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TPS544x25 4.5-V to 18-V, 20-A and 30-A SWIFT™
Synchronous Buck Converters with PMBus™ and Frequency Synchronization

1 Features

* PMBus 1.2 Compliant Converters: 20 A and 30 A
» Input Voltage Range: 4.5V to 18 V

e Output Voltage Range: 0.5V to 5.5V

e 5mm x 7 mm LQFN Package

» Single Thermal Pad

* Integrated 5.5-mQ and 2.0-mQ Stacked
NexFET™ Power Stage

* 500-mV to 1500-mV Reference for Adapative
Voltage Scaling (AVS) and Margining through
PMBus

* 0.5% Reference Accuracy at 600 mV and Above
» Lossless Low-Side MOSFET Current Sensing

e Voltage Mode Control with Input Feed-Forward

» Differential Remote Sensing

* Monotonic Start-Up into Pre-Biased Output

» Output Voltage and Output Current Reporting

» External Temperature Monitoring with 2N3904
Transistor

» Programmable via the PMBus interface

— VOUT_COMMAND and AVS VOUT Transition
Rate

— Overcurrent Protection with Thermal
Compensation

— UVLO, Soft-Start and Soft-Stop
— PGOOD, 0V, UV, OT Levels
— Fault Responses
— Turn-On and Turn-Off Delays
* Thermal Shutdown

* Pin Strapping for Switching Frequency: 200 kHz to
1 MHz

» Frequency Synchronization to an External Clock
» Footprint Compatible 20-A, 30-A Converters

2 Applications

* Test and Instrumentation

» Ethernet Switches, Optical Switches, Routers,
Base Stations

* Servers
« Enterprise Storage SSD
» High-Density Power Solutions

3 Description

The TPS544x25 devices are PMBus 1.2 Compliant,
non-isolated DC-DC converters with integrated FETS,
capable of high-frequency operation and 20-A or 30-A
current output from a 5 mm x 7 mm package. High-
frequency, low-loss switching, provided by an
integrated NexFET™ power stage and optimized
drivers, allows for very high-density power solutions.
The PMBus interface enables the AVS through
VOUT_COMMAND, flexible converter configuration,
as well as key parameters monitoring including output
voltage, current and an optional external temperature.
Response to fault conditions can be set to either
restart, latch-off or ignore depending on system
requirements.

Device Information

DEVICE NAME PACKAGE BODY SIZE
TPS544B25RVFT LQFN (40) 5.00 mm x 7.00 mm
TPS544C25RVFT LQFN (40) 5.00 mm x 7.00 mm
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Device Comparison Table

DEVICE NAME CURRENT OPTION (A)
TPS544B25RVFR
TPS544B25RVFT 20
TPS544C25RVFR
TPS544C25RVFT 30

6 Pin Configuration and Functions

RVF Package

40-Pin LQFN

(Top View)
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Pin Functions

NAME NO. DESCRIPTION
ADDRO Sets low-order 3-bits of the PMBus address. Connect a resistor between this pin and AGND.
ADDR1 Sets high-order 3-bits of the PMBus address. Connect a resistor between this pin and AGND.
AGND 38 Analog ground return for controller device. Connect to GND at the thermal tab.
BP3 27 Output of the 3.3-V on-board regulator. This regulator powers the controller and should be bypassed with a
minimum of 2.2 uF to AGND. BP3 is not designed to power external circuit.
Output of the 6.5-V on-board regulator. This regulator powers the driver stage of the controller and should
BP6 28 be bypassed with a minimum of 2.2 uF to GND. Tl recommends using an additional 100-nF typical bypass
capacitor for reduce ripple on BP6.
Bootstrap pin for the internal flying high-side driver. Connect a typical 100-nF capacitor from this pin to the
BOOT 7 .
SW pin.
CLK 5 PMBus CLK pin. See Supported PMBus Commands section.
CNTL 1 PMBus CNTL pin. See Supported PMBus Commands section. The CNTL pin has an internal pull-up and
floats high when left floating.
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Pin Functions (continued)

NAME NO. DESCRIPTION
COMP 35 Output of the error amplifier. Connect compensator network from this pin to the FB pin.
DATA 4 PMBus DATA pin. See Supported PMBus Commands section.
DIFFO 33 Output of the differential remote sense amplifier.
FB 34 Feedback pin for the control loop. Negative input of the error amplifier.
13
14
15
16
GND 17 Power stage ground return.
18
19
20
PGND 26 Power ground return for controller device. Connect to GND at the thermal tab.
Power good output. Open drain output that floats up when the device is operating and in regulation. Any
PGOOD 36 fault condition causes this pin to pull low. Please refer to Table 6 for the possible sources to pull down
PGOOQD pin.
RT 40 Frequency-setting resistor. Connect a resistor from this pin to AGND to program the switching frequency.
Do not leave this pin floating.
SMBALERT 6 SMBus alert pin. See SMBus specification.
9
Sw 10 Switched power output of the device. Connect the output averaging filter and bootstrap capacitor to this
group of pins.
11
12
For switching frequency synchronization or output voltage reset. The SYNC function allows synchronizing
the oscillator to an external source that is either slower of faster than the nominal free running oscillator
frequency. To use the SYNC function, VSET pin should be pulled up to BP3 or set the FORCE_SYNC bit
in register MISC_CONFIG_OPTIONS (MFR_SPECIFIC_32) (FOh) if VSET function is used; if
SYNC/RESET_B 39 synchronization is not required, pull the SYNC pin to BP3. If the VSET pin is connected to AGND through a
valid resistor to configure default output voltage, SYNC/RESET_B is configured as RESET_B function
when FORCE_SYNC is not set. Then the logic low on the SYNC/RESET_B pin restores the output voltage
to default value set by VSET without power cycling. When SYNC/RESET_B is configured as RESET_B
function, there is an internal 200kQ pull-up resistor to BP3.
External temperature sense signal input or alternatively used to set default soft-start time by connecting a
TSNS/SS 37 resistor from this pin to AGND. Do not leave this pin floating. Disable TSNS by pulling TSNS to AGND and
unsetting SS_DET_DIS in OPTIONS (MFR_SPECIFIC_21) (E5h) in applications where neither is needed.
Input power to the controller. Connect a low impedance bypass with a minimum of 1 uF to AGND. The
VDD 29 VDD voltage is also used for input feed-forward. VIN and VDD must be the same potential for accurate
short circuit protection.
21
22
VIN 23 Input power to the power stage. Low impedance bypassing of these pins to GND is critical.
24
25
Load voltage sensing, positive side. This sensing provides remote sensing for the PMBus interface
VOUTS+ 31 .
reporting and the voltage control loop.
VOUTS— 32 Load voltage sensing, negative or common side. This sensing provides remote sensing for the PMBus
interface reporting and the voltage control loop.
Optionally configures default output voltage setting by connecting a resistor from this pin to AGND. See Set
VSET 30 Default Output Voltage by VSET for details. If VSET is not used, pull this pin up to BP3. Do not leave this
pin floating.
Package thermal tab. Connect to GND. The thermal tab must have adequate solder coverage for proper
Thermal tab :
operation.
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @

MIN MAX UNIT

VIN, VDD -0.3 18

VIN, VDD <2 ms transient -0.3 19

VIN — SW (VIN to SW differential) -0.3 25

VIN — SW (VIN to SW differential, <10 ns transient due to SW ringing) -5 25
Input voltage range BOOT - - 03 87 \%

BOOT — SW (BOOT to SW differential) -0.3 7

BOOT — SW (BOOT to SW differential, <10 ns transient) -0.3 7.5

CLK, DATA -0.3 5.5

VSET, ADDRO, ADDR1, TSNS/SS -0.3 3.6

FB, SYNC/RESET_B, CNTL, VOUTS—, VOUTS+, RT -0.3 7

SwW -1 25

SW <100 ns transient -5 25
Output voltage range BP6, COMP, DIFFO, PGOOD -0.3 7 \%

SMBALERT -0.3 55

BP3 -0.3 3.6
Operating junction temperature range, T, -40 150 oc
Storage temperature range, Ty -55 150

(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.

7.2 ESD Ratings

VALUE UNIT
Electrostati Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® +2000
ectrostatic
V(esD) discharge Chaz%ed device model (CDM), per JEDEC specification JESD22-C101, all +1500 \4
pins -

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX UNIT
Vpp Controller input voltage 4.5 12 18 \Y
VN Power stage input voltage 4.5 12 18 \Y
T, Junction temperature -40 125 °C
Copyright © 2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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7.4 Thermal Information

TPS544x25
THERMAL METRIC® PQFN (RVF) UNIT
40 PINS

Rgia Junction-to-ambient thermal resistance 27.4
Rojctop) Junction-to-case (top) thermal resistance 18.3
Rgis Junction-to-board thermal resistance 4.2 CIW
WIT Junction-to-top characterization parameter 1.4
viB Junction-to-board characterization parameter 4.2
Rosc (ot Junction-to-case (bottom) thermal resistance 1.0

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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7.5 Electrical Characteristics

T, =-40°C to 125°C, Vyiy = Vvpp= 12 V, Rgr = 40.2 kQ; zero power dissipation (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
INPUT SUPPLY
Vvop Input supply voltage range 4.5 18
Vyin Power stage voltage range 4.5 18 v
lvpbp Input operating current Not switching 9.5 12 mA
UvLO
Factory default setting 45 v
VIN_ON Input turn on voltage Programmable range, 15 different settings 4.25 7.75
Accuracy -5% 5%
Factory default setting 4 v
VIN_OFF Input turn off voltage Programmable range, 15 different settings 4 7.5
Accuracy -5% 5%
ERROR AMPLIFIER AND FEEDBACK VOLTAGE
Ves Feedback pin voltage Default setting 940.5 950 959.5 mV
Setpoint range ® 0.5 15 \%
Vg = 600 mV, 0°C £ T, < 85°C@ -0.5% 0.5%
Vesaco) Z‘ggggi;k pin voltage 0.6V <Vegs15V® —1.0% 1.0% %
0.5V <Vg<06VD -1.5% 1.5%
AoL Open-loop gain® 80 dB
Ggwp Gain bandwidth product® 15 MHz
1= FB pin input bias current Veg = 0.95V -75 75 nA
Sourcing Veg =0V 1
Icomp — mA
Sinking Veg =12V 1
VSET
lyset VSET pin current 9.5 10.5 12 HA
Vvset Initial VOUT setting Ryset = 34.8 kQ 950 mVv
Vvset(dis) VSET disable threshold 2.41 \%
OSCILLATOR
Adjustment range® 200 1000 kHz
Fsw Switching frequency Rgt = 40.2 kQ 425 500 575 kHz
Vrup Ramp peak-to-peak® Vypp/9.3 Vypp/8.5 Vypp!7.6 v
Viry Valley voltage™ 0.75
SYNCHRONIZATION
Vik(sync) High-level input voltage 2.0 v
ViL(sync) Low-level input voltage 0.80
Tow(syno) \?V??t?] input minimum pulse 100 ns
fsyne Synchronization frequency 200 1200 kHz
RESET_B
Vikreset) High-level input voltage® 33V and 5V logic 21
1.8-V logic (factory default) 12 v
ViL(reset) Low-level input voltage 33V and 5V logic 08
1.8-V logic (factory default) 0.5
tow(esen \l)vllilgtlir:lum RESET_B pulse Ryser = 34.8 kQ 200 ns
Vvout_command(resgt) ?ﬁ;gn;te\éoltage after reset Ryser = 34.8 kQ 950 mv
(1) Specified by design. Not production tested.
(2) The parameter covers 4.5 V to 18 V of VDD.
Copyright © 2015, Texas Instruments Incorporated Submit Documentation Feedback 7
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Electrical Characteristics (continued)

T; =-40°C to 125°C, Vy,y = Vypp= 12 V, Rgy = 40.2 kQ; zero power dissipation (unless otherwise noted)

PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX UNIT
BP6 REGULATOR
Veps Regulator output voltage Igpe = 10 mA 5.85 6.4 6.9 \Y
Vaps(do) Regulator dropout voltage Vyin — Veps: Vyvpp = 4.5V, lgpg = 25 mMA 50 200 400 mV
lspesc ?Li?grl?%r short-circuit Vupp = 12V 150 mA
Vapsuv Regulator UVLO voltage® 3.73 Y,
Vereuv(hysy Efs%glrigg (LlJ)VLo voliage 320 mvV
BOOTSTRAP
VBooT(drop) Bootstrap voltage drop lsoor =5 MA 125 mV
BP3 REGULATOR
Vgp3 3-V regulator output voltage Vypp 2 4.5V, Igpz =5 mA 3.0 3.2 34 \%
lgpasc gu\r/r ;gt;(tf)lator short-circuit 35 mA
PWM
tonmin L\Vﬂilgtlmgm controllable pulse 100 ns
SOFT-START
Factory default setting 5
TON_RISE Soft-start time Spé?t?r:gg{‘)’(%b'e range, 16 discrete 0 100 me
Accuracy, TON_RISE =1 ms -10 10 %
Factory default setting 100
TON_MAX_FAULT_  Upper limit on the time to Programmable range, 16 discrete ms
LIMIT power up the output settings™® 0 100
Accuracy® -10 10 %
Factory default setting 0
TON_DELAY Turn-on delay Programmable range, 16 discrete settings® 0 100 ms
Accuracy® -10 10 %
SOFT-STOP
Factory default setting® 0
TOFF_FALL Soft-stop time Spé?t?r:gg{‘)’(%b'e range, 16 discrete 0 100 me
Accuracy, TOFF_FALL =1 ms -10 10 %
Factory default setting 0
TOFF_DELAY Turn-off delay Programmable range, 16 discrete settings® 0 100 ms
Accuracy® -10 10 %
SS PIN FOR INITIAL SOFT-START PROGRAMMING
Iss SS pin current 9.5 10.5 12 HA
Vssiviow) SS pin invalid low voltage 0.03 v
Vssivhigh) SS pin invalid high voltage 2.40

(3) The setting of TON_RISE of 0 ms means the unit to bring its output voltage to the programmed regulation value as quickly as possible,
which results in an effective TON_RISE time of 1 ms (fastest time supported).

(4) The setting of TON_MAX_FAULT_LIMIT and VOUT_UV_FAULT_LIMIT of 0 means disabling TON_MAX_FAULT and

VOUT_UV_FAULT response and reporting, respectively.
(5) The setting of TOFF_FALL of 0 ms means the unit to bring its output voltage down to 0 as quickly as possible, which results in an
effective TOFF_FALL time of 1 ms (fastest time supported).
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Electrical Characteristics (continued)

T; =-40°C to 125°C, Vy,y = Vypp= 12 V, Rgy = 40.2 kQ; zero power dissipation (unless otherwise noted)

pin

PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX UNIT
REMOTE SENSE AMPLIFIER
(Vours+ — Vours-) =0.6 V -5 5
Error voltage from DIFFO to
VbirFo(err) (v _ 8 ) (Vours+ = Vours) =12V =7 7 mv
outs+ — Vouts-
(Vours+ = Vours) =3.0V -15 15
Arsa Differential gain 0.995 1.005 VIV
BWrsa Closed-loop bandwidth® 2 MHz
Maximum DIFFO output
VbiFFo(max) voltage P Vgpe—0.2 \Y
DIFFO sourcing current 1
IpiFFo L mA
DIFFO sinking current 1
POWER STAGE
High-side power device on- oo
Rus resistance Vypp 2 12V, Ty = 25°C 55 .
m
Low-side power device on- Vypp 212V, (BOOT -SW) =65V, T; =
Ris " C 2.0
resistance 25°C
CURRENT SENSE AMPLIFIER
Minimum LDRYV pulse width
tLsmincs) for valid overcurrent and 400 ns
current mornitoring®
LOW-SIDE CURRENT LIMIT PROTECTION
t Off time between restart 7% ms
OFF(0C) attempts® TON_RISE
Factory default setting 36
TPS544C25
IOUT_OC_FAULT_  Output current overcurrent Programmable range 5 40
LIMIT fault threshold Factory default setting 24
TPS544B25
Programmable range 5 36 A
Factory default setting 34
TPS544C25
IOUT_OC_WARN_  Output current overcurrent Programmable range 4 39.5
LIMIT warning threshold Factory default setting 22
TPS544B25
Programmable range 4 35.5
Output current overcurrent o o
| fault accuracy lour 220 A -10% +10%
OC(acc)
Output current overcurrent @ 100 o
warning accuracy lour 220 A 10% +10%
HIGH-SIDE SHORT CIRCUIT PROTECTION
High-side short-circuit TPS544C25 40 75
| protection peak current A
nsoe threshold TPS544B25 33 66
POWER GOOD (PGOOD) AND OVERVOLTAGE/UNDERVOLTAGE WARNING
PGOOD and over/under
Vg (hyst) votlage warning threshold VOUT_SCALE_LOOP = 1.0 15 75 mvV
hysteresis at DIFFO pin
Rpcoop PGOOD pull-down resistance | Vpjrro =0V, Ipgoop =5 MA 30 45 60 Q
IpcooD(ik) PGOOD pin leakage current | Vpgoop =5V 15 A
. VOQT_SCALE_LOOP = 1.0, factory default 1165 1201 1237
VOUT_OV_WARN_  Overvoltage warning threshold | S€tting
LIMIT at DIFFO pin =
p VOUT(T)SCALE_LOOP 1.0, programmable 527 1797
range
_ VOUT_SCALE_LOOP = 1.0, factory default 600 631 650
VOUT_UV_WARN_  Undervoltage warning setting mv
LIMIT threshold at DIFFO pin =
p VOUT13CALE_LOOP = 1.0, programmable 350 1428
range
Over/under votlage warning
Vuvov(warnhyst) threshold hysteresis at DIFFO | VOUT_SCALE_LOOP = 1.0 15 75
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Electrical Characteristics (continued)

T; =-40°C to 125°C, Vy,y = Vypp= 12 V, Rgy = 40.2 kQ; zero power dissipation (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OUTPUT OVERVOLTAGE AND UNDERVOLTAGE FAULT PROTECTION
VOl_JT_SCALE_LOOP = 1.0, factory default 1243 1281 1330
VOUT_OV_FAULT_  Overvoltage fault threshold at | S€tting
LIMIT DIFFO pin VOUT_SCALE_LOOP = 1.0, programmable
range® 529 1799
VOL)T_SCALE_LOOP = 1.0, factory default 550 594 610
VOUT_UV_FAULT_  Undervoltage fault threshold at | S€tting mv
LIMIT DIFFO pin =
p VOUTTS4(:ALE_LOOP 1.0, programmable 346 1426
range @@
Over/under votlage fault
Vuvoviiithyst threshold hysteresis at DIFFO | VOUT_SCALE_LOOP = 1.0 15 75
pin
OUTPUT VOLTAGE TRIMMING
Factory default settin 1.0
VOUT_ - ry 9 : mVius
TRANSITION_ QOutput voltage transition rate | Programmable range, 8 discrete settings 0.067 15
RATE Accuracy -10% 10%
VOUT_SCALE_ ) Factory default setting 1
Feedback loop scaling factor - -
LOOP Programmable range, 3 discrete settings 0.25 1
Factor default setting 486
VOUT(T)SCALE_LOOP = 1.0, programmable 256 768
Output voltage programmable | range
VOUT_COMMAND register value, multiply by 2-° VOUT _SCALE_LOOP = 0.5, programmable
to get output voltage range® - 512 1536
VOUT_SCALE_LOOP = 0.25, programmable
range® 1024 3072
TEMPERATURE SENSE AND THERMAL SHUTDOWN
Junction thermal shutdown
Tsp temperature® 135 145 155
°C
Junction thermal shutdown
Thyst hysteresis® 15 20 25
Voltage range on TSNS/SS
Visns pin(l)g 9 0 1.00 v
Factory default setting 125
OT_FAULT_LIMIT IIlExt_e(rlr;aI overtemperature fault
imit Programmable range 120 165
Factory default settin 100 o
OT_WARN_LIMIT External Ipvv_et[}v)emperature ry 9 c
warning fimi Programmable range 100 140
External overtemperature
Tortnys) fault, warning hysteresis® 15 20 25
MEASUREMENT SYSTEM
Output voltage measurement
Myouteng) range 9 0.5 5.8 v
Output voltage measurement
Myour(ace accuracy ~2.0% 2.0%
Output voltage measurement
Mvout(s) bit resolution® 1.953 mv
Output current measurement
Miout(mg) rang';e 0 40 A
Output current measurement | lour 220 A —15% 15%
MiouT(ace) accurac [
y 3A<Iour<20A -3 3 A
Output current measurement
Miout(s) bit resolution® 62.5 mA
External temperature sense
Mrsns(rmg) range® -40 165
External temperature sense o o o
Mrss(ace) accuragy® -40°C < Tygenson < 165°C -5 5 c
M External temperature sense bit 1
TSNS(Isb) resolution®
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Electrical Characteristics (continued)

T; =-40°C to 125°C, Vy,y = Vypp= 12 V, Rgy = 40.2 kQ; zero power dissipation (unless otherwise noted)

range

PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX UNIT
PMBus INTERFACE ADDRESSING
lapD Address pin bias current 9.5 10.5 12 HA
V aDD(iviow) Address pin illegal low voltage 0.05
Address pin illegal high v
V ADD(ivhigh) voltage 2.40
PMBus™ INTERFACE
v Input high voltage, CLK, 3.3-V/5-V logic 2.1 v
" DATA, CNTL 1.8-V logic (factory default) 1.2
v Input low voltage, CLK, DATA, | 3-3-V/5-V logic 0.8 v
- CNTL 1.8-V logic (factory default) 0.5
Input high level current, CLK,
I DATA -10 10 HA
Input low level current, CLK,
I DATA -10 10 HA
lenTL CNTL pin pull-up current 5 10 HA
v, Output low level voltage, Vpp > 4.5V, input current to DATA, 0.4 v
oL DATA, SMBALERT SMBALERT = 4mA :
Output high level open drain
lon leakage current, DATA, Voltage on DATA, SMBALERT = 5.5V -10 10 HA
SMBALERT
Output low level open drain
lou leakage current, DATA, Voltage on DATA, SMBALERT = 0.4V 4.0 mA
SMBALERT
lonte PMBus operating frequency Slave mode 10 200 KkHz
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7.6 Typical Characteristics

Vin = Vpp = 12V, T, = 25 °C, Rgr = 40.2 kQ (unless otherwise specified). Safe operating area curves were measured using a
Texas Instruments Evaluation Module.

Figure 5. Feedback Voltage vs. Junction Temperature
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Figure 6. Feedback Voltage vs. Junction Temperature
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Typical Characteristics (continued)

Vin = Vpp =12V, T, =25 °C, Rgy = 40.2 kQ (unless otherwise specified). Safe operating area curves were measured using a
Texas Instruments Evaluation Module.
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Figure 7. Normalized Switching Frequency
vs. Junction Temperature
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Figure 11. PGOOD Pull-Down Resistance
vs. Junction Temperature
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Figure 12. Turn-On Voltage vs. Junction Temperature
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Typical Characteristics (continued)

Vin = Vpp =12V, T, =25 °C, Rgy = 40.2 kQ (unless otherwise specified). Safe operating area curves were measured using a
Texas Instruments Evaluation Module.

Turn-Off Voltage (V)

4.2

4.15

4.1

4.05

3.95

3.9

3.85

38
-40

25 -10 5 20 35 50 65 80

Junction Temperature (°C)

95 110 125

VIN_OFF =4.0V

Figure 13. Turn-Off Voltage vs. Junction Temperature
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Typical Characteristics (continued)

Vin = Vpp =12V, T, =25 °C, Rgy = 40.2 kQ (unless otherwise specified). Safe operating area curves were measured using a
Texas Instruments Evaluation Module.

Figure 23. Safe Operating Area

Figure 24. Safe Operating Area
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Typical Characteristics (continued)

Vin = Vpp =12V, T, =25 °C, Rgy = 40.2 kQ (unless otherwise specified). Safe operating area curves were measured using a

Texas Instruments Evaluation Module.
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Figure 29. Safe Operating Area
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Figure 25. Safe Operating Area Figure 26. Safe Operating Area
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Figure 30. Safe Operating Area
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Typical Characteristics (continued)

Vin = Vpp =12V, T, =25 °C, Rgy = 40.2 kQ (unless otherwise specified). Safe operating area curves were measured using a

Texas Instruments Evaluation Module.
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Figure 31. Safe Operating Area
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8 Detailed Description

8.1 Overview

The TPS544x25 devices are PMBus 1.2 compliant 20-A and 30-A, high-performance, synchronous buck
converters with two integrated N-channel NexFET™ power MOSFETS, enabling high power density and minimal
PCB area. These devices implement the industry standard fixed switching frequency, voltage-mode control with
input feed-forward topology that responds instantly to input voltage change. These devices can be synchronized
to the external clock to eliminate beat noise and reduce EMI/EMC. The integrated PMBus interface capability
provides precise current, voltage and on-board temperature monitoring, as well as many user-programmable
configuration options including Adaptive Voltage Scaling (AVS) through standard VOUT_COMMAND.

8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Linear Regulators BP3 and BP6

The TPS544x25 devices have two on-board linear regulators to provide suitable power for the internal circuitry of
the device. Externally bypass pins BP3 and BP6 for the converter to function properly. BP3 requires a minimum
of 2.2 uF of capacitance connected to AGND. BP6 requires a minimum 2.2 uF of capacitance connected to
GND. Tl recommends using a 4.7-pF capacitor and an additional 100-nF to reduce the ripple on the BP6 pin.

NOTE
Place bypass capacitors as close as possible to the device pins, with a minimum return
loop back to ground and the return loop should be kept away from fast switching voltage
and main current path. Refer to Layout for details. Poor bypassing can degrade the
performance of the regulator.

The use of the internal regulators to power other circuits are not recommended because the loads placed on the
regulators might adversely affect operation of the controller.

8.3.2 Input Undervoltage Lockout (UVLO)

The TPS544x25 devices provide flexible user adjustment of the undervoltage lockout threshold and hysteresis.
Two PMBus commands, VIN_ON (35h) and VIN_OFF (36h) allow the user to set these input voltage turn-on and
turn-off thresholds independently, with a minimum of 4-V turn-off to a maximum 7.75-V turn-on. See the
command descriptions for more details.

