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5.5 AR (42)
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5.6 P (4%)
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5.7 BLAVRE (42)

Temperature (°C)

& 5-9. &\ HJF POR BESRERIAR

1.5 10
— |(gsT) Loading at V(ys) = 12 V and Venuvro) =0V . — V(gsT_uvLoRr) Rising Threshold
z — l@sT) Loading at V(ys) = 0 V and VenuvLo) = 2 V > — V(gsT_uvLoF) Falling Threshold
2 14 3
S o 9
5 o
O 13 F
=
£12 o
g 5 8
S g
= 11 . S
a <]
[a1] <
(&)
1 7
-50 0 50 100 150 -50 0 50 100 150
Temperature (°C) Temperature (°C)
V(BST) =15V V(SRC) =0V
& 5-5. BST S8 (Igst) SEREMAIKFE E 5-6. B % UVLO R/ 5BE KSR
120 2
—— SCP threshold 20mV R
—— SCP threshold 40mV e
—— SCP threshold 75mV ‘% 18 /_
s ©
S ]
E 80 fg
= 216
2 g
8 3
= =
= o 14
a =
& 40 3
(&)
£ 1.2
S
-
»
0 1
-50 0 50 100 150 -50 0 50 100 150
Temperature (°C) Temperature (°C)
& 5-7. EEBIE (V(scpiwu) SEERIIRER &) 5-8. ST HELRAF e R (] (tsc) SRBEARICR
4 3
— V(vs_porr) Rising Threshold — V(uvLor) Rising Threshold
S\ —_— V(VSfPORF) FaIIing Threshold —_— V(UVLOF) FaIIing Threshold
g
33 S
= o 2
4 3
£
x 2 o
g S
>
g =R
3
(20| =2
=]
Q
£
0 0
-50 0 50 100 150 -50 0 50 100 150

Temperature (°C)

& 5-10. ¥ A\ HIJE UVLO BIE 5EERKXR
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6 ZHMERR

- <

WAKE

ILOAD

ltwu

Bypass FET  V(c2_coop)
VGS = V@G2)- V(sro)

Main FET VGS  V(c1_coon)
VGS = V(1pru) - V(SRe) /
te1WAKE_LWU) — | | - te2(WAKE_LWU)
Vdrop /
VOUT |
—_— - - —_-—_-—_-—_ T —_—_——_——_——_——_——_——_——_———— = —t
Bypass (G2) to

Bypass FET (G2) is ON

Main FET (G1) is OFF Transition

Main (G1) FET

Bypass FET (G2) is OFF
Main FET (G1) is ON

B 6-1. IS BRI RG MR FEAE A B 2= T AR
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\%
A
LPM
INP
T T T T T _—> —
> 10 ps 4—//
WAKE
Main FET V(61_600D)
VGS = V(c1prD) - V(SRC)
Bypass FET V(G2_coob) V
VGS = V(c2)- V(sRc) /
S -t
tc2_oNTPV) 4— >
\ tc1_oFr@TPM)
Main (G1) to
Bypass FET (G2) is OFF | Bypass (G2) Bypass FET (G2) is ON
Main FET (G1) is ON FET Main FET (G1) is OFF
Transition
B 6-2. i@id LPM filt R 286 TR BOMETIFEER
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7 VE4H B

71 iR

TPS12130-Q1 /& — K BB R AW ThAE M) 45V 1K Iq B RemMIkzhas . ZastE R 3.5V £ 40V % T/E %
o, EHT 12V 2GR %8R LURSZARE - 40V 4 B B AR 7 4K A 520 8 He S R )
TPS12130-Q1 £k 1 - MR IR N 2% , 72 T4 A IKE MOSFET 1) 1.69A 7 AT 2A AL T |, 1E1K
IAE 2 B A5 165uA FHLLAT 2A HEHLIRAE JT .

7 LPM AR H PRI FERE R T, IRIhFER4E FET (45 598 |, 1 E FET . R T | 284 BEA KK g
WHEE , N 35uA (MAUE ) . W ISCP/LWU 5] R 23 N TAIRS ) B 3h i Me i {8 . 7€ EN/UVLO AT
MRHPRS  Iq B 1 u A ((HL7E ) .

s — A WAKE fir i 51 A FHa iz 7t ( TAERSARThRER R ) .

ZAs M MOSFET VDS kil 8k 40 Rong L BH &% et m] 18 5 i B CR 9 . v DAL B B 2h s fV a7 i s 47
HNo L@ XT SCP_TEST % N\ F /MR Hll K42 W P4 740 0 1 EL 5 2%

TERTRK . FRAT R RE AN R R 61, a2 fe T IR TP 48R ik (FLT).
TPS12130-Q1 7% 19 5|l VSSOP 3,
7.2 TIRe T HER]

Q2
Reyrass
AAA

\AAJ u.

