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4 Device Options

GENERIC PART ORDERABLE PART
(1) (2)
NUMBER RADIATION RATING GRADE PACKAGE NUMBER
TID of 100krad(Si) RLAT, 3 .
TPS7H3014-SP DSEE free to 75 MeV-cm2/mg QMLV-RHA 22-pin CFP HFT 5962R2320101VXC
None Engineering model®) 22-pin CFP HFT TPS7H3014HFT/EM

(1) TID is total ionizing dose and DSEE is destructive single event effects. Additional information is available in the associated TID reports
and SEE reports for each product.

(2) For additional information about part grade, view SLYB235.

(3) These units are intended for engineering evaluation only. They are processed to a non-compliant flow (such as no burn-in and only
25°C testing). These units are not suitable for qualification, production, radiation testing, or flight use. Parts are not warranted as to
performance over temperature or operating life.
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5 Pin Configuration and Functions

sENSELCZ]  ______ [EIEm1
SENSE2 (2| | | [EIEN2
SENSE3 [ | i | [ZJEN3
SENSE4 [+ | i 5] EN4
REFCAP (=] | ' [E=1PULL_UP1
Hys(=] | Thermal Pad i ] PULL_UP2
FAULT [7] | | [><] DOWN
uP = i | [E1voo
IN [ | i i 12 ] GND
REG_TMR [ | ! | [=]PWRGD
DIY TMR[| " ' [ SEQ_DONE

Kl 5-1. HFT Package, 22-Pin CFP (Top View)

Z 5-1. Pin Functions

PIN
NAME NO.

oM DESCRIPTION

Non-inverting input of the comparator used to monitor the first rail to be sequenced up/down. To
set the Vgn and Vogr voltages, connect an external resistive divider between the rail to be
monitored and GND with the middle point tied to SENSE1. A voltage greater than 599mV (typ)
on this pin is considered as a regulated voltage rail (Vo). The Voer is set by the Iys current
and the top resistor from the resistive divider. Refer to Top and Bottom Resistive Divider Design
Equations.

SENSE1 1 |

Non-inverting input of the comparator used to monitor the second rail to be sequenced up/
down. To set the Von and Vopr voltages, connect an external resistive divider between the rail
to be monitored and GND with the middle point tied to SENSE2. A voltage greater than 599mV
(typ) on this pin is considered as a regulated voltage rail (Vo). The Vg is set by the Iys
current and the top resistor from the resistive divider. Refer to Top and Bottom Resistive Divider
Design Equations.

SENSE2 2 |

Non-inverting input of the comparator used to monitor the third rail to be sequenced up/down.
To set the Vpon and Vopr voltages, connect an external resistive divider between the rail to be
monitored and GND with the middle point tied to SENSE3. A voltage greater than 599mV (typ)
on this pin is considered as a regulated voltage rail (Von). The Vogr is set by the Iyys current
and the top resistor from the resistive divider. Refer to Top and Bottom Resistive Divider Design
Equations.

SENSE3 3 |

Non-inverting input of the comparator used to monitor the fourth rail to be sequenced up/down.
To set the VN and Vopr voltages, connect an external resistive divider between the rail to be
monitored and GND with the middle point tied to SENSE4. A voltage greater than 599mV (typ)
on this pin is considered as a regulated voltage rail (Von). The Vogr is set by the Iyys current
and the top resistor from the resistive divider. Refer to Top and Bottom Resistive Divider Design
Equations.

SENSE4 4 |

REFCAP 5 (6] 1.2V internal reference. Requires a 470nF external capacitor to GND. Do not load this pin.

Hysteresis. Connect a 50k(2 resistor between this pin and GND, to program the hysteresis
HYS 6 (0] current (typically 24 1 A) at SENSE1 to SENSE4. Is recommended using a resistor with a 0.1%
or better tolerance for hysteresis current accuracy.

FAULT. Open drain output which is forced low by the state machine to indicate an internally
FAULT 7 o generated fault. Is recommended to pull-up this pin to VLDO with a 10k resistor. However, a
different external voltage source can be used as the pull-up as long as it is stable before
commanding the sequence up and never drops below 1V during the operation of the device.
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# 5-1. Pin Functions ( 4%)

PIN

NAME

NO.

o

DESCRIPTION

UP

Non-inverting input of a comparator. A rising voltage greater than 599mV (typ) will induce a
rising edge and will start a sequence up. This pin can be driven by an external controller, or
connected to a main rail trough an external resistive divider with the middle point connected to
the UP pin to start the sequence up automatically. This threshold has a fixed hysteresis of
100mV (typ).

Input supply to the device. Input voltage range is from 3V to 14V. Connect at leasta 0.1 n F
ceramic capacitor as close as possible to the pin.

REG_TMR

10

110

Time to regulation timer. Connect a resistor to GND between 10.5k Q@ and 1.18M Q to set the
allowed time for a SENSE, rail to reach the regulation threshold (Voy). The delay can be
adjusted from 0.25ms to 25ms. Leave this pin floating to deactivate this feature.

DLY_TMR

1

110

Delay timer. Connect a resistor to GND between 10.5kQ and 1.18M Q to set the sequence up
and down delay. The delay can be adjusted from 0.25ms to 25ms. Leave this pin floating for no
delay.

SEQ_DONE

12

Sequence done. Push-pull output with Voy level set by PULL_UPZ2 input supply voltage.
Indicates when the sequence up or down is completed.

PWRGD

13

Power Good. Push-pull output with Vo level set by PULL_UP2 input supply voltage. Indicates
when all rails (SENSE1 to SENSE4 ) are in regulation (greater than Vony)-

GND

14

Ground.

VLDO

15

Output of internal regulator. Requires at least 1 1 F external ceramic capacitor to GND. Allowed

loading of this regulator are: FAULT pull-up using a 10kQ resistor or to turn-off unused channels
by connecting directly to SENSE2 to SENSE4 as needed.

16

Non-inverting input of a comparator. A falling voltage lower than 498mV (typ) will induce a
falling edge and will start a sequence down. This pin can be driven by an external controller, or
connected to a main rail through an external resistive divider with the middle point connected to
the DOWN pin to start the sequence down automatically. This threshold has a fixed hysteresis
of 100mV (typ).

PULL_UP2

17

Input supply voltage to program the pull-up voltage for the push-pull output stage on
SEQ_DONE and PWRGD. Connect at least a 1 u F ceramic capacitor as close as possible to
the pin.

PULL_UP1

18

Input supply voltage to program the global pull-up voltage for the push-pull output stages on
EN1 to EN4. Connect at least a 1 u F ceramic capacitor as close as possible to the pin.

EN4

19

Enable 4. Push pull output with Vo level set by the PULL_UP1 input supply voltage. Connect
to the logic enable signal of the device to control and to be monitored by SENSE4.

EN3

20

Enable 3. Push pull output with Vg level set by the PULL_UP1 input supply voltage. Connect
to the logic enable signal of the device to control and to be monitored by SENSE3.

EN2

21

Enable 2. Push pull output with Vo level set by the PULL_UP1 input supply voltage. Connect
to the logic enable signal of the device to control and to be monitored by SENSE2.

EN1

22

Enable 1. Push pull output with Vg level set by the PULL_UP1 input supply voltage. Connect
to the logic enable signal of the device to control and to be monitored by SENSE1.

Thermal pad

Internally grounded. It is recommended to connect this metal thermal pad to a large ground
plane for effective heat dissipation.

Metal lid

Lid

The lid is internally connected to the thermal pad and GND through the seal ring.

(1) I'=Input, O = Output, I/O = Input or Output, — = Other
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) (V) (2)

MIN MAX UNIT
IN -0.3 16
UP, DOWN -0.3 7.5
SENSE1, SENSE2, SENSE3, SENSE4 -0.3 3.6
Input voltage \%
PULL_UP1, PULL_UP2 -0.3 7.5
FAULT -0.3 75
DLY_TMR, REG_TMR -0.3 3.6
VLDO -0.3 3.6
EN1, EN2, EN3, EN4 -0.3 7.5
Output voltage REFCAP -0.3 2 \%
HYS -0.3 3.6
SEQ_DONE, PWRGD -0.3 7.5
Output current EN1, EN2, EN3, EN4 -20 20 oA
SEQ_DONE, PWRGD -20 20
Junction temperature T, -55 150 °C
Storage temperature Tstg -65 150 °C

(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) All voltages values are with respect to GND.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/ +2000
o JEDEC JS-001, all pins () -
VEsp Electrostatic discharge - \%
Charged-device model (CDM), per ANSI/ESDA/ +500
JEDEC JS-002, all pins @ -

(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions

over operating temperature range, Ta= - 55°C to 125°C (unless otherwise noted) ()

MIN NOM MAX UNIT
IN 3 14
UP, DOWN 0 7
Input voltage SENSE1, SENSE2, SENSE3, SENSE4 0 35 \Y
PULL_UP1, PULL_UP2 1.6 7
FAULT 0 7
Output voltage EN1, EN2, EN3, EN4 0 7 v
SEQ_DONE, PWRGD 0 7
EN1, EN2, EN3, EN4 -10 10
Output current SEQ_DONE,PWRGD -10 10 mA
FAULT -2
Junction temperature T, -55 125 °C
Input voltage slew rate |SR)y 0.001 10 V/us

(1)  All voltages values are with respect to GND.

6.4 Thermal Information

TPS7H3014-SP
THERMAL METRIC(") HFT (CFP) UNIT
22 pins
R ya Junction-to-ambient thermal resistance 34.2 °C/W
R0 yc(bot) Junction-to-case (bottom) thermal resistance 7.7 °C/W
Rous Junction-to-board thermal resistance 17.2 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 16.9 °C/W
wr Junction-to-top characterization parameter 8.6 °C/W
LU Junction-to-board characterization parameter 17 °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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6.5 Electrical Characteristics

Over 3V < VlN < 14V, RDLYiTMR = 1O5ka RREGiTMR = 105|(Q, CREFCAP = 470nF, CVLDO = 1|JF, VF’ULLﬁUP’l = 33V,
VpuLL_up2 = 3.3V, CpuL_up1 = 1HF, CpuLL_upz = 1WF, over temperature range (Ta= - 55°C to 125°C), unless otherwise
noted; includes group E radiation testing at Tp = 25°C for QML RHA devices (1) ()