8.3.3 Turn-On and Turn-Off Delay and Sequencing

The TPS544x25 devices provide many sequencing options. Using the ON_OFF_CONFIG command, the device
can be configured to start up whenever the input voltage is above the undervoltage lockout (UVLO) threshold, or
to additionally require a signal on the CNTL pin and/or receive an update to the OPERATION command via the
PMBus interface . When the gating signal as specified by ON_OFF_CONFIG is asserted, a programmable turn-
on delay can be set with TON_DELAY to delay the start of regulation. Similarly, a programmable turn-off delay
can be set with TOFF_DELAY to delay the stop of regulation once the gating signal is de-asserted. Delay times
are specified in ms, from 0 to 100 ms.

Figure 32 shows control of the start-up and shutdown operations of the device, when the device is configured to
respond to both CNTL and the OPERATION command. The device can also be configured to use either the
CNTL signal, or the OPERATION command independently, or convert power whenever sufficient input voltage is

present.
TON_DELAY TOFF_DELAY

VIN J

A
A 4
A
A 4

TON_RISE |[#

TOFF_FALL |«

OPERATION[7] OFF /( ON X OFF

CNTL I

Vout

»

Time

Figure 32. Turn-On Controlled By Both Operation™ and Control @

8.3.4 Voltage Reference

A reference DAC (digital-to-analog converter) with 500 mV to 1500 mV range and 2° V (1.953 mV) resolution
connects to the non-inverting input of the error amplifier. The tight tolerance on the reference voltage allows the
user to design power supply with very high DC accuracy.

(1) Bit7 of OPERATION is used to control power conversion.
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Feature Description (continued)
8.3.5 Differential Remote Sense

The TPS544x25 devices implement a differential remote sense amplifier to provide excellent load regulation by
cancelling IR-drop in high current applications. The VOUTS+ and VOUTS- pins should be kelvin-connected to
the output capacitor bank directly at the load, and routed back to the device as a tightly coupled differential pair.
Ensure that these traces are isolated from fast switching signals and high current paths on the final PCB layourt,
as these can add differential-mode noise. Optionally, use a small coupling capacitor (1-nF typical) between the
VOUTS+ and VOUTS- pins to improve noise immunity. The output of the differential remote sense amplifier
(DIFFO) is used for output voltage setting and error amplifier frequency compensation local to the device as
shown in Figure 33.

Additionally, the voltage at the DIFFO pin is digitized, averaged to reduce measurement noise and continually
stored in the READ_VOUT register, enabling output voltage telemetry.

R2 c1 VOUTS+
T }_‘ DIFFO p ,—| |—<

[ 1
L

FB

[ 1
L

VOUTS-

R3 c2 COMP

i RBias To PWM

Figure 33. Output Voltage Setting

[ 1
LT
I

VREF

8.3.6 Set Output Voltage and Adapative Voltage Scaling (AVS)

A voltage divider from the DIFFO pin to the FB pin is typically required to set the nominal output voltage like the
one formed by R1 and Rgas resistors shown in Figure 33. To allow PMBus devices to map between the
commanded voltage and the voltage at the control circuit input (Vg7 divided down to match a reference voltage),
the device uses the VOUT_SCALE_LOOP command.

VREF = VOUT_COMMAND x VOUT_MODE x VOUT_SCALE_LOORP (V)

where
*  VOUT_SCALE_LOOP = Rgas/(RgiastR1) (as shown in Figure 33) 1)
VOUT = VOUT_COMMAND x VOUT_MODE = VOUT_COMMAND x 2° V. (2

The output voltage can be set and adjusted dynamically using the VOUT_COMMAND through the PMBus
interface. See the PMBus command description for full details on the implementation.

NOTE

 The VOUT_SCALE_LOORP is limited to only 3 possible options: 1 (default, no bottom
resistor required for the divider), 0.5, and 0.25.

* When VOUT_SCALE_LOOP = 1 (default), no bottom resistor Rgas is needed. The
reference voltage is equal to the output voltage, which allows tighter system DC
accuracy by removing the resistor divider tolerance.

e ltis required that the user make sure the divider ratio Rgjas /( Rgas +R1) matches the
programed VOUT_SCALE_LOOP and the user should program VOUT_SCALE_LOOP
prior to any other VOUT related commands in order for the proper range checking to
work and to avoid Invalid Data and output overvoltage and undervoltage scenarios.
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Feature Description (continued)

The range of valid VOUT_COMMAND values is dependent upon the configured VOUT_SCALE_LOOP as shows
in Table 1.

Table 1. FB Resistor Divider Ratio and VOUT_COMMAND Data Valid Range

RESISTOR DIVIDER OUTPUT VOLTAGE VOUT_COMMAND
VOUT_SCALE_LOOP Reias: R1 (IN RANGE (V) DATA VALID RANGE
Figure 33) MIN MAX MIN MAX
1 Unnecessary 0.5 15 256 768
0.5 1:1 1 3 512 1536
0.25 1:3 2 6 1024 3072

There are several commands that are used in commanding the output voltage of a device with a PMBus
interface. These include:

« VOUT_MODE

« VOUT_COMMAND

« VOUT_MAX

« MFR_VOUT_MIN

« VOUT_SCALE_LOOP

« VOUT_OV_FAULT_LIMIT
« VOUT_OV_WARN_LIMIT
« VOUT_UV_WARN_LIMIT
« VOUT_UV_FAULT_LIMIT

Figure 34 shows how the output voltage related commands are applied. The TPS544x25 devices implement
relational check to make sure the VOUT_COMMAND is not programmed to exceed the VOUT_MAX,
MFR_VOUT_MIN, VOUT_OV_WARN_LIMIT , and VOUT_UV_WARN_LIMIT. The VOUT_OV_WARN_LIMIT
should also be smaller than VOUT_OV_FAULT_LIMIT and the VOUT_UV_WARN_LIMIT should be greater than
VOUT UV_FAULT_LIMIT. Violation of these relational check rules will set corresponding status bits and trigger
SMBALERT. See the PMBus command description for full details.

In order for the relational checking to operate properly and to avoid error flagging, the VOUT_SCALE_LOOP
should be changed first, if needed. Any changes to other registers should be made such that the values in all the
registers conform to the limits for the current VOUT_SCALE_LOOP setting.
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Range: 1 msto 100 ms Range: 1 ms to 100 ms

Slew Rate Control for
Margining and AVS
Range 0.067 to 1 mV/us
8 Discrete Settings

TON_RISE

TOFF_FALL
Digital Soft Start

Digital Controlled Fallj (

j (VOUT_TRANS_RATE}

Resistor divider may
or may not be used

Range: 0 ms to 100 ms for both <

16 discrete settings Slew
TON_DELAY DES;Z .
Default: 0.95 V.

EEPROM backup.

TOFF_DELAY i

on FB

:IFB

VRrer Range:
0Vto 1.5V for
2-mV resolution
on VRer

:I COMP

m?#gnugc:?uizg_ Default overridden
VSET by Rser resistor. Step Control
]—» ADC VOUT_COMMAND > +
Range
R Relational Check Limit
SET VOUT_COMMAND with: .
Default: 1.5V [ VOUT_MAX ]
Possible values:
Default: 1.201 v | VOUT_OV_WARN_LIMIT 0.25,0.5, 1.0
Default: 1.0
Default: 0.631 V [VOUT_UV_WARN_LIMIT]
Figure 34. Conceptual View Of How Output Voltage Related Commands Are Applied
8.3.6.1 Increasing the Output Voltage

The order below is optimum for programming the output voltage upwards (not all commands may be necessary).

«  (40h) VOUT_OV_FAULT_LIMIT
« (42h) VOUT_OV_WARN_LIMIT

e (24h) VOUT_MAX (ordering with respect to VOUT_OV_FAULT_LIMIT and VOUT_OV_WARN_LIMIT is

irrelevant. Just set VOUT_MAX prior to VOUT_COMMAND)
* (21h) VOUT_COMMAND

«  (A4h) MFR_VOUT_MIN (ordering with respect to VOUT_UV_FAULT_LIMIT and VOUT_UV_WARN_LIMIT is

irrelevant. Just set MFR_VOUT_MIN after VOUT_COMMAND)
e (43h) VOUT_UV_WARN_LIMIT
e (44h) VOUT_UV_FAULT_LIMIT

8.3.6.2 Decreasing the Output Voltage

The order below is optimum for programming the output voltage downwards (not all commands may be

necessary).
e (44h) VOUT_UV_FAULT_LIMIT
e (43h) VOUT_UV_WARN_LIMIT

«  (Adh) MFR_VOUT_MIN (ordering with respect to VOUT_UV_FAULT_LIMIT and VOUT_UV_WARN_LIMIT is

irrelevant. Just set MFR_VOUT_MIN prior to VOUT_COMMAND)
e (21h) VOUT_COMMAND

e (24h) VOUT_MAX (ordering with respect to VOUT_OV_FAULT_LIMIT and VOUT_OV_WARN_LIMIT is

irrelevant. Just set VOUT_MAX after VOUT_COMMAND)
e (42h) VOUT_OV_WARN_LIMIT
e (40h) VOUT_OV_FAULT_LIMIT
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8.3.6.3 Set Default Output Voltage by VSET

In order to power up the converter to a default VOUT_COMMAND rather than that stored in EEPROM without
reprogramming, the initial boot-up output voltage can also be set by the resistor connected from VSET pin to
AGND. The E48 series resistors with no worse than 1% tolerance suggested for setting the output votlage are
shown in Table 2. VOUT_SCALE_LOOP can be set only at a value of 1 (no bottom resistor is needed in the
feedback resistor divider) if the VSET pin is used. If VSET pin is not used, pull it up to BP3. If TPS544x25
devices re-start after losing power completely, the VOUT_COMMAND value set by external resistor overwrites
any value stored from previous VOUT_COMMAND operation.

Table 2. VSET Resistors for Boot-up VOUT_COMMAND Value

BOOT-UP DEFAULT RESISTOR VALUE
VOUT_COMMAND (V) k)

0.95 Short to AGND

0.80 8.66

0.85 15.4

0.90 23.7

0.95 34.8

1.00 51.1

1.05 78.7

1.10 121

1.20 187

VO;Z@%??E/IEAFI)\IRDO\SIUE (VSET pin pulled up to BP3)®

(1) setsiv_vset bitin STATUS_MFR_SPECIFIC (80h)

If the resistor connected from VSET pin to AGND is used to set the output voltage, the SYNC/RESET_B pin is
configured as RESET_B pin on default. Reset the output voltage to the boot-up voltage when SYNC/RESET _B is
logic low. See Reset VOUT for more details.

If the VSET pin voltage higher than the VSET disable threshold (2.41 V minimum), the VSET function is disabled,
the boot-up default VOUT_COMMAND are restored from the internal EEPROM of the TPS544x25 devices.
When VSET is not used, the SYNC/RESET_B pin is configured as SYNC pin on default and the switching
frequency synchronizes to the external clock applied to SYNC/RESET_B pin. In order to use both VSET and
SYNC function, the FORCE_SYNC bit in register MISC_CONFIG_OPTIONS (MFR_SPECIFIC_32) (FOh) should
be set to 1. The aforementioned interaction between VSET and SYNC/RESET_B pin funcationality is listed in
Table 3. See Switching Frequency and Synchronization for more details.

The VSET pin configuration also affects the PMBus logic threshold in the TPS544x25 devices. See OPTIONS
(MFR_SPECIFIC_21) (E5h) for details.

Table 3. Interaction between VSET and SYNC/RSET_B Pin Funcationality

VSET Used® FORCE_SYNC SYNC/RSET_B FUNCTIONALITY
No 0 SYNC
No 1 SYNC
Yes 0 RESET_B
Yes 1 SYNC

(1) VSET pin voltage < 2.41 V
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8.3.7 Reset VOUT

Without power cycling, the VOUT_COMMAND value and the corresponding output voltage can be reset to the
default value set by VSET. To reset VOUT_COMMAND, the VSET pin should be used in combination with
SYNC/RESET_B pin. The default VOUT_COMMAND value is set by the resistor connected between VSET and
AGND and latched when the TPS544x25 devices are powered up from VDD. When the SYNC/RESET_B pin is
pulled low, the digital core sets VOUT_COMMAND value back to the default value. The Figure 35 shows the
timing diagram for resetting the output voltage. When RESET_B is asserted low, after a short delay (less than 2
ps), the output voltage begins transitioning from its current value to the default value configured by VSET per the
slew-rate set in VOUT_TRANSITION_RATE. The VOUT_COMMAND value is not updated to any
VOUT_COMMAND programming while SYNC/RESET_B is held low.

A

VSYNC/RESET_B

Vour

|4— Default Vst _>|
@

> f——

Response Delay

>

Time
(A) VOUT_COMMAND adjustment through the PMBus interface ;

(B) Reset back to default VOUT_COMMAND value determined by VSET resistor at power up. The slew rate is
defined by VOUT_TRANSITION_RATE.

Figure 35. Output Voltage Reset

8.3.8 Switching Frequency and Synchronization
A resistor from the RT pin to AGND sets the switching frequency. Equation 3 calculates the Rgy resistor value.

2.01 x 101°
RT = — ¢
fw
where
* Rgy is the timing resistor in Q
» fsw is the switching frequency in Hz (©)]

The TPS544x25 devices are designed to operate between 200 kHz and 1 MHz.

The TPS544x25 devices can also synchronize to an external clock which is +20% of the free-running frequency.
The external clock should be applied to the SYNC/RESET_B pin. A sudden change in synchronization clock
frequency causes an associated control loop response, resulting in an overshoot or undershoot on the output
voltage.

If a resistor is connected from VSET pin to AGND to program the initial boot-up voltage, the clock
synchronization function is disabled on default, the SYNC/RESET_B pin is configured to RESET function which
can reset VOUT when SYNC/RESET_B is logic low.

In order to use both VSET and SYNC function, the FORCE_SYNC bit in register MISC_CONFIG_OPTIONS
(MFR_SPECIFIC_32) (FOh) should be set to 1, as shown in Table 3. While the output in regulation and an
external clock being applied to SYNC/RESET_B pin, set the FORCE_SYNC bit on the fly causes a sudden
change in switching frequency and results in an overshoot or undershoot on the output voltage.
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8.3.9 Soft-Start and TON_RISE Command

To control the inrush current needed to charge the output capacitor bank during start up, the TPS544x25 devices
implement a soft-start time. When the device is enabled, the feedback reference voltage, Vgrgg, ramps from 0 V
to the final level defined by VOUT_COMMAND and VOUT_SCALE LOOP at a slew rate defined by the
TON_RISE command. The rise times specified are defined by the slew rate needed to ramp the reference
voltage from 0 V to its final value at each given rise time.

The actual rise time of the converter output is slightly less than the rise time defined by TON_RISE. This
difference occurs because switching does not occur until the error amplifier output reaches the valley of the PWM
ramp. During soft-start, the error amplifier output voltage starts at 0 V, and must reach the valley of the PWM
ramp, 0.75 V typical, before switching can begin. As soons as it reaches the valley of the PWM ramp, the
converter output voltage rises quickly until the feedback voltage, Vg, reaches the reference voltage Vggr, from
which point they track through the end of the soft-start period.

CNTL _|4— lON(delay)_’|<7 [ON(rise)4’|

Vour COMP slews up
4—"— to PWM ramp

PWM Ramp

COMP

\ 4

Time

Figure 36. Soft-Start Timing

The TPS544x25 devices support several soft-start times between 1 ms and 100 ms selected by the TON_RISE
command. The value of TON_RISE can be set through the PMBus interface or alternatively by the resistor
connected from TSNS/SS pin to AGND. To use the TSNS/SS pin for TON_RISE setting, the SS_DET_DIS bit in
OPTIONS (MFR_SPECIFIC_21) (E5h) register should be set to 0 to enable the soft-start time detection.

Table 4. TSNS/SS Pin Configuration

SS_DET_DIS TSNS/SS FUNCTIONALITY
0 SS
1 TSNS

The E48 series resistors with no worse than 1% tolerance suggested for TON_RISE setting are shown in
Table 5. Issuing TON_RISE command after start-up overwrites the TON_RISE value set by external resistor. If
TPS544x25 re-starts after losing power completely, the TON_RISE value set by external resistor overwrites any
value stored from previous TON_RISE operation.

Table 5. Soft-Start Resistors

RESISTOR VALUE
(ke)

Short to AGND (sets iv_ss bit in
STATUS_MFR_SPECIFIC (80h))

8.25
14.7
22.6
34.8
51.1
10 78.7

TON_RISE (ms)

N[O W (N
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Table 5. Soft-Start Resistors (continued)

TON_RISE (ms) RESISTOR VALUE

(k)
27 121
52 187

TSNS/SS pin pulled up to BP3 (sets iv_ss bit in

5 STATUS_MFR_SPECIFIC (80h))

8.3.10 Pre-Biased Output Start-Up

The TPS544x25 devices prevent current from being discharged from the output during start-up, when a pre-
biased output condition exists. No SW pulses occur until the internal soft-start voltage rises above the error
amplifier input voltage (FB pin), if the output is pre-biased. As soon as the soft-start voltage exceeds the error
amplifier input, and SW pulses start, the device limits synchronous rectification after each SW pulse with a
narrow on-time. The low-side MOSFET on-time slowly increases on a cycle-by-cycle basis until 128 pulses have
been generated and the synchronous rectifier runs fully complementary to the high-side MOSFET. This approach
prevents the sinking of current from a pre-biased output, and ensures the output voltage start-up and ramp-to-
regulation sequences are smooth and monotonic. These devices respond to a pre-biased output over-voltage
condition immediately upon VDD powered up and BP6 regulator voltage above its own UVLO of 3.73 V typical.

8.3.11 Soft-Stop and TOFF_FALL Command

As shown in Figure 32, the TPS544x25 devices implement TOFF_FALL command to define the time for the
output voltage to drop from regulation to 0. There might be negative current in the TPS544x25 devices during the
TOFF_FALL time in order to discharge the output voltage. The setting of TOFF_FALL of 0 ms means the unit to
bring its output voltage down to 0 as quickly as possible, which results in an effective TOFF_FALL time of 1 ms
(fastest time supported). This feature can be disabled in ON_OFF _CONFIG for the turn-off controlled by CNTL
pin or bit 6 of OPERATION if the regulator is turned off by OPERATION command, in that case, both high-side
and low-side FET drivers are turned off immediately and the output voltage will be discharged by the load.

8.3.12 Current Monitoring and Low-Side MOSFET Overcurrent Protection

The TPS544x25 devices sense average output current using an internal sense FET. A sense FET conducts a
scaled-down version of the power-stage current. Sampling this current in the middle of the low-side drive signal
determines the average output current. This architecture achieves excellent current monitoring and better
overcurrent threshold accuracy than inductor DCR current sensing with minimal temperature variation and no
dependence on power loss in a higher DCR inductor. Use the IOUT_CAL_OFFSET command to improve current
sensing and overcurrent accuracy by removing board layout-related systematic errors post assembly. The
devices continually digitize the sensed output current, and average it to reduce measurement noise. The devices
then store the current value in the read-only READ_IOUT register, enabling output current telemetry.
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Figure 37. SenseFET Average Current Sensing and Overcurrent Protection

The TPS544x25 devices also implement low-side MOSFET overcurrent protection with programmable fault and
warning thresholds. The IOUT_OC_FAULT_LIMIT and IOUT_OC_WARN_LIMIT commands set the low-side
overcurrent thresholds.

As shown in Figure 37, if an overcurrent event is detected in a given switching cycle, the device increments an
overcurrent counter. When the device detects three consecutive overcurrent (either high-side or low-side) events,
the converter responds, flagging the appropriate status registers, triggering SMBALERT if it is not masked, and
entering either continuous restart hiccup, or latch-off according to the IOUT_OC_FAULT_RESPONSE command.
In continuous restart hiccup mode, the devices implement a seven soft-start cycle time-out, followed by a normal
soft-start attempt. When the overcurrent fault clears, normal operation resumes, otherwise, the device detects
overcurrent and the process repeats. The IOUT_OC_FAULT_RESPONSE can also be set to ignore the OC fault
for debug purpose. The fault response scheme is summarized in Table 6.

8.3.13 High-Side MOSFET Short-Circuit Protection

The TPS544x25 devices also implement a fixed high-side MOSFET overcurrent (HSOC) protection to limit peak
current, and prevent inductor saturation in the event of a short circuit. The devices detect an overcurrent event by
sensing the voltage drop across the high-side MOSFET when it is on. If the peak current reaches the Iogc level
on any given cycle, the cycle terminates to prevent the current from increasing any further. High-side MOSFET
overcurrent events are counted using the method shown in Figure 37. If the devices detect three consecutive
overcurrent events (high-side or low-side), the converter responds, by flagging the appropriate status registers;
triggering SMBALERT if it is not masked; and entering either continuous restart hiccup, or latch-off according to
the IOUT_OC_FAULT_RESPONSE command. For accurate high-side MOSFET overcurrent protection, the VIN
and VDD pins must be the same potential; split rail operation is not supported. The
IOUT_OC_FAULT_RESPONSE can also be set to ignore the OC fault for debug purpose. When the
IOUT_OC_FAULT_RESPONSE is set to ignore, the device continues to have cycle-by-cycle HSOC protection.
The fault response scheme is summarized in Table 6.
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8.3.14 Over-Temperature Protection

An internal temperature sensor protects theTPS544x25 devices from thermal runaway. The internal thermal
shutdown threshold, Tgp, is fixed at 145°C typical. When the devices sense a temperature above Tgp, an over-
temperature fault internal (OTFI) bit in STATUS_MFR_SPECIFIC is flagged, and power conversion stops until
the sensed junction temperature falls by the thermal shutdown hysteresis amount, Tyyst, (20°C typical). The
SMBALERT will be triggered if it is not masked.

The TPS544x25 devices also provide programmable external over-temperature fault and warning thresholds
using measurements from an external temperature sensor connected on the TSNS/SS pin as shown in
Figure 38. The temperature sensor circuit applies two bias currents to an external NPN transistor, and measures
AVge to infer the junction temperature of the sensor. The TPS544x25 devices are designed to use a standard
2N3904 NPN transistor as a temperature sensor. Other sensors may be used, but the devices assume an
ideality factor, n, of 1.008 for use with the 2N3904 transistor. The devices then digitize the result and compare it
to the user-configured over-temperature fault and warning thresholds. When an external over-temperature fault
(OTF) is detected, power conversion stops until the sensed temperature falls by 20°C. The
READ_TEMPERATURE_2 (8Eh) register is continually updated with the digitized temperature measurement,
enabling temperature telemetry. The OT_FAULT_LIMIT (4Fh) and OT_WARN_LIMIT (51h) commands set over-
temperature fault and warning thresholds via the PMBus interface. When an overtemperature event is detected,
the device sets the appropriate flags in STATUS_TEMPERATURE (7Dh) and triggers SMBALERT if it is not
masked.

TI recommends including a 1-nF capacitor between the TSNS/SS pin and AGND to reduce temperature
measurement noise. Optionally, external temperature sensing can be disabled by terminating TSNS/SS to AGND
with a 0-Q resistor. This termination forces the external temperature measurement to —40°C, and prevents
external over-temperature faults tripping. The internal temperature sensor, and internal over-temperature fault
remain enabled regardless of the TSNS/SS pin termination.

NOTE
The READ _TEMPERATURE_2 (8Eh) value remains at 25°C when SS DET DIS in
OPTIONS (MFR_SPECIFIC_21) (E5h) is set to 0 since the TSNS/SS pin is configured to
set TON_RISE time and not used for external temperature sensing (see Table 4).

The device response upon over-temperature fault can be set to Latch-off, Restart and Ignore in
OT_FAULT_RESPONSE. The fault response scheme is summarized in Table 6.

OT Fault Internal + Internal Temp

Thermal _“__ 145C Sensor
Shutdown

OT_FAULT_RESPONSE
OT_FAULT_LIMIT

oT ———— OT_WARN_LIMIT
Fault
YVvY
READ_TEMPERATURE_2 <4— - TSNS/SS
STATUS_TEMPERATURE 4— MBS Enci STae”r:]‘:)"er;gtz‘?g AVge \[] .
us Engine < <+
STATUS_MFR_SPECIFIC <€—] h Conversion Measurement
- C
SMBALERT <«—] T Qr
Figure 38. Over-Temperature Protection
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8.3.15 Output Overvoltage and Undervoltage Protection

The TPS544x25 devices include both output overvoltage protection and output undervoltage protection
capability. The devices compare the DIFFO pin voltage to internal selectable pre-set voltages, as defined by the
VOUT_OV_FAULT_LIMIT and VOUT_UV_FAULT_LIMIT command . As the output voltage rises or falls from the
nominal voltage, the DIFFO voltage tracks the output voltage.

If the DIFFO pin voltage rises above the output overvoltage protection threshold VOUT_OV_FAULT_LIMIT, the
device terminates normal switching and turns on the low-side MOSFET to discharge the output capacitor and
prevent further increases in the output voltage. The device also declares an OV fault, flagging the appropriate
status registers, triggering SMBALERT if it is not masked. Then the device enters continuous restart hiccup, or
latch-off according to the VOUT_OV_FAULT_RESPONSE command. The TPS544x25 devices respond to the
output over-voltage condition immediately upon VDD powered up and BP6 regulator voltage above its own
UVLO of 3.73 V typical. The VOUT_OV_FAULT_RESPONSE can also be set to ignore the output overvotlage
fault and continue without interruption. Under this configuration, the control loop continues to respond and adjust
PWM duty cycle in order to keep output voltage within regulation.

If the DIFFO pin voltage falls below the undervoltage protection level defined by VOUT_UV_FAULT_LIMIT after
soft-start has completed, the device terminates normal switching and forces both the high-side and low-side
MOSFETSs off, and awaits an external reset or begins a hiccup time-out delay prior to restart, depending on the
value of the VOUT_UV_FAULT_RESPONSE command. The device also declares a UV fault, flagging the
appropriate status registers, triggering SMBALERT if it is not masked. The VOUT_UV_FAULT_RESPONSE can
also be set to ignore the output undervotlage fault and continue without interruption for debug purpose.

