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1 FhIATLHERE

F 1. kY 2T bk

SPECIFICATION
SYMBOL PARAMETER CONDITIONS UNIT
MIN TYP | MAX
Vi Input voltage Normal operation 10 24 33 \%
In Input current Normal operation — 15 50 mA
Voo Load supply voltage Normal operation 0 24 44 \Y
Per channel T, = 85°C — 500 600 mA
l.oap Load current Per channel T, = 25°C — 700 1000 mA
Single channel per driver, T, = 25°C — — 2000 mA
PLoss Power loss per channel R, =48 Q, Viopp =24V, T, =25°C — 200 — mw
o Resistive load 1000 Hz
fow Switching frequency -
Inductive load, 0.1 H, all channels 10 Hz
trise Load voltage rise time 10% .. 90% R, =48 Q, Vioap =24V, T, =25°C — 600 — ns
Propagation Delay Input L—H, output _ _ _ oro
toomL H_}"L (g<90% ) y Inp p R, =50 Q, Vionp = 24 V, T, = 25°C — | 40 | — ns
teaLL Load voltage fall time 90% .. 10% R =48 Q, Viopp =24V, T, =25°C — 140 — ns
Propagation Delay Input H—L, output o
tooL Iﬁﬂ (g> 10%) Y Input H=L, outp R, =50 @, Vo = 24 V, T, = 25°C — | 540 | — ns
lpeak Peak current (1 ms) 2.3 3.8 A
Puo Inductlve(gower for each group of 05 s
channels

(1) HAYO~Y3W 12D T I —T BAY4~YTHF1DODTIL—-TTT,

2 YATLEHEA

TU AU (DO) EY 2 — i, PLCE2ZIEDCSY 27 A CHIH I N AR L EY 2 — L TF, DOEY 2 — L EMiIHTSZ
LT, EPUE. AR RO AEAMICA /AT LD, FRE &L AT (PWM) THIIL 720 T2 %3,

MOSFETIZ& 5DOlE. N HA FEZa—HA F- 24 v FELTHERBTEET, ZOFHFA Y TIE, a—HA F- 24 v F 7
REMHLE S, Zhid, AfeEidT 3, 4VERETY 2 - W HEOBIZRE TS Z & 2FKLET, LT, R
4w FIid. 24V DCEF,? 6 RTHEME D S BNAEL &0 £5,

ZOHROH A, NMOSK A Fh@HHTE 270, 24 v F Y MOSFETO I X F MEL %55 Z L TF, ZH5DOMOSFET
13, A CRyen & FiDPMOS FET & I LT, #9255 &< A0 £5, Zh 6 OFETZ AIMFICIREF S 5121, GND&L D 10V
W= NEBETHSTY, £, ZOFXF—FEBETE., VRL- VI ERF ¥ =V - Ry THRETYT, —F., a—44 FEKIZ. 2
Ay FF TIRRET G AR AEARNZ 24 VBRI SN T\ 5 720, BEANOIMELFHED 3, /2. ZOWKIZ. 75 FAD
TS 5 L BMARERETA VIC a2 T L ERIKL T,

TIDA-00320iZ. Beaglebone Black Cape®D 7 + — 4+ 7 7 7 4 Ti%al T £ 9, Beaglebone Black O~ 4 7 v 7 v+ v 4 (MPU)
AU CHIERRT 24, £330 WA 222 F7a v T, 3.3VOGPIO A D>MOMCUL & IS+ 5 Z &N TE LT,

FEALEDBE, 7Y 2N WIOHHER . 5 EXRNIMx SN TWE T, ZOTHA VT, KEHDOT V274V
L— 4 %M L C. Beaglebone BlackiZ k> THEEINBIEEH Y v 75 524V7 4 =L FMllEFHEL TWET, 2L ARHITL-
T7 4 =) FNZ500VELED 75 v K- 7 b 3E U SAETE. MPUOEIEIZMEFR S h 9,
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31 (EARSA

TIDA-00320121%. B =44 F-FF 43 L THEIR X N=8HDDOAH D £§. TOFHA  TIEDRVSSOITF /A Z % 2 ffi
L. %7034 23 Zh ZThailofix hza -394 F- F 4032 L T Ed, 1S0714012 & - T, SPIF v F L Difiig A (i
ShEd, 7. ZDRVSSIZIZ T T —NAREEY U AH D, 40O NIF v 2 ILOWNTRPICEERBE L 2122 lA L
9, ZhEDFFIIISOTI401 M S, ISOTI40IC k- THiifR S h 3, I 2 b OFRIERK TSM7248503#H & f1. 1SO7140
B L OISO71420 2% M= 5VE K 2 4G L £-9. DRVSS03D Iz IZ8HD 2 7 — % ALED A X . OB 7 — 2 X %

ALET,

3.1.1  DRV8803

8.2V -60V vy
Internal | 5 Int. vCC Optional
Re;eerence 'S Gate Zener ENBL OuUT1
gs > b - —
uvLo rive [~ VCLAMP_j
l % -
ocp out1 IN1
& H Inductive =
> Gate J Load ouT2
Drive T =
S A ales
[~ ouT2
ocP
s | [ Inductive IN2
> cae Loag -
Dive | L OouT3
Control =
Logic Jf y
ocP [~ ].0uT3
& e ?;vﬁ—“ IN3 :D_,
= Inductive
cate | | Load =
- orve [T ouT4
E =
~ ocP Jours 1|
Thermal & Inductive
Shut down > cae | | Load IN4
Drive =

|
GND
(multiple pins)

