 W, 1%, 10, 603 STD STD
1 |R36 Resistor, 1/4 W, 1%, 39K, 1206 STD STD
1 |R37 Resistor, 1/16 W, 1%, 75K, 402 STD STD
4 232: Sgi' Resistor, 1/10 W, 1%, 1K, 603 STD STD
1 |R39 Resistor, 1 W, 1%, 51, 2512 STD STD
1 |Ra0 Resistor, 1/2 W, 1%, 51.1K, 2010 STD STD
1 |Ra1 Resistor, 1/4 W, 1%, 12K, 1206 STD STD
1 |Ra2 Resistor, 1/10 W, 1%, 4.7, 603 STD STD
1 |Ra3 Resistor, 1/10 W, 1%, 4.22K, 603 STD STD
1 |Raa Resistor, 1/10 W, 1%, 14K, 603 STD STD
1 |R45 Resistor, 1/8 W, 1%, 20K, 805 STD STD
1 |R46 Resistor, 1/4 W, 1%, 1, 1206 STD STD
1 |Ra7 Resistor, 1/10 W, 1%, 3.01K, 603 STD STD
1 |Ras Resistor, 1/10 W, 1%, 2.49K, 603 STD STD
1 |R50 Resistor, 1/10 W, 1%, 51.1, 603 STD STD
2 |R51,R73 | Resistor, 1/10 W, 1%, 49.9K, 603 STD STD
2 | R52, R82 | Resistor, 1/10 W, 1%, 20, 603 STD STD
2 |RS6, R57 | Resistor, 1/10 W, 0, 603 STD STD

R63, R64,
0  |R65 R68, |Resistor, 1/8 W, 1%, 330, 805 STD STD

R69, R71
1 |R66 Resistor, 1/16 W, 1%, 24.3K, 402 STD STD
1 |R70 Resistor, 1/16 W, 1%, 49.9, 402 STD STD
1 |R72 Resistor, 1/10 W, 1%, 4.99K , 603 STD STD
1 |Ra Resistor, 1/10 W, 1%, 10K, 603 STD STD
1 [R5 Resistor, 1/10 W, 1%, 2.43K, 603 STD STD
1 |R79 Resistor, 1/16 W, 1%, 1K, 402 STD STD
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Table 6. HPA677 List of Materials (continued)

COUNT | REF DES DESCRIPTION PART NUMBER MFG
R8, R9,
R14, R15,
10 R16, R17, | Resistor, 1/10 W, 1%, 33, 603 STD STD
R18, R19,
R20, R21
2 R83, R84 | Resistor, 1/10 W, 1%, 100k, 603 STD STD
R85 Resistor, metal film, 1/4 watt, + 5%, 0, 1206 STD STD
R86 Resistor, 1/10W, 1%, 270, 603 STD STD
0 s1 SWITCH, TACT, 2.36MM, SILV J-LEAD, 0.245 inch x KT11P2IM34LES STD
0.251 inch
SWITCH, TACT, 2.36MM, SILV J-LEAD, Reset, 0.245
1 S2 inch x 0.251 inch KT11P2IM34LFS STD
0 SW1 SWITCH, SPST, GOLD, 3 SEC, Mode Select, 0.380 inch 206-3 STD
x 0.385 inch
1 T1 Transformer, Flyback, 0.490 inch X 0.450 inch PA1032 PULSE
Transformer, Current Sense, 6A, 100Khz, 30:1, 0.330 inch
1 T2 % 0.360 inch P8203T Pulse
1 T3 Transformer, 1.053 inch x 1.285 inch GA3136-BL Coilcraft
TP1, TP2,
TP3, TP4,
TP5, TPS,
TP7, TPS, . . .
13 P9, Test Point, White, Thru Hole, 5012, 0.125 inch x 0.125 5012 Keystone
inch
TP10,
TP11,
TP12,
TP13
1 Ul USB, ISOLATOR, FULL/LOW, SO-16 ADUM4160BRWZ AD
0 81(13 u1s, QUAD, FET, BUS, SW, TSSOP-14 SN74CBT3125PW TI
2 U12, U20 | PHOTOCOUPLER, TRAN OUT, MF4 PC3H7CJ0000F STD
1 u13 Nanopower, Supervisory Circuits, SOT23-5 TPS3833QDBV TI
1 ui4 Hex Buffers/Drivers With Open-Drain Outputs, TSSOP-14 | SN74LVCO7APW TI
1 u17 Optocoupler Trans Output, 60mA, 70V, SO MOC207M Fairchild
1 u18 Economy Primary-Side Controller, SO8 UCC2809D-2 TI
1 u19 PREC SHUNT, REG ADJ, SOT23-3 TL431IDBZR TI
1 u2 SRL EEPROM, 8KX8, 2.5V, SO8 241.C64F-I/SN TI
1 U3 USB CNTRLR STORAGE, TUSB3210PM, 0.480 inch X 241 C64F-1/SN T
0.480 inch
1 u4 Shunt Regulator, 1.24V, Ref, 6V, 10mA, 1%, SOT23-5 TLV431ACDBVR Tl
0 us MCU FLASH 32K, PLCC, 8051 AT89C51IC2-SLSUL | TI
0 ué MCU 16BIT, 2K, FLASH, TSSOP-14 MSP430F2012IPWR | TI
1 u7 QUAD, 2-IN AND GATE, TSSOP-14 SN74LVCO8APWR TI
0 us 3-8 DECODER/DEMUX, TSSOP-16 SN74LVC138APWR | TI
1 U9 PRIMARY-SIDE CTLR, MSOP-8 UCC3809P-2 TI
1 vi Crystal, 20pF, +/- 50PPM at 25°C, 12MHZ, 0.185 inch x CY12BPSMD Cypress
0.532 inch
Crystal, 20pF, +/- 50PPM at 25°C, 12MHZ, 0.185 inch x
0 Y2 0.532 inch CY12BPSMD Cypress
1 -- PCB, 7 inch x 6.5 inch x 0.032 inch
- Shunt, 100 mil, black, 0.100
-REF- Bumper, rubber 2566 SPC Tech
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Evaluation Board/Kit Important Notice