SUB-
PARAMETER TEST CONDITIONS GROUP ® MIN TYP MAX| UNIT
SUPPLY VOLTAGES AND CURRENTS
In Waiting to sequence up and down
la N VN quiescent current states with all outputs floating. See State |1, 2, 3 2.5 4 mA
Diagram
UVLORise Vi rising undervoltage 1,2,3 272 279 284
lockout v
V) falling udervoltage
UVLOgaLL Mo 1,2,3 259 264 269
v Internal linear regulator |5V < Viy < 14V 1,2,3 319 329 338 v
LDo output voltage Vi < 3.24V 1,2,3 97%  99% * Vi
REFCAP Internal bandgap voltage 1,2,3 1.188 1.2 1.212
Power on reset voltage 1.6V < Vpyr_upx < 7V, VoL < 320mV
VPoR_IN () With Iy = - 2mMA 1,2,3 1.41 2 v
Power on reset voltage | V|y =0V, VoL < 320mV with lgng = -
VPOR_PULL_UPx 5) 9 " ot ENx 1,2,3 0.89 14
100pA
SENSE1 TO SENSE4, UP AND DOWN COMPARATOR INPUTS
VTH_SENSEX ;Erﬁgl‘;'d voltage at 1,23 503 599 605 mV
lhys SENSEx SENSEx hysteresis Vsensex = 700mV 1,2,3 2328 24 2472 A
~ current
Input leakage current at _
lLkG_SENSEX SENSEx Vsensex = 500mV 1,2,3 2 100 nA
Vi up Rising threshold voltage 1,2,3 580 508 615 mv
- at UP
Falling threshold voltage
VrH_DOWN ot DOWN g 1,2,3 483 498 512| mv
UP and DOWN
VHvs_up_DOWN hysteresis voltage 1,23 100 mV
Input leakage current at
lLkG UP_GOWN ug and DO%VN Vup = Vigown = 500mV 1,2,3 2 100| nA
Channel 2, 3, 4 turn off
VAURN_OFF voltags 1,2,3 87% 89% 91%| x VLDO
EN1 TO EN4, SEQ_DONE AND PWRGD PUSH PULL OUTPUTS
v Low-level ENx output 1.6V < VpyL upr < |lLoaD = ~2mA 12,3 10%
L_EN -
OrEx voltage v lLoap = - 10mA |1,2,3 25%|  x
v High-level ENx output | 1.6V < Vpyy_ypt < | LoD = 2MA 1,23 90% VeuLL_uet
OR_ENx voltage 7v ILoap = 10mA 1,2,3 70%
v Low-level SEQ_DONE  |1.6V < Vpy ypp < |loan= -2mA  |1,2,3 10%
OL_SEQ_DONE output voltage 7V oo = - 10mA |1,2,3 259%
High-level SEQ_DONE 1.6V < Vpy ypp < |lLoaD = 2MA 1,23 90%
Von_sEq_pone output voltage v - 0
p 9 ILOAD =10mA 1, 2, 3 70% X
v Low-level PWRGD 16V < Vpy, ypp < |lLoaD= ~2mA  |1,2,3 10% | VeuLL_up2
o G -
L_PWRGD output voltage v lloap = - 10MA  |1,2,3 25%
v High-level PWRGD 1.6V < Vpy_ypp < | ILosD = 2MA 1,2,3 90%
OH_PWRGD output voltage 7V ILoap = 10mA 1.2.3 70%
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6.5 Electrical Characteristics ( 4t )

Over 3V < V|N < 14V, RDLY_TMR = 105ka RREG_TMR = 105|(Q, CREFCAP = 470nF, CVLDO = 1|JF, VF’ULL_UP‘I = 33V,
VpuLL upz = 3.3V, CpyrL_up1 = 1HF, CpyrL_up2 = 1UF, over temperature range (Ta= - 55°C to 125°C), unless otherwise

noted; includes group E radiation testing at Tp = 25°C for QML RHA devices (1) )

PARAMETER TEST CONDITIONS GRSC:jUBF; ®) MIN TYP MAX| UNIT
PULL_UPx leakage
PULL_UPXLKG curren_t 9 VPULL_UPX =7V 1, 2, 3 48 121 [JA
10% to 90% of
Enable rising output VpuLL_uP1s 1.6V < VpyLL_up1
SReNx_RISE voltage slew rate Rioap = 50k Q, <7V 9,10, 1 17 125
CLOAD = 100pF
SEQ_DONE rising 10% to 90% of
SR = ° ° 9,10, 11 17 125
SFQDONERISE | output voltage slew rate | Vo | po, 1.6V < VoL up2
PWRGD rising output | RLoap =50k &, <7V
SRewrap_Rise voltage slew rate Cioap = 100pF 9,10, 1 17 125 Vius
Enable falling output 1.6V < VpyLL up1
SR — 9,10, 11 44 126
ENx_FALL voltage slew rate 90% to 10% of <7V
SEQ_DONE falling VpuLL_upP1s
SRseq_DONE_FALL output voltage slew rate |Rioap = 50k Q, 16V < VouLl uma 9,10, 11 44 126
R PWRGD falling output | C-0AD = 100pF <7v o 1011 12
PWRGD_FALL voltage slew rate P
EN PMOS source output _ Veu_up1 = 1.6V |1,2,3 18 40
Renx_PULL_uP : ILoap = 2mA
resistance VpyLL_up1 = 7V 1,2,3 7 20
R SEQ_DONE PMOS | = 2mA VPULL_UP2 =1.6V 1, 2,3 18 40
SEQ_DONE_PULL_UP | source output resistance | -OAP Vel up2 =7V |1,2,3 7 20
R PWRGD PMOS source |, — 2mA VpuLL_up2 =16V [1,2,3 18 40
PWRGD_PULL_UP | otput resistance LOAD Vel up2 =7V |1,2,3 7 20 0
EN NMOS sink output
RENx_PULL_DOWN resistance P lLoap = ~2mA, 1.6V < VpyLyp1 <7V |1,2,3 7 28
RSEQ_DONE_PULL_DO SEQ_DONE NMOS sink _
WN OUtpUt resistance ILOAD = 2mA, 1.6V < VPULLﬁUP1 <7V 1, 2, 3 7 28
PWRGD NMOS sink _
RpwWRGD_PULL_DOWN output resistance lLoap = —2mA, 1.6V < Vpy L ypr S 7V |1,2,3 7 28
FAULT OUTPUT
FAULT pull down _
RFAULT_PULL_DOWN | asistance IeaurT = 100pA 1,2,3 131 512 Q
lLke_FAULT FAULT leakage current |Veagrr=7V 1,2,3 23 600 nA
THERMAL PROTECTION
Thermal shutdown enter
Tsp_enter temperature T
C
Thermal shutdown exit
Tso_exir temperature 164
Copyright © 2024 Texas Instruments Incorporated TR 15

Product Folder Links: TPS7H3014-SP

English Data Sheet: SNVSCE7



https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tps7h3014-sp?qgpn=tps7h3014-sp
https://www.ti.com.cn/cn/lit/pdf/ZHCSUF1
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSUF1B&partnum=TPS7H3014-SP
https://www.ti.com.cn/product/cn/tps7h3014-sp?qgpn=tps7h3014-sp
https://www.ti.com/lit/pdf/SNVSCE7

13 TEXAS
TPS7H3014-SP INSTRUMENTS
ZHCSUF1B - JANUARY 2024 - REVISED JUNE 2024 www.ti.com.cn

6.5 Electrical Characteristics ( 4t )

Over 3V < V|N < 14V, RDLY_TMR = 105'(91 RREG_TMR = 105|(Q, CREFCAP = 470nF, CVLDO = 1|JF, VF’ULL_UP‘I = 33V,
VpuLL upz = 3.3V, CpyrL_up1 = 1HF, CpyrL_up2 = 1UF, over temperature range (Ta= - 55°C to 125°C), unless otherwise
noted; includes group E radiation testing at Tp = 25°C for QML RHA devices (1) )

PARAMETER TEST CONDITIONS GRS(.':jUBF; | MIN TYP MAX| UNIT

DELAY AND TIME TO REGULATION TIMERS

RoLy R = 10.5kQ 9, 10, 11 0.205 0.268 0.342
toLy_TMR Delay time RoLy Tmr = 619k @ 9, 10, 11 1077 125 14.14

RoLy Mg = 1.18M Q 9, 10, 11 20 2337 272

Rrec_Tmr = 10.5k Q 9, 10, 11 0197 0264 034
tREG_TMR Time to regulation Rrec_Tmr = 619k 0 9, 10, 11 108 124 141

Rrec T = 1.18M Q 9, 10, 11 203 2363 27.2

(1) See the 5962R2320101VXC SMD (standard microcircuit drawing) for additional information on the RHA devices.

(2) All voltage values are with respect to GND.

(3) For subgroup definitions, see Quality Conformance Inspection table.

(4)  Vpor N is the minimum Vy voltage for a controlled output state, when 1.6V < Vpy L ypx < 7V. Below Vpor |n, the output cannot be
determined. N -

(5)  VpoRr_puLL_upx is the minimum Vpy | ypx Voltage for a controlled output state, when Vy < 3V. Below Vpor_puLL_urx the output cannot
be determined.
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6.6 Timing Requirements

Over 3V < VlN < 14V, RDLYﬁTMR = 105'(9’ RREGiTMR = 105kQ, CREFCAP = 470nF, CVLDO = 1UF, VPULLfUP1 = 33\/,
VF’ULL_UPZ =3.3Y, CPULL_UP'] = 1uF, CF’ULL_UPZ = 1uF, over temperature range (Tp= - 55°C to 125°C) unless otherwise noted;
includes group E radiation testing at T, = 25°C for RHA devices (V

SUB-
PARAMETER TEST CONDITIONS GROUP @ MIN TYP MAX| UNIT
tstart_up_delay Start-up delay time ) Vrercap = 1.1V, See Figure 7-1 |9, 10, 11 2.8 ms
DLY_TMR = Open,
tod ENx ENXx propagation delay REG_TMR=0pen, 9,10, 1 3.4 6.5
See Figure 7-2 and Figure 7-3
DLY_TMR = Open,
tod_SEQ_DONE SEQ_DONE propagation delay |REG_TMR=0Open, 9,10, 11 3.4 6.5
See Figure 7-4 and Figure 7-5
DLY_TMR = Open,
tod_PWRGD PWRGD propagation delay REG_TMR=0Open, 9,10, 1 3.4 6.5 us
See Figure 7-6 and Figure 7-7
In Waiting to Sequence DOWN
State
State machine fault propagation |from 33% of SENSE1 | to 82%
tod_sm_FauLT delay PWRGD | 9,10, 1 3.4 4.3
See Figure 7-8 and
State Diagram.
Vyp rising minimum time for valid | DLY_TMR = Open,
twn_up uP See Figure 7-10 9,10, 11 0.27 0.7
us
Vpown rising minimum time for  |DLY_TMR = Open,
tIN_DOWN valid DOWN See Figure 7-11 9,10, 11 042 09
Rising theshold on VSENSEXx DLY_TMR = Open,
th_vTH_RISE hold time See Figure 7-12 9,10, 11 0.84 16 Hs
Falling theshold on VSENSEXx DLY_TMR = Open,
th_vTH_FALL hold time See Figure 7-13 9,10, 11 0.35 1 ws

(1) See the 5962R2320101VXC SMD (standard microcircuit drawing) for additional information on the RHA devices.
(2) For subgroup definitions, see Quality Conformance Inspection table.
(3)  During the power-on, Vy must be at or above V|y (MIN) for at least tsiart_up_delay for all internal references to be within specification.