The fault response scheme is summarized in Table 6.

8.3.16 TON_MAX Fault

The TON_MAX_FAULT_LIMIT command sets an upper limit, in ms, on how long the unit can attempt to power
up the output without reaching the output undervoltage fault limit. The TPS544x25 devices differentiate a startup
UV fault and a regulaton UV fault by implementing the TON_MAX_ FAULT _LIMIT . The
TON_MAX_FAULT_LIMIT can allow the TPS544x25 devices more time than the soft-start time defined by
TON_RISE to come into regulation and the UV detection is essentially delayed up to the
TON_MAX_FAULT_LIMIT time. Refer to PMBus command section TON_MAX_FAULT_LIMIT for more details.
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8.3.17 Power Good (PGOOD) Indicator

When the output voltage remains within the PGOOD window after the start-up period, PGOOD as an open-drain
output is released, and rises to an externally supplied logic level. The PGOOD window is defined by
VOUT_OV_WARN_LIMIT and VOUT_UV_WARN_LIMIT, which can be programmed through the PMBus
interface, as shown in Figure 39. The PGOOD hystersis window scales with respect to VOUT_SCALE_LOOP,
ie. the OVW and UVW hystersis window of VOUT_SCALE LOOP = 0.5 is twice the size of
VOUT_SCALE_LOOP = 1 and just half of the size of VOUT_SCALE_LOOP = 0.25. The The PGOOD pin pulls
low upon any fault condition on default. Please refer to Table 6 for the possible sources to pull down PGOOD
pin.

The PGOOD signal can be connected to the CNTL pin of another device to provide additional controlled turn-on
and turn-off sequencing.

A

OV Fault

OV Warn

VOUT_COMMAND

UV Warn pe--
Vout (@DIFFO)
UV Fault

PGOOD
(non-latch)

(1) Vour is measured at the DIFFO pin.
Figure 39. PGOOD Threshold and Hysteresis

NOTE
Pulling PGOOD pin high before the TPS544x25 devices gets input power could cause
PGOOD pin going high due to the limited pull-down capability in un-powered condition. If
this is not desired, increase the pull-up resistance or reduce the external pull-up supply
voltage.
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8.3.18 Fault Protection Responses

Table 6 Summarizes the various fault protections and associated responses.

Table 6. Fault Protection Summary

FAULT or WARN PROGRAMMING Rggétéﬁg FET BEHAVIOR FEIEELING)  SBURGEQR | BRI | pensy
Latch-off Both FETs off Low
External Over Temp Fault OT_FAULT_LIMIT (4Fh) Restart Both FETSs off, then restart after cooling down® Yes Yes Yes Low
Ignore FETS still controlled by PWM High
Latch-off or Low
External Over Temp Warn OT_WARN_LIMIT (51h) Restart on Fault PWM maintains control of FETs Yes Yes Yes
Ignore Fault High
Internal Over Temp Fault Latch-off Both FETS off
(Junction Thermal Threshold fixed internally Restart Both FETSs off, then restart after cooling down® Yes Yes Yes Low
Shutdown) Ignore Both FETSs off, then restart after cooling down®
Latch-off 3 PWM counts, then both FETs off Low
Low-Side OC Fault IOUT_OC_FAULT_LIMIT (46h) Restart 3 PWM counts, ”;ir}g‘,’\thZ'éTEs off, restart after Yes Yes Yes Low
Ignore FETSs still controlled by PWM High
Latch-off or Low
Low-Side OC Warn IOUT_OC_WARN_LIMIT Restart on Fault PWM maintains control of FETs Yes Yes Yes
Ignore Fault High
Latch-off 3 PWM counts, then both FETs off Low
High-Side OC Fault HSOC_USER_TRIM[1:0] Restart 3 PWM counts, tgir}gi‘thglg? off, restart after Yes Yes Yes Low
Ignore Cycle-by-cycle peak current limit High
High-side FET OFF, low-side FET response configured
Latch-off byOV_RESP_SEL: latch ON or turn on till Vout reach
VOUT_UV_FAULT_LIMIT
Vour OV Fault VOUT_OV_FAULT_LIMIT i 'E?E\S}fgggg?i 'lg‘t’irf'g?\l 'f)'f-[u’risgr?':isuev‘:)"ur:ﬁr%‘;'cehd Yes Yes Yes Low
VOUT_UV_FAULT_LIMIT. Then restart after
7xTON_RISE
Ignore PWM maintains control of FETs
Latch-off or
Vout OV Warn VOUT_OV_WARN_LIMIT Restart on Fault PWM maintains control of FETs Yes Yes Yes Low
Ignore Fault

(1) Once the external over-temperature fault is tripped, the device shuts off both FETs and restarts until the external sensed temperature falls 20°C from the OT_FAULT_LIMIT.

(2) The internal Over Temperature Fault (Junction Thermal Shutdown) cannot be ignored, the device shuts off both FETs and restarts after the internal die temperature drops below the

threshold.
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Table 6. Fault Protection Summary (continued)
e ACTIVE DURING SOURCE OF SMBALERT
FAULT or WARN PROGRAMMING RESPONSE FET BEHAVIOR TON RISE SMBALERT MASKABLE PGOOD
SETTING -
Latch-off Both FETSs off
Vout UV Fault VOUT_UV_FAULT_LIMIT Restart Both FETs off, then restart after 7xTON_RISE No Yes Yes Low
Ignore PWM maintains control of FETs
Latch-off or
Vour UV Warn VOUT_UV_WARN_LIMIT Restart on Fault PWM maintains control of FETs No Yes Yes Low
Ignore Fault
Latch-off Both FETs off
ton Max Fault TON_MAX_FAULT_LIMIT Restart Both FETs off, then restart after 7xTON_RISE No Yes Yes Low
Ignore PWM maintains control of FETs
VIN UVLO VIN_ON, VIN_OFF Shut down Both FETSs off Yes Yes Yes Low
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8.3.19 Switching Node

The SW pin connects to the switching node of the power conversion stage and acts as the return path for the
high-side gate driver. When configured as a synchronous buck stage, the voltage swing on SW normally
traverses from below ground to well above the input voltage. Parasitic inductance in the high-side FET and the
output capacitance (Cpgs) of both power FETs form a resonant circuit that can produce high frequency ( > 100
MHz) ringing on this node. The voltage peak of this ringing, if not controlled, can be significantly higher than the
input voltage. Ensure that the peak ringing amplitude does not exceed the absolute maximum rating limit for the
pin.

In many cases, a series resistor and capacitor snubber network connected from the switching node to GND can
be helpful in damping the ringing and decreasing the peak amplitude. Provide provisions for snubber network
components in the layout of the printed circuit board. If testing reveals that the ringing amplitude at the SW pin
exceeds the limit, then include snubber components. See SLUP100 for more information about snubber circuits
design.

Placing a BOOT resistor in series with the BOOT capacitor slows down the turn-on of the high-side FET and can
help to reduce the peak ringing at the switching node as well.

8.3.20 PMBus General Description

Timing and electrical characteristics of the PMBus interface specification can be found in the PMB Power
Management Protocol Specification, Part 1, revision 1.2 available at http://pmbus.org. The TPS544x25 devices
support both the 100-kHz and 400-kHz bus timing requirements. The devices do not stretch pulses when
communicating with the master device.

Communication over the PMBus interface can support the Packet Error Checking (PEC) scheme if desired. If the
master supplies clock (CLK pin) pulses for the PEC byte, PEC is used. If the CLK pulses are not present before
a STOP, the PEC is not used.

The devices support a subset of the commands in the PMBus 1.2 Power Management Protocol Specification.
See Supported PMBus Commands for more information

The devices also support the SMBALERT response protocol. The SMBALERT response protocol is a mechanism
by which a slave device (such as the TPS544x25 devices ) can alert the bus master that it is available for
communication. The master processes this event and simultaneously accesses all slaves on the bus (that
support the protocol) through the alert response address (ARA). Only the slave that caused the alert
acknowledges this request. The host performs a modified receive byte operation to ascertain the slave address.
At this point, the master can use the PMBus status commands to query the slave that caused the alert. By
default these devices implement the auto alert response, a manufacturer specific improvement to the
SMBALERT response protocol, intended to mitigate the issue of bus hogging. See Auto ARA Response for more
information. For more information on the SMBus alert response protocol, see the System Management Bus
(SMBus) specification.

The devices contain non-volatile memory that stores configuration settings and scale factors. However, the
device does not save the settings programmed into this non-volatile memory. The STORE_DEFAULT_ALL (11h)
command must be used to commit the current settings to non-volatile memory as device defaults. The settings
that are capable of being stored in non-volatile memory are noted in their detailed descriptions.

8.3.21 PMBus Address

The PMBus specification requires that each device connected to the PMBus have a unique address on the bus.
The TPS544x25 devices each have 64 possible addresses (0 through 63 in decimal) that can be assigned by
connecting resistors from the ADDRO and ADDRL1 pins to AGND. The address is set in the form of two octal (0-
7) digits, one digit for each pin. ADDRL1 is the high order digit and ADDRO is the low-order digit. These address
selection resistors must be 1% tolerance or better. Using resistors other than the recommended values can result
in devices responding to adjacent addresses.

The E48 series resistors with no worse than 1% tolerance suggested for each digit value are shown in Table 7.
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Table 7. Required Address
Resistors

DIGIT | RESISTOR VALUE (k)
0 8.66

15.4

23.7

34.8

51.1

78.7

121

187

N[O~ [WIN|FP

The TPS544x25 devices also detect values that are out of range on the ADDRO and ADDRL1 pins. If the device
detects that either pin has an out-of-range resistance connected to it, the device continues to respond to PMBus
interface commands, but does so at address 127 decimal, which is outside of the possible programmed
addresses. It is possible but not recommended to use the device in this condition, especially if other devices are
present on the bus or if another device could possibly occupy the 127 decimal address.

Certain addresses in the 1°C address space are reserved for special functions and it is possible to set the
address of the devices to respond to these addresses. The user is responsible for knowing which of these
reserved addresses are in use in a system and for setting the address of the devices accordingly so as not to
interfere with other system operations. The devices can be set to respond to the global call address or 0. It is
recommended not to set the devices to this address unless the user is certain that no other devices respond to
this address and that the overall bus is not affected by having such an address present.

8.3.22 PMBus Connections

The TPS544x25 devices support both the 100-kHz and 400-kHz bus speeds, 1.8-V or 3.3-V and 5-V PMBus
interface logic level. See the PMBus Interface section of the Electrical Characteristics and PMBus command
OPTIONS (MFR_SPECIFIC_21) (E5h) for more information.

8.3.23 Auto ARA (Alert Response Address) Response

By default, the TPS544x25 devices implement the auto alert response, a manufacturer specific improvement to
the standard SMBALERT response protocol defined in the SMBus specification. The auto alert response is
designed to prevent SMBALERT monopolizing in the case of a persistent fault condition on the bus. The user
can choose to disable the auto ARA response, and use the standard SMBALERT response as defined in the
SMBus specification, by using bit EN_AUTO_ARA of the OPTIONS (MFR_SPECIFIC_21) (E5h) register.

In the case of a fault condition, the slave device experiencing the fault pulls down the shared SMBALERT line, to
alert the host that a fault condition has occurred. To establish which slave device has experienced the fault, the
host issues a modified receive byte operation to the alert response address (ARA), to which only the slave
pulling down on SMBALERT should respond. The SMBus protocol provides a method for address arbitration in
the case that multiple slaves on the same bus are experiencing fault conditions. Once the host has established
the address of the offending device, it must take any necessary action to release the SMBALERT line. For more
information on the standard SMBus alert response protocol, see the System Management Bus (SMBus)
specification.

In the case of a non-persistent fault (a single-time event, such as an invalid command or data byte), the host can
ascertain the address of the slave experiencing a fault using the standard ARA response, and simply issue
CLEAR_FAULTS (03h) to release the SMBALERT line, and resume normal operation. However, in the case of a
persistent fault (one which remains active for some time, such as a short-circuit, or thermal shutdown), once the
device issues a CLEAR_FAULTS (03h) command, the fault immediately re-triggers, and SMBALERT continues
to be pulled low. In this case, the device holds low the SMBALERT line until the host masks the SMBALERT line
using SMBALERT_MASK and then issues the CLEAR_FAULTS (03h) command. Because the SMBALERT line
remains low, the host cannot be alerted to other fault conditions on the bus until it clears SMBALERT. Figure 40
and Figure 41 illustrate this response.
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SMBALERT SMBALERT is hqt released until CLEAR_FAULTS
is issued by the host

STATUS_CML No Faults X Invalid Command x No Faults
DATA X PAGE X X ARA XSIave AddressX XCLEAR_FAULTX
HOST HOST SLAVE HOST

Figure 40. Example Standard ARA Response to Non-Persistent Fault

SMBALERT is low until host masks fault, and issues CLEAR_FAULTS
SMBALERT \\ if the fault condition persists /

STATUS_IOUT No Faults )( OC FAULT
DATA X ARAXSIave AddressU MASKﬁSMBALERTX CLEARiFAULTSX
HOST SLAVE HOST HOST

Short
Circuit

Figure 41. Example Standard ARA Response to a Persistent Fault

In order to mitigate the problem of SMBALERT bus hogging described previously, the devices implement the
Auto ARA response. When Auto ARA is enabled, the devices releases SMBALERT automatically after

successfully responding to access from the host at the alert response address. In this case, even when the
device is experiencing a persistent fault, it does not hold the SMBALERT line low following successful notification
of the host, and the host can be alerted to other faults on the bus in the normal manner. Examples of the auto

ARA response are illustrated in Figure 42 and Figure 43.

SMBALERT is
released when slave
SMBALERT \ successfully responds to ARA /
STATUS_CML No Faults X Invalid Command x No Faults
DATA X PAGE X X ARA XSIave AddressX XCLEAR_FAULTX
HOST HOST SLAVE HOST

Figure 42. Example Auto ARA Response to Non-Persistent Fault

Host must mask SMBALERT or it will re-assert when

SMBALERT is CLEAR_FAULTS is issued, if the fault condition persists
released when slave
SMBALERT \\successfully responds to ARA/
STATUS_IOUT No Faults )( OC FAULT
DATA X ARA XSIave AddressU MASK_SMBALERTX CLEAR_FAULTSX
HOST SLAVE HOST HOST

Short
Circuit

Figure 43. Example Auto ARA Response to Persistent Fault
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8.4 Device Functional Modes

8.4.1 Continuous Conduction Mode

The TPS544x25 devices operate in continuous conduction mode (CCM) at a fixed frequency, regardless of the
output current. For the first 128 switching cycles, the low-side MOSFET on-time is slowly increased to prevent
excessive current sinking in the event the device is started with a pre-biased output. Following the first 128 clock
cycles, the low-side MOSFET and the high-side MOSFET on-times are fully complementary.

8.4.2 Operation with CNTL Signal Control

According to the value in the ON_OFF_CONFIG register, the TPS544x25 devices can be commanded to use the
CNTL pin to enable or disable regulation, regardless of the state of the OPERATION command. The CNTL pin
can be configured as either active high or active low (inverted) logic.

8.4.3 Operation with OPERATION Control

According to the value in the ON_OFF_CONFIG register, the TPS544x25 devices can be commanded to use the
OPERATION command to enable or disable regulation, regardless of the state of the CNTL signal.

8.4.4 Operation with CNTL and OPERATION Control

According to the value in the ON_OFF_CONFIG register, the TPS544x25 devices can be commanded to require
both a signal on the CNTL pin, and the OPERATION command to enable or disable regulation.

8.5 Supported PMBus Commands

The commands listed in Table 8 are implemented as described to conform to the PMBus 1.2 specification.
Default behavior and register values are also shown.

Table 8. Supported PMBus Commands and Default Values

DEFAULT
CMD PMBus 1.2 PMBus COMMAND
CODE COMMAND NAME DESCRIPTION DEFAULT BEHAVIOR REBISER | WM
Can be configured via
ON_OFF_CONFIG to be used to | OPERATION is not used to
Oth OPERATION turn the output on and off with or | enable regulation 00h No
without input from the CTRL pin.
Configures the combination of
02h | ON_OFF_CONFIG CNTL pin input and OPERATION | i1y o1y Active High 16h Yes
command for turning output on
and off.
Clears all fault status registers to :
03h CLEAR_FAULTS 0x00 and releases SMBALERT. Write-only n/a No
Used to control writing to the
10h | WRITE_PROTECT volaile operating memory Allow writes to all registers 00h Yes
— (PMBus and restore from
EEPROM).
Stores all current storable
11h STORE_DEFAULT_ALL register settings into EEPROM as | Write-only n/a No
new defaults.
Restores all storable register .
12h RESTORE_DEFAULT_ALL settings from EEPROM. Write-only n/a No
Provides a way for a host system
- Read only. PMBus v1.2,
19h CAPABILITY to dett_arr_mne key PMB_us 400 kHz, PEC enabled BOh No
capabilities of the device.
1Bh SMBALERT_MASK Mask Warn or Fault status bits Mask PGOODz only n/a Yes
20h VOUT_MODE Read-only output mode indicator. | Linear, exponent = -9 17h No
21h VOUT_COMMAND Default Regulation Setpoint 950mV 01E6h Yes
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Supported PMBus Commands (continued)

Table 8. Supported PMBus Commands and Default Values (continued)

DEFAULT
CMD PMBus 1.2 PMBus COMMAND
CODE COMMAND NAME DESCRIPTION DIERACIET (E SRS RECISIER N
Sets the maximum output
voltage. VOUT_MAX imposes a
24h | VOUT _MAX higher bound to any attempted | ; g, 0300h No
VouT setting from
VOUT_COMMAND and VSET
pin default.
Sets the rate at which the output
27h VOUT_TRANSITION_RATE should change voltage. 1 mVlius D03Ch No
29h | VOUT_SCALE_LOOP Sets output sense scaling ratio | F004h Yes
for main control loop.
Sets value of input voltage at
35h VIN_ON which the device should start 45V F012h Yes
power conversion.
Sets value of input voltage at
36h VIN_OFF which the device should stop 4.0V F010h Yes
power conversion.
Can be set to null out offsets in
39h IOUT_CAL_OFFSET the current sensing circuit. 0.0000 A EO0O0Oh Yes
40h | VOUT OV FAULT LIMIT Sets output overvoltage fault 1.281V 0290h Yes
threshold.
41h | VOUT OV FAULT RESPONSE | SEIS output overvoltage fault Restart BFh Yes
- = - response.
42h | VOUT OV WARN_LIMIT Sets output overvoltage waming | 1 54, 0267h No
threshold.
43h | VOUT_UV_WARN_LIMIT Sets output undervoltage warning | 537 / 0143h No
- = - threshold.
44h | VOUT UV _FAULT LIMIT Sets output undervoltage fault | 54\, 0130h Yes
threshold.
45h | VOUT UV_FAULT RESPONSE | S€ts outputundervoltage fault | ooy BFh Yes
- = - response.
Sets the value of the output 36 A (TPS544C25) F848h
46h IOUT_OC_FAULT_LIMIT current that causes an Yes
overcurrent fault condition. 24 A (TPS544B25) F830h
Sets response to output
47h IOUT_OC_FAULT_RESPONSE | overcurrent faults to latch-off, Restart BFh Yes
hiccup mode or ignore.
Sets the value of the output 34 A (TPS544C25) F844h
4Ah IOUT_OC_WARN_LIMIT current that causes an No
overcurrent warning condition. 22 A (TPS544B25) F82Ch
Sets the value of the sensed
4Fh OT_FAULT_LIMIT temperature that causes an 125 °C 007Dh Yes
overtemperature fault condition.
Sets response to over
50h OT_FAULT_RESPONSE temperature faults to latch-off, Restart BFh Yes
hiccup mode or ignore.
Sets the value of the sensed
temperature that causes an o
51h OT_WARN_LIMIT overtemperature warning 100 °C 0064h No
condition.
60h TON_DELAY Sets the turn-on delay. 0ms 0000h Yes
Sets the time from when the
61h TON_RISE output starts to rise until the 5ms 0005h Yes
voltage has entered the
regulation band.
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Supported PMBus Commands (continued)
Table 8. Supported PMBus Commands and Default Values (continued)
DEFAULT
CMD PMBus 1.2 PMBus COMMAND
CODE COMMAND NAME DESCRIPTION 2125 RS S N 015 RECISIER AL
Sets an UPPER limt in
milliseconds, on how long the
unit can attempt to power up the
output without reaching the
62h TON_MAX_FAULT_LIMIT output undervoltage fault limit. 100 ms 0064h No
The time begins counting as the
device enters the soft-start
period.
63n | TON_MAX_FAULT RESPONSE | S€tS the soft starttimeout fault | ooy ¢ BFh Yes
- — - response.
64h TOFF_DELAY Sets the turn-off delay. 0 ms 0000h Yes
65h TOFF_FALL Sets the soft stop fall time. 0 ms 0000h Yes
78h STATUS_BYTE Returns ont_e_byte summarizing Read only Current status No
the most critical faults.
Returns two bytes summarizing
79h STATUS_WORD fault and warning conditions. Read only Current status No
Returns one byte detailing if an
7Ah STATUS_VOUT output fault or warning has Read only Current status No
occurred
Retyrns one byte detailing if an
7Bh STATUS_IOUT overcurrent fault or warning has | Read only Current status No

occurred

Returns one byte of information
7Ch STATUS_INPUT relating to the status of the Read only Current status No
converter's input related faults.

Returns one byte detailing if a
7Dh STATUS_TEMPERATURE sensed temperature fault or Read only Current status No
warning has occurred.

Returns one byte containing
7Eh STATUS_CML PMBus serial communication Read only Current status No
faults.

Returns one byte detailing if
internal overtemperature or

80h STATUS_MFR_SPECIFIC address detection fault has Read only Current status No
occurred.

8Bh READ_VOUT \Ii?l:grns the output voltage in Read only Current status No

8Ch READ_IOUT Returns the output current in Read only Current status No

amps.

Read-only, 25 C

Returns the sensed temperature whenSS_DET_DIS in

8Eh READ_TEMPERATURE_2 . ) OPTIONS 0019h No

in degrees Celsius. (MFR_SPECIFIC_21) (E5h)
=0.

Returns PMBus revision to which

98h PMBUS_REVISION the device is compliant. Read only 12h No
Sets the minimum output voltage.
MFR_VOUT_MIN imposes a

A4h | MFR_VOUT MIN lower bound to any attempted | 5, 0100h No
VouT setting from
VOUT_COMMAND and VSET
pin default.
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Supported PMBus Commands (continued)

Table 8. Supported PMBus Commands and Default Values (continued)

DEFAULT
CMD PMBus 1.2 PMBus COMMAND
CODE COMMAND NAME DESCRIPTION DIERACIET (E SRS RECISIER N
This Read-only Block Read TPS544C25 0027h
command returns a single word
(16 bits) with the unique Device
Code identifier for each device
ADh IC_DEVICE_ID for which this IC can be No
configured. The BYTE_COUNT TPS544B25 0028h
field in the Block Read command
is 2 (indicating 2 bytes follow):
Low Byte first, then High Byte.
This Read-only Block Read
command returns a single word
(16 bits) with the unique Device
revision identifier. The
AEh IC_DEVICE_REV BYTE_COUNT field in the Block Read only 0000h No
Read command is 2 (indicating 2
bytes follow): Low Byte first, then
High Byte.
DOh MFR_SPECIFIC_00 User scratch pad. 0000h Yes
Sets user selectable options.
Options register: Disable SS
detection, Enable Auto Alert B
Response Address response Enable SS detectlo_n, auto
Esh | OPTIONS (MFR_SPECIFIC_21) | (ARA). ADC averaging, Enable é?ﬂg’uéggtg%gggilgg ' 8x 00C7h Yes
— — Data limit override, Enable ADC, -
Enable Vout Scan Mode, Enable aver?ge for VII/IT reporting,
auto PMBus rail logic level and force 1.8V logic
detection and Force PMBus rail
logic level.
The SYNC/RESET_B pin
operates as RESET_B if
VSET detection is valid;
Sets miscellaneous user default trim for HS OC; for
. : OVP response, the LS FET
Foh MISC_CONFIG_OPTIONS sel(_actak?le options. Options latches on when an OV 0001h Yes
(MFR_SPECIFIC_32) reglste_r. Force SYNC, HSOC_: fault is detected, and turns
user trim, OVP response options.
off as soon as the sensed
output (at DIFFO pin) drops
below the UV fault
threshold.

8.6 Register Maps

This family of devices supports the following commands from the PMBus 1.2 specification.

Register Access Legend:
* r-read
W - write

» superscript E — the bit is backed up with Non-volatile EEPROM

8.6.1 OPERATION (01h)

The OPERATION command turns the device output on or off in conjunction with input from the CNTL signal. It is
also used to set the output voltage to the upper or lower margin voltages. The unit stays in the commanded
operating mode until a subsequent OPERATION command or a change in the state of the CNTL pin instructs the
device to change to another mode.
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COMMAND OPERATION

Format Unsigned binary

Bit Position 7 6 5 4 3 2 1 0

Access riw riw r r r r r r

Function ON OFF X X X X X X

Default Value 0 0 X X X X X X

8.6.1.1 On

This bit is an enable command to the converter.
« 0: output switching is disabled. Both drivers placed in an off or low state.

e 1: output switching is enabled if the input voltage is above undervoltage lockout, OPERATION is configured
as a gating signal in ON_OFF_CONFIG, and no fault conditions exist.

8.6.1.2 Off

This bit sets the turn-off behavior when commanding the unit to turn off via OPERATION][7] ( the “ On* bit).
* 0: Immediately turn off the output (not honoring the programmed turn-off delay (TOFF_DELAY) and ramp
down (TOFF_FALL)) when commanded off via OPERATION[7] ( the “ On* bit).

» 1: Use the programmed turn-off delay (TOFF_DELAY) and ramp down (TOFF_FALL) when commanded off
via OPERATION[7] — aka “soft off”.

