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TJ = -40°C & +125°C. V(VS) =12V , V(BST - SRC) =11V
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-50 0 50 100 150 50 0 50 100 150
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0
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6 ZHMERR

V(sns_scp) + 0.02 V a

V(pp)

g
o
o
>
|
g
£ 1v

Vnp)

V(INP_H)
0 v—_Z ______________________

V(pu)

V(pu) =V(src)

NV——— -

tPU(INP_H)

V(NP)

N Vane L)
Ve — o _ NV NP

V(pD)

V(pp) = V(sRre)

g S Mg g S - —

tPD(NP_L)

& 6-1. Bt Pk
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7 VE4H B

7.1 #iR

TPS12000-Q1 &3k B AR A2 W ThRE ) 45V 1% 1Q B e MRS58 . Z e E A 3.5V £ 40V 1% T/Ef )&
o, EHT 12V 2GR %8RI LURSZARE - 40V 4 B FLR R0 7 4K 4 520 8 He S R S

BEA AN 1.69A F1 2A VEAEH7 L FEE I A 3K 2h 8%, W 7E KR R veih TP IR BE FET 2E4T IR
Ko

ZesEEH ISCP il TMR 5| &AL n] it & F R BS CR Y ThRE , T LA Joi) 18 8 R AEL AN g S 6] . m] DABC B E 2h 3 1A
BAE AT N . (] TPS12000-Q1 , W] i it #h 5646 0 fe B 2, MOSFET VDS &l 7€ i F it A i ] 36 ik 16
CS_SEL 5| B N\ S i 0] sG] e 76 0l e PELAC B o 45 Rl B LL A % 2 W vl LB L %) SCP_TEST i A\ {1406
R 5E B

g & AT S I R R A R R TN RE

TE R MU N R B S0 TR 26T, %S 1E TR M P8R i (FLT). Bk B & ks~ (FLT_GD) ,
FF - 3R 50 2% UVLO R -

AT AR A A5 FL U 43pA TSRl E R RS0t . 78 EN/UVLO &b TR H-FI | BRSH e 1.5 uA (A
) .

F<1=y
7.2 DIRETTHEE
VBATT Rans i a VOouT
\AA4 11] -
Cast [
VS 1 F_\CS+ l__\CS- BST,
Lt Lt [
] ] — PD  SRC 2A
A Internal EN N | . |
Regul <
27V _"|l egulators HS lep LS
24V — + VDS vGs
POR VINT
Comparator Comparatol GATE_ON/OFF
B EN GATE_ON/OFF HS|LS
1V * l —_ select ] ELT
03—\/*‘ > P FLT_GD
: CP (11 V]
- FLT ) VS N FLT 700
enuvio [ 1 I, ]
124 VA | | 345 uA
1.14 v* Gate - VDS, VGS Fault logic

e
SRC Protection Logic TPS12000-Q1

ISCP T SCP_TEST CS_SEL GND

Riscp

INP [ ]— Driver
2v A T control ry EN ] FLT_GD
0svy logic <_BST -
Charge pump - FLT GD
ov I:]— + VINT enable Iougic FLT’ﬂI na
124 VA 1 80 A2.2 pA SRC
— 1 VINT [
1avy > |«>
EEE
~l@ ~|2
LS LS
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7.3 RetEUL A

7.3.1 B RAWRI 5185454 (VS. PU. PD, BST. SRC )

7-1 SR 7 E AR 2R FOMI AR X 5 2% B G S 7 R T4 o %88 A KT 1.69A/2A WA 7 L AL/ FEE FL R AR
UKzhds (PU. PD) , HTUKBN I FET. 1X4655 KM K285 o] 76 R IR R e et Hi S ke FET R, AT
PRAEVI AN X SZB B R (B i (7] . — A 11V 345pA HLATRIEE VS i1, BEBE NCE EMIIRS) 3% ( BST Al
SRC ) LHIAMNHE A% A S Cpst 7 HLo