6.7 Quality Conformance Inspection
MIL-STD-883, Method 5005 - Group A

SUBGROUP DESCRIPTION TEMP (°C)
1 Static tests at 25
2 Static tests at 125
3 Static tests at -55
4 Dynamic tests at 25
5 Dynamic tests at 125
6 Dynamic tests at -55
7 Functional tests at 25

8A Functional tests at 125
8B Functional tests at -55
9 Switching tests at 25
10 Switching tests at 125
11 Switching tests at -55
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6.8 Typical Characteristics

RDLY_TMR =10.5kQ, RREG_TMR = 105kQ, VPULL_UP1 = 33V, VPULL_UF’Z = 33V, VW = 10kQ pU”-Up to VLDO, RHYS = 50kQ,
CREFCAP =470nF, CVLDO =1uF, CPULL_UP1 =1uF, CPULL_UPZ =1 v F, unless otherwise noted.
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A 6-4. lg_n Vs Temperature Across V| in Waiting to Sequence
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6-5. Undervoltage Lockout vs Temperature
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6.8 Typical Characteristics (continued)

RDLY_TMR =10.5kQ, RREG_TMR =10.5kQ, VPULL_UP1 =3.3Y, VPULL_UF’Z =3.3Y, VW = 10kQ pU”-Up to VLDO, RHYS = 50kQ,
CREFCAP =470nF, CVLDO =1uF, CPULL_UP1 =1uF, CPULL_UPZ =1 v F, unless otherwise noted.
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23.4+
23.6

23.8
24.2
24.4
24.6
24.8
25

Ihys_sensex (HA)

VSENSEX =700mV

&l 6-8. lhys_sensex Current Distribution at Temperature of 25°C

&l 6-9. lHys_sensex Current Distribution at Temperature of 125°C
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6.8 Typical Characteristics (continued)

RDLY_TMR =10.5kQ, RREG_TMR =10.5kQ, VPULL_UP1 =3.3Y, VPULL_UF’Z =3.3Y, VW = 10kQ pU”-Up to VLDO, RHYS = 50kQ,
CREFCAP =470nF, CVLDO =1uF, CPULL_UP1 =1uF, CPULL_UPZ =1 v F, unless otherwise noted.
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6.8 Typical Characteristics (continued)

RDLY_TMR =10.5kQ, RREG_TMR =10.5kQ, VPULL_UP1 =3.3Y, VPULL_UF’Z =3.3Y, VW = 10kQ pU”-Up to VLDO, RHYS = 50kQ,
CREFCAP =470nF, CVLDO =1uF, CPULL_UP1 =1uF, CPULL_UPZ =1 v F, unless otherwise noted.
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6.8 Typical Characteristics (continued)

RDLY_TMR =10.5kQ, RREG_TMR =10.5kQ, VPULL_UP1 =3.3Y, VPULL_UF’Z =3.3Y, VW = 10kQ pU”-Up to VLDO, RHYS = 50kQ,
CREFCAP =470nF, CVLDO =1uF, CPULL_UP1 =1uF, CPULL_UPZ =1 v F, unless otherwise noted.

RREG_TMR = FIoating
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7 Parameter Measurement Information
Vin (V)

A

VIN(STEADY-STATE) [— = — = — == == — = — = — —— —— ——

UVLOgisg | - — - — - _

|
|
I
I
|
|
I .
| time(s)
|
It
A | Start_up_delay,
| €——>
| |
VRercap (V)\_ _______________ — |_
/_ |
1.1V :
I
|
|
time(s)
A.  ViNSTEADY-STATE) is @ valid operating voltage between 3V and 14V
B 7-1. tstart_up_delay Time Measurement
Vienses (V) Vaensex (V)
1.5V ~ 1.5V
630mV - 500mV 4
500mV
time(s) ov time(s)
Ve Ven
70% of Veuw_ue1 +
20% of Veuu_upi
time(s) time(s)
B 7-2. ENx Propagation Delay (t,q_gnx) Time & 7-3. ENx Propagation Delay (t,q enx) Time
Measurement - Rising Voltage Measurement - Falling Voltage
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Vsensea (V) Vaown (V)
1.5V +
630mV -
500mV i i
v w i . time(s) } time(s)
SEQ_DONE | pd_SEQ_DONE Vsea_pone (V) tpd_seq_pone
) el : Xite
Ve wpa 4 — - —— [ —i VeuLL_ue: 1 |
70% of Vouu_upy 4 ——— == === == === === — i’ - i
3 20% Of Vpuut_up |~~~ — - - __ ‘
time(s) time(s)
& 7-4. SEQ_DONE Propagation Delay & 7-5. SEQ_DONE Propagation Delay

(tpa_sea_pone) Time Measurement - Rising Voltage (t,q seq_pone) Time Measurement - Falling Voltage

Vsensea (V) Vaown (V)
1.5V + 1.5V ~
630mV + 500mV +
500mV i i
w i . time(s) ov } . time(s)
Veweeo (V. ! pd_PWRGD Veweep (V) d_PWARGD
;«L»l N i
Ve wpa f - —— - },,,,i VeuLi_up: 1 i
70% of Vuu_upy 4 ——— == === == === === = i’ - i
| 20% Of Voury_up |~ —— - __ ‘
time(s) time(s)
& 7-6. PWRGD Propagation Delay (t,q pwrep) Time [& 7-7. PWRGD Propagation Delay (toa_pwrep) Time
Measurement - Rising Voltage Measurement - Falling Voltage
VSENSEl (V)
A
1.5V
o5%vV +- - - —— - ————
|
I
I
f ; >
[ time(s)
Vo (V) : /'tpd_SM_FAULT
A | I
g
I I
VLDO 4 |
2V —————————————— 1

time(s)
A.  Vsenses is pulled-low after the state machine is in the waiting to sequence down state.
B. The slew rates are exaggerated for easier visualization.

& 7-8. State Machine Detected Fault Propagation Delay (tog sm_rauLt)
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Vue (V)
. t<tvin_up t<tvin_up t>tvin_up
15V |—————— { -
< > «—> «—
|
|
|
|
|
|
|
! /tpd_ENx _
T / O | g
:<—>II time(s)
Venz (V) : :
A | |
| |
Ve upr (V) 4= == === === - - — —— — L——4
time(s)

& 7-9. Minimum Time for Valid Sequence Up Command (tyn_up)

Voown (V)
1.5V | ————~-
/t>tMIN_DOWN
— — ‘ >
\’t<tM|N_DOWN t<tvin_SowN : ! tod_Enx time(s)
Vewrep (V) :‘":
A I :
b
Veuie_ue2 (V) L
|
88% x Veur_up2 (V) |- === ===
time(s)

K 7-10. Minimum Time for Valid Sequence Down Command (tmin_DowN 5
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Vsensex (V)
A ©>th vrH_RisE Oty viirise ©Th vri rise t<th_vrH_Rise
1evlo——_ 7 d 7 hd
: ( ( ( (
— > — «—>
time(s)
Veaorr (V)
A
VLDO
time(s)

& 7-11. Rising Threshold on SENSEx Hold Time (t, yrH_rise)

Vsensex (V)
1.5V | ————~-
/ g PNV TRONTE
< \ > 4—\> 4—’:
\t<th_VTH_FALL > <ty viH_FaLL : /:/’tpd_ENx time(s)
Vewerep (V) :‘_’:
o
|
|
Vpuie_urz (V) L
|
88% x VeurL_vp2 (V) |-— - ————
time(s)

& 7-12. Falling Threshold on SENSEx Hold Time (t;, ytH_raLL)
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8 Detailed Description
8.1 Overview

The TPS7H3014 is a four-Channel, 3V to 14V, sequencer and supervisor for space applications. The device is
intended to drive devices with enable high logic inputs. The channel count can be incremented as needed for the
application by connecting multiple ICs. in a daisy-chain configuration. Each output incorporates a push-pull
architecture. The logic high of these outputs are externally provided by the user by supplying a voltage to the
PULL-UPx inputs. All ENx push-pull outputs are tied to the PULL_UP1 domain while SEQ_DONE and PWRGD
are tied to the PULL_UP2 domain.

The SENSEX inputs are connected to the non-inverting input (undervoltage) of a comparator which is used to
determine the on (in regulation) and off (not in regulation) voltage level of the monitored power supply (Voutx)-
Each of these inputs feature a threshold level of 599mV (typ) with an accuracy of +1% across: voltage,
temperature, and radiation (TID). The hysteresis voltage threshold level can be adjusted by the user and
determined by the Rtopy resistance and the hysteresis current (Ihys). The Ipys becomes active once the rising
voltage at SENSEXx exceeds the threshold (599mV typ), indicating the monitored voltage rail is in regulation. Igys
is 24 n A with an accuracy of £3% across: voltage, temperature, and radiation (TID).

The device incorporates two timers:

1. DLY_TMR: Set the rising and falling ENx delay. Once the SENSE, 4 is above the on voltage during a
sequence up, the EN, will be asserted high once the delay set by the user using the DLY_TMR input is
expired. The same is true during sequence down, this means that once SENSE, is below the off voltage the
EN,.1 will be asserted low once the timer is expired. This timer can be set from 0.25ms to 25ms, by using a
10.5k Q to a 1.18M Q, respectively.

2. REG_TMR: Set the allowed time that a sensed voltage rail has to be above the on threshold (in regulation).
Once the EN, is asserted high, the SENSE, has up to the time set by the user, using REG_TMR, to be
above 599mV (typ). Otherwise a reverse sequence down from EN,_4 is started.

Separate UP and DOWN pins are provided by the device in order to enable daisy-chain configurations. The UP
pin has a threshold (V1y yp) of 599mV (typ), while the DOWN pin has an threshold (V14 pown) of 498mV. A
fixed hysteresis of 100mV is incorporated in both input comparators for noise stability. These pins are edge
sensitive, a rising edge in UP starts the sequence up, while a falling edge in DOWN will start the sequence
down.

When using a single device and driven externally, both pins (UP and DOWN) are typically tied together. Since
UP and DOWN inputs have an accurate threshold, they can be used to initiate the sequence up and down by
accurately sensing another rail (using a resistive divider), or they can be externally driven by a controller. Once
UP is driven above V14 yp, the device will start a sequence up by asserting EN1 high after the programmed
delay time (DLY_TMR), at which point the SENSE1 will start rising up. If SENSE1 crosses the on voltage before
the REG_TMR is expired, then EN2 will be asserted high after the programmed delay. This process continues
until the SEQ_DONE and PWRGD are asserted high indicating a complete sequence up and system power
good, respectively.

Once the DOWN pin is driven below V14 pown, the device will start a sequence down by forcing EN4 low after
the programmed delay. At this point, the SENSE4 voltage will start falling until is lower than the set off voltage.
Once this happens, EN3 will be asserted low after the programmed delay. This will continue until EN1 is forced
low. As the discharge time of the sequenced devices is unknown, the REG_TMR is not active during power
down.

During sequence up, SEQ_DONE and PWRGD are asserted high after the last used channel crosses the on
voltage threshold and the programmed DLY_TMR is expired (assuming it is active). During sequence down,
SEQ_DONE is forced low once Vgyt1 is below the off voltage and the DLY _TMR is expired. However PWRGD
is forced low immediately after the commanded sequence down.

