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5 Device Comparison

Device Decoder shows some of the device naming nomenclature of the TPS3762-Q1. Not all device namings
follow this nomenclature table. For a detailed breakdown of every device part number by threshold voltage
options, BIST configurations, Latch configurations, CTR options, CTS options, and UV bypass, see 7<=/
10.1 for more details. Contact Tl sales representatives or on Tl's E2E forum for detail and availability of other
options.

Overvoltage Undervoltage

VITP VITN

Lo
TPS3762 )I( XX XX XXX X XX

Topology Threshold Voltage Package
Latch /UV BIsT o NP,
Suffix | CTR CTS Bypass RESET 2% Hysteresis Option 5% Hysteresis Option Suffix Name
Trigger
A ADJ  |ADJ Disabled Yes Suffix vIT Suffix viIT Suffix 0 Suffix vIT DDF SOT-23
B ADJ |ADJ Latch Yes 3 800mV_ |D7 8.5V 5 800mV_ |K7 8.5V
C ADJ _|ADJ UVBypass Yes A7 2.7V D8 [ov H7 2.7V ,g—@v
D ADJ |ADJ Both Yes A8 2.8V D9 9.5V HE 2.8V K9 9.5V
E AD]  |Sps Disabled Yes (A9 29V [E0 10V HO 2.9V 10 10V Reel
F AD)  |[Sus Latch Yes BO 3V IE 11V 10 3V 11 11V [ Suffix T Name |
G ADJ  |Sus UVBypass Yes B1 31V E2 12V 11 3.1V 2 12V [R |targe ] )
[H AD]  |Sps Both Yes B2 3.2V E3 13V 12 3.2V 3 13V
1 ADJ |ADJ Disabled No Ea 33V E4 14V 13 33V 14 18V Rating
J ADJ |ADJ Latch No B4 3.4V E5 15V ’I:A 3.4V 15 15V [ Suffix [ Name ] o—
K ADJ |ADJ UVBypass No BS 3.5V E6 16V 15 3.5V 6 16V [aT |AuTo |
L ADJ |ADJ Both No B6 3.6V E7 17V NV
™M ADJ]  [Sps Disabled No B7 37V l@ 18V 18V
N AD]  [Sps Latch No B8 3.8V E9 20V 20V
) ADJ 5Sus UVBypass No B9 3.9v FO 22V 22V
P ADI  [Sps Both [No [ v F1 24V 24V
Q 200ms 5 s Disabled |Ves Cc1 4.1V F2 26V 26V
R 200ms |5 ps Latch [Yes c2 4.2V F3 28V 28V
C3 43V F4 30V 30V
ca 4.4V F5 32V 32V
C5 4.5V F6 34V 34V
C6 4.6V F7 36V 36V
c7 47V F8 38V 38V
c8 4.8V F9 40V 40V
c9 4.9V GO 12V a2V
DO 5V G1 26V 26V
D1 5.5V G2 48V 48V
D2 6V G3 50V 50V
D3 6.5V Ga 54V 54V
D4 N G5 57V SV
D5 7.5V G6 58V B
D6 8V G7 60V 60V
W7 [+77%
uv [uvonly fov OV Only
10% Hysteresis Option 10% Hysteresis Option
Suffix vIT Suffix vIT Suffix vIT
0 800mV __[Ql 4.1V T2 26V
07 27V Q2 4.2V T3 28V
08 2.8V a3 43V T4 30V
09 2.9V Q4 4.4V T5 32V
PO 3V Qs 4.5V T6 34V
P1 31V Q6 4.6V T7 36V
P2 3.2V Q7 47V T8 38V
P3 3.3V Q8 4.8V T9 40V
3 3.4V Q9 4.9V U0 a2V
PS5 3.5V RO 5V Ul 26V
P6 3.6V R1 5.5V U2 48V
P7 37V R2 [ev U3 50V
P8 3.8V R3 6.5V [ 54V
P9 3.9V R4 N U5 SV
Q0 v RS 7.5V U6 58V
[ 24V U7 60V

1. Suffix 02, 05, and 10 with VIT of 800 mV corresponds to the adjustable variant, do not have internal voltage
divider

2. Not all TPS3762-Q1 devices can be decoded by this table. Refer to z7<=2 10.1 for a decoding table by
part number.
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6 Pin Configuration and Functions

vop [ |4 s| Jcrs
sense [ |2 7| Jcm

GND C 3 6 : BIST_EN/LATCH_CLR
ReseT [ |4 s| ]sisT

~—
6-1. DDF Package,
8-Pin SOT-23,
TPS3762-Q1 (Top View)

% 6-1. Pin Functions

PIN

NAME NO.
VDD 1 | Input Supply Voltage: Bypass with a 0.1 yF capacitor to GND.

110 DESCRIPTION

Sense Voltage: Connect this pin to the supply rail that must be monitored. See Section
SENSE 2 8.3.2 for more details.
Sensing Topology: Overvoltage (OV) or Undervoltage (UV) or Window (OV + UV)

GND 3 - Ground. All GND pins must be electrically connected to the board ground.

Output Reset Signal: RESET asserts when SENSE crosses the voltage threshold after
the sense time delay, set by CTS. RESET remains asserted for the reset time delay period
RESET 4 O after SENSE transitions out of a fault condition. The active low open-drain reset output
requires an external pullup resistor. See Section 8.3.3.2 for more details.

Output topology: Open-Drain Active-Low

Built-In Self-Test: BIST asserts when BIST_EN or BIST_EN/LATCH_CLR activated the
internal BIST testing. BIST recovers once after TD_BIST to signify BIST completed

BIST 5 (0] successfully. BIST remains asserted for a time period longer than TD_BIST if there is a
failure during BIST. BIST active-low open-drain output requires an external pullup resistor.
Refer to BIST section for more details. See Section 8.3.6 for more details.

