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4 Device Comparison

TPS12100-Q1 TPS12101-Q1
Input controls (INP1, INP2) Active High logic Active Low logic
5 Pin Configuration and Functions
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5-1. DGX Package, 19-Pin VSSOP (Top View)

# 5-1. Pin Functions

PIN
NAME NO.

TYPE(

DESCRIPTION

EN/UVLO 1 |

EN/UVLO Input. A voltage on this pin above 1.21V enables normal operation.
Forcing this pin below 0.3V shuts down the device reducing quiescent current to
approximately 1.6pA (typical). Optionally connect to the input supply through a
resistive divider to set the undervoltage lockout.

When EN/UVLO is left floating an internal pull down of 100nA pulls EN/UVLO
low and keeps the device in shutdown state.

INP2 2 |

Input Signal for external charge FET control. In TPS12100-Q1 drive INP2 high to
drive G2 high. Drive INP2 low to pull G2 low.

INP2 has an internal weak 100nA pulldown to GND to keep G2 pulled low to
SRC when INP2 is left floating.

In TPS12101-Q1 drive INP2 low to drive G2 high. Drive INP2 high to pull G2 low.
INP2 has an internal weak pulldown of 100nA to GND to keep G2 high when
INP2 is left floating.

INP1 3 |

Input Signal for external charge FET control. In TPS12100-Q1 drive INP1 high to
drive G1PU high. Drive INP1 low to pull G1PD low. INP1 has an internal weak
pulldown of 100nA to GND to keep G1PD pulled to SRC when INP1 is left
floating.

In TPS12101-Q1, drive INP1 low to drive G1PU high. Drive INP1 high to pull
G1PD low. INP1 has an internal weak pull down of 100nA to GND to keep G1PU
high when INP1 is left floating.

N.C 4 —

No connect.
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# 5-1. Pin Functions (%i¥)

PIN
TYPE(") DESCRIPTION

NAME NO.

Open Drain Fault Output. This pin asserts low during short-circuit fault, charge

FLT 5 (0] pump UVLO, input UVLO and during SCP comparator diagnosis. If FLT feature
is not desired then connect it to GND.

GND 6 G Connect GND to system ground.

Current sense select input. Connect this pin to ground to activate high side

CS_SEL 7 | current sense. Drive this pin to >2V to activate low side current sensing.
CS_SEL has an internal weak pull down of 100nA to GND.

Short-circuit detection setting. A resistor across ISCP to GND sets the short

ISCP 8 | circuit current comparator threshold.

If short-circuit protection feature is not desired then connect CS+, CS—, VS pins
together and connect ISCP, TMR pins to GND.

Fault Timer Input. A capacitor across TMR pin to GND sets the delay time for
short-circuit fault turn-off.

TMR 9 | Leave this pin open for fastest response setting. If short-circuit protection feature
is not desired then connect CS+, CS—, VS pins together and connect ISCP, TMR
pins to GND.

Internal short-circuit comparator (SCP) diagnosis input.
When SCP_TEST is driven low to high with INP1 pulled high, the internal SCP
comparator operation is checked. FLT goes low and G1PD gets pulled to SRC if

SCP_TEST 10 I SCP comparator is functional.

Connect SCP_TEST pin to GND if this feature is not desired.
SCP_TEST has an internal weak pulldown of 100nA to GND.

G2 11 o Charging FET gate drive output. This pin has 1.69A peak source and 2A sink
capacity. Leave the G2 pin floating if the G2 drive functionality is unused.

BST 12 o High Side Bootstrapped Supply. An external capacitor with a minimum value of >
Qg(tot) Of the external FET must be connected between this pin and SRC.

SRC 13 O Source connection of the external FET.

G1PD 14 o High Current Gate Driver Pull-Down. This pin pulls down to SRC. For the fastest
turn-off, tie this pin directly to the gate of the external high side MOSFET.

High Current Gate Driver Pull-Up. This pin pulls up to BST. Connect this pin to

G1PU 15 o G1PD for maximum gate drive transition speed. A resistor can be connected
between this pin and the gate of the external MOSFET to control the in-rush
current during turn-on.

CS- 17 | Current sense negative input.

CS+ 18 | Current sense positive input.

N.C 19 — No connect.

VS 20 P Supply pin of the controller.

(1) 1 =input, O = output, I/O = input and output, P = power, G = ground
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
VS, CS+, CS—to GND —40 45
SRC to GND —40 45
G1PU, G1PD, G2, BST to SRC -0.3 19
Input Pins ISCP, TMR, SCP_TEST to GND -0.3 55 v
EN/UVLO, INP1, INP2, CS_SEL, V(g >0V -1 45
EN/UVLO, INP1, INP2, CS_SEL, Viy5)<0V Vivs) (40 + V(ys))
CS+to CS- -1 45 Vv
FLT to GND -1 20 \
Sink current e 19 mA
lics+), lics—), Tmsec -100 100 mA
Output Pins G1PU, G1PD, G2, BST to GND -40 60 \Y
Operating junction temperature, T; @) —40 150 c
Storage temperature, Tgg -55 150

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.

6.2 ESD Ratings

VALUE | UNIT
Human body model (HBM), per AEC Q100-002(1) +2000
- Corner pins (EN/UVLO, VS,
Vesp) |Electrostatic discharge Charged device model (CDM), per SCP_TEST, (G2) 1750 \Y
AEC Q100-011
Other pins +500

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)(")

MIN NOM MAX| UNIT
VS to GND 35 40
Input Pins | Minimum voltage on VS pin for Short Circuit Protection 4 \%
EN/UVLO, INP1, INP2 to GND 0 40
QUL 1 FIT to GND 0 15| v
External VS, SRC to GND 22 nF
Capacitor |BST to SRC 0.1 uF
Tj Operating Junction temperature(?) —40 150 °C

(1) Recommended Operating Conditions are conditions under which the device is intended to be functional. For specifications and test
conditions, see Electrical Characteristics.
(2)  High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.
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6.4 Thermal Information

TPS1210-Q1
THERMAL METRIC(") DGX UNIT
19 PINS
Rga Junction-to-ambient thermal resistance 92.3 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 28.6 °C/W
Ress Junction-to-board thermal resistance 47.5 °C/W
Wyr Junction-to-top characterization parameter 0.6 °C/W
Y Junction-to-board characterization parameter 47.2 °C/W

Q)
report.