The TPS7H3014 also incorporates a comprehensive FAULT management system described in the State
Machine section.
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8.2 Functional Block Diagram
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8.3 Feature Description
8.3.1 Input Voltage (IN), VLDO and REFCAP

During steady state operation, the input voltage of the TPS7H3014 must be between 3V and 14V. A minimum
bypass capacitance of at least 0.1 1 F is needed between V| and GND. The input bypass capacitors should be
placed as close to the |74 k4= %% IC as possible. Is recommended that V| slew rate is controlled between 10V/
v s to 1mV/ u s for proper IC operation.

The voltage applied at V| serves as the input for the internal regulator that generates the VLDO voltage,
typically 3.29V. At input voltages less the 3.29V (typ), the VLDO voltage will follow the voltage at V.
Recommended capacitance for VLDO is 1 n F. Unused SENSE2 to SENSE4 can be tied to VLDO to by-pass the
channel delay during sequence up and down. It is recommended to pull-up the FAULT pin to VLDO via a 10kQ
resistor, but otherwise it is recommended not to externally load this pin due to limited output current capability.
During power up, the user should wait at least the 2.8ms (tstart_up_delay) after Viy > UVLORsg before attempting
to start a sequence up, this is due to internal time constants in the device.

Each device generates an internal 1.2V bandgap reference that is utilized throughout the various internal control
logic blocks. This is the voltage present on the REFCAP pin during steady state operation. This voltage is
divided down to produce the reference for the comparator inputs SENSE, (599mV typ), UP (598mV typ) and
DOWN (498mV typ). The V14 sensex reference is measured at the EN, outputs to account for offsets in the error
amplifier and maintains regulation within 1% across: voltage, temperature, and radiation TID (up to 100krad in
Silicon). This tight reference tolerance allows the user to monitor voltage rails with high accuracy. A 470nF
capacitor to GND is required at the REFCAP pin for proper electrical operation as well as to ensure robust SET
performance of the device.

8.3.1.1 Undervoltage Lockout (Vpor N < VN < UVLO)

When the voltage on V)y is less than the UVLO (2.79V typ) voltage, but greater than the power-on reset voltage
(Vpor_INs 1.41V typ), the output pins (ENx, SEQ_DONE and PWRGD) will be in a logic low state, regardless of
the voltage at the inputs of the device, named as:

* SENSE,

- UP

+ DOWN

8.3.1.2 Power-On Reset (VN < VpoRr_IN)

When the voltage on V|y is lower than the power on reset voltage (Vpor |n), the output signal is undefined and is
not to be relied upon for proper device function.

K 8-1 shows the ENx outputs relationship to a rising input voltage (V|y). As can be observed, the ENx are
undefined when V| is lower than Vpor v (typically 1.41V). During this time the outputs can be any value from
0V to V)y. In this case, the input voltages to all undervoltage (UV) input comparators (SENSEXx) are below the
VTH sensex (599mV). For this reason (in conjunction with waiting for a rising edge on UP), the ENx, SEQ_DONE
and PWRGD stays low after V) rises above UVLOgsg (typically 2.79V).
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V1H_sensex

SENSEX (V)

0-v

time

VIN(STEADV—STATE)

UVLOgise
Vin (V)

Veor_IN

0-v
ENXx (V),
SEQ_DONE
and PWRGD

VOL

T 1 e
Undefined Undefined

& 8-1. Outputs in a Valid Low State After Vy > VinaviN

A. This figures assumes:
1. Avalid external pull-up voltage is connected to the PULL_UPx inputs (1.6V < Vpyr|_upx < 7V).
2. VIN(STEADY—SATE) is a valid VN voltage between 3V to 14V.
3. VpaorT pull up to VLDO.
4. Device is in the: Waiting to Sequence UP State (Refer to State Machine for more details).
5. Vg represents: Vo enx, VoL_seq_pones @and Vo _pwrab. OF the low logic output voltage for all outputs.
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8.3.2 SENSEXx Inputs

8.3.2.1 VTH_SENSEX and VONX

The TPS7H3014 sequencer integrates four under-voltage (UV) comparators, with an accurate (+1%) threshold
voltage (V1H sensex) Of 599mV nominal. V14 sensex IS measured at the ENx outputs to account for comparator
offsets in the threshold. Maximum flexibility is provided as external resistive dividers can be adjusted to sense
any voltage rail (Voury)- 8-2 shows a conceptual diagram of the comparators connected to the SENSEx
inputs. As can be observed, the sensed voltage rail (Vouryx) is attenuated (using an external resistive divider,
Rropx and Rgottomx) @and compared against the V1 sensex Voltage. Is recommended to maintain the steady-
state SENSEXx voltage below 1.6V, in order to maintain the threshold (VTH_sensex) accuracy.

VLDO

Ihvs_sensex

Rropxs VLDO
SENSEX

Vourk () X . +

V1H_sensex ( i ; /J:

& 8-2. SENSEx Comparators Inputs

To Delay CKT...

O

ReotTomx 3

|||—<

@
z
o

When the voltage at the monitored rail (Voyrx) is rising, the hysteresis current (Iyys) is not connected to SENSEx
input. At this time the SENSEx (attenuated Vpy1y) voltage is compared against the SENSEx threshold
(VTH sensex)- When Vsensex > VT sensex the voltage is considered within regulation limits. We can calculate
the on (within regulation) voltage by doing a simple voltage divider as:

RTop
VONx_NOMINAL (V> = (1 + —RBOTTOXMX) X VTH_SENSEx (1)
Where:

*  V1H_sensex is the nominal sense threshold voltage of 599mV.

As with any system, there is some variation (or errors) of the design variables, in this case the top and bottom
resistors and the SENSEXx threshold voltage. Using the derivative method to calculate the total error (and
assuming these variables are uncorrelated) with both resistors having the same tolerance value, the Vgny error
can be calculated as:

2 2 2 2 2
VTH_SENSEx™ X (2 X RroL” X RTopx ) + (VTH_SENSEX_ACC x (RToPx + RBOTTOMx) )
Vonx ERROR (V]| = £ 2 (2)
RBOTTOMX
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Where:

* RyoL is the resistors tolerance (same for top and bottom resistors) as numeric value. For example, for 0.1%
tolerance resistors, we use 0.001.

* V1H_sensex_acc is the SENSEX threshold accuracy as numeric value (in this case 0.01).
* Rropx and RgotToMxX Are in Ohms (Q)
° VTH_SENSEX is 0.599 Volts.

Using 7220 1 and 77238 2 we can calculate the on voltage range as:

Vonx = VoNx_NOMINAL £ VoNx_ERROR (3)

B
Remember Vry sensex is the reference voltage when accounting for the comparator offsets
V1H_sensex = VRer t VorrseTx-

As this device is intended for sequencing of multirail systems, the ENx to SENSEXx order is defined in ascending
channel number (EN1 to EN4) for sequence up, and descending (EN4 to EN1) for sequence down. When a
channel of the sequencer is not needed (unused) the channel can be connected to VLDO to skip the channel
during sequence up/down. Is recommended to connect all disabled channels to VLDO, but an external voltage
greater than 91% of VLDO (max) will disabled the channel (the voltage at SENSEx cannot exceed 3.5V). Only
channels 2 through 4 can be disabled. It is recommended to disabled channels starting from high (channel #4) to
low (channel #2). The channels are disabled starting from the lowest channel count and higher. This means that
if channel #2 is disabled, by definition channels #3 and #4 will also be disabled.

#1E
The channels to be disabled must be valid at power up and not be dynamically changed during the
sequence up and down.

Any voltage at SENSE 2 to SENSE4 > Vryrn_oFr [91% of VLDO(max)] will disable (or turn-off) the channel. This
will disable the delay (set by TMR_DLY) for those channels during sequence up and down.

Although it is not required, in noisy applications it is good analog design practice to place a small bypass
capacitor at the SENSEX inputs in order to reduce sensitivity to transient voltages on the monitored signal.

8.3.2.2 Iyys_sensex and Vorrx

The TPS7H3014 has a built-in hysteresis current of 24 u A with an accuracy of £3% (with Ryys = 50kQ). The
hysteresis current is equivalent to REFCAP/Ryys. A tolerance of 0.1% for the Rpys is recommended as it
ultimately affects the hysteresis current accuracy.

HIE
A resistor of Ryys=49.9kQ can be used instead of 50kQ. In this case the nominal lyys sensex current
will be 24.05 p A instead of 24 1 A.

This current is mirrored internally across all SENSEX inputs. This hysteresis current becomes active when the
SENSEX voltage is greater than the threshold voltage (599mV +1%), same as Voutx > Vony (Refer to 725K 3
and & 8-2). This current (Iqys) multiplied by the Ryopy resistance induces a voltage (Vhysy) that is added to the
SENSEX node, effectively boosting (incrementing) the node voltage. During sequence down, or an undervoltage
event when the Vgty is decrementing, it will need to drop below the Vg voltage in order to be considered as
an out of regulation (or fault). The hysteresis voltage is defined as:

Viysx NomiNAL (V) = Inys sEnsex X Rropx 4)

Where:
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lHvs_sensex = 24 x 108 Amps (or 24 1 A)
*  Ryopyx units are in Ohms (Q)

The "off" voltage (or out of regulation) voltage can be calculated as:
Vorrx NOMINAL (V) = VONx NOMINAL — VHYSx_NOMINAL ()
Using /5230 1 and 7720 5

Rrop.
VOFFx_NOMINAL (V) = [(1 + WTO’;V[X) X VTH_SENSEX] — (THys_seNsEx X RTop) (6)

Where:

* V1H_sensex is the nominal sense threshold voltage of 0.599V
. lHYS_SENSEX =24 x10°6 Amps (or24 1 A)
*  Rropx and Rgotromx UNits are in Ohms (Q)

The Vg error (using the derivative method and assuming all variables are uncorrelated) can be calculated as:

ATBICED
VoFFx_ERROR |V | = &, |[—————— (7)
RBOTTOMX

Where the equation terms are:

2 2 2 2

A =Iyys_sENSEx X IHYS_SENSEx_AcC™ X Rropx~ X RBOTTOMx (8)

B = Rpor 2 X Rpopy2 X V 2 9
= RroL” X RTopx” X VTH_SENSEx 9)

C = Ryop2 X Ryopy 2 % [(1 R v ? 10
= RToL™ X RTOPx X[( HYS_SENSEx X BOTTOMX)_ TH_SENSEX] (10)

D=V 2 V 2 R R 2 11
= VrH_SENSEx” X VTH_SENSEx_AcC~ X (RTopx + RBOTTOMY) (11)

Where:

* RyoL is the resistors tolerance (same for top and bottom resistors) as numeric value. For example, for 0.1%
tolerance resistors, we use 0.001.

* V1H_sensex_acc is the SENSEX threshold accuracy as numeric value (in this case 0.01).