BIST EN/ Built-in Self-test Enable and Latch Clear: A rising transition (edge) must occur at
- 6 BIST_EN/LATCH_CLR to initiate BIST and clear OV/UV fault. See Section 8.3.6 for more
LATCH_CLR details. -

RESET Time Delay: User-programmable reset time delay for RESET/RESET. Connect an
CTR 7 O external capacitor for adjustable time delay or leave the pin floating for the shortest delay.
See Section8.3.4 for more details.

SENSE Time Delay: User-programmable sense time delay for SENSE. Connect an
CTS 8 (6] external capacitor for adjustable time delay or leave the pin floating for the shortest delay.
See Section 8.3.5 for more details.
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7 Specifications
7.1 8

7.1.1 Absolute Maximum Ratings
over operating free-air temperature range, unless otherwise noted ()

MIN MAX UNIT
Voltage Vbp, VsensE(Adjustable) VRESET -0.3 70 \Y
Voltage VSENSE(Fixed) -65 70 \%
Voltage Vers, Vetr -0.3 6 \%
Voltage VaisT, VBIST_EN: VBIST_ENILATCH_CLR -0.3 6 \
Current IReseTs IBIST 10 mA
Temperature (@) Operating junction temperature, T, —40 150 °C
Temperature @ Operating Ambient temperature, Ta —40 150 °C
Temperature @ Storage, Tgyg -85 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

(2) As aresult of the low dissipated power in this device, it is assumed that Ty = Ta.

7.1.2 ESD Ratings

VALUE | UNIT
o Human body model (HBM), per AEC Q100-002 (1) +2000
Vesp) |Electrostatic discharge - \%
Charged device model (CDM), per AEC Q100-011 +750

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

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

MIN NOM MAX UNIT
Voltage Vbp 2.7 65 \%
Voltage Vsenses VRESET 0 65 \
Voltage Vers, VeTtr 0 5.5 \%
Voltage VBisT, VBIsT_EN: VBIST_EN/LATCH_CLR 0 5.5 \
Current IReSET: IBIST 0 5 mA
T, Junction temperature (free air temperature) -40 125 °C
Copyright © 2023 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 5
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7.1.4 Thermal Information

TPS3762-Q1
THERMAL METRIC () DDF UNIT
8-PIN
Rga Junction-to-ambient thermal resistance 154.6 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 774 °C/W
Reys Junction-to-board thermal resistance 73.2 °C/W
Wyt Junction-to-top characterization parameter 4.8 °C/W
Wis Junction-to-board characterization parameter 72.9 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance N/A °C/W

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

report.
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7.1.5 Electrical Characteristics

At Vppminy < Vop < Vpp (wax), CTR = CTS = open, output reset pull-up resistor Rpy = 10 kQ, voltage Vpy = 5.5 V, output
BIST pull-up resistor Rpy gist = 10 kQ, voltage Vpy gist= 5.5V, and load C_pap = 10 pF. The operating free-air temperature
range Ta = —40°C to 125°C, unless otherwise noted. Typical values are at Tp = 25°C and VDD = 16 V and V|t = 6.5V (V|7
refers to Virn or Vitp).

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
VDD
Vpp Supply Voltage 2.7 65 \%
uvLo ™M Undervoltage Lockout Vpp rising above Vpp i) 2.6 v
UVLO(HYS Undervoltage Lockout .
1) ( ) Hysteresis 9 VDD faIIlng below VDD (MIN) 500 mV
Power on Reset Voltage (?) _
Vpor RESET, Active Low YOL(MAX) ‘_31%0 ’RV 1.4 Vv
(Open-Drain) OUT (Sink) = 19 M
. . Vit =800 mV
| Supply current into VDD pin 8.1 A
pb PRy P Vbp miNy = Vop < Vpp (max) H
SENSE (Input)
IsEnsE Input current Vi =800 mV 200 nA
Input Threshold Negative _ ) ] o
VITN (Undervoltage) VIT 800 mV 0.8 0.8 %
Input Threshold Positive
Vitp (Overvoltage) Vit =800 mv () -0.8 0.8 %
. Vir=08V
4) IT o
Vhys Hysteresis Accuracy Viys Range = 2% 15 2 25 %
. Vir=08V
4) T o
Vhys Hysteresis Accuracy Viys Range = 5% 45 5 6 %
. Vir=08V
4) IT o
Vhys Hysteresis Accuracy Viys Range = 10% 9 10 11 %
RESET (Output)
; VReser = 5.5V
| Open-Drain leakage 300 nA
kg(OD) P ° Virn < Vsense < Vite
. VReseT =65V
| Open-Drain leakage 300 nA
ko(OD) P ° Virn < Vsense < Vite
VoL © Low level output voltage 27V S_VDD <65V 350 mV
IRESET =2.7mA
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7.1.5 Electrical Characteristics (%tX)
At Vppminy < Vop = Vpp (uax): CTR = CTS = open, output reset pull-up resistor Rpy = 10 kQ, voltage Vpy = 5.5 V, output

BIST pull-up resistor Rpy_gist = 10 kQ, voltage Vpy gist= 5.5V, and load C oap = 10 pF. The operating free-air temperature

range T = —40°C to 125°C, unless otherwise noted. Typical values are at Ty = 25°C and VDD =16 V and V;1 = 6.5V (V|1
refers to VITN or VlTP)-

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
Capacitor Timing (CTS, CTR)
ReTr Internal resistance (CTR) 3600 Kohm
Rets Internal resistance (CTS) 3600 Kohm
Built-In Self-Test
likg(BIST) Open-Drain leakage xlBleT <=V5$fNZE <Virp 300 nA
lig(BIST) Open-Drain leakage xlBT'ET <=V?;'E3N\S/E <Virp 300 nA
VeisT oL Low level output voltage |2-7 V—SSVn?AI? <65V 300 mV