2.DRV88037 & v &

3. DRV 8803 Mg X

3.1.2 1SO7140

ZOTHA VTiE, HIY0~Y7I28DDBeaglebone BlackfS 5 2L T 94, 7. 22DENIEHI2L > T, DRV8803D
RESET# & UnENBLA BB L 4. 2ODRV8S03A 51322 DfE5/FAULTO% & U/FAULT1% Beaglebone BlackiZiE X 41, T
7—NREERLET., TNHI0DRERFL2DDZERFEFIE. ThZhdF v 2L ERFDI3MHDOT A VL — % - T34 2 %457 L CHfE
IhEd, 74V L =203 BoAfIE. —HIANZ4F v XL EFDISOT1404 4 T TH D, &9 B HANI2DTOF v F L %D
[S071424 4 7T, 1S0714x7 7 I Vi, 153D 72 5 T2500Veys (ULHEHL) F 72134242V ek (VDEYERL) OB SMAGHE & 21 L %
T, BIRL 7274 VL — 213 K50Mbpsa A — F L, ZOFHA v CHAINSEEEE 202 Eil> T,

3.1.3 SM72485

SM72485i%. FET%# Wi L ZIA AT OEIEIEFRHI V=2 TF, ZOFHFAL Y Tld, 2dVDT 4 =L RT3 2 2 55VDL
Xarb—va v ha74 0L —2-F)34 ZOFEFEE L TEBL 7,
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4 T RT LEEETEE
41 O—HAK-F71/DFER

ZOTHA VT, NEBT A —L-T 727 2%RT720I2, 2HlODRVE8OIZHEHL TWE T, ZhHDT /A Zid, ZhZhb
x TmDFIEHHZ R~ ZTPWP/ Sy & — DIZ4DDB I # Nk L. PCBHAIDO AT IIFFFIZ0.5A % BXH) € % £ 4, DRV8803iE
1l & 72 D I 15ecm2D hifg 2 X — 223 HNIE85° COHME T ICEfETE. ZOFHFA ¥ TIET /A ZBITH22em> D HilfHlg %
i LTwE§, DRV8S03I. iy 5V 7 ¥V EDMICNE A4 4 — FAEKL ThEd., 2OV EMiHTS L. Slo#HE
WEICHLTC, fFEEL IR LGS0 7 Vv TEREARETEE T, TOHA. WEINFOY 2+ —- 444 —F (D574 X V'D58)
THbLbIhET, 2OV 2T — - FAF—FOBHNEEIZE> T, TV 2 - AP TEIFHURBEOKRZ IAWED, Zhiz7 7
F—va VIBISRETE £9, TIDA-003201348VD Y 7 v T &AL, &Y 2 — 444 = FOBNEREIIZWTY, LAr-T,
FINTx LT BeRT50mI OFBERE 1R & 72 D 1R TRE T, EFH I, BEIIIOWTER T AL ERH D E T, 207
FA4 VTR, 500mWISH UL CTVSHAIT MG TE, MBI mH125mIIcHIR X k&, HEHIBT 25 EFEHIZ, 4.38iC8
FELSBMIL £,

DRV88037 — % ¥ — I (SLVSAWS) IZF#i XN T3 7 7 r—> g VL3R ED, 25 FHES SV FOMIZY 2 F —-
HAF— PRI N TOE T, ZOERIZED, 24VEIE Y 7V TEIEOHSIENFIEX N TOET, 75 Land, HikE
12k CUVEBEFEOHEEZ Y. 7 7 Vv TROEE SR KEEEAEA 2 E2H D £ 3, 72, VAT FOBIE,S 8,
HEYEZ A »FVIHEHES T Y FANDOEFREELICZLEODIHN, TV FAND I A ZHEAEFEGIHS I ENTEET,

42 BHEIE

BEMOMMRIL, DT ORG FOZFEFHICEOWTHRIhThET,

o BHAIIENI50°CEBA ENESIZT 5,

o IS8y 7 — YV ORI IEA TR 7L — b ET2.3°K/W

o ¥ =7 ONEFIE8mm, BIKHIL170°K/W

o HR 2 R — 2 D3OI UL Lem® B 72 D KI900°K/W (2% k2D R23 % 2 1K)

DRV8803DRpsonTEK0.8QTH D, 42D HA0SATA VIZT 2L, AFHHERNET A 2570 0.8W (4 x 0.5 x 0.8) T,
JEIPHURIE A385°C D & & | A EIE1265°K LA 2 TREMEA b D £ 3, Z D72, TIDA-0032012iE 7 /54 Z &b 72 ) 5{EDH — <)L -
ET708H 0., BUKPIE34°K/We D £9, F72. PCBO Lfiic, [ UMIKHHIZ4AK/ WD Sy FAEREhThES, 2hickd,
B OPEFIPUTIIT K/ WE 5D . 218 KDEEETRr — 2D FAIZ A TL4KD ERISIB L 3, ERE LT, ffEsk Ik
U385 EAIZ49°KOATY, L7za - T, SO N 22 5 BIKPTIE61° K/ WA & 5 2 B H D, ZHid15em® IS L 4,
TIDA-00320Ci%, DRV88037 /34 A 1= D E#22em* SFIHWTRE T H 5 728, 85°COJHPHMAIE CRAIZEETE £4,

85°C A A 2 JRIIHIRE A LT i A1d. K D EVHMESR 2 R D4 ER A fiH U T, AVEHi4 X o Ickiifb T £9, INERREI3EL
ERETEZEAN, BOEUIM EL, AR L -V THBEIEN D EETZZENTEE T, FIUTKD. T T 4 THHIE
WAEncE T,
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43 FEMEFOXAvFF7

TIDA-003201%, E—4 =X/ VL7 & EOFFEMERO 24 v FA ZICHATE £4, FEEAEMICIE, T L3 —2EHT 25
MRS ET, 24 v FTHEMATAL Z7ICLES T2, ZOIILE-—DRRENE T, 4 V&0 235 2 EEBIREWT
FEFT B0, A4 v FOMNZEWNEIEZ S 2 BECEBZNBH 0 T, X254 2 OREEPIS M EIE. 7Y =&
L= -4+ = FOFEATYT, Tho6DFAF— 34 v 47 ZOBELFIRT 2729, 44 4 — P3EREONEFIEEE0.7V 4 #
AFEA, BRELT2A v FOMNETIZ24.7VE R D T (BEETLE24VERE L 2EA) . ZOHBFIHEMTT2. b5
DM D72 > TERASRANT B E VI HHADH D 4, ZOKRMIZ. 7V —F A4 —LBEICKEBIL E, 7o X 2Hi#Ey 25
LDOEANLT R EDEHRT 7 F 2T — 4Tk, ZhZZELL DD FHA, HRINZ HkIE, Y2F—- 24— FEHHL T,
XEOTY) =R A - VBEAAREICTEILETT, 2DV T 7L Y Z-FHA VTR, 7Y —hA —LEEIEVIZZ T v TFENRT
WET, ZTOMP, 24VEFTIE T Y —FA —LBIEN2U4VIZHD, A VA ABENT o> EHLSMELE T, LT, 20V
T LY A FHA VIE, AT 98— F —REAIL T ORI RS T,