NOTE
The device ignores any values written to read-only bits. Additionally, both “on” and “off”
bits being set at the same time is not allowed and considered invalid data per section 12.1
of the PMBus Specification Part II; any attempt to do so causes the device to set the 'cml’
bit in the STATUS BYTE and the ‘ivd’ bit in the STATUS_CML registers, and triggers
SMBALERT signal.

8.6.2 ON_OFF_CONFIG (02h)

The ON_OFF_CONFIG command configures the combination of CNTL pin input and serial bus commands
needed to turn the unit on and off. The contents of this register can be stored to non-volatile memory using the
STORE_DEFAULT_ALL (11h) command. The default value in ON_OFF_CONFIG register is to have the device
power up by CNTL pin only with the active high polarity and use the programmed turn-off delay (TOFF_DELAY)
and ramp down (TOFF_FALL) for powering off the converter.

COMMAND ON_OFF_CONFIG
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r riwE riwE riwE riwE riwE
Function X X X pu cmd cpr pol cpa
Default Value X X X 1 0 1 1 0

8.6.2.1 pu

The pu bit sets the default to either operate any time power is present or for power conversion to be controlled by
CNTL pin and PMBus OPERATION command. This bit is used in conjunction with the 'cpr’, ‘'cmd’, and 'on' bits to
determine start up.

BIT VALUE ACTION
0 Device powers up any time power is present regardless of state of the CNTL pin.

Device does not power up until commanded by the CNTL pin and/or OPERATION
command as programmed in bits [3:0] of the ON_OFF_CONFIG register.

1
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8.6.2.2 cmd

The cmd bit controls how the device responds to the OPERATION command. This bit is used in conjunction with
the 'cpr', 'pu’, and 'on’ bits to determine start up.

BIT VALUE ACTION
0 Device ignores the “on” bit in the OPERATION command.
1 Device responds to the “on” bit in the OPERATION command.

8.6.2.3 cpr

The cpr bit sets the CNTL pin response. This bit is used in conjunction with the 'cmd’, 'pu’, and 'on' bits to
determine start up.

BIT VALUE ACTION
0 Device ignores the CNTL pin. Power conversion is controlled only by the OPERATION
command.
1 Device requires the CNTL pin to be asserted to start the unit.

8.6.2.4 pol

The pol bit controls the polarity of the CNTL pin. For a change to become effective, the contents of the
ON_OFF_CONFIG register must be stored to non-volatile memory using the STORE_DEFAULT_ALL command
and the device power cycled. Simply writing a hew value to this bit does not change the polarity of the CNTL pin.

BIT VALUE ACTION
0 CNTL pin is active low.
1 CNTL pin is active high.

8.6.2.5 cpa

The cpa bit sets the CNTL pin action when turning the converter off.

BIT VALUE ACTION
0 Use the programmed turn-off delay (TOFF_DELAY) and ramp down (TOFF_FALL).
1 Immediately turn off the output (not honoring the programmed turn-off delay
(TOFF_DELAY) and ramp down (TOFF_FALL)).

8.6.3 CLEAR_FAULTS (03h)

The CLEAR_FAULTS command is used to clear any fault bits that have been set. This command clears all bits
in all status registers simultaneously. At the same time, the device negates (clears, releases) its SMBALERT
signal output if the device is asserting the SMBALERT signal. The CLEAR_FAULTS command does not cause a
unit that has latched off for a fault condition to restart. If the fault is still present when the bit is cleared, the fault
bit is immediately reset and the host notified by the usual means.

NOTE

» To get a reliable clear fault result, the clear_fault command should be issued (8 x
TON_RISE + TON_DELAY) after the switcher shuts down.

* In the case of OV fault with “latch off” response, the LS FET latches on when the fault
is detected. If the OV_RESP_SEL bit in (FOh) MFR_SPECIFIC_32 is set to 1, then the
LS FET releases when the output voltage falls below the VOUT_UV_FAULT_LIMIT.
Otherwise, it remains on until the CLEAR_FAULTS command is issued. The CLEAR
FAULTS command causes the LS FET to turn off.

e Toclear an QV fault, two CLEAR_FAULTS commands need to be issued and the OVF
cannot be cleared the first time, but the second time.
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8.6.4 WRITE_PROTECT (10h)

The WRITE_PROTECT command is used to control writing to the PMBus device. The intent of this command is
to provide protection against accidental changes. This command is not intended to provide protection against
deliberate or malicious changes to the device configuration or operation. All supported command parameters
may have their parameters read, regardless of the WRITE_PROTECT settings. Write protection also prevents
protected registers from being updated in the event of a RESTORE_DEFAULT_ALL. The contents of this register
can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.

COMMAND WRITE_PROTECT
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access riwE riwE riwE X X X X X
Function bit7 bité bit5 X X X X X
Default Value 0 0 0 X X X X X
8.6.4.1 bit5
BIT VALUE ACTION
0 Enable all writes as permitted in bit6 or bit7
1 Disable all writes except the WRITE_PROTECT, OPERATION, ON_OFF_CONFIG,
and VOUT_COMMAND. (bit6é and bit7 must be 0 to be valid data)
8.6.4.2 bit6
BIT VALUE ACTION
0 Enable all writes as permitted in bit5 or bit7
1 Disable all writes except for the WRITE_PROTECT, and OPERATION commands. (bit5
and bit7 must be 0 to be valid data)
8.6.4.3 bit7
BIT VALUE ACTION
0 Enable all writes as permitted in bit5 or bité
1 Disable all writes except for the WRITE_PROTECT command. (bit5 and bité must be 0
to be valid data)

In any case, only one of the three bits may be set at any one time. Attempting to set more than one bit results in
an alert being generated and the cml bit is STATUS WORD being set. An invalid setting of the
WRITE_PROTECT command results in no write protection.

Data Byte
Value

1000 0000 Disables all WRITES except to the WRITE_PROTECT command.
0100 0000 Disables all WRITES except to the WRITE_PROTECT, and OPERATION commands.

Disables all WRITES except to the WRITE_PROTECT, OPERATION,
ON_OFF_CONFIG, and VOUT_COMMAND commands.

ACTION

0010 0000

8.6.5 STORE_DEFAULT_ALL (11h)

The STORE_DEFAULT_ALL command stores all of the current storable register settings in the EEPROM
memory as the new defaults on power up.

It is permissible to use this command while the device is switching. Note however that the device continues to
switch but ignores all fault conditions until the internal store process has completed. Issuing
STORE_DEFAULT_ALL also causes the device to be unresponsive via PMBus for a period of ~100ms.

EEPROM programming faults cause the device to NACK and set the '‘cml' bit in the STATUS BYTE and the
'mem’ bit in the STATUS_CML registers.
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8.6.6 RESTORE_DEFAULT ALL (12h)

The RESTORE_DEFAULT_ALL command restores all of the storable register settings from EEPROM memory to
those registers which are unprotected according to current setting of WRITE_PROTECT. Issuing
STORE_DEFAULT_ALL also causes the device to be unresponsive via PMBus for a period of ~100ms.

NOTE

Do not use this command while the device is actively switching, this causes the device to
stop switching and the output voltage to fall during the restore event. Depending on
loading conditions, the output voltage could reach an undervoltage level and trigger an
undervoltage fault response if programmed to do so. The command can be used while the
device is switching, but it is not recommended as it results in a restart that could disrupt
power sequencing requirements in more complex systems. It is strongly recommended
that the device be stopped before issuing this command.

8.6.7 CAPABILITY (19h)

The CAPABILITY command provides a way for a host system to determine some key capabilities of this PMBus
device.

COMMAND CAPABILITY
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r r r r r r
Function PEC SPD ALRT Reserved
Default Value 1 0 ‘ 1 1 0 ‘ 0 ‘ 0 ‘ 0

The default values indicate that the device supports Packet Error Checking (PEC), a maximum bus speed of 400
kHz (SPD) and the SMBus Alert Response Protocol using SMBALERT.

8.6.8 SMBALERT_MASK (1Bh)

The SMBALERT_MASK command may be used to prevent a warning or fault condition from asserting the
SMBALERT signal.

NOTE
The command uses the SMBus Write Word command protocol to overlay a “mask byte”
with an associated/designated status register. It uses the SMBus Block Write/Block Read
protocol — with a block size = 1, to read the mask settings for any given status register. If
the host in the Block_Count field of the Block Write portion sends a block size unequal to
1 the device returns a NACK. The device always returns a Block Count of 1 upon reads of
SMBALERT_MASK.

The bits in the mask byte align with the bits in the corresponding status register. For example, if the
STATUS TEMPERATURE command were sent with the mask byte 01000000b, then an Over Temperature
Warning condition would be blocked from asserting SMBALERT. Please refer to the PMBus v1.2 specification -
section 15.38 (SMBALERT_MASK Command) and the SMBus specification Block Write/Block Read protocol for
further details.

There are 19 maskable SMBALERT sources in the TPS544x25. Each of these 19 status conditions has an
associated EEPROM backed mask bit. These sources are represnted and identified in the status register
command descriptions by a particular status bit denoted as having EEPROM backup (e.g. a bit access of r/wF).
Writes and reads to SMBALERT_MASK command code accepts only the following as valid STATUS x
command codes:

+ STATUS_WORD

+ STATUS_VOUT

+ STATUS_IOUT

* STATUS_INPUT
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» STATUS_TEMPERATURE
« STATUS_CML
» STATUS_MFR_SPECIFIC

Attempting to write a mask byte for any STATUS_X command code other than this list causes the device to set
the ’cml’ bit in the STATUS_BYTE and the ‘ivd’ bit in the STATUS_CML registers, and triggers SMBALERT.
Attempting to read a mask byte for any STATUS_x command code other than this list returns 00h for the mask
byte. Refer to these individual command descriptions for further details on their specific smbalert masking
capabilities.

There is 1 wunique status bit in the TPS544x25 that warrants special clarification: PGOOD_Z
(STATUS_WORD[10]) is maskable as an SMBALERT source via SMBALERT_MASK commands to
STATUS_WORD. If the user wants to write, or read, the mask bit for PGOOD_Z, they must put ‘79h’ in the
STATUS_x COMMAND_CODE field of the SMBALERT_MASK command. PGOOD_Z SMBALERT_MASK bit
default to 1.

8.6.9 VOUT_MODE (20h)

The PMBus specification dictates that the data word for the VOUT_MODE command is one byte that consists of
a 3-bit mode and 5-bit exponent parameter, as shown below. The 3-bit mode sets whether the device uses the
Linear or Direct modes for output voltage related commands. The 5-bit parameter sets the exponent value for the
linear data mode. The mode and exponent parameters are fixed and do not permit the user to change the
values.

COMMAND VOUT_MODE
Bit Position 7 6 5 4 3 2 1 0
Access r r r r r r r r
Function Mode Exponent
Default Value 0 0 0 1 0 1 1 1

8.6.9.1 Mode:
Value fixed at 000, linear mode.

8.6.9.2 Exponent
Value fixed at 10111, Exponent for Linear mode values is -9 (equivalent of 1.95mV/count).

8.6.10 VOUT_COMMAND (21h)

The VOUT_COMMAND command sets the output voltage in volts. The contents of this register can be stored to
non-volatile memory using the STORE_DEFAULT_ALL command. The exponent is set be VOUT_MODE at -9
(equivalent of 1.953 mV/count). The programmed the output voltage is computed as:

Vour = VOUT_COMMAND x VOUT_MODE (V) = VOUT_COMMAND x 279 (V) @)

The range of valid VOUT_COMMAND values is dependent upon the configured VOUT_SCALE_LOOP (29h) as
follows:

VOUTBSC%ALE—L Vout Range (volts) VOUT_COMMAND data valid range
1 05-15 256 - 768
0.5 1-3 512 - 1536
0.25 2-6 1024 - 3072

There are 2 “invalid data” situations that are possible and checked in hardware. They are handled differently:

* The first case is if the value programmed to VOUT_COMMAND exceeds the value stored in either
MFR_VOUT_MIN (A4h) or VOUT_MAX (24h). In this case, VOUT_COMMAND is set to the appropriate
MFR_VOUT_MIN or VOUT_MAX value (which ever was violated). See the command descriptions for
MFR_VOUT_MIN (A4h) or VOUT_MAX (24h) for the specific status bits set in either case.

e The second case is if VOUT_COMMAND is attempted to be programmed outside the OV and UV warn limits.
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In this case, the VOUT_COMMAND value remains unchanged. Specifically, the following relationships must
be maintained:

« VOUT_COMMAND < VOUT_OV_WARN_LIMIT
« VOUT_COMMAND > VOUT_UV_WARN_LIMIT

In this second case where VOUT_COMMAND is attempted to be programmed outside the OV or UV Warn limits,
it causes the device to set the 'cml’ bit in the STATUS_BYTE and the ‘ivd’ bit in the STATUS_CML registers, and
triggers SMBALERT signal.

When using the VSET function, at initial power-up. the Mantissa value decoded according to the appropriate
VSET resistor is written into the VOUT_COMMAND register as the initial default. Note this overwrites any value
restored from EEPROM when the device VDD is powered up.

COMMAND VOUT_COMMAND
Format Linear, unsigned binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r roo|rwE | rwE | ewE | rwE | orwE | rwE | rwE | rwE | ewE | B | wE | rwE
Function Mantissa
Defautvalue | 0 [ o [ o [ o[ oo o[22 1] 1] 1] o] o] 1] 1]o

8.6.10.1 Exponent

Value fixed at 10111, Exponent for Linear mode values is -9 (equivalent of 1.95mV/count, specified in
VOUT_MODE command).

8.6.10.2 Mantissa

This is the Mantissa for the linear format. Default value is: 0000 0001 1110 0110 (bin) 486 (dec) (equivalent Vout
default = 0.95V).

8.6.11 VOUT_MAX (24h)

The VOUT_MAX command sets the maximum output voltage. The purpose is to protect the device(s) on the
output rail supplied by this device from a higher than acceptable output voltage. VOUT_MAX imposes an upper
bound to any attempted output voltage setting:

a) programmed VOUT_COMMAND
b) VSET pin default

If any attempt is made to program the output voltage (using the VOUT_COMMAND ) in excess of the value in
VOUT_MAX, the device also:

» Clamps the output voltage at the programmed VOUT_MAX value
» Sets the OTH (other) bit in the STATUS_BYTE

» Sets the VFW bit in the STATUS_WORD

» Sets the VOUT_MAX_Warning bit in the STATUS_VOUTregister
* Notifies the host via the SMBALERT pin

The exponent is set be VOUT_MODE at -9 (equivalent of 1.953 mV/count). The programmed output voltage is
computed as:

MAXIMUM VOUT allowed = VOUT_MAX x VOUT_MODE (V) = VOUT_MAX x 27 (V) (5)

There are 2 “invalid data” situations that are possible and checked in hardware. They are handled differently:

» If the commanded VOUT_MAX is outside the valid data range for the VOUT_SCALE_LOOP configured, but,
is still relationally correct (above VOUT_COMMAND). In this case, that value is not accepted; but,
VOUT_MAX is set to the highest allowed value.

« The second case is the opposite, where the attempted write value is within the absolute range of
VOUT_MAX; but, is not relationally correct (it is below VOUT_COMMAND). In this case, VOUT_MAX remains
unchanged.
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Both cases equally cause the device to set the 'cml bit in the STATUS_BYTE and the ‘ivd’ bit in the
STATUS_CML registers, and triggers SMBALERT signal.

COMMAND VOUT_MAX
Format Linear, unsigned binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r riw riw riw riw riw riw riw riw riw riw riw riw riw
Function Mantissa

8.6.11.1 Exponent

Value fixed at 10111, Exponent for Linear mode values is —9 (equivalent of 1.95 mV/count, specified in
VOUT_MODE command).

8.6.11.2 Mantissa
The range of valid VOUT_MAX values is dependent upon the configured (29h) VOUT_SCALE_LOORP as follows.

If VOUT_SCALE_LOOP = 1:

» default: 0000 0011 0000 0000 (bin) 768 (dec) (equivalent output voltage default = 1.5V)
¢ Minimum : 0000 0001 0001 1010 (bin) 282 (dec) (equivalent VOUT_MAX = 0.55V)

* Maximum: 0000 0011 0000 0000 (bin) 768 (dec) (equivalent VOUT_MAX = 1.5V)

If VOUT_SCALE_LOOP = 0.5:

» default: 0000 0110 0000 0000 (bin) 1536 (dec) (equivalent output voltage default = 3V)
e Minimum : 0000 0010 0011 0100 (bin) 564 (dec) (equivalent VOUT_MAX = 1.1V)

e Maximum: 0000 0110 0000 0000 (bin) 1536 (dec) (equivalent VOUT_MAX = 3V)

If VOUT_SCALE_LOOP = 0.25:

e default: 0000 1100 0000 0000 (bin) 3072 (dec) (equivalent output voltage default = 6V)
e Minimum : 0000 0100 0110 1000 (bin) 1128 (dec) (equivalent VOUT_MAX = 2.2V)

¢ Maximum: 0000 1100 0000 0000 (bin) 3072 (dec) (equivalent VOUT_MAX = 6V)

8.6.12 VOUT_TRANSITION_RATE (27h)

The VOUT_TRANSITION_RATE command sets the rate of change in mV/us of any output voltage change
during normal operation (also includes vout changes in TOFF_DELAY state. In contrast Soft Start transition rate
is controlled by TON_RISE and the TOFF_FALL transition rate is controlled by TOFF_FALL command).

Only 8 fixed output voltage transition rates are available in the device. As such, the range of programmed
vout_transition rates are sub-divided into 8 “buckets” that then selects one of the 8 fixed Vgyr transition rates.
Programmed values are rounded to the nearest “bucket/transition rate” as outlined in the table below.

COMMAND VOUT_TRANSITION_RATE
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r riw riw riw riw riw riw riw
Function Exponent Mantissa
Default Value 112 ]lo]12]olololo]o]o]ar]ar][]1]1]o]o

8.6.12.1 Exponent
default: 11010 (bin) -6 (dec) (0.015625)
These default settings are not programmable.

8.6.12.2 Mantissa
default: 000 0011 1100 (bin) 60 (dec) (equivalent VOUT_TRANSITION_RATE = 1mV/us)
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NOTE
It is possible to use VOUT_TRANSITION_RATE to slew Vref faster than the voltage loop
can track. This causes a control related overshoot/undershoot response on the output

voltage.
%%ULT;-?QOIEE;I VOUT_TRANSITION Mantissa (d)
Greater than Less than or equal to

0.067 5
0.1 5 7
0.143 7 12
0.222 12 17
0.333 17 25
0.5 25 47
1 47 79

15 79

8.6.13 VOUT_SCALE_LOOP (29h)

VOUT_SCALE_LOORP is equal to the feedback resistor ratio ( Rgas /( Rgias TR1) in the configuration shown in
Figure 33). It is limited to only 3 possible options/ratios: 1 (default, no Rgas heeded), 0.5, and 0.25. Attempting to
write a value unequal to one of these three options cause the device to set the 'cml’ bit in the STATUS_BYTE,
and the ‘ivd’ bit in the STATUS_CML registers. Additionally, SMBALERT is asserted and the value of
VOUT_SCALE_LOOP remains unchanged. The contents of this register can be stored to non-volatile memory
using the STORE_DEFAULT_ALL command.

NOTE
Construct the feedback resistor ratio appropriately (see Table 1).

Program the VOUT_SCALE_LOORP setting before the output is turned on.

In order for the range checking to work properly and to avoid Invalid Data scenarios:
 VOUT_SCALE_LOOP should be changed first, if needed.
* Any changes to these registers should be made such that:

— The values in all the registers conform to the limits for the current VOUT_SCALE_LOOP setting

— The order below is optimum for programming the output voltage upwards (not all commands may be
necessary)

— (40h) VOUT_OV_FAULT_LIMIT
— (42h) VOUT_OV_WARN_LIMIT

— (24h) VOUT_MAX (ordering with respect to VOUT_OV_FAULT_LIMIT and VOUT_OV_WARN_LIMIT
is irrelevant. Just set VOUT_MAX prior to VOUT_COMMAND)

— (21h) VOUT_COMMAND

— (Adh) MFR_VOUT_MIN (ordering  with respect to VOUT _UV_FAULT LIMIT and
VOUT_UV_WARN_LIMIT is irrelevant. Just set MFR_VOUT_MIN after VOUT_COMMAND)

— (43h) VOUT_UV_WARN_LIMIT
—  (44h) VOUT_UV_FAULT_LIMIT

— The order below is optimum for programming the output voltage downwards (not all commands may be
necessary)

(44h) VOUT_UV_FAULT_LIMIT
(43h) VOUT_UV_WARN_LIMIT

(A4h) MFR_VOUT_MIN (ordering  with respect to  VOUT_UV_FAULT_LIMIT  and
VOUT_UV_WARN_LIMIT is irrelevant. Simply set MFR_VOUT_MIN prior to VOUT_COMMAND)

(21h) VOUT_COMMAND
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— (24h) VOUT_MAX (ordering with respect to VOUT_OV_FAULT_LIMIT and VOUT_OV_WARN_LIMIT
is irrelevant. Simply set VOUT_MAX after VOUT_COMMAND)

— (42h) VOUT_OV_WARN_LIMIT
— (40h) VOUT_OV_FAULT_LIMIT

COMMAND VOUT_SCALE_LOOP
Format Linear, two’s complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r rwE | rwE | riwE
Function Exponent Mantissa
Default Value 111 1]olololo]o]o]o]o]o]1]o]o

8.6.13.1 Exponent
default: 11110 (bin) -2 (dec) (equivalent LSB=0.25)

These default settings are not programmable.

8.6.13.2 Mantissa

default: 000 0000 0100 (bin) 4 (dec) (equivalent VOUT_SCALE_LOOP voltage = 1)
For VOUT_SCALE_LOOP = 1.00, mantissa = 004h. (4 x 272 = 1.00)

For VOUT_SCALE_LOOP = 0.50, mantissa = 002h. (2 x 272 = 0.50)

For VOUT_SCALE_LOOP = 0.25, mantissa = 001h. (1 x 272 = 0.25)

8.6.14 VIN_ON (35h)

The VIN_ON command sets the value of the input voltage at which the unit should start operation assuming all
other required startup conditions are met. Values are mapped to the nearest supported increment. Values
outside the supported range are treated as invalid data and cause the device set the CML bit in the
STATUS_BYTE and the invalid data (ivd) bit in the STATUS_CML registers, and trigger SMBALERT signal. The
value of VIN_ON remains unchanged on an out-of-range write attempt. The contents of this register can be
stored to non-volatile memory using the STORE_DEFAULT_ALL command.

The supported VIN_ON values are shown in Table 9:

Table 9. Supported VIN_ON Values

VIN_ON Values (V)
4.25 4.5 (default) 4.75 5 5.25
55 5.75 6 6.25 6.5
6.75 7 7.25 7.5 7.75

VIN_ON must be set higher than VIN_OFF. Attempting to write either VIN_ON lower than VIN_OFF or VIN_OFF
higher than VIN_ON results in the new value being rejected, SMBALERT signal being asserted along with the
CML bit in STATUS_BYTE and the invalid data bit in STATUS_CML.

The data word that accompanies this command is divided into a fixed 5-bit exponent and an 11-bit mantissa. The
four most significant bits of the mantissa are fixed, while the lower 4 bits may be altered.

COMMAND VIN_ON
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r rwE | rwE | rwE | rwE
Function Exponent Mantissa
Default Value 111 12]olololo]o]o]o]1]o]o]o]:1
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8.6.14.1 Exponent
default: 11110 (bin) -2 (dec) (equivalent LSB=0.25V)
These default settings are not programmable.

8.6.14.2 Mantissa

default: 000 0001 0010 (bin) 18 (dec) (equivalent VIN_ON voltage = 4.5V)
Minimum : 000 0001 0001 (bin) 17 (dec) (equivalent VIN_ON voltage = 4.25V)
Maximum: 000 0001 1111 (bin) 31 (dec) (equivalent VIN_ON voltage = 7.75V)

8.6.15 VIN_OFF (36h)

The VIN_OFF command sets the value of the input voltage at which the unit should stop operation. Values are
mapped to the nearest supported increment. Values outside the supported range is treated as invalid data and
causes the device to set the CML bit in the STATUS_BYTE and the invalid data (ivd) bit in the STATUS_CML
registers, and trigger SMBALERT signal. The value of VIN_OFF remains unchanged during an out-of-range write
attempt. The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL
command.

The supported VIN_OFF values are shown in Table 10:

Table 10. Supported VIN_OFF Values

VIN_OFF Values (V)
4 (default) 4.25 45 475 5
5.25 5.5 5.75 6 6.25
6.5 6.75 7 7.25 75

VIN_ON must be set higher than VIN_OFF. Attempting to write either VIN_ON lower than VIN_OFF or VIN_OFF
higher than VIN_ON results in the new value being rejected, SMBALERT being asserted along with the cml bit in
STATUS_BYTE and the invalid data bit in STATUS_CML.

The data word that accompanies this command is divided into a fixed 5 bit exponent and an 11 bit mantissa. The
4 most significant bits of the mantissa are fixed, while the lower 7 bits may be altered.

COMMAND VIN_OFF
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r riwE | rwE | rwE | rwE
Function Exponent Mantissa
Default Value 11112 ]o]lolo]o]loJo]o]ax1]o]lo]ol]o
8.6.15.1 Exponent
default: 11110 (bin) -2 (dec) (equivalent LSB=0.25V)
These default settings are not programmable.
8.6.15.2 Mantissa
default: 000 0001 0000 (bin) 16 (dec) (equivalent VIN_OFF voltage = 4.0V)
Minimum : 000 0001 0000 (bin) 16 (dec) (equivalent VIN_OFF voltage = 4.0V)
Maximum: 000 0001 1110 (bin) 30 (dec) (equivalent VIN_OFF voltage = 7.50V)
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8.6.16 10UT_CAL_OFFSET (39h)

The IOUT_CAL_OFFSET is used to compensate for offset errors in the READ_IOUT results and the
IOUT_OC_FAULT_LIMIT and IOUT_OC_WARN_LIMIT thresholds. The units are amperes. The default setting is
0 A. The resolution of the argument for this command is 62.5 mA and the range is +3.9375 A to -4.0 A. Values
written outside of this range alias into the supported range. This occurs because the read-only bits are fixed. The
exponent is always —4 and the 5 msb bits of the Mantissa are always equal to the sign bit. The contents of this
register can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.