Q1

YBATT . : 4 vouT,

-
Cast
VS CS+ CSAJ_‘ G1P G1PD r§RC G'2_ﬂ }—,_LBST
165 pA T
BST‘I,GQA 2A T 2A |
Internal AN S
2.7\/* tﬂ_ Regulators -EN N

24V +VINT G1_ONJ/OFF G2_ONJ/OFF
ENEN >
1ALl _..2;‘855255 P a)
03VY — G1PD VS—_‘@
1 ovie > FLT TWAKE
ENUVLO[ | vk gvL o AKE SRC 3450A
124V + _
S ' VGS
114 VY Gate la@——| VDS, VGS Fault logic Comparatir 1 WAKE [ 70 0
NP [ F——— ,U_ Driver — EN
2V A control Charge
2V ! SRC g —
08VY logic pump  [«@—BST :] FLT
—_— VINT VINT enable logic
teuil ] b [@—SRC FLT [F4700
2vA |l é
0.8VY
> /EOZHAA tt Vs — P Reverse
/2.5 HA | ® SRC Protection Logic
S S —> 1 TPS1213-Q1
| -
TMR T ISCP SCP_TEST | CS_SEL GND
/LWU
CWIRl Riscp
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7.3 RetEULEA

7.3.1 A RAIWRY 51554 (VS. GIPU. G1PD. BST. SRC )

7-1 7R T B a7 S AT AR BIX 2 o e PR St 5 R ARG . g S T FET BISRKHT 1.69A FT 2A IE{E +i
FEL VAL A EE P A A B Bh 8% (G1) AT T 5588 FET [ 165uA Al 2A WAE 7 i A F A SR Bh 88 (G2). X EER A
(UM AR R 5 2% PTFE K TR KRG s ih b 30 HF FET JRIBE , M A SR E AR X S RE I 36 4 [8] . — A~ 11V, 345pA
HL 2R IR H VS Ui, RERS NCETEMHRIKSh s ( BST 1 SRC ) LH4MHBH A 4% Cst 78HL o

VS RS 20 I . R VS FL ENJUVLO BERZE RS F TR R | A K PR 96 Casr A
BIH . M Casr EMIHERIL Viast uvior) /5 » HIRIRETSH A EIROR . 28 fEEA 1V ( ML ) 19 UVLO
S A A ST R S T D bR BB ARAE A FET Qg A1 FET JRiIIE S VFHOBERE | 9% Cosr.
R ARES R A | FLS) BST % SRC RS 11.8V | M i 5004 4 FASHPRA | AT VS 511
EH RN, MATRIERAIRA | EH BST % SRC AR HULE 10V , B i AFRE AL T 1 R

BST 5 SRC Z[aIf¥ L 4k £E7E 11.8V A1 10V Z[E s BRI |, anfE] 7-2 fos .

VS

Cs+ J.f.12 v
To VDS

current

sensing SRC

Charge [CS- T =

pump (11 V)
V(BST - SRC) N
118vA | [L 345 pA
10VVY BST
;‘ et
> T R&S
INP ) G1PU
- Level Shifte o't
B .
G1PD F
. v
::| SRC'
TPS1213-Q1 IE Ruoap
B 7-1. £ FET HiRIx305
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ToRV_EN Ton Torr
VIND o
V(vs)
ov
V(enuvLo)

V/(8ST-SRC_OFF)

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

V/(BST_UVLOR)

INTERNAL GATE
DRIVER ENABLE

E 7-2. HEREBITRER
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)

o,

Cgst /& BST Hl SRC 5l il LIy dfaf 2 75
VigsT_uvLor) = 9-5V ( #KfH ) -

7.3.2 ZHAEI )

T AR A P B0 T 2 2R IR B S 20 B %% O B HLAth ECU 7E N ISR F it L. IX 28 ECU W AR ALA K HI N H
7o WA ECU MR AANSZ PN 7 s0AT T, AT R 27 AL IRIM HLdm , JF rTBEBA TR FET.

N T BRAEIAE T SSIIR KR FIAL , FIA TPS12130-Q1 &5 fHE I LU REEBHEOR .

7.3.2.1 EHRIIFES B FET ( G2 IXzh4% ) AR ABARILH

FEHZA FET (Q1. Q2) FFBRIK AR, AIEH 55 # FET (Q3) FRIMIBR s #3225 42 ] RO0h 2k 47 380 AT i 78
HE, PR R I F A

TPS12130-Q1 Kt i Bk 5h 2% (G2) 5& A mlsm A (LPM) $E k. Bt nl Al F SR Sh A Sr (IR Th € 55 % FET
(Q3) , FFxP AV AT FFE R, Rl R AR AR . ] 7-3 2R 1R TPS12130-Q1 HfIRTh#E55 # FET S
T, M NEMEGETE . SMEHA RS Cg T MRS T 8 F 43 5 12 1l IR FL Uit o
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BST
| CesT
T
|J G1PD|
H
|_
_ SRC
2 :
H
'—l G2
BST
TPS1213-Q1

B 7-3. fEFMRTFESEBE FET MR R Ry A AR T

7 TR 24 ENJUVLO #dr %8 s B LPM g 241 P (i) () i 3k 500us I, #8423t 165pA i
WA G2 fiE PR S8 Q3 1 FET ( G1 MHRIKE) &8 ) fEr Wik .

RS 2 Al E |INRUSH :

VBATT
lINRUSH = CLOAD X TG o (2)

Hep,

ClLoap /& fE HIZ .

VBATT 2HINHIE , Tenarge 7278 L H] o
7720 3 W AT Y Cg 1.

_ CLoap X I(g)

&~ IINRUSH ()

Hrr,

lic) A 165pA ( JLAUfY ) .