* IHys_sensex Acc is the hysteresis current accuracy as numeric value (in this case 0.03)

*  V7H_sensex is the nominal sense threshold voltage of 0.599V

° IHYS_SENSEX =24x10"6 Amps (or 24 p A)

*  Rropx and Rgotromx UNits are in Ohms (Q)

Vorrx = VoFFx_NOMINAL £ VOFFx_ERROR (12)

Using 77722 6 and J5#£ 7 we can calculate the off voltage range as:

¥l 8-3, shows a conceptual diagram of the rising and falling voltage, it also shows the errors on this voltage due
to V1y accuracy, Ipys accuracy, and the resistive divider tolerances. At the system level, these errors have to be
taken into account for a robust design.
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VSENSEX Incrementing

»

VHYSx_NOM INAL

D

VOFFx_NOM|NAL—|—>| |<—V0NX7N0M\NAL

|
| |
Vorrx_NOMINAL = VOFinERRORHI |
Vorrx_nominaL + Vorrx eRRoR———F+—>1
, .

K 8-3. Rising and Falling Thresholds Voltages for the SENSE, Comparators

8.3.2.3 Top and Bottom Resistive Divider Design Equations

At the system level the designer knows (or selects) the Vony and Voppx levels. Usually these voltages are
selected as percentages of the nominal rail voltage (Voytx) being monitored. Knowing this information, we can
calculate the resistive divider components values (Rtopx and Rgotromx) for the desired target levels. Using J5 &
3 4 and 723X 5 we can calculate the top resistor as:

Vonx — VOFFx
ONx — ZOFFx (13)
HYS_SENSEx

Rropx

From J7 22\ 1 we can calculate the bottom resistor as:

RTOPx X VTH_SENSEx (14)

R
BOTTOMx VONx — VTH_SENSEx

It's important to notice that the larger the separation between VN, and Ve (referred as Viyysy), the bigger the
error in the off voltage. ¥ 8-4 shows a plot of the error in the Vorg, for different hysteresis voltages (Vhysy =
Vonx ~— Vorrx)- The plot is created for three different Voy voltages (or percentages of the nominal output
voltage: 90, 95, and 97% ) and two different output voltages (0.8V and 28V). As can be observed, the output
voltage has very little impact on the off voltage error (differences cannot be appreciated on the plot). The error
(in percent) can go from approximately 1% (at Vyys = 3%) to around 2.6% (at Vpys = 80%).
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25| = Vour=0.8 V and Von,=90 % /
| — Vourx=0.8 V and Vonx=95 %
24 Vourx=0.8 V and Vony=97 %
2.3 | — Voutx=28 V and Vony=90 %
22|~ Voun=28V and Von,=95 %
- Vourx=28 V and Vonx=97 %
2.1
2
R 19
S 1.8
w7
S 16 >
15
14 /7/
1.3 =
12 /
1.1 ’/
1 _
T |
0.9 —
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Vs (%)

K 8-4. Vorrx Error vs Vyys

A. This plot does not includes the error on the Vg, due to the difference between the calculated top and bottom resistors using 525X 13
and 77723\ 14 and the actual resistance values that a designer can procure.

B. The resistor tolerance used for the calculation is 0.1%, V14_sensex accuracy is 1%, and the lpys_sensex accuracy is 3%.

In this plot the Vys (%) represents the separation as percentages of the nominal output voltage (Vouytx)-

D. In this plot, the Vogr error in % is normalized with respect to the full-scale voltage (or VoyTy)-

o
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8.3.3 Output Stages (ENx,SEQ_DONE,PWRGD,PULL_UP1 and PULL_UP2)

The output stage's (EN1 to EN4), SEQ_DONE and PWRGD are of push-pull, active high type. The pull-up
voltage for the push-pull outputs is externally provided by the user. PULL_UP1 (input) is the pull-up voltage
domain for all ENx outputs (EN1 to EN4), while PULL_UP2 (input) is the pull-up voltage domain for the
SEQ_DONE and PWRGD outputs.

HIE
There are no sequencing requirements for IN, PULL_UP1, and PULL_UP2; however, all must be
biased before commanding a sequence up and down.

&k
Tl recommends to decouple PULL_UPXx inputs with a 1 1 F ceramic capacitor as close to the pins as
possible. This is to ensure clean voltages signals at the outputs (ENx, PWRGD, and SEQ_DONE).

Each output stage consists of a PMOS/NMOS (CMOS) pair. Each leg has an output resistance of typically 7 Q
for VpuLL upx > 3.3V. PULL_UP1 and PULL_UP2, have a voltage range of 1.6V % 7V, and can be independently
biased or tied to the same voltage rail, however both most be biased. The output resistance of the PMOS leg
has a PULL_UPx voltage dependency. The lower the PULL_UPx voltage, the higher the PMOS resistance.

When VN < Vpor N @nd VpyrL upx > Vror puLL_upx (1.4V maximum) the output will be in a known pull-down
state. At this condition the outputs have reduced sinking capabilities with Vo < 320mV when the device is
sinking 100 © A of current into the outputs:

* ENx
* PWRGD
* SEQ_DONE

Once the input voltage range is withing the recommended input voltage range of 3V to 14V, the output will have
the full strength capabilities of +10mA, per output.

PULL_UP1 PULL_UP2

From Driver JJ:]—EENX From Driver _H:’—ESEQ_DONE

GND GND
& 8-5. ENx Push-Pull Output Stages K 8-6. SEQ_DONE Push-Pull Output Stage

PULL_UP2

From Driver %3—& PWRGD
GND

& 8-7. PWRGD Push-Pull Output Stage
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8.3.4 User-Programmable TIMERS

The TPS7H3014 has two global (or common to all SENSEx channels) adjustable timers:

* DLY_TMR
* REG_TMR

Both timers are programmed via a single resistor from the DLY_TMR and REG_TMR pin to GND. The resistors
are used to program the internal oscillator frequency of the timers. Leaving the DLY_TMR or the REG_TMR pin
floating will disable the timer, respectively. Disabling the timers results in a reduced current consumption on the

device (Ig_n)- The range for both timers is 250 1 s to 25ms.

ik

Timers conditions must be valid at power up and must not be dynamically changed.

¥l 8-8 shows a sequence up and down assuming no faults and UP/DOWN pins tied together. The DLY_TMR is
shown in orange and the REG_TMR time is shown with arrows (starting from ENx going high).
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K 8-8. Sequence UP and DOWN

A. It's important to notice the tpq enx, tod_PwraD, @nd tp_seq_pone in blue. This is a propagation delay in the outputs (ENx,PWRGD and
SEQ_DONE). If no DLY_TMR (floating) is used, the output signals will change to the valid state after this delay. When using the
DLY_TMR, then this time has to be added to the programmed timer time.

B. The REG_TMR is only valid during sequence up.
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8.3.4.1 DLY_TMR

The TPS7H3014 includes an adjustable time delay. A single resistor connected between the DLY_TMR pin and
GND will program the delay. Possible resistor (Rp,y) values are between 10.5kQ and 1.18M Q for a 268 u s to
23.63ms delay, respectively. During sequence up, this delay holds the EN,.1, SEQ_DONE, and PWRGD low
after the monitored voltage crosses the "on" voltage (Voutx > Vony) for the user programmed time. During

sequence down, the EN, _ 1 and SEQ_DONE are held high for the programmed delay time after the monitored
voltage crosses the "off" voltage (Voutx < Vorrx)-

i

During sequence down, PWRGD goes low immediately after the Voown < VTH Down:

If no delay is preferred for the system, the pin (DLY_TMR) can be left floating. When no delay is preferred, an
inherent propagation delay of 6.5 s (max) will be observed during sequence up, between Vot crossing the
Vonx and ENy.1 going high. The propagation delay is also observed during sequence down when Vgy1y Cross
the Voprx and the EN, _ 4 is forced low. SEQ_DONE and PWRGD also have this propagation delay during Voyts
> Vong during sequence up. During sequence down, SEQ_DONE will go low after the propagation delay when
VouT1 < Vorr1 and PWRGD will go low after the propagation delay when the sequence down is commanded.
8-8 shows the propagation delay in blue (t,q_enx tpd_SEQ_DONE: tpd_ PWRGD) @nd the programmed delay (tpLy TvR)

in orange. The DLY_TMR resistor can be selected using 7725 15 or 772X 16. |4 8-9 and 4| 8-10 shows the
linear trend between the DLY_TMR resistor and the delay time.

For tpLy tmr between 0.268ms and 12.5ms use:

RpLy TMr(kQ) = [49.75 X tpLy MR (ms)] — 2.832 (15)
For tpLy Tmr greater than 12.5ms use:

RpLy tmr(kQ) = [51.61 X tppy TMR (ms)] — 26.12 (16)

Z 8-1 shows nominal resistors value for different delay times.

% 8-1. Typical DLY_TMR Resistors

toLy_tmr (MS) RpLy tmr (kQ)
0.268 10.5
12.5 619
23.37 1180

650 1200
600 4| — Rovy_tmr(KQ) =49.75 - [toLy_tmR (Ms)] - 2.832 /
550 /’ 1100 4
500 /
. 450 // ~ 1000
S 400 g
x 350 x
= 2 900
" 300 v o
3 250 3
o 14
200 800
150
100 700
50 7 A — RoLy_tmr(kQ) = 51.61- [toLy_TMr (MS)] - 26.12
0 600
0 6 8 10 12 14 12 14 16 18 20 22 24

toLy_TMr (Ms)

E 8-9. RDLY_TMR Vs tDLY_TMR From 0.268ms to
12.5ms

toLy_TMR (MS)

E 8-10. RDLY_TMR Vs tDLY_TMR From 12.5ms to
23.37ms
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8.3.4.2 REG_TMR

The REG_TMR (for regulation timer) is an adjustable time monitor that monitors the time it takes to Voyty >
Vonx- The user can program the REG_TMR using a single resistor between REG_TMR and GND. The range of
the resistor (Rreg) is between 10.5k Q to 1.18M Q, for a 264 1 s to 23.63ms, respectively. If the user does not
want the REG_TMR to be active, the pin can be left floating. In this case, Voyty has infinite time to cross the
Vony Voltage. The REG_TMR is only active during the sequence up.

#BIE
If the REG_TMR is left floating and the Vony voltage is never crossed, the state machine will stay
waiting indefinitely.

If active, the REG_TMR will monitor the time a Vgyrx takes to cross the Vgny voltage once the ENx signal is
forced high. In the case the REG_TMR is expired and Vgyrx has not crossed the Vony Voltage, a reverse
sequence down from the previously sequenced rail will be started as described in the State Machine section.
8-8 shows the REG_TMR active during sequence up, from the time ENXx is forced high (Vouryx starts rising). In
this case, Voyrx always crosses Vo before the timer is expired. The REG_TMR resistor can be selected using
R 17 and 2 18. ] 8-11 or ¥ 8-12 shows the linear trend between the REG_TMR resistor and the
regulation time allowed for the rail to be in regulation (Voutx > Von)-

For tpLy tmr between 0.264ms and 12.4ms use:

RpLy TmRr(kQ) = [50.14 X tpLy MR (ms)] — 2.737 (17)
For tpLy Tmr greater than 12.4ms use:

RpLy TMR(kQ) = [49.96 X tpLy TmR (ms)] — 0.4479 (18)

% 8-2 shows typical resistor values for different allowed regulation times.