COMMAND IOUT_CAL_OFFSET
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r riwE r r r r rwE | wE | rwE | owE | rwE | owE
Function Exponent Mantissa
Default Value 1 1] 1]o]ololo]o]o]o]o]o]o]o]o]o

8.6.16.1 Exponent
default: 11100 (bin) -4 (dec) (Isb=62.5mA)
These default settings are not programmable.

8.6.16.2 Mantissa

MSB is programmable with sign, next 4 bits are sign extend only.
Lower six bits are programmable with a default value of 0 (dec).

8.6.17 VOUT_OV_FAULT_LIMIT (40h)

The VOUT_OV_FAULT_LIMIT command sets the value of the output voltage that causes an output overvoltage
fault. Attempts to write values outside of the acceptable range is treated as invalid data, causing the device to set
the CML bit in the STATUS_BYTE and the invalid data (ivd) bit in the STATUS CML registers as well as assert
the SMBALERT signal. Additionally, the value of VOUT_OV_FAULT_LIMIT remains unchanged. Maintaining
values within “acceptable range” also means:

VOUT_OV_WARN_LIMIT < VOUT_OV_FAULT_LIMIT < (922d/VOUT_SCALE_LOOP)

The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.
Note the lower 4 bits can not be backed up in EEPROM.

The VOUT_OV_FAULT_LIMIT takes a two-byte data word formatted as shown below:

COMMAND VOUT_OV_FAULT_LIMIT
Format Linear, unsigned binary
Bit Position 7 5 4 3 2 1 0 7 6 4 3 2 1 0
Access r r roo|rwE | rwE | ewE | rwE | orwE | rwE | rwE | rwE riw riw rhw riw
Function Mantissa
Defaultvalue | 0 | o [ o J oo o] 1]o] 1 | o] | 1 [ o | 0| o] o

8.6.17.1 Exponent

Value fixed at 10111, Exponent for Linear mode values is —9 (equivalent of 1.95mV/count, specified in
VOUT_MODE command).

8.6.17.2 Mantissa

default: 0000 0010 1001 0000 (bin) 656 (dec) (equivalent OVF 1.281 V or 134.8% of 0.95 V default reference
(VOUT_COMMAND))
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NOTE
Changing the VOUT_OV_FAULT_LIMIT (or Warn, or UV Fault, or Warn limit) during
regulation causes a brief overshoot/undershoot on the output voltage. This is due to the
Vref DAC being shared with OVUV DAC.

8.6.18 VOUT_OV_FAULT_RESPONSE (41h)

The VOUT_OV_FAULT_RESPONSE command instructs the device on what action to take in response to a
VOUT_OV_FAULT_LIMIT fault. The device also:

» Sets the OVF bit in the STATUS BYTE

* Sets the VFW bit in the STATUS_WORD

» Sets the OVF bit in the STATUS_VOUT register, and

» Notifies the host by asserting SMBALERT

The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.

Bits [2:0] are hard-wired to 0x7 (111b) to indicate the 7 x TON_RISE time delay in response to a output
overvoltage fault.

The default response to a output overvoltage fault is to shut down and restart with 7 x TON_RISE time delay.

COMMAND VOUT_OV_FAULT_RESPONSE
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r/wE riwE rhw rhw r r r
Function RSP[1] 0 RS[2] RS[1] RS[0] X X X
Default Value 1 0 1 1 1 1 1 1

8.6.18.1 RSP[1]
This bit sets the output voltage over voltage response to either ignore or not. Default is 1.

0: The PMBus device continues operation without interruption. Note: In this “ignore” fault response
mode, the associated fault status bits is set. Additionally, SMBALERT remains triggered if it is not
masked.

1 The PMBus device shuts down and restarts according to RS[2:0].

8.6.18.2 RS[2:0]
These bits are output voltage over voltage retry setting. Default is 111b.

000: A zero value for the Retry Setting means that the unit does not attempt to restart. The output
remains disabled until the fault is cleared (See section 10.7 of the PMBus spec.)

111: A one value for the Retry Setting means that the unit goes through a normal startup (Soft start)
continuously, without limitation, until it is commanded off or bias power is removed or another fault
condition causes the unit to shutdown.

Any value other than 000 or 111 is not accepted. Attempting to write any other value is rejected, causing
the device to assert SMBALERT along with the CML bit in STATUS_BYTE and the invalid data bit in
STATUS_CML. Note, that since all 3 bits must be the same, only one (bit 5) is stored in EEPROM.

8.6.19 VOUT_OV_WARN_LIMIT (42h)

The VOUT_OV_WARN_LIMIT command sets the value of the output voltage that causes an output overvoltage
warning condtion. Attempts to write values outside of the acceptable range is treated as invalid data, causing the
device to set the CML bit in the STATUS_BYTE and the invalid data (ivd) bit in the STATUS CML registers as
well as assert the SMBALERT signal. Additionally, the value of VOUT_OV_WARN_LIMIT remains unchanged.
Maintaining values within “acceptable range” also means:
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e VOUT_COMMAND < VOUT_OV_WARN_LIMIT < VOUT_OV_FAULT_LIMIT
e 269d < VOUT_OV_WARN_LIMIT x VOUT_SCALE_LOOP
The device also:
e Sets the oth bit in the STATUS _BYTE
» Sets the VFW bit in the STATUS_WORD
» Sets the OVW bit in the STATUS_VOUT register, and
* Notifies the host by asserting SMBALERT
The VOUT_OV_WARN_LIMIT takes a two-byte data word formatted as shown below:
COMMAND VOUT_OV_WARN_LIMIT
Format Linear, unsigned binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r riw riw riw riw riw riw riw riw riw riw riw riw
Function Mantissa
Defauitvaue | 0 [ o [ o [ o[ o[ o[ 1o o 1 [ 1] oo 1] 1]

8.6.19.1 Exponent

Value fixed at 10111, Exponent for Linear mode values is -9 (equivalent of 1.95mV/count, specified in
VOUT_MODE command).

8.6.19.2 Mantissa

default: 0000 0010 0110 0111 (bin) 615(dec) (equivalent OVW 1.201 V or 126.4% of 0.95 V default reference
(VOUT_COMMAND))

Note: The default VOUT_OV_WARN_LIMIT is calculated from the EEPROM backed OVF limit by:
VOUT_OV_WARN_LIMIT =VOUT_OV_FAULT_LIMIT - VOUT_OV_FAULT_LIMIT/16

If the calculated value for VOUT_OV_WARN_LIMIT violates the requirement that VOUT_COMMAND <
VOUT_OV_WARN_LIMIT, then the VOUT_OV_WARN_LIMIT value is set to VOUT_OV_FAULT_LIMIT - 1 LSB.

NOTE
Changing the VOUT_OV_WARN_LIMIT (or Fault, or UV Fault, or Warn limit) during
regulation causes a brief overshoot/undershoot on the output voltage. This is due to the
Vref DAC being shared with OVUV DAC.

8.6.20 VOUT_UV_WARN_LIMIT (43h)

The VOUT_UV_WARN_LIMIT command sets the value of the output voltage that causes an output undervoltage
warning condtion. This warning is masked until the unit reaches the programmed output voltage. This warning is
also masked when the unit is disabled. Attempts to write values outside of the acceptable range is treated as
invalid data, causing the device to set the CML bit in the STATUS BYTE and the invalid data (ivd) bit in the
STATUS CML registers as well as assert the SMBALERT signal. Additionally, the value of
VOUT_UV_WARN_LIMIT remains unchanged. Maintaining values within “acceptable range” also means:

« VOUT_UV_FAULT_LIMIT < VOUT_UV_WARN_LIMIT < VOUT_COMMAND
« 178d < VOUT_UV_WARN_LIMIT x VOUT_SCALE_LOOP < 732d

The device also:

» Sets the oth bit in the STATUS_BYTE

» Sets the VFW bit in the STATUS_WORD

» Sets the UVW bit in the STATUS_VOUT register, and
* Notifies the host by asserting SMBALERT

The VOUT_UV_WARN_LIMIT takes a two-byte data word formatted as shown below:
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COMMAND VOUT_UV_WARN_LIMIT

Format Linear, unsigned binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r riw riw riw riw riw riw riw riw riw riw riw riw
Function Mantissa
Defaultvalue | 0 [ o [ o J o] o] oo 1] o] 1] o] o] o] o] 1]

8.6.20.1 Exponent

Value fixed at 10111, Exponent for Linear mode values is -9 (equivalent of 1.95mV/count, specified in
VOUT_MODE command).

8.6.20.2 Mantissa

default: 0000 0001 0100 0011 (bin) 323(dec) (equivalent UVW 0.631 V or 66.4% of 0.95 V default reference
(VOUT_COMMAND))

Note: The default VOUT_UV_WARN_LIMIT is calculated from the EEPROM backed UVF limit by:
VOUT_UV_WARN_LIMIT = VOUT_UV_FAULT_LIMIT + VOUT_UV_FAULT_LIMIT/16

If the calculated value for VOUT_UV_WARN_LIMIT violates the requirement that VOUT _COMMAND >
VOUT_UV_WARN_LIMIT, then the VOUT_UV_WARN_LIMIT value is set to VOUT_UV_FAULT_LIMIT (rounded)
+ 1 LSB.

For the case when VOUT_UV_FAULT_LIMIT = 0 (which indicates it is disabled), the VOUT_UV_WARN_LIMIT
default shall be the minimum value for the configured VOUT_SCALE_LOOP (179d/VOUT_SCALE_LOOP).

NOTE
Changing the VOUT_UV_WARN_LIMIT (or Fault, or OV Fault, or Warn limit) during
regulation causes a brief overshoot/undershoot on the output voltage. This is due to the
Vref DAC being shared with OVUV DAC.

8.6.21 VOUT_UV_FAULT_LIMIT (44h)

The VOUT_UV_FAULT_LIMIT command sets the value of the output voltage that causes an output undervoltage
fault. This fault is masked until the unit reaches the programmed output voltage. This fault is also masked when
the unit is disabled. Attempts to write values outside of the acceptable range is treated as invalid data, causing
the device to set the CML bit in the STATUS BYTE and the invalid data (ivd) bit in the STATUS_CML registers
as well as assert the SMBALERT signal. Additionally, the value of VOUT_UV_FAULT_LIMIT remains
unchanged. Maintaining values within “acceptable range” also means:

+ 176d/VOUT_SCALE_LOOP < VOUT_UV_FAULT_LIMIT < VOUT_UV_WARN_LIMIT

A VOUT_UV_FAULT_LIMIT of 0000h shall be a means of disabling VOUT_UV_FAULT response and reporting
completely and is the only exception to the above “acceptable range” requirements. Disabling means that the unit
does not check for Vout UVF faults; thus there is no setting of UVF status bits, nor associated SMBALERT
triggering. Disabling VOUT_UV_FAULT_LIMIT (by setting it to 0000h) has no bearing on
VOUT_UV_WARN_LIMIT checking — which is considered a completely separate function.

The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.
Note the lower 4 bits can not be backed up in EEPROM.

The VOUT_UV_FAULT_LIMIT takes a two-byte data word formatted as shown below:

COMMAND VOUT_UV_FAULT_LIMIT
Format Linear, unsigned binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r roo|rwE | rwE | ewE | rwE | rwE | rwE | rwE | rwE riw riw riw riw
Function Mantissa
Defautvalue | 0 [ o [ o [ o[ o] oo 2] o] o] 1] 1] o] o] of]o
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8.6.21.1 Exponent

Value fixed at 10111, Exponent for Linear mode values is -9 (equivalent of 1.95mV/count, specified in
VOUT_MODE command).

8.6.21.2 Mantissa

default: 0000 0001 0011 0000 (bin) 304(dec) (equivalent UVW 0.594 V or 62.5% of 0.95 V default reference
(VOUT_COMMAND))

NOTE

e Changing the VOUT_UV_FAULT_LIMIT (or Warn, or OV Fault, or Warn limit) during
regulation causes a brief overshoot/undershoot on the output voltage. This is due to
the Vref DAC being shared with OVUV DAC.

» Since the output undervoltage fault detection is masked until the unit reaches the
programmed output voltage, if the output voltage did not reach the programmed value
during the soft start time UPPER limit required by TON_MAX_ FAULT_LIMIT, the
device asserts a TON_MAX fault and reponse according to
TON_MAX_FAULT_RESPONSE instead of VOUT_UV_FAULT_RESPONSE

8.6.22 VOUT_UV_FAULT_RESPONSE (45h)

The VOUT_UV_FAULT_RESPONSE command instructs the device on what action to take in response to a
VOUT_UV_FAULT_LIMIT fault. The device also:

e Sets the oth bit in the STATUS BYTE

» Sets the VFW bit in the STATUS_WORD

e Sets the UVF bit in the STATUS_VOUT register, and

* Notifies the host by asserting SMBALERT

The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.

Bits [2:0] are hard-wired to 0x7 (111b) to indicate the 7 x TON_RISE time delay in response to a output
undervoltage fault.

The default response to a output undervoltage fault is to shut down and restart with 7 x TON_RISE time delay.

COMMAND VOUT_UV_FAULT_RESPONSE
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access riwE r r/iwE riw riw r r r
Function RSP[1] 0 RS[2] RS[1] RS[0] X X X
Default Value 1 0 1 1 1 1 1 1
8.6.22.1 RSP[1]
This bit sets the output voltage under voltage response to either ignore or not. Default is 1.
0: The PMBus device continues operation without interruption. Note: In this “ignore” fault response

mode, the associated fault status bits are set. Additionally, SMBALERT continues to be triggered if
it is not masked.

1 The PMBus device shuts down and restarts according to RS[2:0].

8.6.22.2 RS[2:0]
These bits are output voltage under voltage retry setting. Default is 111b.

000: A zero value for the Retry Setting means that the unit does not attempt to restart. The output
remains disabled until the fault is cleared (See section 10.7 of the PMBus spec.)
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111: A one value for the Retry Setting means that the unit goes through a normal startup (Soft start)
continuously, without limitation, until it is commanded off or bias power is removed or another fault
condition causes the unit to shutdown.

Any value other than 000 or 111 is not accepted. Attempting to write any other value is rejected, causing
the device to assert SMBALERT along with the CML bit in STATUS_BYTE and the invalid data bit in
STATUS_CML. Note, that since all 3 bits must be the same, only one (bit 5) is stored in EEPROM.

8.6.23 IOUT_OC_FAULT_LIMIT (46h)

The IOUT_OC_FAULT _LIMIT command sets the value of the output current, in amperes, that causes the
overcurrent detector to indicate an overcurrent fault condition. The IOUT_OC_FAULT_LIMIT should be set equal
to or greater than the IOUT_OC_WARN_LIMIT. Writing a value to IOUT_OC_FAULT_LIMIT less than
IOUT_OC_WARN_LIMIT causes the device to set the CML bit in the STATUS_BYTE and the invalid data (ivd)
bit in the STATUS_CML registers as well as assert the SMBALERT signal. The contents of this register can be
stored to non-volatile memory using the STORE_DEFAULT_ALL command.

The IOUT_OC_FAULT_LIMIT takes a two-byte data word formatted as shown below:

COMMAND IOUT_OC_FAULT_LIMIT

Format Linear, two's complement binary

Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r rwE | rwE | orwE | wE | ewE | rwE | rwE
Function Exponent Mantissa

Default Value See Below

8.6.23.1 Exponent
default: 11111 (bin) -1 (dec) (0.5 amps)
These default settings are not programmable.

8.6.23.2 Mantissa
The upper four bits are fixed at 0.
The lower seven bits are programmable.

The actual output current for a given mantissa and exponent is shown in Equation 6.
2Exponent _ Mantissa

2 (6)
The default values and allowable ranges for each device are summarized below:

IOUT(OC) = Mantissa x

OC_FAULT_LIMIT
DEVICE = — UNIT
MIN DEFAULT MAX
TPS544C25 5 36 40 A
TPS544B25 5 24 36 A

8.6.24 IOUT_OC_FAULT_RESPONSE (47h)

The IOUT_OC_FAULT _RESPONSE command instructs the device on what action to take in response to an
IOUT_OC_FAULT_LIMIT or a VOUT undervoltage (UV) fault. The device also:

e Sets the OCF bit in the STATUS _BYTE

e Sets the OCFW bit in the STATUS_WORD

e Sets the OCF hit in the STATUS_IOUT register, and

* Notifies the host by asserting SMBALERT

The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.
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Bits [2:0] are hard-wired to 0x7 (111b) to indicate the 7 x TON_RISE time delay in response to an over current
fault.

The default response to an over current fault is to shut down and restart with 7 x TON_RISE time delay.

COMMAND IOUT_OC_FAULT_RESPONSE
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r/wE r/iwE riw riw r r r
Function RSP[1] 0 RS[2] RS[1] RS[0] X X X
Default Value 1 0 1 1 1 1 1 1

8.6.24.1 RSP[1]
This bit sets the over current fault response to either ignore or not. Default is 1.

0: The PMBus device continues operation without interruption. Note: In this “ignore” fault response
mode, the associated fault status bits are set. Additionally, SMBALERT continues to be triggered if
it is not masked.

1 The PMBus device shuts down and restarts according to RS[2:0].

8.6.24.2 RS[2:0]
These bits are over current fault retry setting. Default is 111b.

000: A zero value for the Retry Setting means that the unit does not attempt to restart. The output
remains disabled until the fault is cleared (See section 10.7 of the PMBus spec.)

111: A one value for the Retry Setting means that the unit goes through a normal startup (soft-start)
continuously, without limitation, until it is commanded off or bias power is removed or another fault
condition causes the unit to shutdown.

Any value other than 000 or 111 is not accepted. Attempting to write any other value is rejected, causing
the device to assert SMBALERT along with the CML bit in STATUS_BYTE and the invalid data bit in
STATUS_CML. Note, that since all 3 bits must be the same, only one (bit 5) is stored in EEPROM.

8.6.25 IOUT_OC_WARN_LIMIT (4Ah)

The IOUT_OC_WARN_LIMIT command sets the value of the output current, in amperes, that causes the over-
current detector to indicate an over-current warning. When this current level is exceeded the device:

e Sets the oth bit in the STATUS_BYTE

» Sets the OCFW bit in the STATUS_WORD

» Sets the OCW bit in the STATUS_IOUT register, and
* Notifies the host by asserting SMBALERT

The 10UT_OC WARN_LIMIT threshold should always be set to less than or equal to the
IOUT_OC_FAULT_LIMIT. Writing a value to IOUT_OC_WARN_LIMIT greater than IOUT_OC_FAULT_LIMIT
causes the device to set the CML bit in the STATUS_BYTE and the invalid data (ivd) bit in the STATUS_CML
registers as well as assert the SMBALERT signal.

The default IOUT_OC_WARN_LIMIT is always set to fixed, relative IOUT_OC_FAULT_LIMIT - 2 A. Since the
IOUT_OC_WARN_LIMIT is not stored in EEPROM, the IOUT_OC_WARN_LIMIT register is set to 2 A less than
the stored IOUT_OC_FAULT_LIMIT upon any RESTORE from EEPROM.

The IOUT_OC_WARN_LIMIT takes a two byte data word formatted as shown below:

COMMAND IOUT_OC_WARN_LIMIT
Format Linear, two's complement binary
Bit Position 7] el s | a3 2]1]o]7]e6]5s5[a]3]2]1]o0
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COMMAND IOUT_OC_WARN_LIMIT
Access r ‘ r ‘ r | r ‘ r r ‘ r | r ‘ r ‘ riw | riw ‘ riw ‘ riw | riw ‘ riw ‘ r/w
Function Exponent Mantissa
Default Value See Below

8.6.25.1 Exponent
default: 11111 (bin) -1 (dec) (0.5 amps)
These default settings are not programmable.

8.6.25.2 Mantissa
The upper four bits are fixed at 0.
Lower seven bits are programmable.

The actual output warning current level for a given mantissa and exponent is:
Mantissa

2 O
The default values and allowable ranges for each device are summarized below:

IOUT (ocw) = Mantissa X ZEXponent =

OC_WARN_LIMIT
DEVICE UNIT
MIN DEFAULT MAX
TPS544C25 4 34 39.5 R
TPS544B25 4 22 355

8.6.26 OT_FAULT_LIMIT (4Fh)

The OT_FAULT_LIMIT command sets the value of the temperature, in degrees Celsius, that causes an over-
temperature fault condition, when the sensed temperature from the external sensor exceeds this limit.

The OT_FAULT_LIMIT must always be greater than the OT_WARN_LIMIT. Writing a value to OT_FAULT_LIMIT
less than or equal to OT_WARN_LIMIT causes the device to set the CML bit in the STATUS_BYTE and the
invalid data (ivd) bit in the STATUS_CML registers as well as asserts the SMBALERT signal. The contents of
this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.

The OT_FAULT_LIMIT takes a two byte data word formatted as shown below.

COMMAND OT_FAULT_LIMIT
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r rwE | orwE | orwE | rwE | rwE | rwE | wE | rwE
Function Exponent Mantissa
Default Value oo oo ]Jo]lo]lo]lo]o]1]a1]1]1]1]o0]21

8.6.26.1 Exponent
default: 00000 (bin) 0 (dec) (represents mantissa with steps of 1 degree Celcius)
These default settings are not programmable.

8.6.26.2 Mantissa

default: 000 0111 1101 (bin) 125 (dec) (125 °C)

Minimum : 000 0111 1000 (bin) (equivalent OTF = 120 °C)
Maximum: 000 1010 0101 (bin) (equivalent OTF = 165 °C)

Copyright © 2015, Texas Instruments Incorporated Submit Documentation Feedback 57
Product Folder Links: TPS544C25 TPS544B25


http://www.ti.com/product/tps544c25?qgpn=tps544c25
http://www.ti.com/product/tps544b25?qgpn=tps544b25
http://www.ti.com
http://www.ti.com/product/tps544c25?qgpn=tps544c25
http://www.ti.com/product/tps544b25?qgpn=tps544b25
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSC81&partnum=TPS544C25

13 TEXAS
INSTRUMENTS
TPS544C25, TPS544B25

SLUSC81 —MAY 2015 www.ti.com

8.6.27 OT_FAULT_RESPONSE (50h)

The OT_FAULT_RESPONSE command instructs the device on what action to take in response to an
OT_FAULT_LIMIT. The device also:

» Sets the OTFW bit in the STATUS_BYTE

» Sets the OTF bit in the STATUS_TEMPERATURE

* Notifies the host by asserting SMBALERT

Once the over-temperature fault is tripped, the fault flag is latched until the external sensed temperature falls
20°C from the OT_FAULT_LIMIT.

The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.

Bits [2:0] are hard-wired to Ox7 (111b) to indicate the 7 x TON_RISE time delay in response to an over
temperature fault.

The default response to an over current fault is to shut down and restart with 7 x TON_RISE time delay.

COMMAND OT_FAULT_RESPONSE
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access riwE riwE rhw rhw r r r
Function RSP[1] 0 RS[2] RS[1] RS[0] X X X
Default Value 1 0 1 1 1 1 1 1

8.6.27.1 RSP[1]
This bit sets the over temperature fault response to either ignore or not. Default is 1.

0: The PMBus device continues operation without interruption. Note: In this “ignore” fault response
mode, the associated fault status bits are set. Additionally, SMBALERT continues to be triggered if
it is not masked.

1 The PMBus device shuts down and restarts according to RS[2:0].

8.6.27.2 RS[2:0]
These bits are over temperature fault retry setting. Default is 111b.

000: A zero value for the Retry Setting means that the unit does not attempt to restart. The output
remains disabled until the fault is cleared (See section 10.7 of the PMBus spec.)

111: A one value for the Retry Setting means that the unit goes through a normal startup (Soft start)
continuously, without limitation, until it is commanded off or bias power is removed or another fault
condition causes the unit to shutdown.

Any value other than 000 or 111 is not accepted. Attempting to write any other value is rejected, causing
the device to assert SMBALERT along with the CML bit in STATUS_BYTE and the invalid data bit in
STATUS_CML. Note, that since all 3 bits must be the same, only one (bit 5) is stored in EEPROM.

NOTE
The programmed response here is also applied to internally detected Over Temperture
faults — with the one exception of the “ignore” response. Internal OT faults are never
ignored. Internal OT faults always respond in a shutdown and attempted re-start once the
part cools.

8.6.28 OT_WARN_LIMIT (51h)

The OT_ WARN _LIMIT command sets the value of the temperature, in degrees Celsius, that causes an over-
temperature warning condition, when the sensed temperature from the external sensor exceeds this limit. Upon
triggering the over-temperature warning, the device takes the following actions:
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» Sets the TEMPERATURE bit in the STATUS_BYTE
» Sets the OT Warning bit in the STATUS_TEMPERATURE
* Notifies the host by asserting SMBALERT

Once the over-temperature warning is tripped, the warning flag is latched until the external sensed temperature
falls 20°C from the OT_WARN_LIMIT.

The OT_WARN_LIMIT must always be less than the OT_FAULT_LIMIT. Writing a value to OT_WARN_LIMIT
greater than or equal to OT_FAULT_LIMIT causes the device to set the CML bit in the STATUS_BYTE and the
invalid data (ivd) bit in the STATUS_CML registers as well as assert the SMBALERT signal.

The default OT_WARN_LIMIT is mathematically derived from the EEPROM backed OTF limit by subtracting 25
from (4Fh) OT_FAULT_LIMIT to reach the default OT_WARN_LIMIT. If the calculated OTW is less than 100 °C,
then the default value is set to 100 °C. OTW=max(OTF-25, 100)

The OT_WARN_LIMIT takes a two byte data word formatted as shown below:

COMMAND OT_WARN_LIMIT
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r riw riw riw riw riw riw riw riw
Function Exponent Mantissa
Default Value oJoJoJolololofJoJolr]a[1]o]ar]o]o

8.6.28.1 Exponent
default: 00000 (bin) O (dec) (represents mantissa with steps of 1 degree Celcius)

These default settings are not programmable.