HIKHIBH Ry 62015 Cg —ite I T BRI SRR B Cg AU I Rg MEBUE AT 220Q 14700 i,
ST AR TS, AT LB AR LPM 3RE Dy BTz 32 FET (G MMRIKED 3% ) JF L5 % FET
( G2 MBI A ) « BUAETT LUK INP SXE) A & RSP R ITIE I FET ( G1 MHRIEZNES ) .

7-4 IR T AE K RN AR T RE 55 B A D oK R A R A A 8 R ST R . BB R — A 5 55
FET SRIIZhR L% (Reypass) » W 7-4 Fis.
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Q3
Ravrass rﬁ Low Power Path
Q2 1_--
< Rs
1Y1 VWA
Q1_ _—LCDVDT
VBATT. ' L — Main Path| VOUT
1 > |
Ll )
| -l—l CesT Vece
CS+ G1PU G1PD SRC BST G2 Cs- R1
B FIT
EN/UVLO Vee
ON|OFF —{ INP TPS12130-Q1 %Rz
— oM WAKE
Active | LPM LPM
ISCP/LWU TMR SCP TEST CS SEL GND

R é _—J_LCTMR _L_ _L_ _L_
ISCP p— — -

7-4. REFUETIFES B FET AUEREXDI R LIRS (Ravpass) WEIA LSRR TPS12130-Q1 L ik

5 P 35 R BR AR BEAT S0 3R A48 70 HEL 1 Bl S B R

TPS12130-Q1 I A JLS3 BE R AR 1) 01 3 L 5 4% 7o H R [ Bl T sk e B2 T RE . FiLFH %% Reypass A1 FET Q3
K 7-4 s

FEAR B 2% 70 s ) | 23l W G2 Al SRC A L T SRAG M 55 2% FET Q3 ) VGS. — H A 3] ity 3 {7 ik
#| Vao coop FUME ( AUME N 7V ), KW Q3 MRS RIS ( AERARCRE ) |, Bt CS+ M1 CS - 5l
JE L B ERL T

T %, A SRR (Inrush) BT ABEE v T 08 BERE (Iluwy) - 0 7-5 Fs.
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\
EN/UVLO EN/UVLO is pulled HIGH
LPM .
LPM is pulled LOW
BYPASS FET
(Q3) Ve2 coop)p - - ——— - __ 7VTyp /_
VGS =V(e2) - V(sre) Vel _
SCP C tor acti
- CS+ and CS. are montored >
IINRUSH | = — T -—
IsvPass
lwu|--o{------- - —
Vour
Output Bulk
Capacitor Charging
WAKE WAKE pin is pulled HIGH internally

Bl 7-5. I IR VRN KA B A SRR NI R

BB MR R A RE . EERIBITHIE , BRI 2 Reypass 5574 FET Rpgon —#2H T B & 7k i
L EE . Al LN AxUEPE Reypass :

(2 1A x Rigcp + 19mV)

RpypAss (Q) = — RpsoN_BYPASS (4)

ILwu

Horpr,

Riscp /et s B (3 70 8 BT E ) PR HFH A

lwu #2 FT 75 PR B F I g 1

Rpson_eypass 257 FET ] Rpsone

Reypass JEA7 B F7E b i ik N5 16 30 18] PR ) FL 3 DA &2 Q3 RN AT

7.3.2.2 fF X FET ( G1 IE3h%% ) MR R R H]

TEARAS R TORE S B B AT RO R of, W DM 3 FET IR K342 il ok 78 B FL 2 78 HL o

N T AERA BRI T FET SE IR BRERIE B , 1§60 Ry Ry Cq, WK 7-6 fiis. Ry #1 Cq JofF &
18 FET MR s IS ARPcE R . FET YR ERBEMR F s, AT A2 40 ) Fi 7 o b SIS HL AR
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Q1

INP] Level Shifter

ot T U_‘
;

> l
TPS1213-Q1 SRuow :I: CLop

&l 7-6. TR FELI R A
I 5 W ATHER FET S 3 1A FR IR F AT o

VBATT
IiNrusH = CLoaD X Teharge (5)

0.63 x V(BST — SRC) X CLOAD
€= Ry X 1 (6)
1 X IINRUSH

Hrr

CLoap R M AE

VBATT AR , Taparge RLAE I .
V(gst-sre) 7 AT A HLE (11V).

S Cy ABFHLE P Ry ( K1 10Q ) o JiAEsX 6 ATHIF-1H5 HARIRI LS AT 73 1) Cq {H- Ry 1 100k Q H3
BHAT PR T SR R AP s

# TPS12130-Q1 i G1PD 5| i B L1 E R4 FET UM il (R g Sey | A< Ry A1 Cq Jotths
Cy &7t TR Cosr LA AERIMI T 3. LN AR HHETFHER Cost 1H -

Qg(total)

AVgsT + 10 x Cq (7)

Cpst =

/\):F‘ b

Qg(total) A& FET B8R H e

AVgst ( JBUE N 1V ) & BST 3| SRC 5|l 180 Bk .«
7.3.3 f2E5 R

TPS12130-Q1 FLA T4 AT ER IR T Ak . BRIt 1] 7T 40 5 Ruscp P ES T Crym ML SLKIARE . %58
{2kl CS+ 1 CS - Bl IR . X5 AT ERAE FET IRMAIVEMS T F LU T FET Roson Krill | ski%
AN SR B (Rensy -, 22 BIEEE 7-7 FIEE 7-8 .
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Q2