- BIST =

VBIST EN BIST_EN pin logic low input 500 mV
VBIST EN BIST_EN pin logic high input 1300 mV
VeisT_en BIST_EN pin logic low input 500 mvV
LATCH_CLR
VeisT_en/ BIST_EN pin logic high input 1300 mvV
LATCH_CLR

M
@

(©)

4)
®)

When Vpp voltage falls below UVLO, reset is asserted for Sense. Vpp slew rate < 100 mV / ys
VpoR is the minimum Vpp voltage for a controlled output state. Below VpoRg, the output cannot be determined. Vpp slew rate <

100mV/us

For adjustable voltage guidelines and resistor selection refer to Adjustable Voltage Thresholds in Application and Implementation

section

Hysteresis is with respect to Vi1p and V|7 voltage threshold. V|1p has negative hysteresis and V| has positive hysteresis.

For Vpu and Vg, relation to output variants refer to Timing Figures after the Timing Requirement Table

8
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7.1.6 Timing Requirements

At Vppminy < Vop = Vop (vax), CTR = CTS = open and enabled, output reset pull-up resistor Rpy = 10 kQ, voltage Vpy = 5.5
V, output BIST pull-up resistor Rpy_gist = 10 kQ, voltage Vpy gist= 5.5V, and load C_oap = 10 pF. The operating free-air
temperature range Tp = — 40°C to 125°C, unless otherwise noted. Typical values are at Ty = 25°C and VDD =16 V and V| =

6.5V (VIT refers to VITN or V|Tp).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Common timing parameters
t Reset release time delay |CT delay accuracy not counting external 20 20 o
CTR (CTR)@ cap tolerance °
. VIT = 800 mV
Reset release time delay -
tcTR(No Cap) (CTR)® Cctr = Open 455 s
20% Overdrive from Hysteresis
t Sense detect time delay | CT delay accuracy not counting external 20 20 o
cTs (CTS)® cap tolerance °
" VIT = 800 mV
Sense detect time dela
teTs(No Cap) (CTS)® Y |Ccrs = Open 75 100 Hs
20% Overdrive from V|t
tsp Startup Delay () Cctr = Open 1 ms
tel_sns Sense Glitch 10% overdrive, Fixed threshold 55 us
BIST timing parameters
tBIST_en Glitch BIST EN Glitch |mmun|ty 1.6 us
BIST EN input width to
tBIST_en initiate BIST 35 8 ks
t Rising edge of BIST_EN 4 s
BISTen_pd {5 BIST asserting W
t Rising edge of BIST_EN 4 s
BIST en_pd |5 RESET asserting H
Rising edge of BIST to _
1BIST_recover | SENSE input valid CTR=0 350 600 bs
tBIST test Test time for BIST 2.5 ms
LATCH timing parameters
tBisT_EN/
LATCH_CLR Latch Glitch |mmun|ty 2000 ns
Glitch
tBIST EN/ Latch input width to clear 3
| us
LATCH_CLR | latch
teisT EN/ rising edge of tgisT_en/
LATCH_CLR_T |LATCH_cir to SENSE input 10 ps
ecover valid

(1) CTR Reset detect time delay:
Overvoltage active-LOW output is measure from Vitp _yys to Vou
Undervoltage active-LOW output is measure from Vi1n + Hys to Vou
Overvoltage active-HIGH output is measure from V1p _yys to VoL
Undervoltage active-HIGH output is measure from Viy + Hys to Vo

(2) CTSSe

nse detect time delay:

Active-low output is measure from Vit to Vo, (or Vpyyp)
Active-high output is measured from V1 to Vou
V1 refers to either Vry or Vitp

(3)  During the power-on sequence, Vpp must be at or above Vpp (vin) for at least tsp before the output is in the correct state based on

VsENSE-

tsp time includes the propagation delay (Cctr = Open). Capaicitor in Corr Will add time to tgp.
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7.2 Timing Diagrams

VopMing —
VDD UVLO(M|N)___|_______________________
|
|

SENSE Vsense
Virn vy + Vivs — — — + oo T
steresis
Vit uy) — — — — — — |
| | | |
| | | I
| | | |
| | | |
| | | [
| | | |
| | | | | | | |
cl | | lc
| | I |
=] =]
2 | 7 ! ' I / 'a
— Z | N | ' | g
RESET 3! tsp + t I '3
8| _V: Si t CTR 4__’: [ _’: ters [¢— —> tor [«— | — 18
BIST
| |
| L | | | N
| ' Lo | | ! |
A. The timing diagram assumes the open-drain output RESET pin is connected via an external pull-up resistor to Vpp.
B. Be advised that [4] 7-1 shows the Vpp falling slew rate is slow or the Vpp decay time is much larger than the propagation detect delay (tctr) time.
C. RESET is asserted when Vpp goes below the UVLOyn) threshold after the time delay, tcrg, is reached.
B 7-1. SENSE Undervoltage (UV) Timing Diagram
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Vopming— —

.|_

I

|

I
__I___.

+ taist

|
|
SENSE Vite (ov) — {— | t T - —
ster S
Vite (ov) = Vhys — :— —_— — — - —
Vsense 1 : : [ : |
| |
' | |
|
| | L | |
| | | | |
I - t<ters I I
L .
; |
| | | I
RESET _>: foo ¥ fom <__>: _’: ters [¢— —»
|
[ [ I
1 ! ]

tCTF{

A. The timing diagram assumes the open-drain output RESET pin is connected via an external pull-up resistor to Vpp.

Note C

]
|
|
|
| *See
|
|
|
[
[

B. Be advised that [%] 7-2 shows the Vpp falling slew rate is slow or the Vpp decay time is much larger than the propagation detect delay (tctr) time.
C. RESET is asserted when Vpp goes below the UVLOyn) threshold after the time delay, tcTr, is reached.