8.6.28.2 Mantissa

default: 000 0110 0100 (bin) 100 (dec) (100 °C) 25°C less than default OTF
Minimum : 000 0110 0100 (bin) (equivalent OTF = 100°C)

Maximum: 000 1000 1100 (bin) (equivalent OTF = 140°C)

8.6.29 TON_DELAY (60h)

The TON_DELAY command sets the time in milliseconds, from when a start condition is received to when the
output voltage starts to rise. The contents of this register can be stored to non-volatiie memory using the
STORE_DEFAULT_ALL command.

The TON_DELAY command is formatted as a linear mode two’s complement binary integer.

COMMAND TON_DELAY
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r riwE | orwE | rwE | rwE | rwE | B | rwE
Function Exponent Mantissa
Defaultvalue | 0 [ 0o | o [ o [ o o] oo o] o] o] o o] o] ofo

8.6.29.1 Exponent
default: 00000 (bin) 0 (dec) (1 millisecond)
These default settings are not programmable.

8.6.29.2 Mantissa

The upper four bits are fixed at 0. The lower seven bits are programmable with a default value of 000 0000 0000
(bin) (0 ms).
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Only 16 fixed TON_DELAY times are available in the device. As such, the range of programmed TON_DELAY
settings are sub-divided into 16 “buckets” that then selects one of the 16 supported times. Programmed values
are rounded to the nearest “bucket/transition rate” as outlined in the table Supported TON_DELAY Values:

Table 11. Supported TON_DELAY Values

EFFECTIVE
TON_DELAY PROGRAMMED TON_DELAY MANTISSA (dec)
(ms)
Greater than Less than or equal to

0 (50 us) 0
1 0 1

2 1 2

3 2 3

4 3 4

5 4 5

6 5 6

7 6 9

10 9 12

14 12 17

19 17 22

27 22 32

37 32 44

52 44 62

72 62 86

100 86

8.6.30 TON_RISE (61h)

The TON_RISE command sets the time in milliseconds, from when the reference starts to rise until the voltage
has entered the regulation band. The contents of this register can be stored to non-volatile memory using the
STORE_DEFAULT_ALL command.

Programming a value of 0 instructs the unit to bring its output voltage to the programmed regulation value as
quickly as possible. For TPS544x25, this results in an effective TON_RISE time of 1ms (fastest time supported).

If the Soft-Start Detection feature is being used (bit in MFR_?7?), then the Mantissa value decoded or derived by
from the appropriate SS resistor writes into the TON_RISE register as the initial default. Note: This write
overwrites any value restored from the EEPROM restore operation at initial power-up.

TON_RISE should always be set less than the TON_MAX FAULT_LIMIT. Attempting to write a value to
TON_RISE greater than TON_MAX_FAULT_LIMIT is not accepted and causes the device to set the 'cml’ bit in
the STATUS _BYTE and the ‘ivd’ bit in the STATUS_CML registers and asserts the SMBALERT signal.

There is one exception to this rule: when TON_MAX_FAULT_LIMIT is set to 0. This indicates that the
TON_MAX_FAULT timer is disabled, which means that there is no limit and that the unit can attempt to bring up
the output voltage indefinitely. If TON_MAX_FAULT_LIMIT = 0 (disabled), the relational cross check against
TON_MAX_FAULT_LIMIT is also disabled.

The TON_RISE command is formatted as a linear mode two’s complement binary integer.

COMMAND TON_RISE
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r rwE | rwE | rwE | rwE | B | B | rwE
Function Exponent Mantissa
Defaultvalue | 0 [ o [ o J oo o]l of]o] o] o] o] o] o 1] 0] 1
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8.6.30.1 Exponent
default: 00000 (bin) 0 (dec) (1 millisecond)
These default settings are not programmable.

8.6.30.2 Mantissa

The upper four bits are fixed at 0. The lower seven bits are programmable with a default value of 000 0000 0101
(bin) (5 ms).

The supported TON_RISE times over PMBus are shown in Table 12:

Table 12. Supported TON_RISE Values

TOI\[lEiEICStIi;"(Sms) Programmed TON_RISE Mantissa (d)

Greater than Less than or equal to
1 1
2 1 2
3 2 3
4 3 4
5 4 5
6 5 6
7 6 9
10 9 12
14 12 17
19 17 22
27 22 32
37 32 44
52 44 62
72 62 86
100 86

8.6.31 TON_MAX_FAULT_LIMIT (62h)

The TON_MAX_FAULT_LIMIT command sets an UPPER limt in milliseconds, on how long the unit can attempt
to power up the output without reaching the output undervoltage fault limit. The time begins counting as soon as
the device enters the soft-start state begins to ramp the output. In other words, the TON_MAX_FAULT_LIMIT
timer starts at the beginning of the TON_RISE state.

The TON_MAX_FAULT_LIMIT should always be set greater than the TON_RISE. Attempting to write a value to
TON_MAX_FAULT_LIMIT less than TON_RISE is not accepted and causes the device to set the 'cml’ bit in the
STATUS_BYTE and the ‘ivd’ bit in the STATUS_CML registers and asserts the SMBALERT signal.

There is one exception to this rule: when TON_MAX_FAULT_LIMIT is set to 0. This setting indicates that the
TON_MAX_FAULT timer is disabled, which means that there is no limit and that the unit can attempt to bring up
the output voltage indefinitely. If TON_MAX_FAULT_LIMIT = 0 (disabled), the relational cross check against
TON_MAX_FAULT_LIMIT is also disabled.

The TON_MAX_FAULT_LIMIT command is formatted as a linear mode two’s complement binary integer.

COMMAND TON_MAX_FAULT_LIMIT
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r riw riw riw riw riw riw riw
Function Exponent Mantissa
Defaultvalue | 0 [ o [ o [ o [ o] o] o] o] o 1 | 1 0 o | 1 o | o
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8.6.31.1 Exponent
default: 00000 (bin) 0 (dec) (1 millisecond)
These default settings are not programmable.

8.6.31.2 Mantissa

The upper four bits are fixed at 0. The lower seven bits are programmable with a default value of 000 0110 0100
(bin) (100 ms).

Even though this register is not EEPROM backed, a RESTORE_DEFAULT_ALL command causes the
TON_MAX_FAULT_LIMIT to restore to the default 100 ms value.

The supported TON_MAX_FAULT_LIMIT times over PMBus are shown in Supported TON_MAX_ FAULT_LIMIT
Values:

Table 13. Supported TON_MAX_FAULT_LIMIT Values

Effective
TON_MAX_FAUL Programmed TON_MAX_FAULT_LIMIT Mantissa (d)
T_LIMIT (ms)
Greater than Less than or equal to
No ITimit (timer 0
disabled)

1 0 1
2 1 2
3 2 3
4 3 4
5 4 5
6 5 6
7 6 9
10 9 12
14 12 17
19 17 22
27 22 32
37 32 44
52 44 62
72 62 86

100 86

8.6.32 TON_MAX_FAULT_RESPONSE (63h)

The TON_MAX_FAULT_RESPONSE command instructs the device on what action to take in response to an
TON_MAX_FAULT_LIMIT.

The device also:

e Sets the oth bit in the STATUS BYTE

» Sets the VFW bit in the STATUS_WORD

» Sets the TONMAXEF bit in the STATUS_VOUT register, and

* Notifies the host by asserting SMBALERT

The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.

Bits [2:0] are hard-wired to 0x7 (111b) to indicate the 7 x TON_RISE time delay in response to a
TON_MAX_FAULT.

The default response to a TON_MAX_FAULT is to shut down and restart with 7 x TON_RISE time delay.
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COMMAND TON_MAX_FAULT_RESPONSE
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r/wE riwE rhw rhw r r r
Function RSP[1] 0 RS[2] RS[1] RS[0] X X X
Default Value 1 0 1 1 1 1 1 1

8.6.32.1 RSP[1]
This bit sets the TON_MAX_FAULT response to either ignore or not. Default is 1.

0: The PMBus device continues operation without interruption. Note: In this “ignore” fault response
mode, the associated fault status bits are set. Additionally, SMBALERT continues to be triggered if
it is not masked.

1 The PMBus device shuts down and restarts according to RS[2:0].

8.6.32.2 RS[2:0]
These bits are TON_MAX_FAULT retry setting. Default is 111b.

000: A zero value for the Retry Setting means that the unit does not attempt to restart. The output
remains disabled until the fault is cleared (See section 10.7 of the PMBus spec.)

111: A one value for the Retry Setting means that the unit goes through a normal startup (Soft start)
continuously, without limitation, until it is commanded off or bias power is removed or another fault
condition causes the unit to shutdown.

Any value other than 000 or 111 is not accepted. Attempting to write any other value is rejected, causing
the device to assert SMBALERT along with the CML bit in STATUS_BYTE and the invalid data bit in
STATUS_CML. Note, that since all 3 bits must be the same, only one (bit 5) is stored in EEPROM.

8.6.33 TOFF_DELAY (64h)

The TOFF_DELAY command sets the time in milliseconds, from when a stop condition is received and when the
output voltage starts to fall. The contents of this register can be stored to non-volatile memory using the
STORE_DEFAULT_ALL command.

The TOFF_DELAY command is formatted as a linear mode two’s complement binary integer.

COMMAND TOFF_DELAY
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r riwE | orwE | rwE | rwE | rwE | rwE | rwE
Function Exponent Mantissa
Defautvalue | 0 [ o [ o [ o[ o] o] oo o] o] o] o] o] o] of]o

8.6.33.1 Exponent
default: 00000 (bin) 0 (dec) (1 millisecond)
These default settings are not programmable.

8.6.33.2 Mantissa
The upper four bits are fixed at 0. The lower seven bits are programmable with a default value of 000 0000 0000
(bin) (0 ms).

Only 16 fixed TOFF_DELAY times are available in the device. As such, the range of programmed TOFF_DELAY
settings are sub-divided into 16 “buckets” that then selects one of the 16 supported times. Programmed values
are rounded to the nearest “bucket/transition rate” as outlined in the table Supported TOFF_DELAY Values:
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Table 14. Supported TOFF_DELAY Values

EFFECTIVE
TOFF_DELAY PROGRAMMED TOFF_DELAY MANTISSA (dec)
(ms)
Greater than Less than or equal to
0 0
1 0 1
2 1 2
3 2 3
4 3 4
5 4 5
6 5 6
7 6 9
10 9 12
14 12 17
19 17 22
27 22 32
37 32 44
52 44 62
72 62 86
100 86

8.6.34 TOFF_FALL (65h)

The TOFF_FALL command sets the time in ms, from the end of the TOFF_DELAY time until the voltage reaches
0 V. The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL

command.

Programming a value of 0 instructs the unit to bring its output voltage down to 0 as quickly as possible. For
TPS544x25, this results in actively ramping down the output voltage in 1 ms (the fastest supported ramp down).

The TOFF_FALL command is formatted as a linear mode two’s complement binary integer.

COMMAND TOFF_FALL
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r rwE | rwE | rwE | orwE | orwE | B | rwE
Function Exponent Mantissa
Defaultvalue | 0 [ o | o J oo ] o ]l of]o] o] o] o] o] o] o] o]o

8.6.34.1 Exponent
default: 00000 (bin) 0 (dec) (1 millisecond)
These default settings are not programmable.

8.6.34.2 Mantissa

The upper four bits are fixed at 0. The lower seven bits are programmable with a default value of 000 0000 0000
(bin) (O ms).

The supported TOFF_FALL times over PMBus are shown in Supported TOFF_FALL Values:

Table 15. Supported TOFF_FALL Values

Effective n
TOFF_FALL (ms) Programmed TOFF_FALL Mantissa (d)
Greater than ‘ Less than or equal to
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Table 15. Supported TOFF_FALL Values (continued)
TOFEf_fFegﬂ‘[e(ms) Programmed TOFF_FALL Mantissa (d)
1 1
2 1 2
3 2 3
4 3 4
5 4 5
6 5 6
7 6 9
10 9 12
14 12 17
19 17 22
27 22 32
37 32 44
52 44 62
72 62 86
100 86

8.6.35 STATUS_BYTE (78h)

The STATUS_BYTE command returns one byte of information with a summary of the most critical device faults.

COMMAND STATUS_BYTE
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r r r r r r
Function X OFF OVF OCF X OTFW CML oth
Default Value 0 X 0 0 0 0 0 1

A "1" in any of these bit positions indicates that:

OFF:

The device is not providing power to the output, regardless of the reason. In this family of devices,
this flag means that the converter is not enabled.

OVF:
An output overvoltage fault has occurred. This bit directly reflects the state of STATUS_VOUT[7] —
OVF. If the user wants this fault sourc to be masked and not trigger SMBALERT, they must do it by
masking STATUS_VOUT][7]. Per the PMBus v1.2 spec sections 10.2.4 and 10.2.5, this bit is not

clearable via a PMBus write. In contast, the bit is to be cleared by clearing the bit(s) in
STATUS_VOUT that cause this bit to be set.

OCF:

An output over current fault has occurred. This bit directly reflect the state of STATUS_IOUT[7] —
OCEF. If the user wants this fault sourced to be masked and not trigger SMBALERT, they must do it
by masking STATUS_IOUT([7]. Per the PMBus v1.2 spec sections 10.2.4 and 10.2.5, this bit is not
clearable via a PMBus write. In contrast, the bit is to be cleared by clearing the bit(s) in
STATUS_IOUT that cause this bit to be set.

OTFW:
A temperature fault or warning has occurred. Check STATUS_TEMPERATURE. Per the PMBus

v1.2 spec sections 10.2.4 and 10.2.5, this bit is not clearable via a PMBus write. In contast, the bit is

to be cleared by clearing the bit(s) in STATUS_TEMPERATURE that cause this bit to be set.
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CML:

A Communications, Memory or Logic fault has occurred. Check STATUS_CML. Per the PMBus v1.2
spec sections 10.2.4 and 10.2.5, this bit is not clearable via a PMBus write. In contast, the bit is to
be cleared by clearing the bit(s) in STATUS_CML that cause this bit to be set.

oth:

A fault or warning not listed through bits 1-7 has occurred, for example an undervoltage condition or
an over current warning condition. Check other status registers. Per the PMBus v1.2 spec sections
10.2.4 and 10.2.5, this bit is not clearable via a PMBus write. In contast, the bit is to be cleared by
clearing the bit(s) in STATUS_VOUT and STATUS_IOUT that cause this bit to be set. The default
for this bit is 1 because the default of STATUS_INPUT[3] LOW_Vin defaulting to 1.

8.6.36 STATUS_WORD (79h)

The STATUS_WORD command returns two bytes of information with a summary of the device fault and warning
conditions. The low byte is identical to the STATUS BYTE above. The additional byte reports the warning
conditions for output overvoltage and overcurrent, as well as the power good status of the converter.

COMMAND STATUS_WORD (low byte) = STATUS_BYTE
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r r r r r r
Function X OFF OVF OCF OTFW CML oth
Default Value 0 X 0 0 0 0 0 1
COMMAND STATUS_WORD (high byte)
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r r rE r r r
Function VFW OCFW INPUT | MFR PGOOD_z X X
Default Value 0 0 X 0 X 0 0 0

A "1" in any of the high byte bit positions indicates that:

VFW:

An output voltage fault or warning has occurred (OVF or OVW or UVW or UVF or
VOUT_MAX_Warning or TONMAXF). Check STATUS VOUT. Per the PMBus v1.2 spec sections
10.2.4 and 10.2.5, this bit is not clearable via a PMBus write. In contast, the bit is to be cleared by
clearing the bit(s) in STATUS_VOUT that cause this bit to be set.

OCFW:

An output current warning or fault has occurred (OCF or OCW). Check STATUS_IOUT. Per the
PMBus v1.2 spec sections 10.2.4 and 10.2.5, this bit is not clearable via a PMBus write. In contast,
the bit is to be cleared by clearing the bit(s) in STATUS_IOUT that cause this bit to be set.

INPUT:

INPUT fault or warning in STATUS_INPUT is present. Check STATUS INPUT. Per the PMBus v1.2
spec sections 10.2.4 and 10.2.5, this bit is not clearable via a PMBus write. In contast, the bit is to
be cleared by clearing the bit(s) in STATUS_INPUT that cause this bit to be set.

MFR:

An manufacturer specific fault/warning condition has occurred (Internal over temperature fault or
VOUT_MIN_Warning). Check STATUS_MFR_SPECIFIC. Per the PMBus v1.2 spec sections 10.2.4
and 10.2.5, this bit is not clearable via a PMBus write. In contast, the bit is to be cleared by clearing
the bit(s) in STATUS_MFR_SPECIFIC that cause this bit to be set.
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PGOOD_Z:

Power is Not Good, and the following condition is present: output over or under voltage warning or
fault, TON_MAX_FAULT, over temperature warning or fault, over current warning or fault,
insufficient input voltage. Please refer to the FAULT RESPONSE table for the possible sources to
trigger PGOOD_Z. The signal is unlatched and always represents the current state of the device.
Unless masked, it triggers SMBALERT; however, the default for this mask bit is 1, indicating that
PGOOD_z cannot trigger SMBALERT by default. The user must clear the associated
SMBALERT_MASK bit if SMBALERT triggering is desired for this condition.

8.6.37 STATUS_VOUT (7Ah)

The STATUS_VOUT command returns one byte of information relating to the status of the output voltage related
faults.

COMMAND STATUS_VOUT
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access riwE riwE rwE riwE riwe riwe r r
Function OVF ovw uvw UVF ;(/?th;ﬁ'\l/rl]g TONMAXF X X
Default Value 0 0 0 0 0 0 0 0

A "1" in any of these bit positions indicates that:

OVF:

The device has seen the output voltage rise above the output overvoltage fault threshold
VOUT_OV_FAULT_LIMIT. This bit is writeable to clear and the EEPROM bit is for
SMBALERT_MASK.

OVW:

The device has seen the output voltage rise above the output overvoltage warn threshold
VOUT_OV_WARN_LIMIT. This bit is writeable to clear and the EEPROM bit is for
SMBALERT_MASK.

UVW:

The device has seen the output voltage fall below the output undervoltage warn threshold
VOUT_UV_WARN_LIMIT. This bit is writeable to clear and the EEPROM bit is for
SMBALERT_MASK.

UVF:

The device has seen the output voltage fall below the output undervoltage fault threshold
VOUT_UV_FAULT_LIMIT. This bit is writeable to clear and the EEPROM bhit is for
SMBALERT_MASK.

VOUT_MAX_Warning:

An attempt is made to program the VOUT_COMMAND in excess of the value in VOUT_MAX. This
bit is writeable to clear and the EEPROM bit is for SMBALERT_MASK.

TONMAXEF:

A TON_MAX_FAULT has occurred. This bit is writeable to clear and the EEPROM bit is for
SMBALERT_MASK.

8.6.38 STATUS_IOUT (7Bh)

The STATUS_IOUT command returns one byte of information relating to the status of the output current related
faults.
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COMMAND STATUS_IOUT
Format Unsigned binary
Bit Position 7 6 5 4 3 1 0
Access riwE r r/wE r r r r
Function OCF X oCcw X X
Default Value 0 0 0 0 0 0 0

A "1" in any of these bit positions indicates that:

OCF:

The device has seen the output current rise above the level set by IOUT_OC_FAULT_LIMIT. This

bit is writeable to clear and the EEPROM bit is for SMBALERT _MASK.

OCWw:

The device has seen the output current rise above the level set by IOUT_OC_WARN_LIMIT. This bit

is writeable to clear and the EEPROM bit is for SMBALERT_MASK.

8.6.39 STATUS_INPUT (7Ch)

The STATUS_INPUT command returns one byte of information relating to the status of the converter's input

related faults.

COMMAND STATUS_INPUT
Format Unsigned binary
Bit Position 7 6 5 4 3 1 0
Access r r r r riwe r r
Function X X X X LOW _Vin
Default Value 0 0 0 0 0 0 0

A "1" in any of these bit positions indicates that:

LOW_Vin:

The unit is Off due to insufficient input voltage. The bit sets when the unit powers up and stays set
until the first time VIN exceeds VIN_ON. During the initial power up, LOW_Vin is not latched and
does not trigger SMBALERT. Once VIN does exceed VIN_ON for the first time, any subsequent VIN
< VIN_OFF events are latched, trigger SMBALERT. This bit is writeable to clear and the EEPROM
bit is for SMBALERT_MASK.

8.6.40 STATUS TEMPERATURE (7Dh)

The STATUS_TEMPERATURE command returns one byte of information relating to the status of the external
temperature related faults.

COMMAND STATUS_TEMPERATURE
Format Unsigned binary
Bit Position 7 6 5 4 3 1 0
Access riwE riwE r r r r r
Function OTF OTW X X X X X
Default Value 0 0 0 0 0 0 0

A "1" in any of these bit positions indicates that:

OTF:
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The measured external temperature value of READ_TEMPERATURE_2 is equal to or greater than
the level set by OT_FAULT_LIMIT. This bit is writeable to clear and the EEPROM bit is for
SMBALERT_MASK. However, once cleared, the bit is set again unless the value in
READ_TEMPERATURE_? has fallen 20°C from the OT_FAULT_LIMIT.

OTW:

The measured external temperature value of READ_TEMPERATURE_2 is equal to or greater than
the level set by OT_WARN_LIMIT. This bit is writeable to clear and the EEPROM bit is for
SMBALERT_MASK. However, once cleared, the bit is set again unless the value in
READ_TEMPERATURE_? has fallen 20°C from the OT_WARN_LIMIT.

8.6.41 STATUS_CML (7Eh)

The STATUS _CML command returns one byte of information relating to the status of the converter's
communication related faults.

COMMAND STATUS_CML
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1
Access riwE riwE riwE riwE r r riwe
Function ive ivd pec mem X X oth
Default Value 0 0 0 0 0 0 0

A "1" in any of these bit positions indicates that:

ive:
An invalid or unsupported command has been received. This bit is writeable to clear and the
EEPROM bit is for SMBALERT_MASK.

ivd:
An invalid or unsupported data has been received. This bit is writeable to clear and the EEPROM bhit
is for SMBALERT_MASK.

pec:
A Packet Error Check failed. This bit is writeable to clear and the EEPROM bit is for
SMBALERT_MASK.

mem:;
A fault has been detected with the internal memory. This bit is writeable to clear and the EEPROM
bit is for SMBALERT_MASK.

oth:

Some other communication fault or error has occurred. This bit is writeable to clear and the
EEPROM bit is for SMBALERT _MASK.

8.6.42 STATUS_MFR_SPECIFIC (80h)

The STATUS_MFR_SPECIFIC command returns one byte of information relating to the status of manufacturer-
specific faults or warnings.

COMMAND STATUS_MFR_SPECIFIC
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1
Access r/wE r r rhw riw r riwE
. ) . . . . reset_ | VOUT_MIN_Wa
Function offi illzero illmanyls iv_vset V_ss | oot fning
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COMMAND STATUS_MFR_SPECIFIC
Default Value 0 | 0 0 0 o | o | 0 0

A "1" in any of these bit positions indicates that:

otfi:

The internal temperature is above the thermal shutdown (TSD) fault threshold. This bit is writeable to
clear and the EEPROM bit is for SMBALERT _MASK.

illzero:

The operation FSM has hit an illegal “ZERQO” state. The FSM is a one-hot implementation, so all
zeros in the state is illegal and should never occur. This event is informational only and would not
trigger SMBALERT.

illmany1ls:

The operation FSM for has hit an illegal “more than one hot” state. The FSM is a one-hot
implementation, so a state where multiple state bits are Hl is illegal and should never occur. This
event is informational only and would not trigger SMBALERT.

iv_vset:
the VSET detection results in an “illegal high”. This condition is intended as “information only” - and
does not trigger SMBALERT. To avoid initial turn-on events from clearing this condition and the user
not being aware why the default vset value was used, this bit is only clearable via the

CLEAR_FAULTS command or writing a logic 1 to this bit. Off and on events do not clear it as with
the other, standard status bits.

iv_ss:

the TON_RISE/SS detection results in an “illegal low” or an “illegal high”. This condition is intended
as “information only” - and does not trigger SMBALERT. To avoid initial turn-on events from clearing
this condition and the user not being aware why the default vset value was used, this bit is only
clearable via the CLEAR_FAULTS command or writing a logic 1 to this bit. Off and on events do not
clear it as with the other, standard status bits.

reset_vout:

The SYNC/RESET_B pin voltage is low and the device is requested to reset the output voltage to
the initial boot-up voltage set by VSET resistor. This event is informational only and would not trigger
SMBALERT.

VOUT_MIN_Warning:

an attempt is made to program the output voltage below the value in (Adh) MFR_VOUT_MIN. This
bit is writeable to clear and the EEPROM bit is for SMBALERT _MASK.

8.6.43 READ_VOUT (8Bh)

The READ_VOUT commands returns two bytes of data in the linear data format that represent the output voltage
of the controller. The output voltage is sensed at the remote sense amplifier output pin so voltage drop to the
load is not accounted for. The data format is as shown below:

COMMAND READ_VOUT
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 1
Access r r r r r r r r r r r
Function Mantissa
Defaultvalue | 0 | o | o | o J o] o] o]o] o | o] o |
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8.6.43.1 Exponent

Value fixed at 10111, Exponent for Linear mode values is -9 (equivalent of 1.95mV/count, specified in
VOUT_MODE command).

8.6.43.2 Mantissa

The output voltage calculation is shown below.

Vout = Mantissa x 25xponent ®)

8.6.44 READ_IOUT (8Ch)

The READ_IOUT commands returns two bytes of data in the linear data format that represent the output current
of the converter. The average output current is sensed according to the method described in Low-Side MOSFET
Current Sensing and Overcurrent Protection. The data format is as shown below:

COMMAND READ_IOUT
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r r r r
Function Exponent Mantissa
Defaultvale | 1 | 1 | 1 J o] o] o]l o]o] o] o] o] o] o] o] o]o

The device scales the output current before it reaches the internal analog to digital converter so that resolution of
the output current read is 62.5 mA. The maximum value that can be reported is 40 A. The user must set the
IOUT_CAL_OFFSET parameter correctly in order to obtain accurate results. Calculate the output current using
Equation 9.

louT = Mantissa x 25xPenent ©)

8.6.44.1 Exponent
default: 11100 (bin) -4 (dec) (62.5 mA Isb)
These default settings are not programmable.

8.6.44.2 Mantissa

The lower 10 bits are the result of the ADC conversion of the average output current, as indicated by the output
of the internal current sense amplifier. The 11th bit is fixed at O because only positive humbers are considered
valid. Any computed negative current is reported as 0 A.