% 8-2. Typical REG_TMR Resistors

trec_TmRr (MS) Rrec_tmR (KQ)
0.264 10.5
124 619
23.63 1180

650

1200
600 4| — RopLy_tvr(kQ) = 50.14 - [tpLy_TmR (MS)] - 2.737
550 ~ 1100
500
= 4%0 ~ 1000
g 400 g
g 30 R
o 300 o
i {
150
100 700
S — Rowy_tur(kQ) = 49.96 - [toLy_Twr (ms)] - 0.4479
0 600
0 2 4 6 8 10 12 14 12 14 16 18 20 22 24
treg_TMR (MS) tReG_TMR (MS)
B 8-11. Rreg TMR VS trec TmMR From 0.264ms to Kl 8-12. Rrec_TMR VS treg_tmr From 12.4ms to
12.4ms 23.63ms
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8.3.5 UP and DOWN

The UP and DOWN pins are the inputs that initiate a sequence up or down. Both pins incorporate an accurate
comparator with a threshold voltage of Vry_yp = 599mV (for UP) and Vry pown = 498mV (for DOWN) with an
accuracy of £3% for both inputs.

A fixed hysteresis of 100mV is incorporated in both comparators for noise stability. The edges on these pins are
used to initiate the command as:

* Rising edge on UP starts a sequence up.
* Falling edge on DOWN starts a sequence down.

The UP voltage is also used in the state machine as a latch method to prevent oscillations during a FAULT. In
order to move away from the Fault state, the UP voltage has to be logic low. As UP is a comparator with 100mV
of hysteresis, depending on whether the Vyp have been previously above the Vry_yp, the logic low level is:

* Vry_up =< 599mV (typ) if UP has not previously been above V1 yp.
* Vup_tH (typically 600mV) - 100mV < 500mV (typ) if UP has previously crossed Vyp 1.

These inputs can be driven externally by a house-keeping controller or via a resistive divider connected to a
voltage source.

As these inputs are edge sensitive, is important to have a stable input voltage (UVLORgisg < VN < 14V) for at
least 2.8ms (tstart_up_delay) before sending the sequence up command. This is due to internal time constants in
the device. During sequence down, it's important to maintain a stable input voltage until the SEQ_DONE flag is
set low to allow all rails to be properly sequenced down.

As both the UP and DOWN pins have accurate undervoltage comparators, the user can program the voltage at
which the system will automatically start the sequence up and down when monitoring a main power rail (Vpain)
via a resistive divider. However, in this case it is important to make sure the rising and falling edge are sent when
V|n is stable, as mentioned before. A capacitor can be added from UP to GND to delay the signal when the slew
rate at Vyan is fast.

Usually the designer knows the voltages at which it's desired to start the sequence up (referred to as Vyp peaL)
and down (referred to as Vpown_ipeaL). With that information we can calculate the resistive divider values using
J7FEx 19 and 7230 20. Usually the top resistor is fixed to a 10kQ value.

VTH_up (19)

R =R X
BOTTOM_UP = RTOP_UP * V5 1pEAL — VTH UP

VTH_DOWN (20)

R DOWN = R DOWN X
BOTTOM_DOWN TOP_DOWN VDOWN _IDEAL — VTH_DOWN

where:
* Vry_up= 598mV (typical)
V1H_pown= 498mV (typical)

Once the designer knows the actual (real) resistive divider values, 7723 21 and J7#£3{ 22 can be used to
calculate the sequence up and down nominal voltages as:

RTOP_UP )
Vv V] = 1 + 47—/ %X V 21
UP_NOMINAL ( ) ( RBOTTOM.UP TH_UP (21)
RTOP_DOWN )
% V] = ——OF DUWR ) « v, 22
DOWN_NOMINAL ( ) ( RBOTTOM. DOWN TH_DOWN (22)
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If desired, to select the capacitance (CpgLay) for the UP pin we can use J7 £\ 23.

Cperay | F | > tDELAY(S\BTH(V) (23)
(o) {75 )

where:

* tpeLay () is the desired delay time in seconds (at least 2.8ms after V |y > UVLOR;sg).
* Rqy is the Thévenin equivalent resistance. In this case the parallel between Rtop and RgotTroMm in 0ohms.

_ Rrop () X RgorTOM(®)
Rri (Q) ~ Rrop (Q) + ReorTOM(®?) (24)

* Vryis the Thévenin equivalent voltage. In this case the voltage at Vp during steady state operation in volts.

oY) = (ror @ Rpgrronm) * Vinl?) 2

* V(t) is the voltage at UP (Vp) which will start the sequence up. In this case 598mV +3%, in volts.

Rrop_upg VLDO
up \—Ir
X +
upP
ReotTom up b3 T CoeLar
VrH_up( ) /|GN’E
= State
Vmain (,) Machine
VLDO
Rtop pown 2 BOWN \—I’
S A
R 1l DOWN
BOTTOM_DOWN £
VTH_bown ( i ) /L

GND

& 8-13. Monitor a Main Rail to Automatically Start the Sequence UP and DOWN
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8.3.6 FAULT

The FAULT pin is an open-drain output that the user can use to monitor if an internal fault has been induced by
the state machine. Is recommended to pull this pin to the VLDO output via a 10kQ resistor. Another voltage
source can be used if needed, but is important that this voltage is stable and greater than 1V at all times. The
maximum voltage at this pin is 7V. For proper operation this voltage must be stable before attempting a
sequence up/down and must never go below 1V during the device operation. The open-drain FET is forced low
when the internal state machine of the 751’k 4= %% detects a fault as described in State Machine .

8.3.7 State Machine

The TPS7H3014 incorporates a comprehensive state machine engine. Three possible outcomes are possible
depending on the detected inputs states.

1. Areverse sequence down from previously deemed-good (forced high) ENXx signals, is started if:
*  Vourtx fails to reach the Vgpny voltage during sequence up within the time establish by the REG_TMR,
when ENXx is high.
* Any VouTyx crosses the Voggy after previously crossing the Vony and the Voytx+1 has not yet crossed the
Vonx+1-
* The users command a sequence down in the middle of a sequence up.
2. All outputs (ENx, SEQ_DONE and PWRGD) are forced low if an out-of-order is detected, this means:
* A previously deemed-good rail Vot drops below Vorgx When at least the Voyry+1 is already in
regulation (deemed-good).
* Any Vourtx > Vonx When ENy is not high. Valid only during sequence up.

&4

It is typical in sequencers to set Vgny @s some percentage of the nominal voltage to be monitored
(E.g. Vonx = 0.8 x Voyty)- There is a period of time during sequence down at which the Voyryx =
Vonx- As the discharge rate of the rail (Voytx) is unknown to the TPS7H3014, this feature is only
valid during sequence up.
3. A sequence up from previously forced low ENXx signals, after the DLY _TMR is expired is started if:
* The users command a sequence up in the middle of a sequence down.
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ENl=Low EN2=Low
EN3=Low EN4=Low

SEQ_DONE=Low
PWRGD=Low
FAULT=Low

UP=Low

(DOWN-=Falling Edge) OR (Vour: > Von1) OR (Vourz > Vonz) OR (Vours > Vone) OR (Vours > Vona) >t

Start
FAULT=HZ

: Waiting to Sequence Up
ENl=low EN2=Low
EN3=Low EN4=Low

DLY_TMR
Elapsed

Start Delay Counter

Vour < Vorr

:EN1 Low
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4
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£ \
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:DLY_TMR 2 :DLY_TMR |
Start Delay Counter {Vours > Vons) OR (Vour2 > Vona) OR (Vours > Vons) OR (Vours > Vonsh————————>¢
<Ais;
sing g,

DLY_TMR Elapsed

Force EN1=Low

(DLY_TMR Elapsed)

(Vour1 < Vorr1)

Start Delay Counter
PWRGD=Low

Vourz < Vorr2

g Edg
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UP=Rising Edge
DO ing Ed
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Start REG_TMR

(Vour2 > Vonz) OR (Vours > Vona) OR (Vours >Vona) 1
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¥
F’ : DLY_TMR

(Vourz > Vonz) OR (Vours > Vona) OR (Voura > Vona) >t

Start Delay Counter
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1 (Vour: < Vors1) OR (Vour2 < Vorea)
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e (Voun < Vorr1) OR (Vour2 < Vorr) ™)

Force EN2=Low
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Vours < Vorrs

( . UP=Rising Edge-
+EN3 Low 0o ¢ “cee

= g Edg
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(DLY_TMR Elapsed)
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& 8-14. TPS7TH3014 State Machine Diagram
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8.4 Daisy Chain

The TPS7H3014 incorporates four input channels to sequence/monitor up to four voltage rails. However, in the
case where more than four channels are needed in the application, multiple devices can be daisy chained as
needed. The daisy chain configuration is shown in 8-15. In this case, only two devices are shown, however
multiple IC can be configured as needed by the application.

Vourt Vin Vour1 Vi
Rrop1 I—I‘:l Voot Rrop1 I—-L Veuues
Vourz $Rsorromt SENSE1 PULL_UP1 Vourz $Reorroms SENSEL PULL_UP1
Rrop2 = EN1 &—— Rrop2 = EN1l &——
Vours $Reortomz SENSE2 EN2 — Vours $Reorromz SENSE2 EN2 =—
R = R =
o SENSE3 EN3 ¢ g o SENSE3 EN3 4 g
Voura ¥ Reorroms EN4 &— > Voura ¥ Reorroms ENd o— >
Rrops = SENSEA Veuu_upa Rrops = SENSEA Veu_uez
Rsorroms PULL_UP2 Reotroms PULL_UP2
- SEQ_DONE - SEQ_DONE
vipor Rivs HYS @ vipo2 Ruvs HYS o
Hw—s DLY_TMR PWRGD g——— iH-w—a DLY_TMR PWRGD&#——
To Controller Reaur_pu Reea E MR ipo1 Reautr_pu Reeo EM R Vipoz
From Controller ‘ FAU LT VLDO C}V_LD{D“ FAU LT VLDO C}v_w(‘,‘
up REFCAP§——i—i up REFCAPS——i—
DOWN Crercar DOWN Crercar
GND GND
T T
& 8-15. Daisy Chain Configuration
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9 Application and Implementation

#HIE
Information in the following applications sections is not part of the Tl component specification, and Tl
does not warrant its accuracy or completeness. Tl’ 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 TPS7H3014 is a radiation hardened 4-channel sequencer. It can be used to sequence FPGAs, ASICs,
AFEs, and various power systems

9.2 Typical Application
9.2.1 Self Contained - Sequence UP and DOWN

In many modern systems (or sub-systems), multiple voltage rails are often needed (we refer to this as the power
tree). Often these power trees have a specified sequencing up order and reverse sequence down needed to
guarantee reliable system operation. Is not uncommon for these systems to also have timing specifications
which cannot be infringed for correct operation. In this example, four voltage rails are sequenced and monitored
via the ENx outputs and SENSEX inputs, respectively. Detailed design procedure and component selection is
provided below. The design is summarized in ¥ 9-1.