Texas Instruments (TI) provides the enclosed product(s) under the following conditions:

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION
PURPOSES ONLY and is not considered by Tl to be a finished end-product fit for general consumer use. Persons handling the
product(s) must have electronics training and observe good engineering practice standards. As such, the goods being provided are
not intended to be complete in terms of required design-, marketing-, and/or manufacturing-related protective considerations,
including product safety and environmental measures typically found in end products that incorporate such semiconductor
components or circuit boards. This evaluation board/kit does not fall within the scope of the European Union directives regarding
electromagnetic compatibility, restricted substances (RoHS), recycling (WEEE), FCC, CE or UL, and therefore may not meet the
technical requirements of these directives or other related directives.

Should this evaluation board/kit not meet the specifications indicated in the User's Guide, the board/kit may be returned within 30
days from the date of delivery for a full refund. THE FOREGOING WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY
SELLER TO BUYER AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING
ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies Tl from all
claims arising from the handling or use of the goods. Due to the open construction of the product, it is the user’s responsibility to
take any and all appropriate precautions with regard to electrostatic discharge.

EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH ABOVE, NEITHER PARTY SHALL BE LIABLE TO THE OTHER
FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

Tl currently deals with a variety of customers for products, and therefore our arrangement with the user is not exclusive.

Tl assumes no liability for applications assistance, customer product design, software performance, or infringement of
patents or services described herein.

Please read the User's Guide and, specifically, the Warnings and Restrictions notice in the User’s Guide prior to handling the
product. This notice contains important safety information about temperatures and voltages. For additional information on TI's
environmental and/or safety programs, please contact the Tl application engineer or visit www.ti.com/esh.

No license is granted under any patent right or other intellectual property right of Tl covering or relating to any machine, process, or
combination in which such TI products or services might be or are used.

FCC Warning

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION
PURPOSES ONLY and is not considered by Tl to be a finished end-product fit for general consumer use. It generates, uses, and
can radiate radio frequency energy and has not been tested for compliance with the limits of computing devices pursuant to part 15
of FCC rules, which are designed to provide reasonable protection against radio frequency interference. Operation of this
equipment in other environments may cause interference with radio communications, in which case the user at his own expense
will be required to take whatever measures may be required to correct this interference.

EVM Warnings and Restrictions

It is important to operate this EVM within the input voltage range of 40 V to 60 V and the output voltage range of 40 Vto 60 V .

Exceeding the specified input range may cause unexpected operation and/or irreversible damage to the EVM. If there are
guestions concerning the input range, please contact a Tl field representative prior to connecting the input power.

Applying loads outside of the specified output range may result in unintended operation and/or possible permanent damage to the
EVM. Please consult the EVM User's Guide prior to connecting any load to the EVM output. If there is uncertainty as to the load
specification, please contact a Tl field representative.

During normal operation, some circuit components may have case temperatures greater than 80° C. The EVM is designed to
operate properly with certain components above 80° C as long as the input and output ranges are maintained. These components
include but are not limited to linear regulators, switching transistors, pass transistors, and current sense resistors. These types of
devices can be identified using the EVM schematic located in the EVM User's Guide. When placing measurement probes near
these devices during operation, please be aware that these devices may be very warm to the touch.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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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 Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com
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