8.6.45 READ_TEMPERATURE_2 (8Eh)
The READ_TEMPERATURE_2 command returns the external temperature in degrees Celsius.

COMMAND READ_TEMPERATURE_2
Format Linear, two's complement binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r r r r
Function Exponent Mantissa
Defaultvalue | 0 [ o [ o J o] o] o] oo o o] of 1] 1 | o | 1
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8.6.45.1 Exponent
default: 00000 (bin) 0 (dec)
These default settings are not programmable.

8.6.45.2 Mantissa
The lower 11 bits are the result of the ADC conversion of the external temperature.
The default reading is 000 00011001 (bin) 25 (dec), corresponding to a temperature of 25°C.

NOTE
The READ TEMPERATURE_2 (8Eh) value remains at 25°C when SS DET DIS in
OPTIONS (MFR_SPECIFIC_21) (E5h) is set to 0 since the TSNS/SS pin is configured to
set TON_RISE time and not used for external temperature sensing.

8.6.46 PMBUS_REVISION (98h)

The PMBUS_REVISION command returns a single, unsigned binary byte that indicates that these devices are
compatible with the 1.2 revision of the PMBus™ specification.

COMMAND PMBUS_REVISION
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0
Access r r r r r r r
Default Value 0 0 0 1 0 0 1 0

8.6.47 MFR_VOUT_MIN (A4h)

The MFR_VOUT_MIN command sets the minimum output voltage. The purpose is to protect the device(s) on the
output rail supplied by this device from a lower than acceptable output voltage. MFR_VOUT_MIN imposes a
lower bound to any attempted output voltage setting:

e programmed VOUT_COMMAND
e VSET pin default

If any attempt is made to program the output voltage (using the VOUT_COMMAND ) below the value in
MFR_VOUT_MIN, the device also:

» Clamps the output voltage at the programmed MFR_VOUT_MIN value

» Sets the oth (other) bit in the STATUS_BYTE

+ Sets the MFR bit in the STATUS_WORD

» Sets the VOUT_MIN_Warning bit in the STATUS_MFR_SPECIFIC register, and
* Notifies the host via the SMBALERT pin.

The exponent is set by VOUT_MODE at -9 (equivalent of 1.953 mV/count). The programmed output voltage is
computed as:

Minimum Vgyr allowed = MFR_VOUT_MIN x VOUT_MODE (V) = MFR_VOUT_MIN x 2-9 (V) (10)

There are 2 “invalid data” situations that are possible and checked in hardware. They are handled differently:

» If the commanded MFR_VOUT_MIN is outside the valid data range for the VOUT_SCALE_LOOP configured,
but, is still relationally correct (below VOUT_COMMAND), then that value is not accepted; but,
MFR_VOUT_MIN is set to the lowest allowed value.

« The second case is the opposite, where the attempted write value is within the absolute range of
MFR_VOUT_MIN; but, is not relationally correct (it is above VOUT_COMMAND). In this case, the
MFR_VOUT_MIN remains unchanged.

Both cases equally cause the device to set the 'cml’ bit in the STATUS_BYTE and the ‘ivd’ bit in the
STATUS_CML registers, and triggers SMBALERT signal.
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COMMAND MFR_VOUT_MIN

Format Linear, unsigned binary

Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Access r r r r riw riw riw riw riw riw riw riw riw riw riw riw

Function Mantissa

8.6.47.1 Exponent

Value fixed at 10111, Exponent for Linear mode values is -9 (equivalent of 1.95mV/count, specified in
VOUT_MODE command).

8.6.47.2 Mantissa

The range of valid MFR_VOUT_MIN values is dependent upon the configured (29h) VOUT_SCALE_LOOP as
follows.

If VOUT_SCALE_LOOP = 1:

» default: 0000 0001 0000 0000 (bin) 256 (dec) (equivalent Vout default = 0.5V)

e Minimum : 0000 0001 0000 0000 (bin) 256 (dec) (equivalent VOUT_MAX = 0.5V)

* Maximum: 0000 0010 1110 0110 (bin) 742 (dec) (equivalent VOUT_MAX = 1.45V)

If VOUT_SCALE_LOOP = 0.5:

» default: 0000 0010 0000 0000 (bin) 512 (dec) (equivalent Vout default = 1V)

¢ Minimum : 0000 0010 0000 0000 (bin) 512 (dec) (equivalent VOUT_MIN = 1V)

¢ Maximum: 0000 0101 1100 1100 (bin) 1484 (dec) (equivalent VOUT_MIN = 2.9V)

If VOUT_SCALE_LOOP = 0.25:

» default: 0000 0100 0000 0000 (bin) 1024 (dec) (equivalent Vout default = 2V)

*  Minimum : 0000 0100 0000 0000 (bin) 1024 (dec) (equivalent VOUT_MIN = 2V)

*  Maximum: 0000 1011 1001 1000 (bin) 2968 (dec) (equivalent VOUT_MIN = 2.9V)

8.6.48 IC_DEVICE_ID (ADh)

This Read-only Block Read command returns a single word (16 bits) with the unique Device Code identifier for
each device for which this IC can be configured. The BYTE_COUNT field in the Block Read command is 2
(indicating 2 bytes follow): Low Byte first, then High Byte.

COMMAND IC_DEVICE_ID
Format Linear, binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r r r r
Default Value See below

Device ldentifier Code default:
e 0027h — Code ldentifier for TPS544C25 — 30A device
* 0028h — Code Identifier for TPS544B25 — 20A device

8.6.49 IC_DEVICE_REV (AEh)

This Read-only Block Read command returns a single word (16 bits) with the unique Device revision identifier.
The DEVICE_REV starts at 0 with the first silicon and is incremented with each subsequent silicon revision. The
BYTE_COUNT field in the Block Read command is 2 (indicating 2 bytes follow): Low Byte first, then High
Byte.

COMMAND IC_DEVICE_REV
Format Linear, tbinary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r r r r r r r r r
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COMMAND IC_DEVICE_REV
Default Value See below

Device ldentifier Code default:
» 0000b

8.6.50 MFR_SPECIFIC_00 (DOh)

The MFR_SPECIFIC_0O0 register is dedicated as a user scratch pad. Only the lower 8 bits are writeable for
users. This is a read word command, with only the lower 8 bits accessible. Note it's NOT a read byte command.
The contents of this register can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.

COMMAND MFR_SPECIFIC_00
Format Unsigned binary
Bit Position 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Access r r r r r r r r rwE | orwE | rwE | rwE | rwE | rwE | rwE | rwE
Function User scratch pad
Defaultvalue | 0 [ o [ o [ o[ o] o[ of]o] o] o] o] o] o] o] of]o

8.6.51 OPTIONS (MFR_SPECIFIC_21) (E5h)

The OPTIONS register can be used for setting user selectable options, as shown below. The contents of this
register can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.

COMMAND OPTIONS
Format Unsigned binary
Bit Position 7165141321 0 7 6 5 4 3 2 1 0
Access rlrfr|r{r|r|r riwE riwE riwE riwE riw riw riwE riwE riwE

. SS_DET_ | EN_AUTO , EN_ADC_C | PMB_VT | PMB_HI_
Function XX | X|X|X|X|X DIS ARA AVG_PROGI1:0] DLO | VSM NTL H LO
Default
value oj0j0|0|0O|0O0]|O 0 1 1 0 0 0 1 1 1

8.6.51.1 PMB_HI_LO

This bit forces PMB rail logic levels.
» 0: Force 3V/5V logic thresholds.
» 1: Force 1.8V logic thresholds.

8.6.51.2 PMB_VTH

This bit configures automatic PMBus logic level detection.
« 0: No automatic bus detection occurs.

e 1: Allow the automatic bus detection to occur — VTH can result in 3V/5V or 1.8V depending upon comparator
output.

PMB_VTH PMB_HI_LO COI\?IEASRI;DAE:E)EFSZLOE4 V) VSET_USED FINAL VTH
0 0 X X 3V/5V
0 1 X X 1.8v
1 X 0 0 3V/5V
1 X 0 1 1.8v
1 X 1 X 1.8v
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8.6.51.3 EN_ADC_CNTL

This bit enables ADC operation used for voltage, current and temperature monitoring.
» 0: Disable ADC operation.
» 1: Enable ADC operation.

NOTE
The EN_ADC_CNTL bit must be set in order to enable output voltage, current and
temperature telemetry. When the EN_ADC_CNTL bit is zero, the READ_VOUT,
READ_IOUT and READ_TEMPERATURE_2 registers do not update continuously, and
retain their previous values from the last time EN_ADC_CNTL was set.

8.6.51.4 VSM

This bit configures the measurement system for fast, vout-only measurement mode. Setting this bit disables
READ_IOUT, and READ_TEMPERATURE_2, and insteasd allows the device to update READ_VOUT more
frequently. This bit does not have EEPROM backup.

e 0: Measure Vout, Temperature, and lout.
e 1: Measure only Vout.

8.6.51.5 DLO

This bit allows bypassing the normal valid data checks on register writes. This feature is included for flexibility
during debug to quickly generate fault conditions and/or possibly work around any data limit protection
mechanisms prohibiting output voltage programming. This bit does not have EEPROM backup.

e 0: Normal PMBus data write restrictions.

» 1: Data write restrictions are overridden for the following registers: SMBALERT_MASK, VOUT_COMMAND,
VOUT_SCALE_LOOP, VOUT_OV_FAULT_LIMIT, VOUT_OV_WARN_LIMIT, VOUT_UV_WARN_LIMIT,
VOUT_UV_FAULT_LIMIT, IOUT_OC_FAULT_LIMIT, IOUT_OC_WARN_LIMIT, OT_FAULT_LIMIT,
OT_WARN_LIMIT, TON_MAX_FAULT_LIMIT, TON_RISE, TOFF_FALL, MFR_VOUT_MIN, VOUT_MAX,
VIN_ON, VIN_OFF, and OPERATION.

NOTE

CAUTION: Users should use this bit with extreme caution. Setting this bit allows invalid
data conditions to be programmed into the device which can lead to damage. Invalid data
written into_any register when DLO is enabled does NOT set the IVD bit; nor trigger
SMBALERT. The invalid data is simply allowed to be programmed. Furthermore, invalid
data programmed into a command/status register while DLO is enabled, does not trigger
SMBALERT upon de-assertion of DLO. So, it is possible to exit DLO mode with invalid
data in command/status registers. Use with extreme caution.

8.6.51.6 AVG_PROG[1:0]

These bits configure programmable digital measurement averaging. Bits provide programmable averaging for
current (READ_IOUT), temperature (READ_TEMPERATURE_2), and voltage (READ_VOUT). The default (10b)
yields 8x averaging for all three parameters; however, this default can be changed and stored in EEPROM, if
necessary. Programming options are:

AVG_PROGJ[1:0] ACCUMULATING AVERAGING
00b 16x
01b 0x — this ‘bypasses’ the averagers — every sample from measurement system updates
corresponding READ_XXX CSR.
10b 8x
11b 32x
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8.6.51.7 EN_AUTO_ARA

This bit Enables auto Alert Response Address response. When this feature is enabled, and after the device has
successfully responded to an ARA transaction, the hardware automatically masks any fault source currently set
from re-asserting SMBALERT. This prevents PMBus “bus hogging” in the case of a persistent fault in a device
that consistently wins ARA arbitration due to its device address. In contrast, when this bit is cleared, immediate
re-assertion of SMBALERT is allowed in the event of a persistent fault and the responsibility is upon the host to
mask each source individually.

8.6.51.8 SS_DET _DIS

This bit Disables Soft Start Detection when set. The READ_TEMPERATURE_2 value remains at 25°C when
OPTIONS (MFR_SPECIFIC_21) (E5h) is set to 0 since the TSNS/SS pin is configured to set TON_RISE time
and not used for external temperature sensing.

8.6.52 MISC_CONFIG_OPTIONS (MFR_SPECIFIC_32) (FOh)

This user-accessible register is used for miscellaneous options, as shown below. The contents of this register
can be stored to non-volatile memory using the STORE_DEFAULT_ALL command.

COMMAND MISC_CONFIG_OPTIONS

Format Unsigned binary

Bit Position | 7 |6 |5|4 (3|2 |1|0|7|6|5]|4 3 2 1 0
Access rlrlefrlrlrlrelrefr]rlr]r riwE r/wE riwE r/wE
Function X|IX|[X[|X|X|X|X|X|X]|X]|X]|X]| FORCE_SYNC HSOC_USER_TRIM[1:0] OV_RESP_SEL
Sglfj‘g't oloflojojo|o|ojof1|1|0]0 0 0 1 1

8.6.52.1 OV_RESP_SEL

This bit selects between two options for low-side FET behavior after an output overvoltage fault condition.

Regardless of the setting of this bit, the low-side FET latches on when an output OV fault is detected (if the

OV_FAULT_RESPONSE is not programmed to “ignore”).

e 0: the low-side FET remains on until either the part initiates a new startup of the output voltage or the
CLEAR_FAULTS command is given while the part is in the “DISABLE” operational state

« 1. the low-side FET turns off as soon as the sensed output (at DIFFO pin) drops below the
VOUT_UV_FAULT_LIMIT.

8.6.52.2 HSOC_USER_TRIM[1:0]

This trim is provided so that the customers can adjust the high-side overcurrent (HSOC) threshold in order to
account for their application specific Vin sensing parasitics and component current handling spec requirements.

HSOC_USER_TRIM[1:0] HSOC Change from Default
00b 0
01b +12.5%
10b -25%
11b -12.5%

8.6.52.3 FORCE_SYNC

This bit configures the SYNC/RESET _B pin functions in conjunction with VSET detection.
» 0: the pin operates as RESET_B if VSET detection is valid, and SYNC otherwise.
» 1:the SYNC/RESET_B pin operates as a SYNC pin regardless of the outcome of the VSET detection.
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9 Applications and Implementation

9.1 Application Information

The TPS544x25 devices are highly-integrated synchronous step-down DC-DC converters. These devices are
used to convert a higher DC input voltage to a lower DC output voltage, with a maximum output current of 20 A
or 30 A. Use the following design procedure to select key component values for this family of devices, and set
the appropriate behavioral options via the PMBus™ interface.

9.2 Typical Applications

9.2.1 TPS544C25 4.5-V to 18-V Input, 0.95-V Output, 30-A Converter
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Typical Applications (continued)
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Figure 44.

9.2.2 Design Requirements

Typical Application Schematic

For this design example, use the following input parameters.

Table 16. Design Example Specifications
PARAMETER TEST CONDITION MIN TYP  MAX| UNIT

VN Input voltage 45 120 18.0 Y
ViN(ipple) Input ripple voltage lout=30 A 0.4 Y
Vout Output voltage 0.95 Y

Line regulation 45V<V)y=<18V 0.5%

Load regulation OV<lgyr<30A 0.5%
Vpp Output ripple voltage lout=30 A 20 mV
Vover Transient response overshoot Istep =10 A 90 mV
VUNDER Transient response undershoot Istep =10 A 90 mV
lout Output current 45V<V,<s18V 0 20 30 A
tss Soft-start time Viy=12V 5 ms
loc Overcurrent trip point 36 40 A
n Peak Efficiency lout =13 A, V=12V 88%
fsw Switching frequency 500 kHz
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9.2.3 Design Procedure

9.2.3.1 Switching Frequency Selection

Select a switching frequency for the regulator. There is a trade off between higher and lower switching
frequencies. Higher switching frequencies may produce smaller a solution size using lower valued inductors and
smaller output capacitors compared to a power supply that switches at a lower frequency. However, the higher
switching frequency causes extra switching losses, which decrease efficiency and impact thermal performance.
In this design, a moderate switching frequency of 500 kHz achieves both a small solution size and a high-
efficiency operation With the frequency selected, the timing resistor is calculated using Equation 11

~2.01x10" 2,01 x 10"

= = 40.2 kQ

fow ~ 500 kHz (11)

9.2.3.2 Inductor Selection

To calculate the value of the output inductor, use Equation 12. The coefficient K,\p represents the amount of
inductor ripple current relative to the maximum output current. The output capacitor filters the inductor ripple
current. Therefore, choosing a high inductor ripple current impacts the selection of the output capacitor since the
output capacitor must have a ripple current rating equal to or greater than the inductor ripple current. Generally,
Kinp coefficient should be kept between 0.2 and 0.4 for balanced performance. Using this target ripple current,
the required inductor size can be calculated as shown in Equation 12

VOUT VIN — VOUT 0.95V x (18 V —0.95 V)
— 0.2uH

L1l = X =
(Vin ey % Fsw ) (lour emaey X Kinp ) (18 V X 500 KHz x 30 A X 0.3) w2

Selecting Kjyp = 0.3, the target inductance L; = 200 nH. Using the next standard value, the 470 nH is chosen in
this application for its high current rating, low DCR, and small size. The inductor ripple current, RMS current, and
peak current can be calculated using Equation 13, Equation 14 and Equation 15. These values should be used
to select an inductor with approximately the target inductance value, and current ratings that allow normal
operation with some margin.

Vour VIN (max) — Vout 0.95V x (18 V—0.95V)

IpippLE = X = =3.83A
(VIN(maX) X fsw) L1 (18 V x 500 kHz x 470 nH) (13)

2 1 2 2 1 2
IL(rms) = (IOUT) + — (IRIPPLE ) = (30 A) +—X (383 A) = 3002 A
12 12 (14)
1 1

Ip (peaky = (out) + > (IrippLe ) = 30A + > (3.83A) =3195A s

The Pulse PGO077.401NL is rated for 45 Agus current, and 48-A saturation. Using this inductor, the ripple current
lrippLe= 3.85 A, the RMS inductor current I ;yg)= 30.02 A, and peak inductor current I peary= 31.92 A.

9.2.3.3 Output Capacitor Selection

There are three primary considerations for selecting the value of the output capacitor. The output capacitor
affects three criteria:

* how the regulator responds to a change in load current or load transient

» the output voltage ripple

» the amount of capacitance on the output voltage bus

The last of these three considerations is important when designing regulators that must operate where the

electrical conditions are unpredictable. The output capacitance needs to be selected based on the most stringent
of these three criteria.

9.2.3.3.1 Response to a Load Transient

The desired response to a load transient is the first criterion. The output capacitor needs to supply the load with
the required current when not immediately provided by the regulator. When the output capacitor supplies load
current, the impedance of the capacitor greatly affects the magnitude of voltage deviation during the transient.
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In order to meet the requirements for control loop stability, the TPS544C25 requires the addition of compensation
components in the design of the error amplifier. While these compensation components provide for a stable
control loop, they often also reduce the speed with which the regulator can respond to load transients. The delay
in the regulator response to load changes can be two or more clock cycles before the control loop reacts to the
change. During that time the difference between the old and the new load current must be supplied (or absorbed)
by the output capacitance. The output capacitor impedance must be designed to be able to supply or absorb the
delta current while maintaining the output voltage within acceptable limits. Equation 16 and Equation 17 show the
relationship between the transient response overshoot, Voyegr, the transient response undershoot, Vynper, and
the required output capacitance, Cgyr.

(Itran )% X L1
Vour X Cour (16)

v < (Itran ) X L1
UNDER (Vin — Vour) X Cour

Vover <

If
* Vinmin) > 2 X Vour, Use overshoot to calculate minimum output capacitance.
* Vinmin) < 2 X Vour, Use undershoot to calculate minimum output capacitance. 17)
In this case, the minimum designed input voltage Vi) is greater than 2 x Voyr, S0 Voyeg dictates the minimum

output capacitance. Therefore, using Equation 18, the minimum output capacitance required to meet the
transient requirement is 285 pF.

c _ (Iran)?x L1 (10A)*>x470nH 550 uF
OUT (min) = Ty X Vovpr) . (0.95Vx90mv) M (18)

9.2.3.3.2 Output Voltage Ripple

The output voltage ripple is the second criterion. Equation 19 calculates the minimum output capacitance
required to meet the output voltage ripple specification. This criterion is the requirement when the impedance of
the output capacitance is dominated by ESR.

[ 3.83A

RIPPLE — 48 \F

(8 X fow X Vour rippley) (8 X 500 kHz X 20 mV) 19)

Cout (min) =

In this case, the maximum output voltage ripple is 20 mV. Under this requirement, the minimum output
capacitance for ripple (as calculated in Equation 19) yields 48 pF. Because this capacitance value is smaller than
the output capacitance required to meet the transient response, select the output capacitance value based on the
transient requirement. For this application, seven 100-uF low-ESR ceramic capacitors, and two 22-uF ceramic
capacitors were selected to meet the transient specification with sufficient margin. Therefore Cqyr = 744 uF.

With the target output capacitance value chosen, Equation 20 calculates the maximum ESR the output capacitor
bank can have to meet the output voltage ripple specification. Equation 20 indicates the ESR should be less than
4.9 mQ. The ceramic capacitors each contribute approximately 3 mQ, making the effective ESR of the output
capacitor bank approximately 0.3 mQ, meeting the specification with sufficient margin.

. |rIPPLE _ 3.83A
ESR. . = VouT(ipple) (8xfswxCout) _ 20mv (8 X 500kHz X 744 yF) _ , o o
MAX IRiPPLE B 3.83A - (20)

Additional capacitance de-ratings for aging, temperature and DC bias should be factored in, which increases the
minimum required capacitance value. Capacitors generally have limits to the amount of ripple current they can
handle without failing or producing excess heat. An output capacitor that can support the inductor ripple current
must be specified. Some capacitor data sheets specify the RMS (root mean square) value of the maximum ripple
current. Equation 21 can be used to calculate the RMS ripple current the output capacitor needs to support. For
this application, Equation 21 yields 1.11 A.

 Vour X (Vinemax) —Vour) 095V x (18V—095V)
Logms) = 7 -5 Y =111A
12 X Vin(maxy X fsw X L1 V12 x 18 V x 500 kHz x 470 nH 21)
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9.2.3.3.3 Bus Capacitance

The amount of bus capacitance is the third criterion. This requirement is optional. However, extra output bus
capacitance should be considered in systems where the electrical environment is unpredictable, or not fully
defined, or can be subject to severe events such as hot-plug events or even electrostatic discharge (ESD)
events.

During a hot-plug event, when a discharged load capacitor is plugged into the output of the regulator, the
instantaneous current demand required to charge this load capacitance is be far too rapid to be supplied by the
control loop. Often the peak charging current can be multiple times higher than the current limit of the regulator.
Additional output capacitance helps maintain the bus voltage within acceptable limits. For hot-plug events, the
amount of required bus capacitance can be calculated if the load capacitance is known, based on the concept of
conservation of charge.

An ESD event, or even non-direct lightning surges at the primary circuit level can cause glitches at this converter
system level. A glitch of sufficient amplitude to falsely trip OVP or UVLO can cause several clock cycles of
disturbance. In such cases it is beneficial to design in more bus capacitance than is required by the simpler load
transient and ripple requirements. The amount of extra bus capacitance can be calculated based on maintaining
the output voltage within acceptable limits during the disturbance. This capacitance can be as much as required
to fully support the load for the duration of the interrupted converter operation.

9.2.3.4 Input Capacitor Selection

The TPS544x25 devices require a high-quality, ceramic, type X5R or X7R, input decoupling capacitor with a
value of at least 0.1 pF of effective capacitance on the VDD pin, relative to AGND. The power stage input
decoupling capacitance (effective capacitance at the VIN and GND pins) must be sufficient to supply the high
switching currents demanded when the high-side MOSFET switches on, while providing minimal input voltage
ripple as a result. This effective capacitance includes any DC bias effects. The voltage rating of the input
capacitor must be greater than the maximum input voltage. The capacitor must also have a ripple current rating
greater than the maximum input current ripple to the device during full load. The input ripple current can be
calculated using Equation 22.

Vour _ (Vingmin) = Vour ) 095V (45V — 0.95V)
CIN Crms ) OUT (max) 8 VIN (min) % VIN (min) 30A X 45V x 45V
= 12.2 Arms (22)

The minimum input capacitance and ESR values for a given input voltage ripple specification, Viyippie), are
shown in Equation 23 and Equation 24. The input ripple is composed of a capacitive portion, Vgppig(cap): @and a
resistive portion, Vgppigesn):-

o lout (max) X Vour _ 30A x 0.95V _agup
NI ) e ippLE (cap) X ViN(max) X fsw 100 mV x 18 V x 500 KHz H 23)
Y 0.3V
ESRCIN (max) = RIPPLEl(ESR) = 1 = 9.4 m{)
lout (max) +5 (IrippLe ) 30A +5(3.83A) (24)

The value of a ceramic capacitor varies significantly over temperature and the amount of DC bias applied to the
capacitor. The capacitance variations due to temperature can be minimized by selecting a dielectric material that
is stable over temperature. X5R and X7R ceramic dielectrics are usually selected for power regulator capacitors
because they have a high capacitance to volume ratio and are fairly stable over temperature. The input capacitor
must also be selected with the DC bias taken into account. For this example design, a ceramic capacitor with at
least a 25-V voltage rating is required to support the maximum input voltage. For this design, allow 0.1-V input
ripple for VeippLg(cap): and 0.3-V input ripple for Vgipp ges). Using Equation 23 and Equation 24, the minimum
input capacitance for this design is 32 pF, and the maximum ESR is 9.4 mQ. For this example, four 22-pF, 25-V
ceramic capacitors and one additional 100-uF, 25-V low-ESR polymer capacitors in parallel were selected for the
power stage. For the VDD pin, one 1-uF, 25-V ceramic capacitor was selected. The input voltage (VDD) and
power input voltage (VIN) pins must be tied together.
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9.2.3.5 Bootstrap Capacitor Selection

A ceramic capacitor with a value of 0.1 uF must be connected between the BOOT and SW pins for proper
operation. It is recommended to use a ceramic capacitor with X5R or better grade dielectric. The capacitor
should have voltage rating of 25 V or higher.