6.5 Electrical Characteristics
TJ =-40 °C to +125°C. V(VS) =12 V, V(BST—SRC) =11V

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY VOLTAGE
'S Operating input voltage 3.5 40 \Y
V(s_PORR) Input supply POR threshold, rising 1.85 2.55 3.3 Vv
V(s_PORF) Input supply POR threshold, falling 1.71 2.33 3.05 Vv
l) Total System Quiescent current, lignp) | VENnUVLO) =2 V 35 45 A
Total System Quiescent current, I(GND) V(EN/UVLO) =2V,-40°C<T,;<+85°C 44 uA
I(SHDN) SHDN current, I(GND) V(EN/UVLO) =0V, V(SRC) =0V 0.86 3.3 |JA
lvs) leakage current during Reverse _
IREV) F(>0I;rity Vivs)=—40V 11 13 23| pA
ENABLE, UNDERVOLTAGE LOCKOUT (EN/UVLO), SHORT CIRCUIT COMPARATOR TEST (SCP_TEST) INPUT
V(uvLoR) UVLO threshold voltage, rising 1.176 1.23 1.287 Vv
V(uvLOF) UVLO threshold voltage, falling 1.09 1.138 1.184 \Y
Vv Enable threshold voltage for low Iq 1 Vv
(ENR) shutdown, rising
Enable threshold voltage for low Iq
Vienr) shutdown, falling 0.3 v
I(EN/UVLO) Enable input Ieakage current V(EN/UVLO) =12V 170 310 nA
V(scP_TEST H) SCP test mode rising threshold 2 Vv
V(scP_TEST L) SCP test mode falling threshold 0.8 \Y
Iiscp_TEsT) SCP_TEST input leakage current 90 700 nA
CHARGE PUMP (BST-SRC)
I(BST) Charge Pump Supply current V(BST —-SRC) = 10V, V(EN/UVLO) =2V 190 345 466 A
V _ UVLO voltage threshold,
V(BST UVLOR) rié?r?; SRC) 9 VEnuvioy=2V 8.1 9 9.9 vV
V _ UVLO voltage threshold,
V(BST_UVLOF) fa(IIBiiTg SRC) 9 VEnuvioy=2V 7.31 8.2 8.9 Y,
V(BST—SRC_ON) Charge Pump Turn ON voltage V(EN/UVLO) =2V 9.3 10.3 11.4 Vv
V(BST*SRC_OFF) Charge Pump Turn OFF voltage V(EN/UVLO) =2V 10.4 11.6 12.8 Vv
V(BST—SRC) Charge Pump Voltage at V(VS) =35V V(EN/UVLO) =2V 9.1 10.5 11.6 \Y
I(SRC) SRC pin Ieakage current V(EN/UVLO) =2V, V(|Np1) = V(|Np2) =0V 0.4 uA
GATE DRIVER OUTPUTS (G1PU, G1PD, G2)
V(c1_coop) G1 Good rising threshold 5.5 7 8.3 \Y
lg1pu) Peak Source Current 1.69 A
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6.5 Electrical Characteristics (¥tX)
T, =-40 °C to +125°C. V(VS) =12V, V(BST—SRC) =11V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
l(G1PD) Peak Sink Current 2 A
lc2) G2 Peak Source Current 1.69 A
lc2) G2 Peak Sink Current 2 A
SHORT CIRCUIT PROTECTION (ISCP)
Iscp SCP Input Bias current 8.4 10 12.33 UA
Riscp) = 140.5 kQ 300 mV
Ruscpy = 28 kQ 60 75 90.5| mV
V(scp) SCP threshold Rgscpy = 10.5kQ 32 40 489 mV
Riscp) = 500 Q 15 20 25| mV
Rqscp) = Open 757 mV
. ‘ Vscpy = 1.405 V 283 300 316 mV
Viscr) fgtzg”;rgihgg;" ';:‘ne"tema' bias Vscr) = 280 mV 68.7 75 825| mv
V(scpy = 105 mV 345 40 46.5| mVv
DELAY TIMER (TMR)
ITMR_SRc_cB) TMR source current 67 87 104 uA
I(TMR_SRC_FLT) TMR source current 14 2.73 3.8 uA
I(TMR_SNK) TMR sink current 217 2.8 3.4 A
V(TMR_sc) 0.93 1.1 1.2 \Y
V(rmRr_Low) 0.15 0.21 0.25 \Y
N(a-R Count) 32
INPUT CONTROLS (INP1, INP2), CURRENT SENSE SELECT (CS_SEL) & FAULT FLAG (FLT)
RFm FLT Pull-down resistance 53 83 107 Q
lFrm) FLT Input leakage current OVsVem=s20V 410 nA
Vane1_H), ViNP2_H) ol v
Vane1_L), Vinez_L) 0.8 \Y
lanp1), laNP2) INP Input leakage current 98 206 nA
Vies SEL H) g;;?nEL threshold for low side 5 vV
¢}
Vies SEL L) sCeSn_SiSnIZL threshold for high side 08 Vv
6.6 Switching Characteristics
Ty =-40°C to +125°C. Viv5)= 12V, VigsT_sr) = 11 V
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
te1Pu(NP_H) INP1 Turn ON propogation Delay INP1 1 to G1PU 1, C_=47nF 0.19 1.53 us
taoNP2_H) INP2 Turn ON propogation Delay INP2 T toG2 T, C_=47nF 2.7 4.5 6.7 us
te1PDONP_L) INP1Turn OFF propogation Delay INP1 | toGIPD |,C_=47nF 0.29 0.85 us
te2nP2 L) INP2 Turn OFF propogation Delay INP2 | to G2 |,C_ =47nF 2.7 4.4 6.79 us
tPDEN_OFF) EN Turn OFF Propogation Delay EN | toGIPD |,C =47nF 2.2 4.6 6 us
tPpUVLO_OFF) UVLO Turn OFF Propogation Delay g\il;onFl toG1PD | andFLT |, C 2.8 4.2 6 us
tse Hard Shqrt-circuit protection Vics+—cs-) T Viscpyto G1PD |, CL = 4 us
propogation delay 47 nF, C(tmr) = Open
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6.6 Switching Characteristics (ftX)
T, =-40 °C to +125°C. V(VS) =12V, V(BST—SRC) =11V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Short-circuit protection propogation
tsc_pus delay during power up with output Ctmr = Open 10 us
short circuit
Fiscp ISCP Pulse current frequency 1.18 kHz