7-2. SENSE Overvoltage (OV) Timing Diagram
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7.3 Typical Characteristics

Typical characteristics show the typical performance of the TPS3762-Q1 device. Test conditions are taken at Ty = 25°C,

unless otherwise noted.

8 70
7 60
50
6
i 2 40
=5 g
8 <% 30
a|/
20
3 10
2 0
0 10 20 30 40 50 60 70 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Voo (V) Isense (IJA)
7-3. IDD VS VDD (RESET = LOW, VIT =0.8 V) 7-4. VSENSE A\ ISENSE (VDD =27 V)
70 160
60 140
120
50
100
E 40 s
@ E 4
g I
> 30 >
60
20
40
10 20
0 0
0 0.01 0.02 0.03 0.04 0.05 0.06 0 1 2 3 4 5 6 7
Isense (HA) Isink (MA)
7-5. VSENSE \'A] ISENSE (VDD =65 V) 7-6. Open-Drain Active Low VOL Vs IRESET (VDD =27 V)
140
120
100
S 80
E
-
L 60
40
20
0
0 1 2 4 5 6 7
Isink (mA)
7-7. Open-Drain Active Low Vg, Vs Ireset (Vpp = 65 V)
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8 Detailed Description
8.1 Overview

The TPS3762-Q1 is a family of high voltage and low quiescent current voltage supervisors with fixed and
adjustable threshold voltage options, Built-in Self-Test, and ASIL-D certification targeted. A voltage divider is
integrated to eliminate the need for either inaccurate or expensive external resistor dividers and provide lower
system leakage current. However, TPS3762-Q1 can also support an external resistor if required by the
application. The lowest threshold 800 mV (bypass internal resistor ladder) is recommenced for external resistors
use case to take advantage of faster detection time and lower Iggnsg current.

VDD, SENSE and RESET pins can support 65 V continuous operation. SENSE has -65 V reverse polarity
protection. Both VDD and SENSE voltage levels can be independent of each other, meaning VDD pin can be
connected at 2.7 V while the SENSE pin is connected to a higher voltage. TPS3762-Q1 includes a reset output
latching feature that holds to output active to help system achieve safe state. Fixed and programmable sense
and reset delay are available to avoid false resets and false reset releases. Note, the TPS3762-Q1 does not
have clamps within the device so external circuits or devices must be added to limit the voltages outside the
absolute maximum limit.

8.2 Functional Block Diagram

VDD GND CTS CTR
=1 D =1 =1
SubReg
Voltage
SENSE O Divider Sense Reset

Delay | | Delay Output -1 RESET

BIST

Il

| - | -
BIST_ EN/  BIST
LATCH_CLR

8-1. Functional Block Diagram '

' Refer to zZ3-a> 5 for complete list of topologies and output logic combination
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8.3 Feature Description
8.3.1 Input Voltage (VDD)

VDD operating voltage ranges from 2.7 V to 65 V. An input supply capacitor is not required for this device;
however, if the input supply is noisy good analog practice is to place a 0.1 yF capacitor between the VDD and
GND.

VDD needs to be at or above Vppuin) for at least the start-up time delay (tsp) for the device to be fully functional.

VDD voltage is independent of Vgense and Vgesgr, meaning that VDD can be higher or lower than the other
pins.

8.3.1.1 Undervoltage Lockout (Vpor < Vpp < UVLO)

When the voltage on Vpp is less than the UVLO voltage, but greater than the power-on reset voltage (VpoRr), the
RESET and BIST pins will be asserted, regardless of the voltage at SENSE pins.

8.3.1.2 Power-On Reset (Vpp < Vpor )

When the voltage on VDD is lower than the power on reset voltage (VpoRr), the output signal is undefined and is
not to be relied upon for proper device function.

Note: [¥] 8-2 and [X] 8-3 assume an external pull-up resistor is connected to the RESET pin to VDD.
SENSE VOLTAGE OUTSIDE OF THRESHOLD

-
Vitn > Vsense > Virp }
I
1
1
1
1
1
I
I
I
I
I
I
I
I
I

Vsense

Voominy / \

VDD UVLOwn) J////,
Vpor Pl

N~

Output stays low since Vsgnse
is outside of threshold

Active Low

VoL

RESET 3

J
tsptoTre e

Undefined taisT Undefined

[ 8-2. Power Cycle (SENSE Outside of Nominal Window Threshold)
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SENSE VOLTAGE WITH IN THRESHOLD

Vsense Virn < Vsense < Vire
Vopminy / \
VDD UVLOuny i///// | “\\\\\
Vpor A : i N
RESET L | L
Active Low ! i | 1
VoL | o
JEEN SRR !
Undefined ST CTR+ Undefined
BIST

EJ 8-3. Power Cycle (SENSE Within Nominal Window Threshold)
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8.3.2 SENSE

The SENSE pin connects to the supply rail that is to be monitored. The sense pin on each device is configured
to monitor either overvoltage (OV), undervoltage (UV), or window (OV&UV) conditions. TPS3762-Q1 device
offers built-in hysteresis that provides noise immunity and maintains stable operation.

Although not required in most cases, for noisy applications good analog design practice is to place a 10 nF to
100 nF bypass capacitor at the SENSE inputs to reduce sensitivity to transient voltages on the monitored signal.
SENSE can be connected directly to VDD pin.

8.3.2.1 SENSE Hysteresis

TPS3762-Q1 device offers built-in hysteresis around the UV and OV thresholds to avoid erroneous RESET de-
assert. The hysteresis is opposite to the threshold voltage; for overvoltage options the hysteresis is subtracted
from the positive threshold (V|1p), for undervoltage options hysteresis is added to the negative threshold (Vitn).