VS R IE A A R S . ZEREIN VS H ENJUVLO #ehy 2= s B~ PG oL T, 3 T 3N Cest A
WAAHL. 2 Cger LRI Vigst uvior) i, MHRIREN & E 0 HBOE0E . 28 FEA 1V ((MAUE ) 19 UVLO
By, AT LA M AR 5 08 A 180 A OR S BV IR 7 MR RE . IR IE AP FET Qg A1 FET JFIE MR R F IR PE | k4
Ciest. MM ZRARFRE IR , B3| BST £ SRC MIHEIAE] 11.8V , i B faf 5218 % Ab T2 FR S , Mk VS
S F R R R . A AR AA FRAS , B3 BST % SRC [FHLE LA 10V |, I H 7 22 30 5 b T 8 IR
. BST 5 SRC Z 6] f#) H B 4k 2278 1.8V F1 10V 2 8] 78 AT, | &l 7-2 B

VS
CS+ | 12V
To VDS
current
sensing SRC —
Charge [CS- T -
pump (11 V)
V(BST - SRC) N
118vA | [L 345 pA
10VVY BST
;‘ et
T ar
i U LS
Ji PD F Q2
. v
::i SRC{
TPS12000-Q1 IE Rioap
& 7-1. R IR 2%
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ToRV_EN Ton Torr
> e > e «—
VINC . ____ I I : : :
: : 11 |
| | 11 |
| | 11 |
| | 11 |
V(vs) | | [ |
| | 11 |
| | 11 |
| | 11 |
| | 11 |
ov | | [ |
| | 11 |
| 11 |
T — ]
V(ENUVLO) | : : :
: 1 |
| 11 |
| 11 |
| 11 |
|
|
|

V/(BST-SRC_ON)
V(BsT-SRC)

V/(BST_UVLOR)

INTERNAL GATE
DRIVER ENABLE

B 7-2. HEFREITENRL
1 FH DL R 28 2URT PAH ST R A DR 5h 284 A 48R

/.

_ CpsT X V(BST_UVLOR) 1
TpRV_EN = 345 1A (1)

He,
Cgst #& BST Al SRC 5| J#l_F- 1) Hi i 42 FEL 2
V(@sT uvLoR) = 9.5V ( & K1H ) «

R T E IS Tory en » WAEAAME Vaux HIVE , EIEAGH HL R Dy MWSMEEXT BST s Pt T Hm & | 41
7-3 iR, tEBhIEIESE | Tpry en S F4MKZE 400us. KA BST #hB4L LY TPS12000-Q1 [ A ki & 7-3 fir
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VBATT Rsns VOuT
A\ T >

VS Cs+ CS- PU PD SRC

B
i

EN/UVLO

oV FLT
TPS12000-Q1

p— % Rs
FLT_GD

ON [OFF— INP

TMR

Tio-I L

.||—4

& 7-3. XH BST 454t sE A TPS12000-Q1 B HL 2%

E-3Es
Vaux AT 8V Z 18V K4 AR E H IR L H

7.3.2 fE/H FET ##% ( PU. PD ) [E7EZE#IHG 2 M 151 20550

T YR ZE 0 B TG 2 K I R e 2k U 4% 4G oAb ECU 7E AR R it i . ke ECU T RE B 1R K I\ FL
Ko IHE ECU By IE LA SZ 6 177 RATIF , WA R 2= A4 IRV IR, JFTTRESRIRThER FET. N T BR#I &M
E IS WA IR R | A6 TPS12000-Q1 i LR R4 AR .

N TR EVE SR FET TR a1 BRI I, & Ry Roy Cq, W1 B 7-4 Fios. Ry F1 Cq Joih&ikiie
FET M0 s S RIGE R . FET JEMRERBEMIAG FB T | AT ZE S F 2 2% b Sl S22 B R R o

.
.
.
BST H
J_CBST :
|_ =
[ o R Q1
,J —F %Rz
-~ Cs
SRC =
TPS12000-Q1

-I- CLoap

] 7-4. TR EEL PR A
I A0 2 W RATHER FET T 3 1A FR TR F AT o

VBATT
I =C X 2
INRUSH = CLOAD X -0 c (2)
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0.63 X V(BsT — SRC) X CLOAD
R1 X IINRUSH

Cq

Hrr

CiLoap & B HIA |

VBATT 2 NHE | Tenarge 778 HURSTH]
V(gst-sre) 72 AT A HLE (11V).