6.7 Typical Characteristics
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0 @ — 150°C
0 10 20 30 40 = 30
Supply Voltage (V) "§ 0 10 20 30 40

Supply Voltage (V)

6-1. Shutdown Supply Current vs Supply Voltage
6-2. Operating Quiescent Current in Active Mode vs Supply
Voltage

800 1.5
-40°C — |sT) Loading at V(ys) = 12 V and VenuviLoy = 0 V
25°C — lgsT) Loading at V(ys) = 0 V and Venuvio) = 2 V

1.4

@
(=}
o

13

> 1.2

Charge Pump Current (pA)
I~ S
o o
o o
BST Loading, ligsT) Current (uA)

11 _—

0 1
0 1 2 3 4 5 6 7 8 9 10 -50 0 50 100 150
Charge Pump Voltage (V) Temperature (°C)

V(BST) =15V V(SRC) =0V

6-3. Charge Pump Current vs Charge Pump Voltage 6-4. BST Loading Current (IgsT)) vs Temperature

Copyright © 2025 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS PE) #55F 9

Product Folder Links: TPS1210-Q1
English Data Sheet: SLUSEZ2


https://www.ti.com/jp
https://www.ti.com/product/jp/tps1210-q1?qgpn=tps1210-q1
https://www.ti.com/jp/lit/pdf/JAJSOQ1
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSOQ1A&partnum=TPS1210-Q1
https://www.ti.com/product/jp/tps1210-q1?qgpn=tps1210-q1
https://www.ti.com/lit/pdf/SLUSEZ2

TPS1210-Q1
JAJSOQ1A — OCTOBER 2023 — REVISED DECEMBER 2024

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

6.7 Typical Characteristics (continued)

-
o

e V(BSTﬁUVLOR) Rising Threshold
— V(ssT_uvLoF) Falling Threshold
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6-5. Charge Pump UVLO Thresholds vs Temperature
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6-6. Short-Circuit Threshold (V(scp)) vs Temperature

2
n
2
7 1.8 T
[
a ]
c
2 16
©
j2}
o
Q
o
a 14
5
£ 12
o
=
@)
1
-50 0 50 100 150

Temperature (°C)

6-7. Short Circuit Protection Response Time (tsc) vs

4
— V(VSfPORR) Rising Threshold
— V(vs_porF) Falling Threshold

Input Supply POR Thresholds (V)
N

-50 0 50 100 150
Temperature (°C)

6-8. Input Supply POR Thresholds vs Temperature
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6-9. Input Supply UVLO Thresholds vs Temperature
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7 Parameter Measurement Information

V(cs+)=V(cs-)

V(sns_scp) + 0.02 V
0 V4Z e —— e e —— -

V(G1rD)

V(s1pPD)— V(sRc)
L

T 1V
e
——tsc——m
% V(INP1_H) /
S /
oV S
g
aQ V(G1pu)
>
1N
2 5V
o
> 0 Ve——— e — — — — — — — — — — — —— — — — — — —a—
tc1PUINP1_H)

V(INP1)

VV(lNPw,L;

R

g

(2 V(c1pPD)

T

g

Q

> e I

te1PD(INP1_L)
B 7-1. Timing Waveforms
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8 Detailed Description
8.1 Overview

The TPS1210x-Q1 family is a 45-V, low 1Q, smart high side driver with protection and diagnostics. With wide
operating voltage range of 3.5 V — 40 V, the device is designed for 12-V, system designs. The device can
withstand and protect the loads from negative supply voltages down to —40 V.

The device has two strong (2-A) GATE drivers with separate control inputs (INP1, INP2) to drive back-to-back
MOSFETs in common source configuration. Strong GATE driving enables power switching using parallel FETs in
high current system designs. TPS12100-Q1 has active high control inputs and TPS12101-Q1 has active low

control inputs.

The device provides configurable short-circuit protection using ISCP and TMR pins for adjusting the threshold
and response time respectively. Auto-retry and latch-off fault behavior can be configured. With TPS1210x-Q1,
current sensing an be done either by an external sense resistor or by MOSFET VDS sensing. High side or low
side current sense resistor configuration is possible by using CS_SEL pin input. Diagnosis of the integrated short
circuit comparator is possible using external control on SCP_TEST input.

The device indicates fault (FLT) on open drain output during short circuit, charge pump undervoltage, and input
undervoltage conditions.