VRESET VReseT
A A
> <
i i > Vsense 3 ; » Veense
Vitp- Vhys  Vite VitN - VitnsVhvs
] 8-4. Hysteresis (Overvoltage Active-Low) 8-5. Hysteresis (Undervoltage Active-Low)
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# 8-1. Common Adjustable Hysteresis Lookup Table

TARGET
'ﬁ ‘;LéssLAolatg TOPOLOGY S TR DEVICE ACTUAL HYSTERESIS OPTION
800 mV Overvoltage 784 mV 2%
800 mV Overvoltage 760 mV -5%
800 mV Overvoltage 720 mV -10%
800 mV Undervoltage 816 mV 2%
800 mV Undervoltage 840 mV 5%
800 mV Undervoltage 880 mV 10%
3% 8-1 shows a sample of hysteresis for the 800 mV adjustable variant for the TPS3762-Q1.
Knowing the amount of hysteresis voltage, the release voltage for the undervoltage (UV) channel is
(ViTn (uv) + VHys) and for the overvoltage (OV) channel is (Vitp (ov) - VHys)-
Undervoltage (UV) Channel
Vitn = 800 mV
Voltage Hysteresis (Vhys) = 2% = 16 mV
Hysteresis Accuracy = +1.5% to +2.5% = 16.24 mV to 16.4 mV
Release Voltage = V|1 + Vuys = 816.24 mV to 816.4 mV
Overvoltage (OV) Channel
Vitp = 800 mV
Voltage Hysteresis (Vhys) = 2% = 16 mV
Hysteresis Accuracy = +1.5% to +2.5% = 16.24 mV to 16.4 mV
Release Voltage = V|tp - Vjys = 783.6 mV to 783.76 mV
Copyright © 2023 Texas Instruments Incorporated BT T 27— RN (ZE Rk Add) 225 17
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8.3.3 Output Logic Configurations

TPS3762-Q1 is a single channel device that has a single input sense pin and a single reset pin. The single reset
is available with open drain topology.

8.3.3.1 Open-Drain

Open-drain output requires an external pull-up resistor to hold the voltage high to the required voltage logic.
Connect the pull-up resistor to the proper voltage rail to enable the output to be connected to other devices at
the correct interface voltage levels.

To select the right pull-up resistor consider system Vo and the Open-Drain Leakage Current (lg) provided in
the electrical characteristics, high resistors values have a higher voltage drop affecting the output voltage high.
The open-drain output can be connected as a wired-AND logic with other open-drain signals such as another
TPS3762-Q1 open-drain output pin.

8.3.3.2 Active-Low (RESET)

RESET (active low) denoted with a bar above the pin label. RESET remains high voltage (Von, deasserted)
(open-drain variant Vo is measured against the pullup voltage) as long as sense voltage is in normal operation
within the threshold boundaries and VDD voltage is above UVLO. To assert a reset sense pins needs to meet
the condition below:

» For undervoltage variant the SENSE voltage need to cross the lower boundary (V|tn).

» For overvoltage variant the SENSE voltage needs to cross the upper boundary (Vitp).

8.3.3.3 Latching

The TPS3762-Q1 comes with the optional output reset latching feature for the window (OV & UV) and OV
variants, check the 73 3> 5 to verify variant specific latch functionality. When using the window variant,
whenever a fault, OV or UV, occurs RESET goes low and remains low until cleared by a rising edge transition on
the BIST_EN / LATCH_CLR pin. When using the OV variant, whenever a OV fault occurs RESET goes low and
remains low until cleared by a logic input high greater than Vst enjatcH_cLr on the BIST_EN / LATCH_CLR
pin. See &7 2 8.3.6 for more details.
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8.3.4 User-Programmable Reset Time Delay
TPS3762-Q1 has adjustable reset release time delay with external capacitors.

» A capacitor on CTR programs the reset time delay of the output.
* No capacitor on this pin gives the fastest reset delay time indicated by tctr

in &/ ar7.1.6.
» Variants such as TPS3762Q use a fixed internal time delay. check the 2722 5 to verify variant specific
timing.

8.3.4.1 Reset Time Delay Configuration
The time delay (tcTr) can be programmed by connecting a capacitor between CTR pin and GND.

The relationship between external capacitor Cctr_ExT (typ) @nd the time delay terr (typ) is given by A 1.

tcTR (typ) = RCTR (typ) X CcTR_EXT (typ) + tCTR (no cap) (1)
RcTR (typ) = is in kilo ohms (kQ)
CcTR_EXT (typ) = is given in microfarads (uF)
tcTr (typ) = is the reset time delay (ms)

The reset delay varies according to three variables: the external capacitor (Ccrr gxt), CTR pin internal
resistance (Rctr) provided in =273 2> 7, and a constant. The minimum and maximum variance due to the
constant is show in =X 2 and =X 3:

tcTR (min) = ReTR (min) X CCTR_EXT (min) * TR (no cap (min)) (2)
tcTR (max) = ReTR (max) X CeTR_EXT (max) + tCTR (no cap (max)) (3)

There is no limit to the capacitor on CTR pin. Having a too large of a capacitor value can cause very slow charge
up (rise times) due to capacitor leakage and system noise can cause the internal circuit to hold RESET active.
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8.3.5 User-Programmable Sense Delay
TPS3762-Q1 has adjustable sense release time delay with external capacitors.

» A capacitor in CTS programs the excursion detection on SENSE.
* No capacitor on this pin gives the fastest sense delay time indicated by tcts

in &/ ar7.1.6.
* The TPS3762-Q1 comes with an optional fixed internal time delay that ignoes the capacitor value at the CTS
pin, check the z7 =2~ 5 to verify variant specific functionality.

8.3.5.1 Sense Time Delay Configuration
The time delay (tc1s) can be programmed by connecting a capacitor between CTS pin and GND.