®)

5 Cq sRIERIBHJE FEPE Ry ( K& 10Q ) o 2N 3 AT Tt 5 HARIRIM R P 5 8 Cq fB. Rq HJ 100k Q H

BERT AR S0 RS A

# TPS12000-Q1 i PD 5l EZERE SR FET HOMIRL AT A R BRI ST | A28 Ry A1 Cq JotEs
Cqy Z{EFBMIEE Caar LA AEFAMOFE L FER . (EH LA AR AT R Casr 1H -

Qg(total)

+ 10 x C
AVgsT 1

Cpst =

N q:‘ J
Qgtotaly 7& FET FRLEMIBR BT

(4)

AVgst ( JLAME Y 1V ) /2 BST 2| SRC 5l E4rE .

7.3.3 S RY

TPS12000-Q1 FLA AT 15 i) R % DR 37 Dh o
T4 CS+ A1 CS - 51 R HL .

BRE A R AL AT 2350 ) Riscp FHLBHERAT Cryr A SRIAEE . 4%

XA 5] HIRT DL B AR S i 0 A 0] g, BB A% (Rens) b, AT DUEBEAE FET WA ks 7 &, LidkAT
FET Rpson &M , 23l 7-6. & 7-7. B 7-5 F1 & 7-8 Fim.

Q1

VBATT Rens vouT
e AAA I =
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l |_|
VS Cs+ CS-PU PD  SRC BST
_ Ri Vce
EN/UVLO R
R2 _—
FLT
ov
Rs TPS12000-Q1 Vee

pr— %Rs
ON|oFF—| INP FLT_GD

A 7-5. TPS12000-Q1 S A HLB% , Hm U B AT Th 6
FTF AR B RSNS

Q1
VBATT vouT
‘ k4l >
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._"_l
VS Cs+ PU PD CS- SRC BST
_ Ri Vee
EN/UVLO Rs
Rz _—
FLT
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Rs TPS12000-Q1 Vee

— Rs
FLT GD i

ON |OFF — INP
SCP_TEST ISCP TMR CS_SEL GND
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& 7-6. TPS12000-Q1 M K , HERRNIIREET
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vout
>

VBATT

1Y]
K —LCMK
Rz
C .
CsP csM % E_C“ — = Motor Bridge

o l
5 1
"V — CS CS PU PD SRC BST
% - TPS12000-Q1 cc - &
\SNS' R:!
cs+ Rz
= % EN/UVLO
= ON|oFF-INnP FLT_GD re = =
SCP_TEST ISCP TMR CS_SEL GND ov TPS12000-Q1
% T
Risce jL__CVMR Vee L Rs Rr
- = = FLT_GD i
ON|oFF—| INP -
SCP_TEST ISCP TMR CS_SEL GND

& 7-7. TPS12000-Q1 ST BB , 2 HL S 00 3 T ffrd L
T2 T 44K Bl RSNS = =

A 7-8. TPS12000-Q1 S EE B , FL AR ERANM] B A
W ThEEZE T HMFH NI HFE RSNS

f§ 1] ISCP A1 GND 5| il E RIS Rigcp P& BCE R AT I R{E . (8 J7 #2530 5 IR T 9 Rigep 14 -

loe X Reng — 19 mV
Riscp (Q) (Isc SE‘iA ) ()

Her,

Rgns A2 5 I SR ) L 3 460 F BEAE 5 FET Rpson 1H. -

lsc 72 FT i 10 e 4% LI HL

ToFEAE TMR A1 GND 5| il B Crur RS |, B CR i B Ae bl .

PAEE A H EN/UVLO. INP #f & i P, 78 Qq JFEE | it s PD 3 SRC 1 HE FTRL I 446 FET 1
%—/~ VGS. —H PD #| SRC W #ET % =T Vg coop) IWE (7.5V, WHRME ) (XFERTHICRAME FET 14
W), o liis SCP L ds it . WisE CS+ F1 CS- LMWIJ 1 ) R e O R % R 58 R (Vsep) , T PD & hifik &
SRC , ifi FLT ¥ & T F. Jes:dihnl LI B AN B shE ek et , )5 880 irik .