Low Quiescent Current of 35 pA in operation enables always ON system designs. Quiescent current reduces to
1.5 PA (typical) with EN/UVLO low.

8.2 Functional Block Diagram

R
VBATT Rons s Y P vour

vs L Jdcs+ lcs- BST | G1PULG sre L, G2
L LJ L
) : G1PD  SRC 24 T 2A 169A
- Aal -LI_TT AT
+ nternal EN
27V _‘l Regulators
24V
— VDS VGS I I
POR *VINT Comparator Comparatol
G1_ON/OFF G2_ONIOFF
Y TL EN o G1_ON/OFF
1V
avel |—»-G2_ON/OFF
03Vy CP (11V)
L _ - FLT Y s
enuvio [ ) VLo | n
1.21 VA_ _ 345 uA
1.13 v* Gate - VDS, VGS Fault logic *
|NP1|: ]— Driver
2v A TL control A EN
[l I N | — —_
08V Y logic | FT
VINT Charge pump -t BST
|NP2I: ]T+ +_|l B0UA2.2UA e a enable logic sre FLT 700
OB *— > VINT [
> (<>
Y e 2z g Tesizn0nr
° e SRC Protection Logic -
L J -
TMR L ISCP | SCP_TEST CS_SEL GND
CTMRl Rscp
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8.3 Feature Description

8.3.1 Charge Pump and Gate Driver Output (VS, G1PU, G1PD, G2, BST, SRC)

8-1 shows a simplified diagram of the charge pump and gate driver circuit implementation. The device houses
two strong 1.69-A/2-A peak source/sink gate drivers enabling paralleling of FETs in high power system designs
ensuring minimum transition time in saturation region. A 11-V, 345-yA charge pump is derived from VS terminal
and charges the external boot-strap capacitor, Cggt that is placed across the gate driver (BST and SRC).

VS is the supply pin to the controller. With VS applied and EN/UVLO pulled high, the charge pump turns ON and
charges the Cggt capacitor. After the voltage across Cgst crosses Vigst yvLor), the GATE driver section is
activated. The device has a 1-V (typical) UVLO hysteresis to ensure chattering less performance during initial
GATE turn ON. Choose Cggt based on the external FET Qg and allowed dip during FET turn-ON. The charge
pump remains enabled until the BST to SRC voltage reaches 11.8 V, typically, at which point the charge pump is
disabled decreasing the current draw on the VS pin. The charge pump remains disabled until the BST to SRC
voltage discharges to 10 V typically at which point the charge pump is enabled. The voltage between BST and
SRC continue to charge and discharge between 11.8 V and 10 V as shown in the [X] 8-2.

VS

cs+ _L12 v
To

current Rsns

sensing <

CS- A —

Charge
pump (11 V)

Vaux

V(BST - SRC)
11.8 Vi *D1
10V ¥ BST
—I CesT[
| ' ciey| &
INP1 ,J GIPD[
&*_}’ Gate !-1 2A
08VVYW Drive SRC
INP2 Cl-ontrol )
+ ogic H
2vA | ",_‘l 2A
08V G2
v Lo |_T
J lqj .69 A Q2
TPS1210x-Q1 BST Rl
8-1. Gate Drivers
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| | I |
ov | | [ |
| | I |
| I |
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| I |
| I |
|
|
|

V/(BST-SRC_ON)
V(8ST-SRC)

V/(BST_UVLOR)

INTERNAL GATE
DRIVER ENABLE

8-2. Charge Pump Operation
Use the following equation to calculate the initial gate driver enable delay:

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

Where,
Cgst is the charge pump capacitance connected across BST and SRC pins.
V(BST_UVLOR) =95V (maximum).

If Tory_en Must be reduced then pre-bias BST terminal externally using an external Vayx supply through a low
leakage diode D4 as shown in . With this connection, Tpry gn reduces to 400 ps. TPS12100-Q1 application
circuit with external supply to BST is shown in [%] 8-3.
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Rsns
VBATT q‘ﬁ VOUT
o Bl - 11
Cast *D1
12V '_"_l lb—|}—T— ———|—1 Vaux
CS+ CS- G1PU G1PD SRC BST G2
L S
Vece
ON|oFF—{ENUVLO ~ TPS12100-Q1 _ %R‘
FLT
ON |OFF —| INP1
ON |OFF—{INP2
SCP_TE TMR GND

|||—

ST ISCP CS_SEL
L
JT_ ERSCP —_l__CTMR JT_

8-3. TPS12100-Q1 Application Circuit With External Supply to BST

a3

Vaux can be supplied by external regulated supply ranging between 8 V and 18 V.

8.3.2 Capacitive Load Driving Using FET Gate (G1PU, G1PD) Slew Rate Control

For limiting inrush current during turn-ON of the external FET (Q1) with capacitive loads, use R4, Ry, Cq as
shown in [X| 8-4. The R4 and C4 components slow down the voltage ramp rate at the gate of Q1 FET. The FET
source follows the gate voltage resulting in a controlled voltage ramp across the output capacitors.

Q1

lNﬂ Level Shifter

0T _TU_‘
!

TPS1210x-Q1 $

vy

||=A
i)

Rioap CLoap

8-4. Inrush Current Limiting Using G1 Gate Drive

Use the X 2 to calculate the inrush current during turn-ON of the FET.

VBATT
INRUSH = CLOAD X 0 o2 (2)
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_ 0.63 X V(gsT — SRC) X CLOAD
€1= R1 X TINRUSH )
Where,

CLoap is the load capacitance.
VBATT is the input voltage and Tcharge is the charge time.
V(BsT-src) is the charge pump voltage (11 V),

Use a damping resistor R, (approximately 10 Q) in series with C4. =\ 3 can be used to compute required C4
value for a target inrush current. A 100-kQ resistor for Ry can be a good starting point for calculations.