The relationship between external capacitor Ccrs_gxr (typ) @and the time delay tcrs typ) is given by A 4.

tcrs (typ) = ReTs yp) X Cets EXT typ) * LTS (no cap) (4)
Rcts = is in kilo ohms (kQ)
Ccrs_ext = is given in microfarads (UF)
tcts = is the sense time delay (ms)

The sense delay varies according to three variables: the external capacitor (Ccrs gxt), CTS pin internal
resistance (Rcts) provided in Electrical Characteristics, and a constant. The minimum and maximum variance
due to the constant is show in X 5 and = 6:

tcts (min) = Rets (min) X Cets_EXT (min) * teTs (no cap (min)) (5)
tcTR (max) = ReTs (max) X Cets_EXT (max) * teTsx (no cap (max)) (6)

The recommended maximum sense delay capacitor for the TPS3762-Q1 is limited to 10 yF as this makes sure
enough time for the capacitor to fully discharge when a voltage fault occurs. Also, having a too large of a
capacitor value can cause very slow charge up (rise times) and system noise can cause the internal circuit to trip
earlier or later near the threshold. This leads to variation in time delay where it can make the delay accuracy
worse in the presence of system noise.

8.3.6 Built-In Self-Test

The TPS3762-Q1 has a Built-In Self-Test (BIST) feature that runs diagnostics internally in the device. BIST is
initiated automatically after crossing Vpp(min)- During power-up, the BIST test asserts and holds RESET and
BIST low until the BIST test completes successfully. The length of the BIST is specified by tgist. If BIST is not
successful due to the internal blocks not working properly, the RESET and BIST are held low signifying a fault
internal to the device. See [X] 8-6 for more details.
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VDD(min)
VDD UVvLO
VPOR
|
Unmonitored | |
Vire -~
SENSE Vi bl
o N
L N
| | —» taisT_recover
L N
o N
RESET Undefined | | | et >
| | ||
| —
| |
| |
| |
| |
BIST Undefined < tgsr P |
! |

8-6. TPS3762-Q1 Start-Up Sequence

After a successful power-up sequence, BIST can be initiated any time with a positive edge transition on the
BIST_EN pin or BIST_EN/LATCH_CLR pin. BIST only initiates if the SENSE pin is not in a overvoltage or
undervoltage fault mode. During this BIST test time period, tgist, BIST pin asserts low to signify that BIST has
started and RESET assertion is dependent on the device variant. Upon successful BIST the BIST pin and
RESET pin is deasserted. If BIST is not successful due to the internal device not working properly, the RESET
pin and BIST pin is asserted low signifying a fault internal to the device. See [X| 8-7 and [X| 8-8 for more details.
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VDD VDD(min)
Virp
SENSE
VITN
RESET

BIST_EN/LATCH_CLR

BIST

vbD VDD(min)
Vire

SENSE
VITN
VpuIIup

RESET
GND

BIST_EN/LATCH_CLR

BIST

[ 8-8. BIST With No RESET Assertion
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BIST checks for internal faults in the device. During BIST the device is not monitoring the SENSE pin for faults
and the RESET pin is not dependent on the SENSE pin voltage. The BIST sequence tests the internal signal
chain of the device by checking for faults on the internal comparators on the SENSE pin, the internal digital logic,
and the RESET output. See [X| 8-9 and [X] 8-10 for more details.

vbb VDD(min) ———====——="—"—"—"——————————————— — ———.
| |
Unmonitored
V|Tp _________ L —————— I_ ————————————————
SENSE I |
VITN _________ |_ ______ |_ ________________
|
|
RESET

BIST_EN/LATCH_CLR |
L

X 8-9. BIST Fail With RESET Assertion
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VDD VDD(min) ———=====—="="—"—"—"——"——————— —— - — —— — ———.

Vip === === ===k
SENSE I |
VITN _________ |_ ______ |_ ________________
| |
| |
VpuIIup | |
RESET | |
GND | |
A R
BIST_EN/LATCH_CLR : | |
|
[
|
|

[ 8-10. BIST Fail With No RESET Assertion
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9 Application and Implementation

b2
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. TI’s customers are responsible for determining

suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

The following sections describe in detail proper device implementation, depending on the final application
requirements.

9.2 Adjustable Voltage Thresholds

7 7 illustrates an example of how to adjust the voltage threshold with external resistor dividers. The resistors
can be calculated depending on the desired voltage threshold and device part number. TI recommends using the
0.8 V voltage threshold device when using an adjustable voltage variant. This variant bypasses the internal
resistor ladder.

For example, consider a 12 V rail being monitored Vpon for overvoltage (OV) using of the
TPS3762D020VDDFRQ1 variant. As shown in [¥ 9-1, R4 is the top resistor of the resistor divider that is
between Vyon and Vsense, Ro is the bottom resistor that is between Vgense and GND, Vyyon is the voltage rail
that is being monitored and Vgense is the input to the sense pin. The monitored O V threshold, denoted as
Vmon+ Where the device asserts a reset signal occurs when Vgense = Vitp, for this example, Viyon+ = 35 V.
Using = 7 and assuming R, = 10 kQ , R4 can be calculated shown in 3\ 8 where Ig; is represented in = 9:

Vitp = Vmon+ X (R2 = (Ry + Ry)) (7)
R1 = (Vmon+ - Vite) * IR (8)
lr1=lr2 =ViTp * R 9)

Substituting = 9 into =\ 8 and solving for Ry we get, Ry = 427.5kQ. The TPS3762D020VDDFRQ1 is typically
meant to monitor a 0.8 V rail with variant specific 2 %, 5 %, or 10 % voltage threshold hysteresis. For the reset
signal to become deasserted, Vyon Needs to go below Vi1p - Viys. For this example, we assume a 10 % voltage
threshold hysteresis was selected. Therefore, Von = 31.5 V when the reset signal becomes deasserted.