DRV8803i%. HHIZIDDONE Y IV T -4 F = Fllko>Ta—HA4 F- 24 v FERHELTCOVET, §RTDOI IV T -544
d—FH, EOY 2 — - FA4 A= FIZHLTID2OE VITH S hThET, TOXA A —Fid, BEA4EVIZZ TV T LET,

TIDA-00320D 4 = F —- £ 4+ — F (D57% K UD58) IZ3WDTVS X 4 #+ — F T, 500mWIZH L CHHIME IR T E T,
L7245 T, HEADDRVESOID TR TOMIITO5]/sD T 1)L F — %I TE F 9, 100mHOFEEM:ELF L. 0.5ADEF TH12.5mJ
(E=1/2xLxD)aEMTEEY, LENST, ZOFAF—Fid, IldH72040HzOL — b TAAL v F V7 TEET, 4DDH
NFRTCZATABER ENZA v F V7 ENTOEEAE, 10HzE 5D £7,

44 BEROZR(vFrT

TIDA-003201%. PERFUDT/ERD 24 » F U 7 IZ{HHTE L4, 2O &S B AMIZHEIIAIER ISR 20, WIS R HGE
WORKIFIZE D 4, 24V, SWOBEKIZIZ2ADEABHREIE L 44, ZHUIZDRVSSOIOIMEFIHN T, & kX LHER
TlE, WEFREHESFEE L. DRVESOIICHEIZA U A S, BERSHIRSED ST LA WTTRENER S D £ 3,
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5 {(ERAREBAN—FI7

TIDA-003201%. Beaglebone Blackifiliz"5 w b 7 4 — A TCapek UTHT 22, 7213755 LILGPIOE(E # AP T X 2112
DTty HLeiczg2y 7y - H—F& LU THHTZ 9., Beaglebone Black™ 7 2 12§kt § 5 5413, J20k K UfJ211C
Ko g 7,

50 EVEE

x£2. Y UEE

TIDA-00320 FUNCTION | TIDA-00320 HEADER BBB HEADER SOFTWARE DIRECTION

YO J20, PIN 8 P8_8 TIMER7 ouT

Y1l J21, PIN 12 P9_12 GPIO1_28 ouT

Y2 J21, PIN 23 P9_23 GPIO1_17 ouT

Y3 J21, PIN 22 P9_22 UART2_RXD ouT

Y4 J20, PIN 9 P8_9 TIMERS ouT

Y5 J20, PIN 10 P8_10 TIMERG6 ouT

Y6 J20, PIN 14 P8_14 GPIO0_26 ouT

Y7 J20, PIN 17 P8_17 GPIO0_27 ouT

NnENBL J21, PIN 15 P9 15 GPIO1_16 ouT

RESET J21, PIN 21 P9 21 UART2_TXD ouT
/FAULTO(YO0..Y3) J20, PIN 26 P8_26 GPIO1_29 IN
/FAULTL1(Y4..Y7) J20, PIN 18 P8_18 GPIO2_1 IN

5.2 FNHEME &I

28— Ty ST 2 —ZADOM. Beaglebone Black /O¥ Y id7u—F 4 VI B3BERH D T, ERLETA VL -4 -4
4 7 TdhBHISO7140CCIE. ZDWGAITH I & HighlTHRE) L £ 9., ZHIZ&k > CRESET#H L UnENBL2 HighlZfRFF S h 5 728,
DRV8803DIHHIET 77 4 Tichk D, WL WAL v F VY Mk InE§, DTy — 7 v 212465 Z & T, g
I— FOFTHRBEEI NS ETHNET 274 7TI2hD EE A

1.P9_15% )1 U THEK T 5,

2. nENBL % HighlZg%& 3 5% (P9_15).

3.P9_21& M1 LTHKT %,

4. RESET#High!Z3%& 4 5 (P9_21).

5.In_YO~In_Y7%LowlZi¥E ¥ 5. (YO~Y7 =P8 _8, P9 12, P9 23, P9_22. P8 9. P8_10. P8_14. P8_17)

6. RESET % Low!Zi¥E ¥ %,

7.nENBL% LowlIiRET 5,

ZN T, TIDA-00320237 2 7 4 72D E 3, LTFDY —7r v 2% L —TO—# & UTHHLET,

LuTh 2o HE7 27 4 71295121, In_x&HighlZi#E 3%, (YO~Y7 = P8_8. P9_12, P9_23. P9_22. P8_9. P8_10.
P8_14. P8_17)

2. WFh DM N%EIET 75 4 712§ 5121, In_xZLowlIiXET 5,

3.YO~Y3D AN TH %/FAULTO(BBBY Y P8_26) &Eith L. 2 )L —7Y0~Y3& L gL 7 —JIkfE (=5 — : /FAULTO = Low)
EERRT S,

4.YA~YTD AN TH % /FAULT1(BBBY Y P8_18) &t L. Z/ )L —7Y4~Y7L L g2 T —IkfE (=5 — : /FAULTO = Low)
EFNT S,
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53 EEES

J20D ¥ V260 /XFAULTOE S, 42DHHYO~Y3DWFh»ITkT 5 70— 3L EHEES T4, /XFAULTLE, HHY4~Y7
XU CIR CHRE A PRI L 4, W PR ODRVSSOSTMERARE L2 BA. TV idLowllii@i X h ¥, Rz, XE§ 5
AR SANDA 71280 £F, 1.2mstRIZ. I F I A G OBRE) £ Fikfr L. BEFIRES N S h 0 385513 MERE S
%w V7 L%, /XFAULTIZ, XRSTY VAT VT 4 T 572308 £ 721324V 7 4 — L FEELSBRE S NBE (J61F7213J62)
Ry TEIRET,