MLOW Power Path
I

el VouT
>

Main Path

VBATT

et

_l_ Cast Vee

CS+G1PU G1PD SRC BST G2  CS- Ri
= ¢{vs _
FLT

L

Q1_control EN/UVLO Vee
ON [OFF —{ INP TPS12130-Q1 %Rz
Active [ LPM | LPM WAKE

ISCP/LWU TMR SCP_TEST CS_SEL GND

R é _—J_LCTMR _L_ _L_ _L_
ISCP -— -— p—

B 7-7. TPS12130-Q1 LA B , HEBRENTHEEET
¥ FET RDSON

VBATT Main Path

Rsns a

-—/\/\/\r‘—q L [ -1
_l_ Cest . Vee

—1
CS+  CS- GIPU GIPD SRC BST G2 Ri
= ¢{vs _
FLT

VOUT
-
Ll

0 control | ENUVLO Voo
ON|OFF — INP TPS12130-Q1 %Rz
Active | LPM | LPM WAKE

ISCP/LWU TMR SCP_TEST CS_SEL GND

R é _—J_LCTMR _L_ _L_ _L_
ISCP -— -— p—

& 7-8. TPS12130-Q1 M B , HERENIIREZET
AR R FE Rens

] ISCP/LWU A1 GND 51l L fI 5 Rigcp FoFH 5% 50 B A T B8 . (] 75 1230 8 IS & 9 Riscp

18 :
(ISC X RgNs — 19 mV)
Riscp (Q) 2 uA
Hrpr,

RSNS %Eﬁ,?)ﬁﬁj‘{m%ﬁﬂﬁﬁ FET RDSON {Eo
lsc A& HT s )6 FL UL HL P

(8)

T/ TMR A1 GND 5|l E %z Cryr AR |, TG B AR N e R AT /NF 10 1 s,

2B B H EN/UVLO.
K% — VGS.

iii FLT 76 10 u's PP EARHCE ( TMR SHEITFES ) -
7.3.3.1 7 B3 E XA ER RS

Crmr XIS PRI IEIR (tsc) A1 E B H I [A] (treTry) HEATSAE -

i Lh 80 w A B B FIRIT AR 7E Hi

Crvr RHZE VMR sc) 7
=G, ﬁﬂﬁﬁﬁjﬂfﬁﬁ“

—H G1PD | SRC i HEF £ & T Vg1 coop) BIME ( XA AT LRIMNE FET 5% )
SCP b &4t . WIRAE CS+ Al CS - LA 2 ity vt Hs e B % 15E =1 (Vscpiowu)
Ja S AT LA E O E B e A

G1PD KHifE SRC , FLT ¥ B AKHEE |, AWMHREL FET B ¢ i
Crvr A Z I ﬁﬁzEE TR A 2.5uA. HEZRRV

INP #4722 & s T B , 76 Q1 FR@ e |, @it Wi G1PD %] SRC K LRI # il 3= FET

 EEl
1 GIPD £H{E% SRC ,
R L I

—H CS+ M1 CS - LI EHETEES , Ctur
o KA
I V(TMR_Low) %:FF , A

IR, LR AIRA 2.2uA. 7E Cyr 1 32 N ABHAMIZ )G , FET SEHJFiE H FLT Ejﬂﬁx&

TEH—YAr, B EAN ) (trerry) 25T Crur (MR 71230 10 T3 )

i 1A (treTry) < 10 1S.

AETRS0 N E R | R

5 9 Al BLEEAE TMR F1 GND iR Crvr A PS4 1H .

c _ ITMR X tsc
TMR — 11

He,

©)
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lrpmr A2 80 1A A B 47 FLL -
tsc A& AT e MR A5 1% ) 2 [
AR Ctvr EAMSAENT , &IIRE tsc<101ns.

tRETRY = 22.7 X 106 X CTMR (10)

R SRR S Kb 45 SN TR T tse , W FET fR4FITIE |, Cryr 1L A ES R HLIT R .«

A
Isc ] [

[m]

<

(@]

j O Truise | E—

0A
—p l— tsc = T,
VINT V(TMR_sC) * * -
TMR '; V(TMR_LOow) A / "" \";.
in . B “
% u 1st 2nd 32nd
l = 2
TPS1213-Q1
oV
12V —
b3
“>lov
&l 7-9. 7 B 3 E iR A BRI
7.3.3.2 T BRI A BR ORI

{5 Crur LEHE—/M20 100k Q KIHEBL , W1FE 7-10 s 5 BB AT BLZE 78 LB 01 P9 £ Crye b 0 SELFE B I 7
SUET Viwr so) FHE , TP IBHT S | IR FLT BRI T A .