There are inaccuracies that must be taken into consideration while adjusting voltage thresholds. Aside from the
tolerance of the resistor divider, there is an internal resistance of the SENSE pin that can affect the accuracy of
the resistor divider. Although expected to be very high impedance, users are recommended to calculate the
values for the design specifications. The internal SENSE resistance Rggnse can be calculated by the SENSE
voltage Vgense divided by the SENSE current Isensg as shown in 2 11, Vgense can be calculated using = 7
depending on the resistor divider and monitored voltage. Isgnsg can be calculated using = 10.

Isense = [(Vmon - Vsense) * R1l - (Vsense + R2) (10)
Rsense = Vsense * Isense (11)
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VMON

Vsense2

%

VDD
VDD
SENSE RESET
TPS3762-Q1
CTR BIST—
CTS  BIST_EN/LATCH_CLR }—
GND

1L

VDD

10 kQ

9-1. Adjustable Voltage Threshold with External Resistor Dividers

9.3 Typical Application
9.3.1 Design 1: Off-Battery Monitoring

This application is intended for the initial power stage in applications with the 12 V batteries. The TPS3762-Q1
utilizes high-voltage SENSE and Vpp inputs to monitor an automotive battery without needing external resistors.
This keeps the overall system Iq of the design low while still achieving the desired rail monitoring.

9-6 illustrates an example of how the TPS3762 Q1 is monitoring the battery voltage while being powered by it,

as well.

L

RESET

P RESET

TPS3762-Q1 .,

A

BIST_EN/LATCH_CLR |«

GPIO

DC/DC

B 9-2. Off-Battery Monitoring

— 3.3V Core Rail

GPIO

MCU
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9.3.1.1 Design Requirements

£ 9-1. Design Parameters

PARAMETER DESIGN REQUIREMENT DESIGN RESULT
Typical O V voltage threshold 30 V. Typical UV Typical O V voltage threshold 30 V. Typical UV
Voltage Threshold
g voltage threshold 7 V. voltage threshold 7 V.
Maximum Input Power Operate with power supply input up to 42 V The TPS3762-Q1 can support a Vpp of up to 65 V.

Output Logic Open-Drain Open-Drain
SENSE Delay 119 ms 119 ms
RESET Delay 360 ms 360 ms

Maximum Device Current . .
Consumption 10 A 4 pA typical, 8.1 yA maximum

9.3.1.2 Detailed Design Procedure

The TPS3762-Q1 utilizes high-voltage SENSE and Vpp inputs to monitor an automotive battery without needing
external resistors. This keeps the overall system Iq of the design low while still achieving the desired rail
monitoring.

9.3.1.2.1 Setting Voltage Threshold

The voltage rail monitoring is done by connecting the SENSE input directly to the battery rail without the need for
external resistor dividers. The threshold voltage is set by the device variant. Threshold voltage decoding can be
found in & 10-1. In this example, the nominal supply voltage from the battery is 12 V and the variation of the
battery voltage is common between 9 V and 16 V. Setting a overvoltage threshold of 30 V and a undervoltage
threshold of 7 V makes sure that the device resets before supply voltage violates the allowed boundary. For
adjustable voltage variant devices see 723 9.2.

9.3.1.2.2 Meeting the Sense and Reset Delay

The TPS3762-Q1 features two options for selecting sense and reset delays: fixed delays and capacitor-
programmable delays. /72> 8.3.5 and /72> 8.3.4 show how to set the timings for the capacitor-
programmable delays. The application requires a 119ms sense delay, thus a 0.033 pF capacitor is used. The
application requires a 360 ms reset delay, thus a 0.1 yF capacitor is used.

9.3.1.2.3 Setting Supply Voltage

Setting the supply voltage is done by connecting the Vpp input directly to the battery rail without the need for
external circuitry. This The device being able to handle 65 V on Vpp means the monitored voltage rail can handle
any typical 42 V battery load dump. Good analog design practice recommends using a 0.1 yF capacitor on the

Vpp pin.
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9.3.1.3 Application Curves

TekPreve

By ] 7y

BIST_EN prompianrid - e 1 Tl L

BIST - lewed o e b e e
@ 200V 2 4.00ms 250KkS/s @ . |[21Sep 2023

@ 200V 10K points 1.00 v J|15:39:54

[ 9-3. BIST with RESET Assertion Waveform
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9-4. Overvoltage RESET Latching Waveform
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B 9-5. Overvoltage RESET Unlatching Waveform
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9.4 Power Supply Recommendations

TPS3762-Q1 is designed to operate from an input supply with a Vpp voltage between 2.7 V (minimum operation)
to 65 V (maximum operation). Good analog design practice recommends placing a minimum 0.1 puF ceramic
capacitor as near as possible to the Vpp pin.

9.4.1 Power Dissipation and Device Operation

The permissible power dissipation for any package is a measure of the capability of the device to pass heat from
the power source, the junctions of the IC, to the ultimate heat sink, the ambient environment. Thus, the power
dissipation is dependent on the ambient temperature and the thermal resistance across the various interfaces
between the die junction and ambient air.

The maximum continuous allowable power dissipation for the device in a given package can be calculated using
=K 12:

Po-max = ((Ty-max — Ta) / Reya) (12)
The actual power being dissipated in the device can be represented by X 13:

Pp = Vpp * Ipp * PrReseT (13)
preseT is calculated by = 14 or X 15

PRESET (PUSHPULL) = VDD - VRESET X IRESET (14)

PRESET (OPEN-DRAIN) = VRESET X IRESET (15)

3 12 and z( 13 establish the relationship between the maximum power dissipation allowed due to thermal
consideration, the voltage drop across the device, and the continuous current capability of the device. These two
equations must be used to determine the optimum operating conditions for the device in the application.