DRV8803D & 4 i Jg N ARIR A £ 725581213, TRTOMNAF 71248 D, %43 5DRV8803D/XFAULT A Low! 2Bk X
nE T, WEAHIRE A T3 & @M’quﬁﬁﬁéhih

54 &EF

HHUZ24VD 7 4 — L FEFRICHESI SN E T, 74 VL —2HO5VIE, ZOEFKS LUDRVF /S ZDOFBIEVMA 5 ERK X h &
¥, 500VDH — 2 S 21T 1L LT, ¥ a— XEPE33VOTVSH A 4 — FAfladbETHALTWEY, ESDZ M J
A2 D& BEROMPERRISHH L TUE, € 2= ZEPEMFADEESRI V7V HICH DL T4 L4 EZFR L TVWET, ZOH—
TREED BRI TR G S, Bia 44+ — FE L THEEShTHWET,

EMIf##ix, EAHEPIRFS0IZINA,. DC/DCa Yy — 42 L Z£DRVES04 K T 4 NWICHD —HDa7 4 L #I2 k> THEREEh T
¥, DC/DCA V3= 2 D7 4 b &1, C93. C94. 140, C47. CA8IZk > THikENE 4. ZD 7 4 L& D-3dBsI3600kHzT %
0., {HX1318dB/4 2 4 — 7 T4, DRVHD 7 1 L #1%, C93. C94. 1.80/C80(U60MH). L81/C81(U6IH)IZ&k» THE X k¥,
600kHzBL FCld. n7 4 L 2 OFERMBEEIZ L 5T, RF80EL & 120 —8Z -7 4 LA BEK X h, —3dBIZ30kHz, fE % 136dB/+
2R —=TELEDET., ZOT—ISA-T 4L &IE, 600kHz TiJfODRVSES03IZxI L T-30dBD & ¥ 'Y 7 &k E &£, SM724851Z %}
LCId-50dBE &0 4, 1.2MHzTIZ. 285 OFREIZDRVICH L CHEIZ-64dB. SM724851=%f L T-84dB& & D 3,

—HDT 4 N BT T Bspicer I 2L —Ya V- ETFALERAUIRL, WHETHACY Iab—ray-Tay FEKSGIIRLET,

L3 1u VF1
— Y Y\ e
1s
o
-
1s
L2 1u L © VF2
Y Y\ (
1s
o
—
L0
15
R147 L11u - VF3
v I.I.I. 1. 2
~ ~ ~ — —
< < <~ — I
I ’\ I v I m I O I O
3} O O
R4 EMIZ7ALADYIab—Ygy - ETL
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0.00

(dB)

n

—-100.73 \ \

/.
/
//
/
YAV

—201.45
89.29

-90.35

Phase [deg]

—270.00
10.00 31.62k 100.00M

Frequency (Hz)

F5ACYIaL—Y3y - 7uay b

55 WALV T7s—ILNERIRIHZ

DRV8803DTRTOM A EHFBLEDICHER XN TCnEd, LEDEWRIZ. F2mAISHESRTWET, B2 v F 212k b
WEFR AP 72012, LEDEBANC A A F— FABMEhTnEd, 72, ESDittE% & CEMIZ KT 5 72012, &iihiax s
Z-EVORELIZINFO I Y FUHARIE L COEd, HRDO T X2 23R 2 4 T Th 5720, Caper fiAHEAAZINET S KR

272X ATHZENTEET,
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6 TAMDETE

6.1 HAOEBREE

HHERARDT 2 b3

o &I : GW inSTEK GPS-43032 7 » FHJIDCEI. 2 x 0~30V (3A). 8~15V (1A). & K U2.2~55V (1A)

o ¥ —F+ZF x v : Fluke Ti40FT 160X120 (-20°C~350°C T IE)

HHY7 %8 EMEH TEIEO2UVICHERT 5 2L T, BUEHOIEHMEEARIEL £, GNDB X7 — 21, BHEOOVISHE L
¥, HhigAvicrers v Ly, BEL OB TAMANOERIE. DRVSS3THO0.8WDTE {8k & FB§ % 720 IC s
LAOLIZEEIRE T, Zhid. $RXTOHINCENEN05ARTN S 56 & Sli2EIHEL T, Zoidl.15A108< &), &
JERE F1%0.72VE A D £, BRBIZ A v FOIEEIE, —T- X F v VEFHLTBIEIL £9. FRA25°COYA. ZDREIZ65°C
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o B : GW inSTEK GPS-43032 7 v FHIDCEIH. 2 x 0~30V(3A). 8~15V(1A). ¥ &L 12.2~55V(1A)
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& ch 2lcn 1PC
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GND

Earth
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7 Test Data

Table 3. Test Results

SPECIFICATION

SYMBOL PARAMETER CONDITIONS MEAS. | UNIT
MIN TYP MAX
Vin Input voltage Normal operation 10 24 33 24.5 \%
I Input current Normal operation — 15 50 14 mA
V ono Load supply voltage Normal operation 0 24 44 24.5 \%
Per channel T, = 60°C — 500 600 —@ mA
lL.orp Load current
Per channel TA = 25°C — 700 | 1000 | —®@ mA
Poss | Power loss per channel R, =48 Q, Viopp =24V, Tp = 25°C — 200 — —@ mw
o Resistive load 1000 1000 Hz
fsw Switching frequency -
Inductive load, 0.1 H all channels 10 —O Hz
— .
truse '5803/3 voltage rise time (10% to R=480,Viorp=24V,T,=25°C | — | 600 | — | 550 | ns
teaLl Load voltage fall time (90% to 10%) | R, =48 Q, V\qap =24 V, T, = 25°C — 120 — 125 ns
t,, | ropagation Delay (latch tooutput | o _ 5650 v =24y, T, = 25°C 60 | 150 | 200 | 165 | ns
change)
lpeax | Peak current (1 ms) 2.3 3.8 —@ A
Puo Inductlve(gower for each group of 05 _® s
channels