Connecting G1PD pin of TPS1210x-Q1 directly to the gate of the Q1 FET ensures fast turn-OFF without any
impact of R4 and C4 components.

C, results in an additional loading on Cggt to charge during turn-ON. Use below equation to calculate the
required Cggt Vvalue:

Qg(total)
AVpsT

CgsT = + 10 x Cq (4)

Where,

Qqtotal) is the total gate charge of the FET,

AVpst (1V typical) is the ripple voltage across BST to SRC pins.
8.3.3 Short-Circuit Protection

The TPS1210x-Q1 feature adjustable short-circuit protection. The threshold and response time can be adjusted
using Rgcp resistor and Ctyr capacitor respectively. The device senses the voltage across CS+ and CS- pins.

These pins can be connected across an external high and low side current sense resistor (Rgng) or across the
FET drain and source terminals for FET RDSON sensing as shown in [ 8-5, [] 8-6 and [X] 8-7 respectively.

Q2

Q1 Q2 Q1 VouT
VBATT Rsns VOUT VBATT
MWHSLIT N 1Y] -LE

= _c;sr - 12V T Cast
12v — '—| CS+ GIPU GIPD CS- SRCBST G2
CS+ CS- G1PU GIPD SRC BST G2 = Vs
Vs Vee
- ON [OFF — EN/UVLO R1
Vee TPS12100-Q1 _
ON [oFF _{ NP1 FLT
— TPS12100-Q1 Ri
ON |oFF— EN/UVLO . % ON]oFF— NP2
FLT
ON |oFF —{INP1
S NP2 SCP_TEST ISCP__TMR _CS_SEL GND
N | OFF—
J‘CYMR
SCP_TESTISCP  TMR CS_SEL GND — Rscr = =
— Rsce _-lJ_—_CTMR — = -

Eq 8-6. TPS12100-Q1 Application Circuit With

B 8-5. TPS12100-Q1 Application Circuit With MOSFET RDSON based Current Sensing

External Sense Resistor RSNS based High Side
Current Sensing
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VBATT fLH—L %PP_VOU;
L el ad
12V — CesT
VS G1PU G1PD SRC BST G2
EN/UVLO
Cs- Vee
Rsns
CS+ R1
— TPS12100-Q1 _
FLT E»
ONJorr TP
— INP2
ON | OFF
SCP_TEST ISCP TMR CS_SEL GND
J_ Rscp J—Cwm \/J;:c J_
= T _—[___ =
B 8-7. TPS12100-Q1 Application Circuit with External Sense Resistor RSNS based Low Side Current
Sensing

Set the short-circuit detection threshold using an external Rgcp resistor across ISCP and GND pins. Use 7\ 5 to
calculate the required Rgcp value:

Isc X Rgng — 19 mV
Rscp (Q)= (sc S ) ®)

Where,

Rsns is the current sense resistor value or the FET Rpgon value.

Isc is the desired short-circuit current level.

The short-circuit protection response is fastest with no Ctyyr cap connected across TMR and GND pins.

With the device powered ON and EN/UVLO, INP1 pulled high, During Q1 turn-ON, first VGS of external FET Q1
(G1 gate drive) is sensed by monitoring the voltage across G1PD to SRC. Once G1PD to SRC voltage raises
above V(g1_coop) threshold which ensures that the external FET is enhanced, then the SCP comparator output
is monitored. If the sensed voltage across CS+ and CS- exceeds the short-circuit set point (V(scp)), G1PD pulls
low to SRC and FLT asserts low. Subsequent events can be set either to be auto-retry or latch off as described
in following sections.

VGS of external FET (Q1) is only monitored when CS_SEL is pulled low. VGS of external FET (Q1) is not
monitored for low side current sensing.

pa
Short-circuit threshold can also be set by connecting external bias voltage on ISCP pin via buffer
instead of Rgcp resistor enabling system design with improved SCP threshold accuracy as mentioned
in electrical characteristics table. The external bias voltage to be forced on ISCP pin can be calculated
by below eqaution:

V(SCP_BIAS) in mV = Igc X Rgng X 5 - 95mV

8.3.3.1 Short-Circuit Protection With Auto-Retry

The Ctmr programs the short-circuit protection delay (tsc) and auto-retry time (treTry). After the voltage across
CS+ and CS- exceeds the set point, the Ctyr starts charging with 80-pA pullup current.

After Ctyr charges to Vitmr_sc), G1PD pulls low to SRC and FLT asserts low providing warning on impending
FET turn-OFF. Post this event, the auto-retry behavior starts. The Ctyr capacitor starts discharging with 2.5-uA
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pulldown current. After the voltage reaches V(tmr_Low) level, the capacitor starts charging with 2.2-uA pullup.
After 32 charging-discharging cycles of Ctyr the FET turns ON back and FLT de-asserts.

The device retry time (tgeTry) is based on Cryg for the first time as per = 7.

Use 3\ 6 to calculate the Cqyr capacitor to be connected across TMR and GND.

ITMR X tsc
CTMR = ——11 (6)

Where,
ITmr is internal pullup current of 80 pA.
tsc is the desired short-circuit response time.

Leave TMR floating for fastest short-circuit response time.

tRETRY = 22.7 X 106 X CTMR (7)

If the short-circuit pulse duration is below tgc then the FET remains ON and Ctyr gets discharged using internal
pulldown switch.

Isc ]

VINT

80 pA
12.2 uA

D -

I_LOAD

VTMR

O Truise
0A

V(TMR_sc)

—tsc = Tcs

V/(TMR_LOW) A
11

\cc

32nd

i3

FLT

TPS1210-Q1

ov

12V

FET
VGS

'A%

Eq 8-8. Short-Circuit Protection With Auto-Retry
8.3.3.2 Short-Circuit Protection With Latch-Off

Connect an approximately 100-kQ resistor across Ctyr as shown in [¥] 8-9. With this resistor, during the

charging cycle, the voltage across Cryr gets clamped to a level below V(tyr_sc) resulting in a latch-off behavior
and FLT asserts low at same time.