R 5 FEES 11 529 Ryyr = 100k Q B TMR F1 GND 22 8] Zi# B2 1) Crmr 2.

tsc

CTMR = (1)
1
1~ RimR < 80 4A
/\qj ’

lTmR A& 80 1A P S b hr i
tsc A2 T i AR B ] LI [A] o

4 INP 5 LPM F 4% 64 T30 Rz ENJUVLO (15F Vignry) - Bd5 VS Tt EHLEMET Viys_ porey WAS (714
s, IR E , BT O H Cryr . % INP ERIE B RUPH | GIPU L% BST,
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A
Isc [
a
<
o
j <O TpuLse | e——
0A
V(TMR_sC) TSC = T;

The resistor across TMR to GND prevents the VTMR to charge to upper threshold
and the counter does not see next counts, resulting in FET to stay latch OFF

VINT

V(TMR_Low) A
80 pA = ¥
2.2 pA 1st
TMR A Vce
100kQ 3
2.5 yA oV

~ TPsi1213-Q1

VTMR

FLT

12V
b8
=>lov
When INP is pulled low, the timer counter is reset
and TMR cap is discharged
% \ "W Starts a fresh
= turn ON cycle
& 7-10. i FE ) A B AR
7.3.4 X/ER¥ (UVLO)

TPS12130-Q1 i EN/UVLO 5| B ALK i ] S I R B AR Y (< 22%). Wil 7-11 s, &8 — A s AL Lt
TR B B SR E -

VIN

R1 ;
EN/UVLO A
= 120V A ﬂ UVLOb
2 114VV
- TPS12130-Q1

B 7-11. REGRT RERE

7.3.5 RIFIMERY

TPS12130-Q1 &1 B AT LA AR NECRIT ThRE , WI Bl L8R A5 A ANt JSeb 1 il s 0 1) 2R k. 8 24 i 6 1Y) 22
FERNE G L FE P2 5 R Ao %A P T AR S AN H (RS2 AR 23 -40V 1R Seop Pt e I

ER M | Zas 2 IEw s 4T B8] B T FF e S Wi it 8 rE SR 2R AR BRI P i B S L s . FELR R G
rh, AR R TRz N TVS B AR PR i

7.3.6 BRI 2B (SCP_TEST)

TR, M RY (SCP) Theg kI izWrdEw EE,

TPS12130-Q1 AA WERM K R S IfiE. 1 SCP_TEST #UKAINR T iR Tl , W21 SCP thikes
i N B0 R T AREDURE % S0 o B i K P AR B Bh s (G1PUIGTPD) A FLT . WisRAMi AR K 5h 45 22
RS (RYIAEHEST ) B FLT BAMRHE , MISEH] SCP IEF , fRIHLY SCP IhREAIEH
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R AKAFEH SCP_TEST That , NN SCP_TEST 5| li#EH: 3] GND.

7.4 DR
7.4.1 K&H

ACTIVE MODE
EN/UVLO = High
Main FET is ON/OFF

LOAD WAKEUP
EN/UVLO = High
Main FET is ON (G1 = High)

(INP don’t care)

POWERDOWN

[PM = High

V(vs) < V(vs_porF) (INP based)
Main FET is OFF (G1 = Low) Bypass FET is OFF (G2 = Low) Bypass FET is OFF (G2 = Low)
Bypass FET is OFF (G2 = Low) LPM = High LPM = Low
WAKE = Low WAKE = Low
All Protections All Protections

available available

EN/UVLO = Low
EN/UVLO = LPM = High

V(vs) > V(vs_rorr)

L[PM = High

EN/UVLO = Low
(External Trigger)

LOW POWER MODE
EN/UVLO = High
Main FET is OFF (G1 = Low)
(INP don’t care)
Bypass FET is ON (G2 = High)

SHUTDOWN
MODE

EN/UVLO = Low
Main FET is OFF (G1 = Low)

EN/UVLO = High
LPM = Low (> 500 ps)

EN/UVLO = Low

Bypass FET is OFF (G2 = Low) LPM = Low
WAKE = High WAKE = High
All Protections

available

& 7-12. TPS12130-Q1 REHE

If ILOAD > ILWU (Load Wakeup Threshold),
then LOAD WAKEUP Detected
(Internal Trigger)

22
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7.4.2 REEHHFH

\%
A
Voo | o
EN/UVLO pulled LOW to HIGH
EN/UVLO Externally
V@ST-SRC OFF) | — — — b — — e P — — — —— — — —p——— — — — — —
VestsrRe Oy ff === === — e m e o e el e =T
V(BST-SRC)
VEsTwWoR) f—— = — - —— - — -t L Vestonon
INP
_— TPS1213-Q1 waits for LPM| —
LPM Trigger to T:v:r:sitigL to | LPM pulled LOW to HIGH
Active Mode Externally
BYPASS FET 50—
(QS) V(G2_coob)
VGS = V(e2) - V(skrc) Va(rH)
Main FET  Vio o W T s O Rt
VGS = V(a1pru) - V(src) pulled HIGH Externally
—
<>
S~ te2(WAKE_LWU)
— tG1(WAKE_LWU)
INRUSH |~ == "4 === === = —— e — /
lload o - b 1 ,,,,,,, -
Vdrop
Vourt
“«_  _» T - >="=7"7"7"""—"=
< >
Output Bulk
Capacitor Charging
WAKE WAKE pin pulled
HIGH to LOW internally
-_——————- - —_-—_- - - - ————— — — — - — -t
e e propaiioy o002 52 s e cre [ 2T 2077
POWER DOWN SHUTDOWN Main (G1) ACTIVE MODE
MODE MODE LOW POWER MODE (LPM) Transition LOAD WAKEUP (AM)

& 7-13. 5 SRR S PR S B P B
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LPM pulled LOW to HIGH
Externally

Main FET is ON in Active Mode only
if INP is pulled HIGH Externally

—p tG2(WAKE_LP
— {G1(WAKE

=

_LPM)