@ Depends on number of LEDs on and communication activity.
@ Based on calculations derived from DRV8803 datasheet.
®  Qutputs YO to Y3 are one group, and outputs Y4 to Y7 are another group.
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In Figure 7, channel 2 (red) is connected to the In0 signal of the host connector and triggers on rising
edge. This edge causes the data to transfer to the output YO in the form of a high to low transition and is

therefore suited to capture this output transition on channel 1 (blue
propagation delay measurement. The fall time is dominated by the

) and the timing for the t,q,
switching speed of the output transistor

in the driver. Due to the open drain configuration, the rise time results from the RC combination formed by
the 10-nF capacitor connected to the switch output in the reference design, the driver output capacitance,

and the 48-Q load resistor at the output.

TEH 1 Eulnl | 1 ?E!ﬂ?l&l LI | LILI -! II::IE?SI LI I'T'I II LI LI | L] -!-Ilnleclt-l_lqli-!q.l?_?nﬁll:lgrllsl T @
. : : : o : 12 4300ms -
- — C oAt 4400n: Curs1 Pos
- CLOCK - ML 227 3MHzT
L. . = Adons |
Curs2 Pos
; 430.0ns |
E Channel
A VAP A D SO SO | [~ Goupling —
LLATEH T i Oc
I T —
- - . - Ak
LN [T ! SA00m M 256 Lol FET . o 5548k i
inic1] - -1.2v - pr 19320369 mi-28 ' M:EZZE .4 8413 no G548k -
k-PKICT) - 2844 pro3BE334E me2p 0 Mr2E4 can 4207 ne 5548k 7
ST [, FE82Y ) 20955399 ||'T|:|ZEE|?¢| PiZd21 ) a7/ B4t ) ny 5588k ]
Chi 10.0% Chz 1.0% = Ml 1.0ps 2.5G3% 4000 At Close
& Chz o+ 1.0%
Figure 7. Fall Time and Propagation Delay
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In Figure 8, channel 2 (red) is still connected to the In0 signal of the host connector and triggers now on
the falling edge. This edge causes the data to transfer to the output YO in form of a low to high transition
and is therefore suited to capture this output transition on channel 1 (blue) and the timing for the t,q
propagation delay measurement. Due to the open drain configuration, the rise time results from the RC
combination formed by the 10-nF capacitor connected to the switch output in the reference design, the
driver output capacitance, and the 48-Q load resistor at the output.

Tek  Run Sample 1 805 11 Oec 14 14:53:17
| LI | LI | LI | LI | LI hd LI :I T | LI | LI | It'll: T I__II:I.II:IrIISI T i @
- -~ ©otZ2: 5300n:
- - ' ©oab: S400nz Curs1 Pos
- CLOCE, 4+ : : : AL 1.852MHz
__ ....................... _:_ . : . L e L e P .. __ _'II:II:“.-IS |
i T _ : _ _ ¥ Curs2 Pos
- _..-..: T E20.Ons |
3 ] Channel

e | Coupling —
CLaTCH E ] oc
ol AV o — »
B ! - Ak
S S
aric1) . 25.8Y. P 22571494 r - T @ 750 ]
infC1) - -300.0mY p- 15 6EEE07 _-I-u" Bl 22 5 STy . n: 5545k g
k-FKIG1) - 2644 P 38045869 = i v WIZBS Cd 5859 n: 5545k 7
SIE1) | 1 |15DBI+I L1 ||-|:| ZDEEEE$| 1 m:zl?m’l:l I'-"|12|42'|| 1 | q: |?542| T A 55|45k| 1 ]
Ch1 10.0% Chz 1.0% By Ml 1.0ps 2. 5G54s 400 At Close
& Ch2 =~ 1.0%
Figure 8. Rise Time and Propagation Delay
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The result of the heat management verification is visible in Figure 9 for the bottom of the PCB and in Figure 10 for the top of PCB. The bottom side
reaches round 50°C under the DRV8803, and the top side peaks at 65°C on the top surface of the IC. These peaks correspond to a temperature
rise of 35°K to 40°K in the silicon above the ambient temperature. Based on the heat distribution on thermal images with both DRV8803 active, the
temperature rise would be 10°K higher. Assuming a maximum silicon temperature of 150°C, an ambient temperature of 100°C would be absolute
maximum. 85°C would leave sufficient guard band for safe operation under all conditions.

Figure 9. Thermal Scan of PCB Bottom Under Load Figure 10. Thermal Scan of PCB Top Under Load
14 8-Ch Parallel 0.5-A Low-Side Digital Output Module for Programmable Logic TIDU705A—-January 2015—-Revised January 2015
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8 Design Files

8.1 Schematics

To download the schematics, see the design files at TIDA-00320.

P8 Header
J20
100 ol2

MMC1_DAT6 3 o O 4 MMC1 _DAT7.
MMC1 DAT2 515 ofS$ MMC1 DAT3
TIMER4 7 o O 8 TIMER?
TIMERS 9 o O 10 TIMER6
GPIO1 13 11 o O 12 GPIO1 12
EHRPWM2B 13 o o1 GPIOO 26
GPIO1 15 15 o O 16 GPIO1 14
GPIOO 27 15 o 18 GPIO2 1
EHRPWM2A 19 o O 20 MMC1 CMD
MMC1 CLK 21 o O 22 MMC1 DATS
MMC1 DAT4 23 o O 24 MMC1 DAT1
MMC1 DATO 25 15 ol-26 GPIO1 29
LCD VSYNC 27 o O 28 LCD PCLK
LCD HSYNC 2 15 ol 30 LCD DE
LCD DATA14 3L 15 o322 LCD DATA15
LCD DATA13 B 15 o34 LCD DATA11L
LCD DATA12 B 15 of-36 LCD DATA10
LCD _DATA8 37 o O 38 LCD DATA9
LCD DATA6 39 15 o140 LCD DATA7
LCD DATA4 41 o O 42 LCD DATAS
LCD DATA2 8 15 o4 LCD DATA3
LCD _DATAO B 15 o 46 LCD DATAL