Use X 8 to calculate Ctyr capacitor to be connected between TMR and GND for Ryyr = 100 kQ.

18 BFHB T 57— N2 (ZE RSB EPE) #55
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CTMR = 'S¢ 8
TMR = (8)
1
RTMR X ln #
- RTMR X 80 pA
Where,

ITmr is internal pullup current of 80 pA.
tsc is the desired short-circuit response time.

Toggle INP or EN/UVLO (below Vgnr)) or power cycle VS below Vys porr) to reset the latch. At low edge, the
timer counter is reset and Cyyr is discharged. G1PU pulls up to BST when INP is pulled high.

A
... Isc
a
<
(e}
- O TruLse
0A
-
V(TMR_sC) tsc = Tea
T The resistor across TMR to GND prevents the VTMR to charge to upper threshold
o and the counter does not see next counts, resulting in FET to stay latch OFF
g1 i\ ——eeette ittt
80 pA =
2.2 A g V(TMR_LOW) A <
™
1st
TMR
|E Vce
100kQ S =+ -
2.5 pA oV
- - —TPS1210-Q1
12V
[9]
b
=lov
When INP is pulled low, the timer counter is reset
and TMR cap is discharged
o NG
Z " Starts a fresh
turn ON cycle

& 8-9. Short-Circuit Protection With Latch-Off

8.3.4 Undervoltage Protection (UVLO)

TPS1210x-Q1 has an accurate undervoltage protection (< £2%) using EN/UVLO pin providing robust protection.
Connect a resistor ladder as shown in [X| 8-10 for undervoltage protection threshold programming.

T —

R1<
EN/UVLO A
VL
L 121V A _[T LoD
Reg -
9 1.13VV

e TPS1210x-Q1

8-10. Programming Undervoltage Protection
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8.3.5 Reverse Polarity Protection

The TPS1210x-Q1 devices features integrated reverse polarity protection to protect the device from failing
during input and output reverse polarity faults. Reverse polarity faults occur during installation and maintenance
of the end equipments. The device is tolerant to reverse polarity voltages down to —45 V both on input and on
the output.

On the output side, the device can see transient negative voltages during regular operation due to output cable
harness inductance kickbacks when the switches are turned OFF. In such systems the output negative voltage
level is limited by the output side TVS or a diode.

8.3.6 Short-Circuit Protection Diagnosis (SCP_TEST)
In the safety critical designs, the short-circuit protection (SCP) feature and the diagnosis are important.

The TPS1210x-Q1 features the diagnosis of the internal short-circuit protection. When SCP_TEST is driven low
to high, then a voltage is applied internally across the SCP comparator inputs to simulate a short-circuit event.
The comparator output controls the gate drive (G1PU/G1PD) and also the FLT. If the gate drive goes low (with
initially being high) and FLT also goes low, then this action indicates that the SCP is good otherwise is to be
treated as the SCP feature is not functional.

If the SCP_TEST feature is not used, then connect SCP_TEST pin to GND.
8.3.7 TPS1210x-Q1 as a Simple Gate Driver

8-11 shows application schematics of TPS1210x-Q1 as a simple gate driver in load connect-disconnect
switch driving back-to-back FETs topology. The short-ciruit protection feature is disabled.

Q1 Q2

VBATT L_N_l R L_N_l vou;
T LT 1T
12 Vl lD—I TCBST

CS+ Cs- G1PU G1PD SRCBST G2
e VS

Vce

ON [OFF— EN/UVLO Ri
TPS12100-Q1 _
ON |OFF _{ NP1 FLT

ON | OFF—H INP2

SCP_TEST ISCP__GND _ CS_SEL _TMR
[ | | I

8-11. TPS12100-Q1 Application Circuit for Simple Gate Driver

8.4 Device Functional Modes
The TPS1210x-Q1 has two modes of operation. Active mode and low 1Q shutdown mode.

If the EN/UVLO pin voltage is greater than Vgng) rising threshold, then the device is in active mode. In active
state the internal charge pump is enabled, gate drivers, all the protection and diagnostic features are enabled.

If the EN/UVLO voltage is pulled below V gy, falling threshold, the device enters into low 1Q shutdown mode. In
this mode, the charge pump, gate drivers and all the protection features are disabled. The gate drive and
external FETs turn OFF. The TPS1210x-Q1 consumes low 1Q of 1.5 pA (typical) in this mode.
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9 Application and Implementation
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9.1 Application Information

The TPS1210x-Q1 family is a 45-V, low IQ, smart high side driver with protection and diagnostics. The
TPS1210x-Q1 device architecture is design to drive and control back-to-back N-Channel MOSFETs
independently in common source configuration with separate control inputs (INP1, INP2), which makes
TPS1210x-Q1 an excellent choice to realize circuit breaker in battery management system (BMS). The strong
(2-A) GATE drivers enable switching parallel MOSFETs in high current applications such as circuit breaker in
powertrain (DC/DC converter), driving loads in power distribution unit, circuit breaker in 12-V BMS, and so forth.

The TPS1210x-Q1 device provides configurable short-circuit protection using ISCP and TMR pins for adjusting
the threshold and response time respectively. Auto-retry and latch-off fault behavior can be configured. By using
CS+ and CS- pins, current sensing can be done either by an external sense resistor or by MOSFET VDS
sensing. High side or low side current sense resistor configuration is possible by using CS_SEL pin input. The
device also features diagnosis of the internal short circuit comparator using external control on SCP_TEST input.