WAKE pin pulled
HIGH to LOW internally

\%
A
Voo | S
EN/UVLO pulled LOW to HIGH
EN/UVLO E:t:mally °

VstsrRe OFF)| _ _ 1

VEsTsRe ON) [F == === === —————t - == Tl ____T

V(BST-SRC)

Vestowor f—m—bo e L NESTOMORY

INP

LPM

BYPASS FET > 00— 3
(Q3) V(62_600D)|— — — e ,,,,,,,,,,Z!UEK ,,,,,,,
VGS =V2) - V(srRe) Ve - oo _ i
Main FET V(e1_coop) 7V Typ
VGS = V(G1pru) - V(sro)
> -
>
INRUSH| === 4= === === = — e — - — —— -
lLoad |yl m o d e | IS | S
Vour
Output Bulk
Capacitor Charging
WAKE

Bypass (G2) and
Main FET (G1) OFF
POWER DOWN

Bypass (G2) and Bypass

Main FET (G1) OFF Bypass FET (G2) ON (ég) o
SHUTDOWN Main FET (G1) OFF Main (G1)
MODE LOW POWER MODE (LPM) Transition

Bypass FET (G2) OFF
Main FET (G1) ON
ACTIVE MODE (AM)

&l 7-14. B% LPM fil R 22 PR bt 7 B

t

&
R
)q.

24
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\
A
LPM
INP
T T T T _—> rg—
> 10 ps 4—//
WAKE
Main FET V(61_600D)
VGS = V(c1prD) - V(SRC)
Bypass FET V(G2_coob) /
VGS = V(2 - V(sre) /
O -t
-

tG2_ON(PV) ~4—
\> tc1_oFr@TPM)

Main (G1) to
Bypass FET (G2) is OFF | Bypass (G2) Bypass FET (G2) is ON
Main FET (G1) is ON FET Main FET (G1) is OFF
Transition

&l 7-15. N\ TR NRIIFEAE LPM AT INP {55 1 R HE R H W
7.4.3 B

M VS HUEIET Vivs_pore) » WA FAIRES . TESHER T | AR P RS A
IR ( G1PD A1 G2 ) ERR{E T

7.4.4 XBrHERC

VS > Viys porry Il ENJUVLO i % < Vienr) I , BFHHEAT Ig KW, 7EZBRT | M A iTe (R
REERSBEAEIT. ARSI ( GIPD A1 G2 ) HSRMEHIT . 7ELBIR T, a8 PR AT g KL , 9 10 A
(MR )

© MR AF B ERTFER

B\ ST A e BARIIFE RIS |, 15K ENJUVLO BRE AT HLY (> Vienry) , [FIIE LPM SRS AR H T RRAE
500us.
© MRWIERFEHRE TR :

B F MRS e 2 TR | 1 R EN/UVLO A1 LPM #53R3h Jyimi H°F
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7.4.5 RIyFEHEC

% EN/UVLO #3K5h M HF (> Venr)) HHL RN LPM 48R3 A P e 1) i 500us B, 381K MG I 8 X
AN I AERRE

2 LPM ey EAR AP, 380t AT U TAR R ORI FeE R . M TR R ARSI |, 7T DL
7-15 BTk LPM AT INP {5 5 R4l E 0. 78 LPM Z 30K INP S 2% F 4 S50 FET ( G1 MZEKE)
2% ) b, TS PRUESS I FET (G2 MHRIREhES ) JF@ 2 Ak th s R Z I N %, 78 LPM g B F £ /0
10us Jriks INP Hir K P, AT SZEl A TARE R B Th A R TE a2 e e | 17N 2t EOAE o i o oL P R %

EMWH RN & )8 A BEAEANRIRsh . EHIRET , & FET ( G1 WHMEIKzI2S ) B, 528 FET ( G2 M3z
%) JFiE , WAKE B8 A Fa k. IRIhFERR T |, TPS12130-Q1 HA KM Ig WH#E , v 35pA ( 7
f8) .

FEULNEOLT , #efh o MRIFERE U oy TARR A

o AAERflRAS © LPM AR B A v T
W ER AR A« R AR A 4 VR A B B A R s A (Iowu)

BRI MR A (lbwu) 5, st A Bkl 55 # FET (G2 MHkSKshas ) @ E FET ((G1 MR K
et ), JFH WAKE 2 BN RHTA R MRDIFER R H

BN LPM (5 548y i o P U B TAEREX
RDFERE T B AT Ry Dh e R4

* I\ UVLO : %4 ENJUVLO LR ZEKT Vigyior) H FLT BMRHCSPA RN |, 558 FET ( G2 MKz
) K.

+ W% UVLO @ %4 BST Ml SRC Z M HUEMELT Vigst uvior) H FLT BOMARHIFA 2 |, 578 FET ( G2
DI EBIPS

o EEEORA - ARAEARDIRERE T R A M AR T, Rl i S B T e G T 55 FET ( G2 MR IRE)
a5 ) T E FET (G MARENEs ) LA SR HRTIAEEA . EREmMBRE T , Wk CS+ M1 CS - L
J R U B (R B BB (Vscpwu) o UE FET ( G MHRERBN#S ) F4 G H FLT BOMIRHFA 2. ARIERCE
JE B HAF T B B E a8

7.4.6 TIEH=

24 EN/UVLO A1 LPM RIS 38580 i LTI, 8542 ELHE G ITRE U e 81 TARRE

TPS12130-Q1 @if BA 1757 AR DAL U e 21 T AR

o SMERARES ¢ MANEKE LPM BRED T
PER A ACES © 4 R AU L SRR B (Ibwyy J5 , TPS12130-Q1 2 F 30K 55 FET (G2 M IKE)
@) o TEFERME MK LPM SKa) A w T LAY e ) TR K.