SSHQ-123-D-08-F-

DGND DGND

Outputs available from P8 header pins:

P8-11 PTO
P8-12 PTO
P8-15 PRUO_in
P8-16 PRUO_in

P8-7 Timer - DigO

P8-8 Timer - DigO

P8-9 Timer - DigO

P8-10 Timer - DigO
P8-13 EHRPWM2B DigO
P8-14 DigO

P8-17 DigO

P8-18 Digl

P8-19 EHRPWM2A
P8-26 Digl

Figure 11. Beaglebone Connector and ID Prom1
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Outputs available from P9 header pins:

P9 Header
J21
1 2
DGNDq 10 o1 DDGND
VDD_3V3B =79 975 VDD_3V3B
VDD_5V 10 O1— VDD_5V
SYS_5V o O SYS_5v
PWR BUT 9 o O 10 SYS RESETn
uarta Rxp 11 | 5 ST 12 cpio1 28
UART4 TXD 13 14 EHRPWMI1A P9-11
o O P9-12 DigO
chior16 15 [ 5 ST 16 Enrewmip 9
12C1_scL 17 18 12C1 SDA P9-13
O O
2c2 scL 19 20 12C2 SDA pPo-14
o O P9-15 DigO
UART2 TXD 21 o O 22 UART2 RXD 9
GPIO1 17 23 24 UARTL TXD Po-16
o O P9-17 12C1 SCL
GPIO3 21 25 o e 26 UART1 RXD
crozto 27 I 5 ST 28 seucso P9-18 12C1 SDA
SPI1 DO 29 |5 ol 30 spuopi P9-21 DigO
SPIL sCLk 31 32 -
AN 3 10 1vDD_ADC P9-22 Digo
o O P9-23 DigO
AING 36 15 ol 36 amns g
AIN2 37 5 o 38 AIN3 P9-24 UART1 TXD
AINO 39 ’e) o 40 AIN1
CLKOUT2 41 o O 42  GPIOO 7 P9-26 UART1 RXD
23 24 P9-27 PTO
25 19 9T 6
O O P9-41 PTO
SSHQ-123-D-08-F-LF
DGND DGND GNDA_ADC
Figure 12. Beaglebone Connector and ID Prom2
VDD_3V3B
<:R20 <:R21 <:R22
25.62k $5.62k $5.62k
S20A u20 $R23  $R24
o o 4 1 $5.62k $5.62k
o o A0 vce
L 1]
CVS-02TB 2.0 a1 wP
S20B
3 —BD A2 SCL 12C2 SCL
CVS05TB 4 yvss SDA ks 12C2 SDA

AT24C02D-SSHM-T

DGND

DGND

Figure 13. Beaglebone Connector and ID Prom3

VDD_3V3B

c20
0.1uF

DGND

VDD_3V3B

LR25
$453

AA

§D20

Green

DGND
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]
ISOLATION $ARRIER
1
|
1
VDD_3V3B [
u40 |
oUp
1 N
VbD_3v3B L {veer " veca 28 5isviiso 5y iso
GPI00 273 of |Na ::: ouTA 14 In Y7 I
O]
ca0 GPI00 26 4 | \\p I:I ouTs —13 In Y6 cas
0.1pF TIMERG 5 | iInc :l: ouTc |12 In_Y5 0.1uF
1
IIMERS 6 of INp ::: ouTp 1L In ¥4 -
I .
DGND I Ine n N0 Sisviiso GND_iso
]
2_| GND1 :l: GND2 |—L8
g GND1 | : | GND2 %_
[}
i =
DGND |SO7140CCDBQ GND_iso
VDD_3V3B !
U4l
VDD_3V3B |:|
1 lveer " veca 28 5usviiso +OVCiso
cP0116 3| A T— ., nENBL
1
C41 UART2 TXD 4 | \\B :I: ouTs |13 RESET
0.1yF “ 100 ca5
UART2 RXD 5 ! 12 In Y3 0.1uF
LARTZRXD > o INC ::: outc
oo GPI0117 6 | \p ::: outp |1l InYy2 =
7 Inc :,: Nl hisviso GND_iso
1
2| GNDL 1 GND2 22
g GND1 1 GND2 %_
[}
1y =
DGND 1SO7140CCDEQ GND_iso
VDD_3V3B !
VDD_3V3B U42 !
(M
1 N
1 _veel ::: veez 55y iso 8V iso
ca cpo128 3 |a HE ouTA |14 In Y1
1
0.1uF TIMER? 4.} N ::: ouTs |13 In_YO s
Ghoz1 5 loyrc i | i INC o-12— [FAULT1 0.1pF
(I}
DGND GPIO1 29 6 | outd I:I IND kL /FAULTO
h —
I .
SYS RESETn 7 |y ::: Eng 10 B> 45V_iso GND_iso
(I}
2| GNDL i GND2 2
8 I 1
GND1 00 GND2 %_
(I}
nlq =
DGND  1S07142CCDEQ GND_iso
1
]
1
43
{
I
1000pF
]
I —
DGND : GND_iso
]
1
Figure 14. Digital Isolators and Field Power Supplyl
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600 ohm
— ®
—

+24V_Field 140
T

R40
7.50k
—
——C47 —=C48 §D40
1uF 0.1uF Green

GNliiiso GNI57iso GNlifiso

GND_iso
TP40 u43
c49
i 8 VN vee 7] owF R44
, 2.00k
R42 BST
6 | rr/sp Par| | La1
B6.5% Too
—  ScoRal sw L ® o 20221
SRN4026-680M
LRa1 ¢ o D41
$86.6k 4 5 $R43 BAV70-V
| R 2 3200k 1
SM72485MM/NOPB