124 CS_SEL #hi ZALH T , A< WANE FET (Qq) ) VGS. EMRM AT | AN MAEE FET (Qq) 1
VGS , 1 & 7-7 A1 K] 7-8 FiiR.

#iE
UEAh  ArRGE I i AR AN 2 Riscp FBHASAE ISCP 51 1R A1 50 i B Fo R 10 B R B BRI ME , AT 5K

DLRA s SCP BIER I RGBT, Wi R ER ik . ZAE ISCP 5] B 95 il it 0 ) 41746 i B
LR R DOE T BLR A 3RS

V(scp_pias) ( A7 : mV') =lsc x Rsns X 5 - 95mV

7.3.3.1 W B SIE XK EBRRT
CTMR X RGP 4 2 IR (tsc) 1 H 3 E 3F [A] (tRETRY) WHATRIE. —H CS+ il CS- FHHEBNEE A CTMR
2L 80 w A By Edy IR A H

Crur 7EHE Virvr sc) J& » PD 4% SRC , FLT 448 AMRAT | MR EE FET BUKCIT %% . R AL
1¢F ﬁiﬂﬁlﬁﬁtjﬂj‘ﬂ:ﬁb CTMR Eﬁ%‘%ﬁﬂ:ﬁ EQEE FHLJEE/)Z‘T:jj 2.5UA. EEEL?MTMR LOowW) EE%ZE y Eﬁ"ﬁgﬁ
a7, BTN 2.2uA. 1E Cryr B9 32 AN A A J5 , FET 8@ H FLT BoARL.
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S ) (tretry) 25T Crvr HIRER , 40 7230 7 PR
A2 6 I ZEAE TMR I GND 3821 Cryr AR 24 MH -

ITMR X tsC
— 11

CTMR = 1 (6)

/\E':‘ k
ltmr 72 80 1 A F A #8437 FLAL
tsc AE Pt P S i 97 P [
PRFE TMR 273, DLSE I A bR 1 e i i S92 B [
tRETRY = 22.7 X 106 X CTMR (7)
R B Bk R R AT tse , W FET fR¥FFFIE , Crmp I P8R Hi T8

A

I_LOAD

O Truse
0A

— —tsc = Tcs
VINT V(TMR_sC)

a‘ ~~
80 A e .
12.2 uA

VTMR
.
’
’

.
V(TMR_Low) A P A

11 > . N &
1st ‘2nd ;2“(1
-
Vcc

— TPS1200-Q1

I3

FLT

oV

12V

FET
VGS

oV

B 7-9. H B BhE R R B R

7.3.3.2 H AR IE B AR

fE Crwr F3EHE A2 100k Q FYHEH , WifTs. i b da AT CAZE 78 b R P A8 Crvr B B A7 2R T
Virmr_scy FTESF , I 2E BTy, [FIRPRE FLT B9GP 2K

R 77250 8 115 2 Ryyr = 100k Q@ B TMR Fil GND 2[R Z#E ) Crmr FEZ o

tsc

CTMR = (8)
1
RTMR X In #
~ RpMR X 80 A
N qj H]
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lmR A& 80 1A [P B b hr LI
tsc A2 T i RO REL B ] LI [R] o

P14 INP 8 ENJUVLO (T Vignry ) , Bk VS FHL LRI T Vivs_porr) , PAEBLHIBURES .
e AR AL H Crwg L. 24 INP BRSPS, PU B4 % BST.

A

AR L, it

I_LOAD

O Truise
0A

V(TMR_SC)

and the counter does not see next counts, resulting in FET to stay latch OFF

VINT

VTMR

The resistor across TMR to GND prevents the VTMR to charge to upper threshold

V(TMR_Low) A
80 pA a A &
2.2 pA 1st
TMR A Vce
100kQ S
25pA oV

FLT

~ TPS1200-Q1

12V
[2]
58
lov
When INP is pulled low, the timer counter is reset
and TMR cap is discharged

o \
z " Starts a frosh

turn ON cycle

B 7-10. 3 F O A4 B LR

7.3.4 1Z/% (OV) FIX/ERY (UVLO)