EMERE R N 2 8 F AT 22 . A BR Sl 28 AN T A AR 4P Shfg o G820 i INP SRS A ey B~ B Ha P A LT3 55 5%
T FET ( G1 MiHIksh#% ) |, MRS |, 558 FET ( G2 MUKzl ) S5l , WAKE 51 I B K B P %5

% LPM B 2SR | 30418 AR I AR D FERL R
TARRZE AT RS D REREE

* I\ UVLO : %4 EN/UVLO EIHIEREZEMNT Vigvior) H FLT BMRHCPA RN |, £ FET ( G1 M IRz0% )
« WA UVLO @ ¥4 BST Ml SRC Z M HUEEEALT Vigst uvior) H FLT BMARHCFA R |, £ FET ( G1
PRBREN & ) KT
© FLERORY 2 CS+ A1 CS - ZIR] ) i 5 R AL UAE (Vscpiowu) 5 5 FET (G MIHRERS % ) %
Wro ssfFos i Pk Bk B s e AR, H FLT EOVRE-FA 2.
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8 N L
&iE

PAR SRR 2 R M5 BB T T1 3RS Ya R, T AR ER AR R e B . TI & A 5T e
s R TSR TR . P RIS F IR B, AR R G T RE

8.1 MR

TPS12130-Q1 &K B A R FUZ W ThRER 45V Ik g B REmMIBRBh s . 1Zasfh B 3.5V & 40V 1% LAEE &
S B DA S 4 1 B 38 e 0 Th B8 RN R BSR4 T RE S IR THAEAR S, IEH T 12V B R A Wit . iZgs k] LUK
RZ - 40V 15 H I L R4 97 38 e 520X 28 HiL T AR 52

AR DA Bt AR, AR R RIE R SRR TR
8.2 JWAINH 1 : fEH B3I T BB Th RERIRB) i (it (PAAT) 1138

Q3
Ravyrass rﬁ Low Power Path
¢ Q2 l_-
1Yl
Q1
VBATT ) H_J 8 ) Main Path| VOUT
11T
"1
| TCBST Vee
CS+ G1PU G1PD SRC BST G2 CSs- R+
— Rs
VS FLT
EN/UVLO
Vce
R4
ON|[OFF — INP TPS12130-Q1 R»
— — o0 WAKE i
Active | LPM LPM
ISCP/LWU TMR SCP_TEST CS_SEL GND

R é _—J_LCTMR _L_ _L_ _l_
ISCP p— p— -

& 8-1. 3&EF T F B 3h 3R M BE T Re R IR Bh BT 4 L (PAAT) F A TPS12130-Q1 B HL %
8.2.1 i/ ZER
% 8-1. ®WitsH

24 i}
BIVRAHIES | Veart min 2 VBaTT mAx 8V = 16V
RIEBE WE AL, VinuvLo 6.5V
RRGEAR | lour 40A
FER DR E | Isc 100A
T R (tsc) 50us
AR 3 H3h H ik
AR BE | o 50mA
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8.2.2 AR FE

#7#E MOSFET Q; 71 Q;

1 MOSFET Qq Ml Qp it , B E A S HEFE B R FF LI Ips BRINIER R Vpgmax)s BRI L
Vasmax) P IRIE 58 L Rpsone

B R FFERINR FLIAT Ip B0URE A A6 R I e KRR T BT -

BRIRIR S Vpsgvaxy LAURH e, DMEARSE BLH] o BT W fe e U . 28 HE S R P 2 e v B LR 9 35V,
K% W ik 5 Vps BE HLE N 40V 1) MOSFET.

TPS12130-Q1 A/ BREN I K Vs N 11V, Bl ik £ Vgs S/NEM N 15V ) MOSFET.
N T BEK MOSFET il fii#E , G FEE1ER Rpson)e
MRIE VTSR | TR BUK7J1R4-40H |, HHL R0 -

40V VDS(MAX) Hl £20V VGS(MAX)
* f£ 10Vgs It , Rpg(on) HIHLALE N 1.06m Q

TI U ORFTER 25 A (IR Viy B Ige ) AL T-Fik FET ( Qq 1 Qg ) HJ SOA JEHEIW |, #ifR KT tsc €M .

LFEE#HE55F Cast

P LR A DA R Z) 345 1 A O HLRNANES B 26 25 8 (I RE7E BST Ml SRC 5z 8] ) 78 H . R T ARITHE
IREH AN B BUK7J1R4-40H MOSFET FF B 11 [ 2% F 24 & /ME.

Cpsr = 849D _ 5 » 730F = 146 nF (12)
PRI AL AT FIRRHEAE < 150nF , 10%.