GNf)fiso GNIf)fiso

Figure 15. Digital Isolators and Field Power Supply2

TP42
R45
1.00
R46
1.21k
C51
4.7uF »
§D42
1 Green
GN[-)JSO o
GNf)fiso
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Us0
L60
+24V_Fieldk——[——{>+24V_EMIL  +24V EMIId——— 1 1vm VCLAMP |2 I|| GND_iso
600 ohm
NENBL 8 .| =T ouTL L3 Ya
In_Y4 14 | 1
© oUTa 4 Y5 +24V_EMI1
In_Y5 13 | 2 F
In Y6 11 6 Y6
) _— S p—
+5V_iso IN3 OuT3
In Y7 10 IN4 C60 ——C62
ouTa T Y7 0.1pF 0.1pF
L7oY7
R60 RESET 9| reseT
2.00k E— e
JFAULTL 16 | 5 =L L
FAULT GND <. -
GND —12 GND_iso  GND_iso
15 e PAD —LZ
DRV8803PWPR N
GNI57iso
U6l
L61
+24V_Fieldk——[——{>+24V_EMI2  +24V EM2<——— 1 1vm VCLAMP |2 I|| GND_iso
600 ohm
nENBL 8 ENBL ouTL 3 YO0
In_YO 14 N1
oUTa b4 Y1 +24V_EMI2
In_Y1 13 F
—_— > IN2
In Y2 11 6 Y2
) _— = P
+5V_iso IN3 OuT3
In_Y3 10 | s c61 ——C63
ouTa LT Y3 0.1pF 0.1pF
L7 Y3
R61 RESET I —
2.00k E—— e
JFAULTO 16 | == 5 — =
AU gsg 12 GND_iso GND_iso
15 Ine PAD —17
DRV8803PWPR

GNI5_iso

Figure 16. Digital Output Stage
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+24V_Fieldt————"

D80 Y
RE ﬁ .
10.0k
CD0603-50180 Blue
Yo
c8o
1-TI Degigns.Ink D81 o —”—E
R81 N 2 0.01pF
10.0k
CD0603-50180 Blue
vi
cs1
D90 E
D82 RN _|
R82 N 0.01pF
10.0k ’
CD0603-50180 Blue GND_isor||
Y2 80
1.
cs2 s Te
D83 Y | R i1
5
RE3 R 0.01pF N c e
10.0k ' <— o
CD0603-50180 Blue 20V_ext ®
1844265
Y3
cs3
D84 2 _|
R4 ﬁ 2 001y
10.0k
CD0603-50180 Blue
4
cea
D85 Iy _”—E
R85 ;{ 2 0.01pF
10.0k
CD0603-50180 Blue
Y5 GND_isorl|
81
css 1
D94 _| e
D86 X °
R86 N 2 0.01pF -
10.0k °
CD0603-50180 Blue 5 | o
ve 4V_ext<———-@
1844265
c86
D87 5y _|
R87 R 0.01pF
10.0k ’
CD0603-50180 Blue
Y7
cs7

Figure 17. Output Connectors

0.01pF

and Surge Protectionl
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RF80 D97 +24V_Field

MRA4003T3G

C90 D96 C94
4700pF 4700pF 4700pF SMAJ33CA 1pF 0.1uF
33V

ca1

4700pF — = =
GND_iso GND_iso GND_iso

Cc92

/7 ; 4700pF —

GND_iso

Figure 18. Output Connectors and Surge Protection2
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8.2 Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-00320.

Table 4. BOM
ITEM # DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION PAGINEIE
REFERENCE
1 IPCB1 1 TIDA-00320 Any Printed Circuit Board
C20, C40, C41, C42,
2 CA4. CA5, C46, CA9, 10 0.1 uF CO603C104K5RACTU Kemet CAP, CERM, 0.1 uF, 50 V, 0603
+10%, X7R, 0603
C60, C61
o CAP, CERM, 1000 pF, 2 KV
3 C43 1 1000 pF 202R18W102KV4E Johanson Dielectrics Inc 10% X7R 1206 1206
CAP, CERM, 1 {F, 50 V, £10%,
4 ca7 1 1pF C3216X7R1H105K TDK 7R, 1206 1206
CAP, CERM, 0.1 pF, 50 V,
5 C48, C94 2 0.1 uF CO0603C104K5RACTU Kemet £10%, XIR, 0603 0603
CAP, CERM, 0.022 F, 50 V,
6 C50 1 0.022 uF C0603C223K5RACTU Kemet £10%, XIR, 0608 0603
CAP, CERM, 4.7 pF, 10 V,
7 cs1 1 4.7 uF C0603C475K8PACTU Kemet £10%, X8R, 0603 0603
CAP, CERM, 0.1 pF, 100 V,
8 C62, C63 2 0.1 uF CL21B104KCFSFNE Samsung £10%, X7R, 0805 0805
€80, C81, C82, C83, CAP, CERM, 0.01 WF, 100 V,
9 Caa s, Cs6. Car 8 0.01 uF C1608X7R2A103M TDK £20%, XIR, 0603 0603
C88, C89, C90, C91, CAP, CERM, 4700 pF, 100 V,
10 oo 5 4700 pF C1608X8R2A472K TDK £10%, X8R, 0603 0603
CAP, CERM, 1 pF, 50 V, £10%,
11 c93 1 1 pF CL21B105KBFNNNE Samsung X7R. 0805 0805
12 D20, D40, D42 3 Green LTST-C190KGKT Lite-On LED, Green, SMD 1.6 x 0.8 x 0.8 mm
13 D41 1 70V BAV70-V Vishay-Semiconductor ggﬁf’égs"‘”mh'”g’ 70V, 025 A, SOT-23
14 D60, D61 2 48V SMBJ48A-13-F Diodes Inc. g;\(zge, TVS, Uni, 48 V, 600 W, SMB
D80, D81, D82, D83, Diode, Switching, 90 V, 0.1 A, .
15 D84 D85, D86, DSY 8 90 Vv CD0603-S0180 Bourns 0603 biode 0603 Diode
D88, D89, D90, D91,
16 D92, D93, DO4. DS5 8 Blue LB Q39G-L2N2-35-1 OSRAM LED, Blue, SMD BLUE 0603 LED
17 D96 1 33V SMAJ33CA Littelfuse g;\;’/‘ie' TVS, Bi, 33V, 400 W, SMA
. Diode, Standard Recovery
18 D97 1 300V MRA4003T3G ON Semiconductor Rectifier, 300 V, 1 A, SMA SMA