TPS12000-Q1 A1 EN/UVLO 51 SRS A mT 5 (9 Kk R (< £2%) RURS AT SE AL IR ORI (< £2%) , M BEql
FRMERI B IR o A I B N R B IR B, FLT RefiAc. & 7-11 shpos , 3 —A> s B AR DLEEAT K&

A3 s PRI BRI SR o

VIN

Ri1
; EN/UVLO N
124VA ﬂ UVLOb
R 114V L
ov ’
A
Rs % 124VA_| _ﬂ QvE

114Vy

TPS12000-Q1

B 7-1. SRR R R E R fE
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7.3.5 REFHARY

TPS12000-Q1 #AFH A BRI SR ML ORI T BE | ATl L 25 AR 78 S AN\ it SR 1 e 9 1) 2R 2. A & im0 46 FAO R
B RAAYE ERE P2 R AR R

a1 RENE A2 40 N\ S A o L S 2K B2 IR -40V (19 Sl PR HL

FER O, A A 2 AR I H IS AT IIR) el 9% SR W I £y e 4 PR 23 28 R R R B b i HE BRI S T L T . FEBESR R G
e, R O R T A2 R O TVS B AR PR

7.3.6 HH# R E BT (SCP_TEST)
FEZ AR , BRI (SCP) T L HAZ W AR H

TPS12000-Q1 HA A &40 AR 2 Wi ThfE . 24 SCP_TEST #{UKEh MK v ~F 2 i HiF I |, 34 7E SCP L 2e
BN RN s DARSSDUR B o B A K 2 R WA SR 3l &% (PU/PD) AR FLT . SRl B sl &5 22 i P
( BHIAE ) B FLT WA K, WK SCP IEW , AN SCP IhgE A IEH .

WA SCP_TEST g , WINH SCP_TEST 5l l#E+#: 5] GND.

7.3.7 TPS12000-Q1 /F1ERTH I IR I 5) 75

K 7-12 o 7 TPS12000-Q1 fE A7 Wi T R AT 5T FET IXah4h i i) fa S AR S sl o X i R .
SRR R T BE -

Q1 Qf Q2
VBATT i vouT VBATT i vouT
A > A
T gia: i b ap I
Cast Sy Cest E
I R I Rd==
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
PTPS12000QDGXRQ1 Active  Preproduction  VSSOP (DGX) | 19 5000 | LARGE T&R - Call TI Call Tl -40 to 125
PTPS12000QDGXRQ1.A Active  Preproduction  VSSOP (DGX) | 19 5000 | LARGE T&R - Call TI Call Tl -40 to 125
TPS12000QDGXRQ1 Active Production VSSOP (DGX) | 19 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1200
TPS12000QDGXRQ1.A Active Production VSSOP (DGX) | 19 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1200

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS12000QDGXRQ1 | VSSOP | DGX 19 5000 330.0 16.4 5.4 5.4 145 | 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS12000QDGXRQ1 VSSOP DGX 19 5000 353.0 353.0 32.0
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PACKAGE OUTLINE

DGX0019A VSSOP - 1.1 mm max height
SMALL OUTLINE PACKAGE

PIN 1 INDEX:

AREA

1

—

—

—1

52 L]
NorEs ]
—1

—1

—1
10—

|
N w
[l

SEE DETAIL A
\\1/ .

=x
[ 1 0.275
20X &

0.165

|

/\ 4X (7°-157)

i

\ (0.15) TYP
U
—

GAGE PLANE

4% (0°-15°)

—

(4 [0.1@[c[a[8]

0.7
0.4
DETAIL A
TYPICAL

4226944/A 07/2021

NOTES:

PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

exceed 0.15 mm per side.
. No JEDEC registration as of July 2021.
. Features may differ or may not be present.

(G20 w N

. This drawing is subject to change without notice.
. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
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EXAMPLE BOARD LAYOUT
DGX0019A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE
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LAND PATTERN EXAMPLE
SCALE: 16X
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SOLDER MASK DETAILS
4226944/A 07/2021

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.
10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged
or tented.
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EXAMPLE STENCIL DESIGN
DGX0019A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 16X

4226944/A 07/2021

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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