5-v
100
= GND
o

Vour1=1.5V

100

12-V = 4

— GND

= GND

33V

= x P > > > >
EN2 EN3 EN4 10k0 S499kQ 2267k0 2294k

SENSE1[X

6190 SENSE2[X

10ka

SENSE3[X]

1
I

[}
z
S

SENSE4[X —

l To System Controller NMI
190pF < g0eq  To House Keeping MCU S FADLT PWRGD[X

To House Keeping MCU

SEQ_DONE[X

27.7kQ $40.2k0 S130kQ S90.9kQ

1
I

o}
z
E

GND REFCAP DLY_TMR REG_TMR PULL_UP2
X

X

s

1uF GND

& 9-1. Self Contained Sequence UP/DOWN Design for a Four Voltage Rail Power Tree
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9.2.1.1 Design Requirements

This design requires voltage sequencing of four voltage rails. The nominal TPS7H3014 input voltage is 12V and
the sequencer is set to start the sequence up and down automatically when the voltage reaches the desired
target voltage levels. All the voltage regulators are powered by a nominal 5V voltage rail. The system
housekeeping microcontroller can monitor a fault via the voltage at the FAULT pin, which is pulled-up to VLDO.
The PWRGD is the flag to be connected to the non-maskable interrupt of the system if it exists, or monitored by
the MCU to know the status of the power tree. The SEQ_DONE can also be monitored to know if the sequence
up/down are completed. All design conditions are defined in % 9-1.

% 9-1. Design Conditions

PARAMETER DESIGN REQUIREMENT DESIGN RESULT

Monitor the 12V input voltage and start the The TPS7H3014 can monitor a voltage and start a
sequence up when the voltage is greater than 10.7V | sequence up and down automatically via a

System nominal voltage (88%) for at least 3.7ms. When the voltage resistive divider. The internal reference in UP and
decrements below 6V (or 50%) a sequence down is | DOWN have an accuracy of 3%. For minimal error,
started. it is recommended to use 0.1% tolerance resistors.
3.3V inal with: Von = 2.978V +£29.97mV

Vourt -2V nominal with: Vorr = 0.338V +84.61mV

Von = 90% and Vg = 10%
ON ° OFF ° Using 0.1% tolerance resistors

0.8V nominal with: Von =0.722V £7.22 mV
VouT2 V.ON = 90% and V(.)FF - 10% Voeg = 0.081V £20.54mV
Using 0.1% tolerance resistors

Von = 1.343V £13.47mV

1.5V nominal with:

Vouts _ _ Vore = 0.145V £38.35mV
Von = 90% and Vogg = 10%
ON ° OFF ° Using 0.1% tolerance resistors
VouTs Von = 0.793V £7.93mV

0.88V nominal with:

Vorr = 0.087V £22.6mV
Von = 90% and Voee = 10% OFF

Using 0.1% tolerance resistors

ENXx delay during sequence up

and down Delay of 0.268ms nominal Rpiy tvr = 10.4kQ

Allowed time for a rail to reach

the Vony Allow 10.3ms (nominal) for the rail to reach the Vonx | Rreg_tvr = 511KQ

9.2.1.2 Detailed Design Procedure
9.2.1.2.1 Input Power Supplies and Decoupling Capacitors

The TPS7H3014 has three input power supplies:

1. IN, the input supply to provide power to the TPS7H3014 IC. It is recommended to decouple this power
supply with at least 1 1 F as close to the pin as possible. In this application, V|y = 12V.

2. PULL_UP1, which is the input supply to program the output voltage high (Voy) of all the enable outputs
(ENx). These outputs are connected to the regulator enable inputs to control the sequence up and down. ltis
recommended to decouple this power supply with at least 1 1 F as close to the pin as possible. In this
application, the Vpy | yp1 = 3.3V. This is a typical voltage used in electronic systems and satisfies the logic
inputs of most regulators in the market.

3. PULL_UP2, which is the input supply to program the output voltage high (Vou) of PWRGD and SEQ_DONE
outputs. These outputs are typically connected to the system controller (typically an FPGA or ASIC) and/or
to the house-keeping controller. In daisy chain configurations, SEQ_DONE is connected to UP of
subsequent TPS7H3014 1.C. as shown in [& 8-15. It is recommended to decouple this power supply with at
least 1 1 F as close to the pin as possible. In this application, the Vpy, | ypq = 3.3V. This is a typical voltage
of controller 1/Os. -

The TPS7H3014 also has two regulated voltage outputs that need to be decoupled for good electrical and
radiation performance. These are:
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1. REFCARP, the 1.2V reference, used internally in the device to generate all ratiometric voltage reference such
as:

* VTH_SENSEx

* lhvs_SENSEx

* Vi up

* V14 _powN

Decouple this reference with a 470nF ceramic capacitor as close to the pin as possible. Do not load this pin
externally.

2. VLDO, this is the output of the internal regulator used to provide power to the internal circuits on the
TPS7H3014. Is recommended to decouple this regulator with at least 1 1 F as close to the pin as possible.
The valid loading of this regulator is:

* To turn-off channels 2 - 4 as needed.
* To pull-up the FAULT open-drain output.

9.2.1.2.2 UP and DOWN Thresholds

In this application the UP and DOWN pins are used to monitored the input voltage supply of 12V. A sequence up
is started when the rail voltage is greater than 10.7 (typ) and down when the voltage is lower than 6V (typ). As
the TPS7H3014 has an internal time constant (tstart up_delay) Of 2.8ms (max), a delay capacitor of 3.3 uF is
added to UP pin. This capacitor is added to introduce a delay in the UP pin when V) is rising. This capacitor
adds a second condition to start the sequence up, if V|y = 10.7V (typ) for at least 2.8ms then the sequence up is
commanded.

Fixing the upper resistor for the resistive divider in UP and DOWN, we can calculate the bottom resistor per our
design requirements. The upper resistor is fixed to 10kQ for both cases. Using the equations in /72 19 and J5
#£3{ 20, the bottom resistors for up and down are calculated as:

0.598 V ~
Rorrom_up = 10K X 157y =g cggy = 5940 (26)
e 0.498 V ~
RgorroM_DOWN = 10k X 5y 5755y = 9050 (27)

Now that the reference resistors are calculated, we can select the actual (or real) resistors. In this case 0.1%
tolerance resistors are used to select the closest value as:

* Reotrom_up = 619Q
* Rpottom_pown = 909Q

With the actual resistor values, we can back-calculate the nominal voltage to start the sequence up and down
using 71X 21 and 7K 22 as:

VUP_NOMINAL (V) = (1 + éi)gkg) x 12V = 10.66V (28)

Vm_NOMINAL(V) = (1 + 9189]‘8) X 12V = 597V (29)

The delay capacitor is calculated using 77 #£5{ 23, #23X 24, and 7 #£5X 25 as:

_ 10kox6190 _
Ret (2) = Tok s er9q = 58290 -
_ (6190 _ =
Vi (2) = (Tora erom) X 12V = 07V -
0.0028
Cperay | F |2 so.7v = 2A9uF >
58290 % In(~ 55537~ 0577)
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The delay capacitor is selected as 3.3 1 F.
9.2.1.2.3 SENSEX Thresholds

The SENSEX inputs are used to monitor the voltage rails to be sequenced up and down. For this design the
output voltages to be sequenced and monitored are:

1. VOUT1 =3.3V

2. VOUT2 =0.8V

3. VOUT3 =1.5V

4, VOUT4 =0.88V

The Von and Vorr are selected to be 90% and 10% of the nominal voltage rail, for all the rails. Using F#£5 13
and 5 #£30 14 we can calculate the top and bottom reference resistors and select the closest resistor values

using 0.1% resistor values. 3 9-2 shows the reference (or calculated) top and bottom resistors. 3 9-3 shows
the selected resistors for the application.

7% 9-2. SENSEx Reference Nominal Resistors

Channel # Von (V) Vorr (V) Rrop (kQ)(" Reorrom (kQ)")
1 2.970 0.330 110.0 27.8
2 1.350 0.150 50.0 39.9
3 0.720 0.080 26.7 132.0
4 0.792 0.088 29.3 91.0

(1)

Values are rounded to one decimal place.

An example of how the top and bottom resistors for channel 1 (or SENSE1) were calculated are shown below:

2970V — 0330V _ 110 kQ

24 A (33)
110kQ X 0.599V  _
2970V — 0599V — 32-88kQ (34)

% 9-3. SENSEXx Selected Resistors Using 0.1 % Tolerance Resistors

Channel # Rrop (kQ) RpotTom (k)
1 110 277
2 499 40.2
3 26.7 130
4 29.4 90.9

Now that the actual resistors are known, we can calculate the actual on and off nhominal voltages and the error
voltages by using /7 #£:0 1, F R 2, AN 3, AL 6, 2N 7, and £ 12. Using the errors, we can
calculate the upper and lower voltages and normalize the values with respect to the nominal output voltage.

% 9-4. Von Nominal Values With Statistics in Volts and Percentage

Channel # Von_NomiNAL | VON_NOMINAL VON_ERROR Von_ st (V)1 | Von_Lst (%) | Von_ust (V)?V | Von_ust (%))
(v)(™ (%) 4) (mV)(™ @) (2) @) @) (3) @)
1 2978 90.232 29.966 2.948 89.325 3.008 91.141
2 1.343 89.502 13.466 1.329 88.605 1.356 90.400
3 0.722 90.253 7.222 0.715 89.350 0.729 91.156
4 0.793 90.084 7.932 0.785 89.182 0.801 90.985
(1)  Values are rounded to three decimal places.
(2) LSL stands for lower specification limit or the min.
(3) USL stands for upper specification limit or the max.
(4) Values are normalized to the nominal output voltage for that rail.
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% 9-5. Vorr Nominal Values with Statistics in Volts and Percentage

Channel # Vorr_nomiNnaL | Vorr nominaL | Vorr error | Vorr st (V) | Vore st (%)) | Vorr ust (V)™ | Vore_ust (%))
) (%)M @ (mv)() @ @ @) ) ) @)
1 0.338 10.233 84.613 0.253 7.669 0.422 12.797
2 0.145 9.662 38.354 0.107 7.105 0.183 12.219
3 0.081 10.153 20.535 0.061 7.586 0.102 12.720
4 0.087 9.902 22.604 0.065 7.333 0.110 12.470

M
2
©)
4)

Values are rounded to three decimal places.
LSL stands for lower specification limit.
USL stands for upper specification limit.
Values are normalized to the nominal output voltage for that rail.
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9.2.1.3 Application Curves

Vin (V)

Vent and Vours (V)

Venz and Vourz (V)

Veng and Vours (V)

Vena and Vours (V)

Vewrep and Vseq_pone (V)

———————————— 7.5
. [ oo [ o o o :xll rowmaL =20.13 ms | ©
: : : ‘ : : : | = Vup_nominaL = 10.66 V. 25
-40 -20 o 20 40 T‘mzl)(ms) 80 100 120 140
K 9-2. V| vs Time During Sequence UP
5
-40 -20 o 20 40 T,mzlzms) 80 100 120
A 9-3. EN1 and Vgyt4 vs Time During Sequence UP
-40 -20 o 20 40 T.m:?msj 80 100 120
A 9-4. EN2 and Vgyr2 vs Time During Sequence UP
5 5 S A B S
-40 -20 0 20 40 T.m:(:ms) 80 100 120
K 9-5. EN3 and VgyT3; vs Time During Sequence UP
-40 -20 o 20 40 Y.mzlzms) 80 100 120
K 9-6. EN4 and Vgy14 vs Time During Sequence UP