9.2.3.6 BP6 and BP3

According to the recommendations in , BP3 is bypassed to AGND with 2.2 uF of capacitance, and BP6 is
bypassed to PGND with 4.7-pF of capacitance. In order for the regulator to function properly, it is important that
these capacitors be localized to the TPS544x25 , with low-impedance return paths. See for more information.

9.2.3.7 R-C Snubber and VIN Pin High-Frequency Bypass

Though it is possible to operate the TPS544x25 within absolute maximum ratings without ringing reduction
techniques, some designs may require external components to further reduce ringing levels. This example uses
two approaches: a high frequency power stage bypass capacitor on the VIN pins, and an R-C snubber between
the SW area and GND.

The high-frequency VIN bypass capacitor is a lossless ringing reduction technique which helps minimizes the
outboard parasitic inductances in the power stage, which store energy during the low-side MOSFET on-time, and
discharge once the high-side MOSFET is turned on. For this example two 6.8-nF, 25-V, 0402 sized high-
frequency capacitors are used. The placement of these capacitors is critical to its effectiveness. Its ideal
placement is shown in .

Additionally, an R-C snubber circuit is added to this example. To balance efficiency and spike levels, a 1-nF
capacitor and a 1-Q resistor are chosen. In this example a 1206 resistor is chosen, which is rated for 0.25 W,
nearly twice the estimated power dissipation. See SLUP100 for more information about snubber circuits.

9.2.3.8 Temperature Sensor

This application design uses a surface-mount MMBT3904 for the temperature sensor, Q1. In this example, the
sensor monitors the PCB temperature where it is generally the highest, next to the power inductor. Placement of
the temperature sensor and routing back to the TSNS pin are critical design features to reduce noise its
temperature measurements. In this example, the temperature sensor is placed on the Vgyr side of the power
inductor to avoid switching noise from the SW plane, and routed back to the TSNS and AGND pin. Additionally, a
1-nF capacitor, C2, is placed from TSNS to AGND near the TSNS pin. The READ_TEMPERATURE_2 (8Eh)
register is continually updated with the digitized temperature measurement, enabling temperature telemetry.

Disable external temperature sensing by terminating TSNS to AGND with a 0 Q resistor. This termination forces
the temperature readings to —40 °C, and prevents external over-temperature fault trips.

The switch S1 in this example can be used to switch between temperature sensor and SS resistor. Note that the
READ_TEMPERATURE_2 value will be kept at 25°C when SS_DET_DIS in (E5h) MFR_SPECIFIC_21 is set to
0 since the TSNS/SS pin is configured to set TON_RISE time and not used for external temperature sensing.

9.2.3.9 Key PMBus™ Parameter Selection

Several of the key design parameters for the TPS544x25 device can be configured via the PMBus interface, and
stored to its non-volatile memory (NVM) for future use.

9.2.3.9.1 Enable, UVLO and Sequencing

The ON_OFF_CONFIG (02h) command is used to select the turn-on behavior of the converter. For this example,
the CNTL pin was used to enable or disable the converter, regardless of the state of OPERATION (01h), as long
as input voltage is present, and above the UVLO threshold.

The minimum input voltage, Viymin) » for this example is 4.5 V. The VIN_ON command was set to 4.5 V, and the
VIN_OFF command was set to 4.0 V, giving 500 mV of hysteresis. If VIN falls below VIN_OFF, power conversion
stops, until it is raised above VIN_ON.

The turn-on or turn-off delay time can be set by TON_DELAY and TOFF_DELAY. Accounting for the time during
which the COMP signal rises to the valley of the PWM ramp, the delay between enabling power conversion, and
the rise of the output voltage is approximately 200 ps. See Soft-Start and TON_RISE Command for more
information.
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9.2.3.9.2 Soft-Start Time

The TON_RISE command sets the soft-start time. When selecting the soft-start time, consider the charging
current for the output capacitors. In some applications (e.g., those with large amounts of output capacitance) this
current can lead to problems with nuisance tripping of the overcurrent protection circuitry. To avoid nuisance
tripping, the output capacitor charging current should be included when choosing a soft-start time, and
overcurrent threshold. The capacitor charging current can be calculated using Equation 25

X .

leap = Vour Cour _ 0.95V X 744 pF — 14136 mA
tSS 5ms (25)

With the charging current calculated, the overcurrent threshold can then be calibrated to the sum of the
maximum load current and the output capacitor charging current plus some margin.

In this example, the soft-start time is arbitrarily selected to be 5 ms. In this case, the charging current, lcap =
141.36 mA.

9.2.3.9.3 Overcurrent Threshold and Response

The IOUT_OC_FAULT_LIMIT command sets the overcurrent threshold. The current limit should be set to the
maximum load current, plus the output capacitor charging current during start-up, plus some margin for load
transients and component variation. The amount of margin required depends on the individual application, but a
suggested starting point is between 25% and 30%. More or less may be required. For this application, the
maximum load current is 30 A, the output capacitor charging current is 141 mA. This design allows some extra
margin, so an overcurrent threshold of 36 A was selected.

The IOUT_OC_FAULT_RESPONSE command sets the desired response to an overcurrent event, which can be
hiccup (continuously restart waiting for a 7 x soft-start time-out between re-trials) in the event of an overcurrent,
latch-off, or continue without interruption (i.e. ignore the fault).

9.2.3.9.4 Power Good, Output Overvoltage and Undervoltage Protection

The VOUT_OV_WARN_LIMIT and VOUT_UV_WARN_LIMIT commands configure the PGOOD window, and
VOUT_OV_FAULT_LIMIT and VOUT_UV_FAULT_LIMIT commands configure the output voltage fault limits.

The VOUT_OV_FAULT_RESPONSE and VOUT_UV_FAULT_RESPONSE command sets the desired response
to an output overvoltage and undervoltage event respectively, which can be hiccup (continuously restart waiting
for a 7 x soft-start time-out between re-trials) in the event of a fault, latch-off, or continue without interruption (i.e.
ignore the fault).

Note that the VOUT_UV_FAULT_LIMIT is masked until the unit reaches the programmed output voltage. If the
output voltage did not reach the programmed value during the soft start time UPPER limit required by
TON_MAX_FAULT_LIMIT, the device will assert a TON_MAX fault and reponse according to
TON_MAX_FAULT_RESPONSE.

9.2.3.10 Output Voltage Setting and Frequency Compensation Selection

The output voltage can be set by the resistor connected from VSET to AGND with 8 possible options to set initial
boot-up output voltage ranging from 0.80 V to 1.20 V with VOUT_SCALE_LOOP = 1. The output voltage can
also be set by VOUT_COMMAND through the PMBus interface .

It is required that the user program VOUT_SCALE_LOOP prior to any VOUT related commands in order for the
proper range checking to work and to avoid Invalid Data scenarios. VOUT_SCALE_LOOP is equal to the
feedback resistor ratio of (R9/(R5+R9)). It is limited to only 3 possible options/ratios: 1 (default, no bottom
resistor required), 0.5, and 0.25.

In this design, the VSET pin is pulled up to BP3, so the VOUT_COMMAND goes to the default value of 0.95V
stored in the EEPROM. No bottom feedback resistor is needed for the output voltage range of 0.5 V to 1.5V.

The TPS544x25 device uses voltage mode control, with input feedforward. See SLUP206 for an in-depth
discussion of voltage-mode feedback and control. Frequency compensation can be accomplished using standard
techniques. Tl also provides a compensation calculator tool to streamline compensation design. Using the
TPS40k Loop Compensation Tool, with 50 kHz of bandwidth, and 60 degrees of phase margin and optimizing
based on measured results yields the following:
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Table 17. Design Example Frequency Compensation Values
RESISTOR VALUE (kQ) CAPACITOR VALUE (pF)
R5 10.0 C4 1200
R8 0.3 c3 1200
R2 10.5 c1 33

Rgias Not Used

The tool provides the recommended compensation components, and approximate bode plots. As a starting point,
the crossover frequency should be set to 1/10 fgy, and the phase margin at crossover should be greater than
45°, The resulting plots should be reviewed for a few common issues. The error amplifier gain should not hit the
error amplifier gain bandwidth product (GBWP), nor should its mid-band gain, Ayp, be greater than
approximately 20 dB in general. Use the tool to calculate the system bode plot at different loading conditions to
ensure that the phase does not drop below zero prior to crossover, as this condition is known as conditional

stability.

9.2.4 Application Curves
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r‘ u‘zun u'z“‘mk u‘zu u'z“ n‘n 1‘n © Freq  [481.5kHz 4815332k [481.5k  [481.5k (0.0 10
red 2T B - L . - D PPk [124mV_ [12.400001m [124m  [124m 0.0 10
D PPl [76.71mV_[76.706283m [76.71m  [76.71m [0.0 10
Max'  [300.0mV_ [300.0m [s00.0m  [300.0m 0.0 10
Max  [255A  [22551563 [2255  [2285 (00 10

VIN =12V

VOUT =095V

Figure 51. Transient Load

lour = 0 A to 20A , 2.5 Alpis

VIN =12V

VOUT =095V IOUT =

Figure 52. DC Ripple

20 A
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M 8y:20.0M
MO 8y:20.0M
MO 8y:20.0M
MO 8y:20.0M

@D / 830mv SOmsidiv 20MSis
Single Seq
1acas
Auto March 05, 2015

Value Mean Min Max
ean  [136.2mV_[736.16984m [7362m _ [7362m _ [0.0 10
352V 33515625 [3352  [3352 [0 10

Freq Hz. 7 d
¢ [736mv_[473.50375m [a73.6m  [4736m 0.0 10
2803V [2803125 2803|2803 |00 10

500ns/pt

RL:100K
14:41:37

V|N=12V IOUTZOA

Figure 53. 50% Pre-Biased Start-Up

Vere-gias= 0.5V

IR 0389

|.H
Atm, T

Natural Convection
IOUT = 20 A

VOUT =095V

Vin=12V fsw = 500 kHz

Figure 54. Thermal Image

10 Power Supply Recommendations

These devices are designed to operate from an input voltage supply between 4.5 V and 18 V. This supply must
be well regulated. These devices are not designed for split-rail operation. The VIN and VDD pins must be the
same potential for accurate high-side short circuit protection. Proper bypassing of input supplies and internal
regulators is also critical for noise performance, as is PCB layout and grounding scheme. See the

recommendations in the Layout section.
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11.1 Layout Guidelines

Layout is a critical portion of good power supply design. Figure 55 shows the recommended PCB layout
configuration. A list of PCB layout considerations using these devices are listed below.

* As with any switching regulator, there are several signal paths that conduct fast switching voltages or
currents. Minimize the loop area formed by these paths and their bypass connections.

» Bypass the VIN pins to GND with a low-impedance path. Power-stage input bypass capacitors should be as
close as physically possible to the VIN and GND pins. Additionally, a high-frequency bypass capacitor in 0402
package on the VIN pins can help to reduce switching spikes, which can be tucked right underneath the IC on
the other side of the PCB to keep a minimum loop.

» BP6 bypass capacitor carries large switching current for gate driver. Bypassing the BP6 pin to GND with a
low-impedance path is very critical to the stable operation of the TPS544x25 devices. Place BP6 high-
frequency bypass capacitors as close as possible to the device pins, with a minimum return loop back to
ground.

 The VDD and BP3 also require good local bypassing. Place bypass capacitors as close as possible to the
device pins, with a minimum return loop back to ground and this return loop should be kept away from fast
switching voltage and main current path, as well as BP6 current path. Poor bypassing on VDD and BP3 can
degrade the performance of the regulator.

» Keep signal components local to the device, and place them as close as possible to the pins to which they
are connected. These components include the feedback resistors, the RT resistor, the VSET resistor, the SS
resistor, as well as ADDRO and ADDR1 resistors. These components should also be kept away from fast
switching voltage and current paths. Those components can be terminated to GND with minimum return loop
or bypassed to a separate low impedance analog ground (AGND) copper area, which is isolated from fast
switching voltage and current paths and has single connection to PGND on the thermal tab via AGND pin.
See Figure 55 for placement recommendation.

* The PGND pin (pin 26) must be directly connected to the thermal pad of the device on the PCB, with a low-
noise, low-impedance path to ensure accurate current monitoring.

* Minimize the SW copper area for best noise performance. Route sensitive traces away from SW and BOOT,
as these nets contain fast switching voltages, and lend easily to capacitive coupling.

* Snubber component placement is critical to its effectiveness of ringing reduction. These components should
be on the same layer as the TPS544x25 devices, and be kept as close as possible to the SW and GND
copper areas.

e« The VIN and VDD pins must be the same potential for accurate short circuit protection, but high frequency
switching noise on the VDD pin can degrade performance. VDD should be connected to VIN through a trace
from the input copper area. Optionally form a small low-pass R-C between VIN and VDD, with the VDD
bypass capacitor (1 pF) and a 0-2 Q resistor between VIN and VDD. See Figure 55.

* Route the VOUTS+ and VOUTS- lines from the output capacitor bank at the load back to the device pins as
a tightly coupled differential pair. It is critical that these traces be kept away from switching or noisy areas
which can add differential-mode noise.

* Routing of the temperature sensor traces is critical to the noise performance of temperature monitoring. Keep
these traces away from switching areas or high current paths on the layout. It is also recommended to use a
small 1-nF capacitor from TSNS/SS to AGND to improve the noise performance of temperature readings.
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11.2 Layout Example
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(A) Connect to AGND with setting resistor or pull up to BP3 if not used.

(B) Bypass for internal regulators BP3, BP6, VDD. Use multiple vias to reduce parasitic inductance
(C) Place VIN bypass capacitors as close as possible to device, with best high frequency capacitor closest to VIN and
GND pins

(D) Kelvin connect to TPS544C25 VOUTS- and VOUTS+ pins

(E) Sense point should be directly at the load

(F) For best efficiency, use a heavy weight copper and place these planes on multiple PCB layers
(G) Minimize SW area for least noise. Keep sensitive traces away from SW and BOOT on all layers
(H) AGND and PGND are only connected together on Thermal Pad.

(1) Optional SYNC/RESET_B Signal. Pull up to BP3 if not used.

(J) Pull up to BP6 or external voltage to use PGOOD.

(K) Maintain feedback and compensation network components localized to the device.

(L) Internal AGND Plane to reduce the BP3 and VDD bypass parasitics.

(M) Connect AGND to Thermal Pad

(N) Connect PGND to Thermal Pad

Figure 55. PCB Layout Recommendation

11.2.1 Mounting and Thermal Profile Recommendation

Proper mounting technique adequately covers the exposed thermal tab with solder. Excessive heat during the
reflow process can affect electrical performance. Figure 56 shows the recommended reflow oven thermal profile.
Proper post-assembly cleaning is also critical to device performance. See SLUA271 for more information.
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Layout Example (continued)
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Figure 56. Recommended Reflow Oven Thermal Profile

Table 18. Recommended Thermal Profile Parameters

PARAMETER MIN TYP MAX UNIT
RAMP UP AND RAMP DOWN
TRAMP(up) Average ramp-up rate, Tsmax) t0 Tp °Cls
IRAMP(down) Average ramp-down rate, Tp t0 Tgmax) 6 °Cls
PRE-HEAT
Ts Pre-heat temperature 150 200 °C
ts Pre-heat time, Ts(min) 10 Tsmax) 60 180 s
REFLOW
T Liguidus temperature 217 °C
Tp Peak temperature 260 °C
L Time maintained above liquidus temperature, T 60 150 s
tp Time maintained within 5 °C of peak temperature, Tp 20 40 s
tosp Total time from 25 °C to peak temperature, Tp 480 s
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12 Device and Documentation Support

12.1 Device Support
12.1.1 Development Support

12.1.1.1 Texas Instruments Fusion Digital Power Designer

The TPS544x25 devices are fully supported by Texas Instruments Digital Power Designer. Fusion Digital Power

Designer is a graphical user interface (GUI) which can be used to configure and monitor the devices via PMBus
using a Texas Instruments USB-to-GPIO adapter.

Click this link to download the Texas Instruments Fusion Digital Power Designer software package.

¥ Fusion Digital Power Designer - TPS544C25 @ Address 36d - Texas Instruments

| File Device Tools Debug Help TPS544C25 @ Address 36d - Rail #1

PMBus Readings | ~ |[vout - Output voltage (3| [Tout - Output current )|
Shawide Plots: Vauts 0345V ovF: LB v ovw: 1201V vout: 054 [ v oC Faults 6004 0CWamn: 30 a
P& vout Tout Tout: H13A
[ Pout(caic [ Temp Temp: 7T ww: 0.631 v uvr: 0.594 ]V max: 1.500 (] v 40.00
. FitAllPlotsonSereen || MIN: 0.500 [Z]v
® Status Rege Lines S
(0) Scale Plots to Screen N 30.00 e
Width Vout: OK } -
lout: oK *
=1k Temp: OK 1.207
§ 100
migame. [ o - =
Show Value Labels )
on Flots Misc: oK
" = Mfr: OK
Polling Rate: 5%
ece) &) || | SMBALERT# Not Asserted o
oo 0.00
—eeeeee l Clear Faults J 59:20 59:40 00:00 00:20 59:20 59:40 00:00 00:20
[ stopPoling ] SR
¢ B
[ bevicepashioms | || [OnfofF Config ) Bl
—_— OT Fault: 125 oT warn: 100 [ ¢
[ systemDashboars J ‘ x5 [v] ‘
OPERATION
120,00
On/Off: Oon
(3) Immediate OFf 100.00
O soft Off
Marginis (=)
roming: @ None e oC
OLow 60.00-
() High b
Margin
Fault Act On Fault I
Action:
0.00
59:20 59:40 00:00 00:20
Control Line [~]
Tips & Hints PMBus Log =]
TOUT_CAL_OFFSET [0x39] 13:47:19,474: TPS544C25 @ 36d: CLEAR_FAULTS [0x03]: executed SendByte
Most often used in conjunction with the IOUT_CAL_GAIN command to minimize the error of the current 13:47:31.479: TPS544C25 @ 36d: MFR_21 (OPTIONS) [0XES]: wrote PMB_VTH: 1, SS_DET_DIS: 1, EN_ADC_CMNTL:1, DTC_OFF:0, DTC_ON:0, EN_AUTO_ARA:1,
i, Configure sensing dircuit. - PMB_HI_LO:1 [0x01C7] to RAM
13:48:42.320: TPS544C25 @ 36d: MFR_21 (OPTIONS) [0xES]: wrote PMB_VTH:1, SS_DET_DIS:1, EN_ADC_CNTL:1, DTC_OFF:0, DTC_ON:0, EN_AUTO_ARA:1, EI
s = PMB_HI_LO: 1 [0x0187] to RAM
-+ Monitor 13:49:78,215: TPS544C25 @ 36d: CLEAR_FAULTS [0x03]: executed SendByte
., Status PMBus Log | &

BlFusion Digital Power Designer v2.0.42 [2015-05-01] | TPS544C25 @ Address 36d | USB Adapter v1.0.11 [PEC; 400 kHz]

Figure 57. Device Monitoring with Fusion Digital Power Designer

P Texas Instruments | fusion digital power
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Device Support (continued)

File Device Tools Debug Help

TPS544C25 @ Address 36d - Rail #1

Configure Limits &On/Off | Debug Mode || Test Mode | Advanced || Device Info || SMBALERT# Mask || All Config |
Voltage Limits
| |
. Vout Mode:
T
Vout Command: 0.5 v
Vout OV Warn Limit: L1V Vout UV Warn Limit: 0.631 v
[ store configtamm | Vout OV Fault Limit: LBV Vout UV Fault Limit: 0.504 v
||| | voutovr Respo... M Vout UV Fault Respanse:
| Restorenvm config | Respa. .
=) MFR Vout Min: 0.500 = v
Vout Max 1500 v
Current Limits | [ Limits.
Tout OC Warn Limit: 340 a Temp Varn Limit: 00[F
Tout OC Fault Limit: 3.0 Temp Fault Limit: 125 2] =
Tout OC Fault Response: Respo... OT Fault Response: Respo..
Turn On/Off
Vin On: 450 [v] v Vin Off: 400 [v] v
Turn On Rise: 5[v]ms Turn OFf Fall; o[+ ms
Turn On Delay: 0[v]ms Turn OFf Delay: 0[] ms
Turn On Max Fault Limit: 100 [v] ms
Turn On Max Fault Response: Respa...
On/Off Config: 0x16
Mode: CONTROL Fin Only; Control:
Active High, Use
TOFF_DELAY/TOFF_FALL
Tips & Hints PMBus Log (5]
VOUT_UV_WARN_LTMIT [0x43]
Sets the value of the output voltage at the sense or output pins that causes an output voltage low
> Configure warning.This value is typicaly greater than the output undervoltage fault threshold
~ Monitor
/ Status PuBus Log | [

BlFusion Digital Power Designer v2.0.37 [2015-03-27] | TPS544C25 @ Address 36d | USB Adapter v1.0.11 [PEC; 400 kHz] A Texas InsTrumenTs | fusion digital power

Figure 58. Device Configuration with Fusion Digital Power Designer

12.1.1.2 TPS40k Loop Compensation Tool

The TPS544x25 devices are supported by the Texas Instruments TPS40k Loop Compensation Tool. This

spreadsheet tool can be used to calculate frequency compensation components for devices with voltage mode
control.

12.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 19. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
TPS544C25 Click here Click here Click here Click here Click here
TPS544B25 Click here Click here Click here Click here Click here

12.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see Tl's Terms of

Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.
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12.4 Trademarks

SWIFT, NexFET, E2E are trademarks of Texas Instruments.
PMBus is a trademark of SMIF, Inc..
All other trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘ﬁl\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.6 Glossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 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. These 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 Tem Op Temp (°C Device Markin Samples
ge 1yp g g p p p g p
@ Drawing Qty @ Ball material ©) (415)
6)

TPS544B25RVFR ACTIVE LQFN-CLIP RVF 40 2500 RoHS-Exempt NIPDAU Level-2-260C-1 YEAR  -40to 125 TPS544B25 Samples
& Green

TPS544B25RVFT ACTIVE LQFN-CLIP RVF 40 250 RoHS-Exempt NIPDAU Level-2-260C-1 YEAR  -40to 125 TPS544B25
& Green

TPS544C25RVFR ACTIVE LQFN-CLIP RVF 40 2500 ROHS-Exempt NIPDAU Level-2-260C-1 YEAR  -40to 125 TPS544C25 Samples
& Green

TPS544C25RVFT ACTIVE LQFN-CLIP RVF 40 250 RoHS-Exempt NIPDAU Level-2-260C-1 YEAR  -40to 125 TPS544C25 Samples
& Green

® 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: TI 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
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ KO
i |
& go W
Reel — | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QrSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS544B25RVFR LQFN- RVF 40 2500 330.0 16.4 535 | 7.35 1.7 8.0 16.0 Q1
CLIP
TPS544B25RVFT LQFN- RVF 40 250 180.0 16.4 535 | 7.35 1.7 8.0 16.0 Q1
CLIP
TPS544C25RVFR LQFN- RVF 40 2500 330.0 16.4 535 | 7.35 1.7 8.0 16.0 Q1
CLIP
TPS544C25RVFT LQFN- RVF 40 250 180.0 16.4 535 | 7.35 1.7 8.0 16.0 Q1
CLIP
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS544B25RVFR LQFN-CLIP RVF 40 2500 367.0 367.0 38.0
TPS544B25RVFT LQFN-CLIP RVF 40 250 210.0 185.0 35.0
TPS544C25RVFR LQFN-CLIP RVF 40 2500 367.0 367.0 38.0
TPS544C25RVFT LQFN-CLIP RVF 40 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RVF 40 LQFN-CLIP - 1.52 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4211383/D
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PACKAGE OUTLINE
RVFO0040A LQFN-CLIP - 1.52 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

E 5.1

4.9

PIN 1 INDEX AREA— |

Uuu L‘u THERMAL PAD

(0.2) TYP
20 EXPOSED
0

36X 13 i '
_u[ YoUO

|
N
= % 21
> d
D ‘ -
= a1 | -
SYMM
2X N S S
P | =
D ‘ -
D) ‘ d
) d +
- | a—
___ TB/;‘i Cl 3o
mmmpmm\ - 4093 0
40 33 '
PIN 1 ID—/ SYMM 01W [C|A[B
(OPTIONAL) ¢ & 0.05
0.5
40X 3 ~—

4222989/B 10/2017

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. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

4. Reference JEDEC registration MO-220.

i
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EXAMPLE BOARD LAYOUT

RVFO0040A LQFN-CLIP - 1.52 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
(3:3)
ﬂ 6X (1.4) r—
33
wen - EB8880G
J i L 32
40x(025)J @‘ {fkk 71
\ ‘ () @12
L ° ¢ PrE
36X (o 5) |
P (16;(8)
SYMM 4 ‘ J (6.8)
¢t—-—-+—1o——0——0{— -1 @3
3 |
Pa= ‘ 5
(R0.0S) TYP ED 'O 4) O Ei:]
g |12
VIA d)
12 ¢] ) @ 21
| f\ ffffff 1
- Hb %*@ g }
= |
‘ SQ"M ‘
L— 4.8) ——1
LAND PATTERN EXAMPLE
SCALE:12X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND [‘
L SOLDER MASK
METAL ; \‘ OPENING
T __SOLDER MASK \ NMETAL UNDER
OPENING N SOLDER MASK
NON SOLDER MASK
SOLDER MASK
DEFINED
(PREFERRED) DEFINED

SOLDER MASK DETAILS

4222989/B 10/2017

NOTES: (continued)

5. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
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EXAMPLE STENCIL DESIGN
RVFO0040A LQFN-CLIP - 1.52 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

S\g\/IM
20 (0.815) TYP w .
40X (0.6) B ‘B*D‘D—F BL B - B 7777777 N
- “ )

|
40X (0.25) j ¢
|

|
1
36X (0.5) EB - CP ‘

T{B \,f,fli,,w

1500

4

|
i

|

4\

i

|

L

}44
L

|

|
-3

¢ 3 T 8
* am
% o Bum— ol O
) |— -
o
= 4BeepeE-——
L (4-8T e 4

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD
71% PRINTED SOLDER COVERAGE BY AREA
SCALE:18X

4222989/B 10/2017

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated
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