The following design procedure can be used to select the supporting component values based on the application
requirement.

9.2 Typical Application: Circuit Breaker in Battery Management System (BMS) using Low Side
Current Sense

Q1 Q2
VBATT q_‘ ﬁﬂj VOU;
Yr - A S
R1 =
12V 4 CesT
VS G1PU G1PD SRC BST G2

EN/UVLO

p— Vee

cs-
R
Rens TPS12100-Q1 _ ’
cs+ FLT

=  ON|oFF —{INP1

ON|OFF —[INP2
SCP_TEST ISCP TMR CS_SEL GND

Lot Lok L

9-1. Typical Application Schematic: BMS Circuit Breaker With Low Side Current Sense
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9.2.1 Design Requirements
The following table shows the design parameters for this application example.

£ 9-1. Design Parameters

PARAMETER VALUE

Typical input voltage, V|y 12V
Undervoltage lockout set point, VINyy o 6.5V
Maximum load current, loyt 25A
Short-circuit protection threshold, Isc 40 A
Short-circuit protection delay (tsc) 1ms

Fault response Auto-retry

Current sensing Low-side

9.2.2 Detailed Design Procedure

Selection of Current Sense Resistor, Rsys

The recommended range of the overcurrent protection threshold voltage, V(scp), extends from 30 mV to 300 mV.
Values near the low threshold of 30 mV can be affected by the system noise. Values near the upper threshold of
300 mV can cause high power dissipation in the current sense resistor. To minimize both the concerns, 40 mV is
selected as the short-circuit protection threshold voltage. Use the following equation to calculate the current
sense resistor, Rgns.

V
Rons = — (9)

The next smaller available sense resistor 1 mQ, 1% is chosen.

To improve signal to noise ratio or for better short-circuit protection accuracy, higher short-circuit protection
threshold voltage, V(scp) can be selected.

Programming the Short-Circuit Protection Threshold — R scp Selection
The Rgcp sets the short-circuit protection threshold. Use the following equation to calculate the value.

Igc X R — 19mV
Rscp (.Q,) = Usc SgiA mV) (10)

To set 30-A as short-circuit protection threshold, Rgcp value is calculated to be 5.5 kQ.
Choose the closest available standard value: 5.3 kQ, 1%.

In case where large di/dt is involved, the system and layout parasitic inductances can generate large differential
signal voltages between CS+ and CS- pins. This action can trigger false short-circuit protection and nuisance
trips in the system. To overcome such scenario, Tl suggests to add placeholder for RC filter components across
sense resistor (Rgns) and tweak the values during test in the real system. The RC filter components should not
be used in current sense designs by MOSFET VDS sensing to avoid impact on the short-circuit protection
response.

Programming the Short-Circuit Protection Delay — Ctyr Selection

For the design example under discussion, overcurrent transients are allowed for 1-ms duration. This short-circuit
protection delay, tsc can be set by selecting appropriate capacitor Ctyygr from TMR pin to ground. Use the
following equation to calculate the value of Cyyr to set 1 ms for tgc.
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80 X t
CIMR = — % = 72.72nF (11)

Choose closest available standard value: 82 nF, 10%.

Selection of MOSFETs, Q4 and Q,

For selecting the MOSFET Q4 and Q, important electrical parameters are the maximum continuous drain current
Ip, the maximum drain-to-source voltage Vpsax), the maximum drain-to-source voltage Vgsmax), and the
drain-to-source ON-resistance Rpgon-

The maximum continuous drain current, Ip, rating must exceed the maximum continuous load current.

The maximum drain-to-source voltage, Vpsax), must be high enough to withstand the highest voltage seen in
the application. Considering 35 V as the maximum application voltage, MOSFETs with Vpg voltage rating of 40 V
is designed for this application.

The maximum Vgs TPS1210-Q1 can drive is 13 V, so a MOSFET with 15-V minimum Vgg rating must be
selected.

To reduce the MOSFET conduction losses, lowest possible Rps(on) is preferred.
Based on the design requirements, BUK7S1R0-40H is selected and the ratings are:

e 40-V VDS(MAX) and 20-V VGS(MAX)
* Rps(on) is 0.88-mQ typical at 10-V Vgg
*  Maximum MOSFET Qgtotary is 137 nC

Selection of Bootstrap Capacitor, C gst

The internal charge pump charges the external bootstrap capacitor (connected between BST and SRC pins) with
approximately 345 pA. Use the following equation to calculate the minimum required value of the bootstrap
capacitor for driving two BUK7S1R0-40H MOSFETs.

Cpsr = 840D _ 574 o (12)
Choose closest available standard value: 330 nF, 10 %.

Setting the Undervoltage Lockout

The undervoltage lockout (UVLO) can be adjusted using an external voltage divider network of Ry and R,
connected between VS, EN/UVLO and GND pins of the device. The values required for setting the undervoltage
and overvoltage are calculated by solving =\ 13.

R
Vvor) = ———— x VINyvio
(R1+Ry) (13)

For minimizing the input current drawn from the power supply, TlI recommends to use higher values of resistance
for R1 and R,. However, leakage currents due to external active components connected to the resistor string can
add error to these calculations. So, the resistor string current, I(R12) must be chosen to be 20 times greater than
the leakage current of UVLO pin.