-40 20 40

60 80 100 120 140
Time (ms)

& 9-7. PWRGD and SEQ_DONE vs Time During Sequence UP
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Vin (V)

— VIN_STEADY-STATE = 12.24 V
— Vup_NommaL = 45 ms :
— Vup_nommaL = 647 V : |

-40 20 0 20 40 60 80 100 120 140
Time (ms)

K 9-8. V| vs Time During Sequence DOWN

s : i i
v H H H H H 1 H H H
3 O Ot o Ot ORI SR
g : s s : A s s
2 : : : : : | : : : :
‘é ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | 0
H .
£
— VewreD
i B — Vseq_pone
25
-40 -20 o 20 40 60 80 100 120 140
Time (ms)

9-9. PWRGD and SEQ_DONE vs Time During Sequence DOWN

Vena and Vours (V)

Y= Vena
i | = Voura (V)
25

80 100 120 140

60
Time (ms)

& 9-10. EN4 and Vgyt4 vs Time During Sequence DOWN

‘ ‘ |
-40 20 [ 20 40 . 6? ) 80 100 120 140 28
& 9-11. EN3 and Vgyr3 vs Time During Sequence DOWN
i o]

60
Time (ms)

& 9-12. EN2 and Vgyt2 Vs Time During Sequence DOWN

3 : : : : :
2 : : : : :
5 : : : : :
Fof s RS RRRERRREEEE s o
= : : : : :

— Vent

B — Vourt

-2.5
-40 20 o 20 40 80 100 120 140

60
Time (ms)

i 9-13. EN1 and Vgyt4 vs Time During Sequence DOWN
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9.2.2 Sequencing of Negative Voltage Rails

It is possible to sequence negative voltage rails using the TPS7H3014 with the support of some external circuitry
such as:

1. Stable positive voltage reference.

2. Comparator with hysteresis.

K 9-14, shows the typical connections to sense a negative voltage rail. When - Vgt is at zero volts (initial
state), the voltage at the inverting input of the external comparator is given by J7#£x{ 35. The resistive divider is
selected such that the initial voltage at the non-inverting input of the comparator is greater than the reference
voltage by a desired factor. This factor depends on the desired threshold at which the negative voltage must be
considered to be in regulation.

When the negative voltage rail ( - Voyry) is turned-on the voltage at the non-inverting inputs starts decrementing
until - Vourx reaches steady-state. When the voltage at the non-inverting input is lower than the reference
voltage the output of the comparators is forced high (the high value is determined by the positive bias of the
comparator, V.).

As the TPS7H3014 implements the hysteresis via a current, when the output of the external comparator is high,
a typical 24 v A (Iyys_sesnsex) are sunk into the output of the comparator. The selected comparator needs to be
able to withstand this current sinking while maintaining a constant output.

Rx, Ry and Ry, resistors attenuate the V. voltage to provide the thresholds that ultimately determines when the -
VouTx is considered to in or out of regulation. For more details refer to TIDU020 and 75 9.2.2.1.

Rrop(©) ) ( )
Vv V= V Vv 35
INVERTING_INPUT( ) (RTOP @ + Reorrom(@)) = VOFFSET (3%)
Rrop b3 V.,
-Vourx O N
To SENSEx
L o]
ReotTom $
V. /L
GND
VOFFSET(P R
= X
Rn
L AW
GND Ry
oD
& 9-14. Sensing Negative Rails Using External Circuitry
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HIE
* When using external components to sense negative voltage rail the rising and falling threshold
accuracy are dependent upon the external circuitry selected.
* The high voltage of the comparator most be below V1yrn ofFr, Otherwise the channel is internally
disabled. An resistive divider can be used to attenuate the output of the comparator if needed.

9.2.2.1 Negative Voltage Design Equations

For the purpose of this discussion the following assumptions are made:

1. V. is provide from 2.5V stable reference voltage.
2. The output stage of the comparator is push-pull.
3. The negative voltage to be sequenced is - 1.8V at steady-state.

The first step in the design is to select the voltages (or percent of the steady-state voltage) at which the negative
rail is considered to be:

* In regulation

- The - 1.8V rail is considered to be in regulation when it is > to 97% of the final value. In this case 1.746V.
We refer to this as the on voltage (Von)

* Not in regulation.

- The - 1.8V rail is considered not be in regulation when it is < to 95% of the final value. In this case 1.71V.
We refer to this as the off voltage (Vorr)

With this information we can calculate the hysteresis voltage as:

Vhys(V) = Von (V) - Vorr (V) = 1.746V - 1.71V = 0.036V (36)
The second step is determine the R,, R, and Ry resistors values used to generate the hysteresis reference
voltages. These voltages are called V| and V. We select V| to be an attenuated value from the 2.5V reference.
In this example we select V| as 0.6V. V4 is calculated as:

V(V) = Vi, (V) + Viys (V) = 0.6V + 0.036V = 0.636V (37)

With this information we can calculate the resistor ratio as:

Rh _ vi(V) _ 06 _
R Ty 1) 0055 1 @
R VL(V)
y _ L ___ 06 _
Ry = V3 (V) -vg(V) _ 25 -0636 — 032 (39)

The R, value selected is 10kQ and R, and Ry, are calculated using J5 73 38 and J;f£3{ 39. Using 0.1%
tolerance resistors the selected values are:

+ Ry=3.2kQ
* Ry =165kQ

As the actual resistors are known, we can calculate the actual V_ and Vy to be:
° VH_REAL =0.633V
° VL_REAL =0.597V

Finally we want to calculate the resistors for Rrop and Rgotrom per Kl 9-14. For this we can calculate an
equivalent voltage at the inverting input when the - Vgt must be considered to be on regulation as:

- Vour_gq(V) = Vorrser (V) - Von (V) = 25V - 1.746V = -0.754V (40)
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Using this equivalent voltage and V| rgaL We can calculate the ratio of the bottom to top resistor as:

RBOTTOM _ Vi, reAL(Y) —__0597 __ 34 (1)
Rtop |- Vour_ (V)| - Vi_rear(v) ~ 0754 - 0597

Using 0.1 % tolerance resistors and fixing Rtop to 10kQ, RgoTToM iS Selected as 38.2kQ.

Now that all the final components are selected, we can calculate the real (or expected) on and off voltages as
VON =1.746V and VOFF =1.701V

9.3 Externally Induced System RESET

In applications when it is necessary to propagate an externally detected fault into the TPS7H3014, an external
FET can be connected from SENSE1 to GND. If SENSE1 is pulled to zero by turning on the FET connected to
this pin, the internal state machine forces all outputs low. The FET off leakage ultimately affects the Voyt4 0On
and off accuracy. For this reason, it is important to choose a FET with minimal leakage. For more details, refer to
section 3.6 (Externally Induced System RESET) in the TPS7H3014EVM-CVAL EVM User Guide.

9.4 Power Supply Recommendations

The TPS7H3014 is designed to operate from an input supply (V,y) with a voltage range between 3V to 14V. It is
recommended to add at least one 1 1 F ceramic capacitor from V,y to GND as close to the pin as possible.

The PULL_UP1 and PULL_UP2 are also considered power inputs in this case for the push-pull outputs. The

voltage range on these inputs are 1.6V to 7V. For these inputs, it is also recommend to add at least one 1 1 F
ceramic capacitor from PULL_UP1 to GND and from PULL_UP2 to GND. This capacitor must be placed as
close to the pins as possible.

9.5 Layout
9.5.1 Layout Guidelines

* Make sure that the connection to the V| pin is low impedance. Place a greater than 1uF ceramic capacitor
as near as possible to the V| pin.

* Make sure that the connection to the Vpy L up1 and VpyL up2 pins are low impedance. Place a greater than
1uF ceramic capacitor as near as possible to the pins.

* If needed, place a small capacitor between the SENSEX pins and GND to reduce the sensitivity to transient
voltages on the monitored signal.
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9.5.2 Layout Example

GND Plane

Vpuul up1

VpuLi-up2

VOUTl

VOUTZ

VOUT3

VOUT4

VlN

AT R R

& 9-15. Printed Circuit Board Layout Example: Top Layer

GND Plane

Kl 9-16. Printed Circuit Board Layout Example: Bottom Layer
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GND Plane

K 9-17. Printed Circuit Board Layout Example: Top Layer 3D View

GND Plane

czim 1 [ Wre
celm @ [l Wreo
col 1 [ Wris

I W~is
K Wrs

& &

C10

& 9-18. Printed Circuit Board Layout Example: Bottom Layer 3D View
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10 Device and Documentation Support
10.1 Documentation Support
10.1.1 Related Documentation

The following related documents are available for download at www.ti.com:

* TPS7H3014EVM-CVAL EVM User Guide, SLVUCT9

* TPS7H3014-SP Total lonizing Dose (TID), SLVK170

* TPS7H3014-SP Neutron Displacement Damage (NDD) Characterization Report, SLVK171

* TPS7H3014-SP Single-Event Effects (SEE) Report, SLVK172

» Standard Microcircuit Drawing

* Comparator with Hysteresis Reference Design, TIDU020

* 1Q vs Accuracy Tradeoff In Designing Resistor Divider Input To A Voltage Supervisor, SLVA450
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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 Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
5962R2320101VXC ACTIVE CFP HFT 22 25 RoOHS & Green NIAU N/ A for Pkg Type -55to 125 5962R2320101VXC
TPS7H3014MHFTV
TPS7H3014HFT/EM ACTIVE CFP HFT 22 25 RoOHS & Green NIAU N/ A for Pkg Type 25t0 25 E\P/iZHgﬁﬁiHFTEM

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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/2 TEXAS PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 17-Jun-2024
TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
5962R2320101VXC HFT CFP 22 25 506.98 32.77 9910 NA
TPS7H3014HFT/EM HFT CFP 22 25 506.98 32.77 9910 NA
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_ PACKAGE OUTLINE
HFTO022A CFP - 2.428mm max height

CERAMIC FLATPACK
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4225791/C 01/2021

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 package is hermetically sealed with a metal lid. The lid is not connected to any lead.

4. The leads are gold plated.

5. Metal lid is connected to backside metalization

INSTRUMENTS
www.ti.com



HFTO022A

EXAMPLE BOARD LAYOUT
CFP - 2.428mm max height
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REVISIONS

REV DESCRIPTION ECR DATE ENGINEER / DRAFTER
A RELEASE NEW DRAWING 2186323 03/13/2020 R. RAZAK / ANIS FAUZI
B ADD LAND PATTERN VIEW / SHEET 2190485 10/22/2020 R. RAZAK / ANIS FAUZI
C UPDATE TOTAL LEAD LENGTH TO 27+ 0.5 2192775 01/28/2021 R. RAZAK / ANIS FAUZI
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