22
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Table 4. BOM (continued)
ITEM # DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION CIGACIE
REFERENCE
FID1, FID2, FID3, FID4, Fiducial mark. There is nothing A
19 FID5 5 N/A N/A to buy or mount. Fiducial
. . Female Connector, 2.54 mm, Female Connector,
20 J20, J21 2 SSHQ-123-D-08-F-LF Major League Electronics 23x2, TH 2.54 mm. 23x2. TH
TH, 7-Leads, Body
. Header (Shrouded), 3.5 mm, ! M
21 Jgo, J81 2 1844265 Phoenix Contact 7x1, RIA. TH 9.2 x 25ghP|tCh 35
Ferrite Bead, 600 Q @ 100
22 L40, L60, L61 3 600 Q BLM18KG601SN1D MuRata MHz, 1.3 A, 0603 0603
Inductor, Wirewound, Ferrite, 68 | SMD, 2-Leads, Body
23 L41 1 68 pH SRN4026-680M Bourns uH, 0.35 A, 0.852 Q, SMD 4.9%4.2 mm
Thermal Transfer Printable "
24 |LBLL 1 THT-14-423-10 Brady Labels, 0.650" W x 0.200" H - | PCB Label 0.650°H
x 0.200"W
10,000 per roll
25 | R20.Ral R22 R23, 5 5.62 k CRCWO6035K62FKEA Vishay-Dale RES, 5.62 k, 1%, 0.1 W, 0603 0603
26 R25 1 453 CRCWO0603453RFKEA Vishay-Dale RES, 453, 1%, 0.1 W, 0603 0603
27 R40 1 7.50 k CRCWO06037K50FKEA Vishay-Dale RES, 7.50 k, 1%, 0.1 W, 0603 0603
28 R41 1 86.6 k CRCWO060386K6FKEA Vishay-Dale RES, 86.6 kQ, 1%, 0.1 W, 0603 0603
29 R42 1 66.5 k CRCWO060366K5FKEA Vishay-Dale RES, 66.5 kQ, 1%, 0.1 W, 0603 0603
30 R43, R44, R60, R61 4 2.00 k CRCWO06032K00FKEA Vishay-Dale RES, 2.00 k, 1%, 0.1 W, 0603 0603
31 R45 1 1.00 CRCWO06031R00FKEA Vishay-Dale RES, 1.00, 1%, 0.1 W, 0603 0603
32 R46 1 121k CRCWO06031K21FKEA Vishay-Dale RES, 1.21 k, 1%, 0.1 W, 0603 0603
R80, R81, R82, R83, )
33 R84, R85, R86. R87 8 10.0k CRCWO060310KOFKEA Vishay-Dale RES, 10.0 kQ, 1%, 0.1W, 0603 0603
34 RF80 1 47 EMC2-47RKI TT Electronics/IRC .'?ES' 47.Q, 10%, 2 W, Fusible, Axial resistor
35 520 1 CVS-02TB Copal Electronics DIP Switch, SPST, 2Pos, Slide, SW, 4.7 x1.45x 3
SMT mm
I12C-Compatible (2-wire) Serial
36 u20 1 AT24C02D-SSHM-T Atmel EEPROM 2-Kbit (256 x 8), SOIC-8
SOIC-8
4242-\ ¢ Small-Footprint and
37 U40, u41 2 1ISO7140CCDBQ Texas Instruments Low-Power Quad Channels DBQO016A
Digital Isolators, DBQO016A
4242-\px Small-Footprint and
38 u42 1 1ISO7142CCDBQ Texas Instruments Low-Power Quad Channel DBQO016A

Digital Isolator, DBQO016A
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Table 4. BOM (continued)
ITEM # DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION CIGACIE
REFERENCE
SolarMagic 100 V, 150 mA
39 u43 1 SM72485MM/NOPB Texas Instruments Constant On-Time Buck DGKO0008A
Switching Regulator, DGKOO08A
Quad Low-Side Driver IC,
40 U60, U6l 2 DRV8803PWPR Texas Instruments PWP0016D PWP0016D
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8.3 PCB Layout Recommendations and Guidelines

Sufficient cooling of the DRV8803s is critical to the design and requires thermal vias under the devices
and contiguous copper area. In this design, thermal vias are also used to transfer the heat between the
layers if traces break the cooling area. The goal was to have sufficient cooling and still maintain a two-
layer design. The red circle in Figure 19 shows an area where heat is blocked by a trace. A number of
vias around the trace will lead the heat to the bottom layer under the trace and back to the top layer
beyond the trace. Figure 20 shows contiguous copper for that part of the PCB. All together, this design
practice effectively increasing the active copper area by around 50%. The result and effectiveness of this
practice can be seen in Figure 9 and Figure 10 where heat is transferred beyond the trace on the top

layer.
Figure 19. Top View
Figure 20. Bottom View
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Layer Plots

To download the layer plots, see the design files at TIDA-00320.
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Figure 25. Bottom Solder Mask

Figure 26. Bottom Silkscreen
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Figure 27. Mechanical Dimensions
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8.4 Altium Project
To download the Altium project files, see the design files at TIDA-00320.

Figure 28. Multilayer Composite Print
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8.5 Gerber Files

To download the Gerber files, see the design files at TIDA-00320.
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Figure 29. Fabrication Drawing
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8.6 Assembly Drawings
|
b
BB
)
‘ B
Figure 30. Top Assembly Drawing Figure 31. Bottom Assembly Drawing
8.7 Software Files
To download the software files, see the design files at TIDA-00320.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer's systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license 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 TI under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF T| REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

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

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

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 that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's 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 llI (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that 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 that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl 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.
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