From the device electrical specifications, V(yyLor) = 1.21 V. From the design requirements, VINyy o is 6.5 V. To
solve the equation, first choose the value of Ry = 470 kQ and use = 13 to solve for Ry, = 107.5 kQ. Choose the
closest standard 1% resistor values: Ry = 470 kQ, and R, = 105 kQ.
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9.2.3 Application Curves

B4 9-2. Start-Up Profile of Bootstrap Voltage with
INP1=INP2 = GND and Cgst = 470 nF

B 9-3. Start-Up Profile of Bootstrap Voltage with
INP1=INP2 = HIGH and Cgst = 470 nF

B 9-4. Turn-ON Response of TPS12100-Q1 for
INP1 -> LOW to HIGH and Cgst = 470 nF

B 9-5. Turn-OFF Response of TPS12100-Q1 for
INP1 -> HIGH to LOW and Cgst =470 nF

B 9-6. Overcurrent Response of TPS12100-Q1 for
a Load Step from 25 A to 35 A with 30-A
Overcurrent Protection Setting

9-7. Auto-Retry Response of TPS12100-Q1 for
an Overcurrent Fault
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9-8. Latch-Off Response of TPS12100-Q1 for an 9-9. Output Short-Circuit Response of
Overcurrent Fault TPS12100-Q1 Device

9-10. Short-Circuit Protection Diagnosis Test Response of TPS12100-Q1
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9.3 Power Supply Recommendations

When the external MOSFETs turn-OFF during the conditions such as INP1 control, overcurrent protection
causing an interruption of the current flow, the input parasitic line inductance generates a positive voltage spike
on the input and output parasitic inductance generates a negative voltage spike on the output. The peak
amplitude of voltage spikes (transients) depends on the value of inductance in series to the input or output of the
device. These transients can exceed the Absolute Maximum Ratings of the device if steps are not taken to
address the issue. Typical methods for addressing transients include:

» Use of a TVS diode and input capacitor filter combination across input to and GND to absorb the energy and
dampen the positive transients.
* Use of a diode or a TVS diode across the output and GND to absorb negative spikes.

The TPS1210-Q1 gets powered from the VS pin. Voltage at this pin must be maintained above V(ys porr) level
to ensure proper operation. If the input power supply source is noisy with transients, then Tl recommends to
place a Ryg — Cys filter between the input supply line and VS pin to filter out the supply noise. TI recommends
Rys value around 100Q.

In case where large di/dt is involved, the system and layout parasitic inductances can generate large differential
signal voltages between CS+ and CS- pins. This action can trigger false short-circuit protection and nuisance
trips in the system. To overcome such scenario, Tl suggests to add placeholder for RC filter components across
sense resistor (Rgng) and tweak the values during test in the real system. The RC filter components must not be
used in current sense designs by MOSFET VDS sensing to avoid impact on the short-circuit protection
response.

The following figure shows the circuit implementation with optional protection components.

Parasitic Q1 Parasitic
VBATT inductance Rsns —q‘j vouT inductance
. - A
Yl

CBST

| —¢ 0_“_l D2

:|: TPS1210x-Q1

Q@
z
lw]

|||—

B4 9-11. Circuit Implementation With Optional Protection Components For TPS1210-Q1
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9.4 Layout

9.4.1 Layout Guidelines

Place the sense resistor (Rgng) close to the TPS1210x-Q1 and then connect Rgng using the Kelvin
techniques. Refer to Choosing the Right Sense Resistor Layout for more information on the Kelvin
techniques.

Choose a 0.1 yF or higher value ceramic decoupling capacitor between VS terminal and GND for all the
applications. Consider adding RC network at the supply pin (VS) of the controller to improve decoupling
against the power line disturbances.

Make the high-current path from the board input to the load, and the return path, parallel and close to each
other to minimize loop inductance.

Place the external MOSFETs close to the controller GATE drive pins (G1PU/PD and G2) such that the GATE
of the MOSFETs are close to the controller GATE drive pins and forms a shorter GATE loop. Consider adding
a place holder for a resistor in series with the Gate of each external MOSFET to damp high frequency
oscillations if need arises.

Place a TVS diode at the input to clamp the voltage transients during hot-plug and fast turn-off events.

Place the external boot-strap capacitor close to BST and SRC pins to form very short loop.

Connect the ground connections for the various components around the TPS1210x-Q1 directly to each other,
and to the TPS1210x-Q1 GND, and then connected to the system ground at one point. Do not connect the
various component grounds to each other through the high current ground line.
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9.4.2 Layout Example
Top Layer

Inner Layer GND plane

Inner Layer PGND plane

Via to GND plane

oo INE

Via to PGND plane

9-12. Typical PCB Layout Example for TPS1210-Q1 With B2B MOSFETs
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10 Device and Documentation Support
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12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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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 ©)
@ )

PTPS12100QDGXRQ1 Active Preproduction  VSSOP (DGX) | 19 5000 | LARGE T&R - Call Tl Call Tl -40 to 125
PTPS12100QDGXRQ1.A Active Preproduction  VSSOP (DGX) | 19 5000 | LARGE T&R - Call Tl Call Tl -40 to 125

PTPS12101QDGXRQ1 Active Preproduction  VSSOP (DGX) | 19 5000 | LARGE T&R = Call Tl Call Tl -40 to 125
PTPS12101QDGXRQ1.A Active  Preproduction VSSOP (DGX) | 19 5000 | LARGE T&R - Call Tl Call Tl -40 to 125

TPS12100QDGXRQ1 Active Production VSSOP (DGX) | 19 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1210
TPS12100QDGXRQ1.A Active Production VSSOP (DGX) | 19 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1210

@ 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 Tl RoHS Statement for additional information and value definition.

@ Lead 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 Tl'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. TI 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 Tl 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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i3 TEXAS PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 3-Jan-2025
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)
TPS12100QDGXRQ1 | 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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www.ti.com 3-Jan-2025

TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS12100QDGXRQ1 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

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

20X (1.45)
20X (0.3) 1

|
1 I

jJu=—
oo~ 1]

S

S L

|

|

|

|

|

|

|

|

|

|

|

|

N

|

|

|

|

|

|

|

|

|

|

|

| o
<
z
2

(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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