In applications where lower power dissipation (Pp) and/or excellent package thermal resistance (Rgya) is
present, the maximum ambient temperature (T max) can be increased.

In applications where high power dissipation and/or poor package thermal resistance is present, the maximum
ambient temperature (Tamax) may have to be de-rated. Tapmax is dependent on the maximum operating junction
temperature (T uaxop = 125°C), the maximum allowable power dissipation in the device package in the
application (Pp.uax), and the junction-to ambient thermal resistance of the part/package in the application (Rgya),
as given by = 16:

Tamax = (Tymax-op — (Resa X Pp-max)) (16)

9.5 Layout
9.5.1 Layout Guidelines

* Make sure that the connection to the VDD pin is low impedance. Good analog design practice is to place a
greater than 0.1 yF ceramic capacitor as near as possible to the VDD pin.

» To further improve the noise immunity on the SENSE pins, placing a 10 nF to 100 nF capacitor between the
SENSE pin and GND can reduce the sensitivity to transient voltages on the monitored signal.

» If a capacitor is used on CTS or CTR, place these components as close as possible to the respective pins. If
the capacitor adjustable pins are left unconnected, make sure to minimize the amount of parasitic
capacitance on the pins to less than 5 pF.

» Place the pull-up resistors on RESET as close to the pin as possible.

*  When laying out metal traces, separate high voltage traces from low voltage traces as much as possible. If
high and low voltage traces need to run close by, spacing between traces should be greater than 20 mils (0.5
mm).
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» Do not have high voltage metal pads or traces closer than 20 mils (0.5 mm) to the low voltage metal pads or
traces.

9.5.2 Layout Example

The layout example in [X] 9-6 shows how the TPS3762-Q1 is laid out on a printed circuit board (PCB) with user-
defined delays.

@ o

® GND C 3 6 : BIST EN/LATCH_CLR
W RESET C 4 5 : BIST

VDD \ Y,

. Vias used to connect pins for application-specific connections

9-6. TPS3762-Q1 Recommended Layout
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9.5.3 Creepage Distance

Per IEC 60664 Creepage is the shortest distance between two conductive parts or as shown in 9-7 the
distance between high voltage conductive parts and grounded parts, the floating conductive part is ignored and
subtracted from the total distance.

1al b
A K21 B K= C
L1 1

B 9-7. Creepage Distance

9-7 details

A = Left pins (high voltage)

» B = Central pad (conductive not internally connected, can be left floating or connected to GND)
» C = Right pins (low voltages)

» Creepage distance=a+b
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10 Device and Documentation Support
10.1 Device Nomenclature

Device Decoder in 72 a2 5 describe how to decode certain device function of the device based on its part
number. Not all part numbers follow this nomenclature. Use # 10-1 as the part number decoding table for all
devices.

# 10-1. Device Configuration Table

ORDERABLE PART NAME Overvoltage Overvolta.ge Undervoltage Undervolta.ge CTR/CTS Latch / BIST.RESET
(Vire) Hysteresis (Virn) Hysteresis UVbypass | Trigger
PS3762D020VDDFRQ1 800mV 2% N/A N/A ADJ / ADJ Both Yes

10.2 RFa AV FPOEHBEMZRZITMDFiE

RE2AVRDEHFIZ DWW TOBEIZZITEAITIL, ti.com DT /RA BN 7 4 L ZZBANTIZEW, TEFOmmaEs
TS &IV 7L TRGRT D8, BREINTZT R COMEERICETIZ AV AN FEZ TR ET, 28 O
IZOWTE, BIESIZR X 2 AV MIE FN TV AURTEREZ Z B2 S0,

103 Y R—F-VY—2X

TRA A AL AV LAY E2E™ PR —h T 3 —TF AL, TV =T BRRERE DRI LR T A M Ao
—IPLRGEN D EEEEAZEN TEXAGE T, BEFORIEEZRKE LD, M OEME LIV 524 T, i T
T XA RIS ENTEET,

Vo 7E3NTNWBar 7o ViE, K FRmE IV BUROFFE IBIEEINDIL DT, ZNOIETH R A AV LAY O
BERHERR TALDTITRL, T L TR R A AV LAY D RRE KM LSO TIEHVER A, TXF R AR
WA DERGEESRLTTIESN,

10.4 Trademarks

THRP R AL AV ALY E2E™ is a trademark of Texas Instruments.

TRCOFEEIL, FNETNOFAaEIRBLET,

10.5 BESNEICEHT 5 FEEIE

ZO IC 1%, ESD ([Ch - THHIR A FREMERHVE S, THF IR AL AV LAV T, IC ZBOHEO BT ICHE R EEE O s
A FHLELET, ELOBOWBIORE FIEICHEDRWES ., T A REMRT82N0nHIET,

Ao\ ESD IZ LML, D P DR F A7 A ADFERAMIEE X TR DI £, B2 IC DA, STA—S Db Th>
BT D TARSNTOB RN DAL AIREME A S S0 | BRDSRALRT <> TOET,

10.6 AR

TRV R ARV A R ZOMFEEICIE, FHRERIEREO — B L OERP SN TVET,

11 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 Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
PS3762D020VDDFRQ1 ACTIVE SOT-23-THIN DDF 8 3000 TBD Call Tl Call T -40to 125

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© Lead finish/Ball material - Orderable Devices 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.

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. 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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’ PACKAGE OUTLINE
DDFOOO08A SOT-23 - 1.1 mm max height
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.
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EXAMPLE BOARD LAYOUT
DDFOOO08A SOT-23 - 1.1 mm max height
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NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN

SOT-23 - 1.1 mm max height
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X
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NOTES: (continued)
6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
7. Board assembly site may have different recommendations for stencil design.
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