SHEB (RS W2 TR - Risce 42
Risce FIT B BLALE (RGP MU | T R LA F A

Isc X R — 19mV
Risce (9) = lsc x Rons = 19m0) (13)

N TR TR B B E DN 100A , I FET 19 Riscp THEEM A 16.5kQ .
e PR I v] AR HELE © 15.6kQ , 1%

XTI 25 SR T I FE — Crmr L2

KT A SRS T w6, SRV R R S RS 08 50 us. BEHFRIEIRE tge ( BTG A3 1F]FE Tog ) AT LB
£ TMR 5| B8 2 [BEF S E N R AL Crvr KR E . FHU N AR THE Cryr MEUMER tsc BE AN
50us:

80 pA X tgc
CrMR = ——17— (14)

MR I I ] AR MEME @ 3.3nF | 10%.
TMR 51 AT R R LA tgo < 10 s FRYERIE A B

28 R 15 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS71213-Q1
English Data Sheet: SLUSF08


https://www.ti.com.cn/product/cn/tps1213-q1?qgpn=tps1213-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSQQ3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQQ3A&partnum=TPS1213-Q1
https://www.ti.com.cn/product/cn/tps1213-q1?qgpn=tps1213-q1
https://www.ti.com/lit/pdf/SLUSF08

13 TEXAS
INSTRUMENTS

TPS1213-Q1

www.ti.com.cn ZHCSQQ3A - MARCH 2024 - REVISED SEPTEMBER 2024

XI5 B P B /T2 — Rpypass 77 Q3 2
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2. (ENME KB EH AT MR FET 432 A8 52 4% Hil I VR T H AL 0 5

3. PRRA AL B R AR SR WTIR S TSI SR Th

TIDA-020065 B 7F f& 7~ Wi &t X6 5y B L 7 80 7E R G i e dX e sl il . b iR B TPS12130-Q1 #8472 3K B IR

A TS FEBIFEERD , HAAERKORS P IRSME IR Z . AR INA296B3-Q1 2o {46 ) 7 % v i , Rtk
MSPMOL1306-Q1 7] LLZ 17 F T8 AF 1 12t Bk E AR 21T M.

36 R 15 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS71213-Q1
English Data Sheet: SLUSF08


https://www.ti.com/tool/TIDA-020065
https://www.ti.com/tool/TIDA-020065
https://www.ti.com.cn/product/cn/INA296B
https://www.ti.com.cn/product/cn/MSPM0L1306-Q1
https://www.ti.com.cn/product/cn/tps1213-q1?qgpn=tps1213-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSQQ3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQQ3A&partnum=TPS1213-Q1
https://www.ti.com.cn/product/cn/tps1213-q1?qgpn=tps1213-q1
https://www.ti.com/lit/pdf/SLUSF08

13 TEXAS

INSTRUMENTS TPS1213-Q1
www.ti.com.cn ZHCSQQ3A - MARCH 2024 - REVISED SEPTEMBER 2024
8.5 HLYFAH AN

2 HM8 MOSFET #£ INP #5# . IE SFORI S5 T ORWTIN |, Hin N\ aF 2E 2 e b 2 £ i A\ o 7 26 IR RIS R 17
A A R TR A A A R R R . RS ORUE (IBRAR ) AR AR I E ok T 5 AR N B Y e OB FLUR
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REEL DIMENSIONS TAPE DIMENSIONS
3 |<— KO [¢—P1-»

LR i g Lot g T

@ ® ol Bo W

v
Reel | |
Diameter
Cavity —>| A0 |<—

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
4 W | Overall width of the carrier tape

i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O O O O Sprocket Holes
| |
I I
Q1 : Q2 Q1 : Q2
A== t-——7--1- ‘
Q3 | Q4 Q3 I Q4 User Direction of Feed
[ 8 4 |
T T
X~
Pocket Quadrants
sap: ESESS WA 38 SsPQ B ﬁgﬁs\l 1 A0 BO KO P1 w Pin1
Eic EfZ (mm) (mm) (mm) (mm) (mm) (mm) (mm) £
TPS12130QDGXRQ1 | VSSOP DGX 19 5000 330.0 16.4 5.4 5.4 1.45 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

il HERR HERE M| SPQ | KE(mm) | FE(mm) | ®E(mm)
TPS12130QDGXRQ1 VSSOP DGX 19 5000 356.0 356.0 35.0
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i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 8-Nov-2025

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 ©)
@ ©)
PTPS12130QDGXRQ1 Active  Preproduction  VSSOP (DGX) | 19 5000 | LARGE T&R - Call TI Call Tl -40 to 125
PTPS12130QDGXRQ1.A Active  Preproduction  VSSOP (DGX) | 19 5000 | LARGE T&R - Call TI Call Tl -40 to 125
TPS12130QDGXRQ1 Active Production VSSOP (DGX) | 19 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1213
TPS12130QDGXRQ1.A Active Production VSSOP (DGX) | 19 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1213

@ 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—
L Regic oy Rogic e o T
o| |e o 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)
TPS12130QDGXRQ1 | VSSOP | DGX 19 5000 330.0 16.4 5.4 5.4 145 | 8.0 16.0 Q1
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i3 TExAs PACKAGE MATERIALS INFORMATION
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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)
TPS12130QDGXRQ1 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
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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

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
DGX0019A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

20X (1.45) SYMM
1 | 20
20X (0.3) |
(R0.05) TYP

oy

10 11
|
(4.4) ]
LAND PATTERN EXAMPLE
SCALE: 16X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING\ SOLDER MASK‘\ /OPENING

I
L \
0.05 MAX JL EXPOSED METAL 4 55 Ny JL EXPOSED METAL

ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

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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(18X 0.5)

(4.4)

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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