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5 Pin Configuration and Functions
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Eq 5-1. 59-Pin QFM-MOW Package (Top View) Eg 5-2. 59-Pin QFM-MOW Package (Bottom View)

# 5-1. Pin Functions

Pin Tvoe(™ 5 -
e escription
Name NO. s P
1,4, 17, 23, 30, Power stage ground return. Pins 52, 54, 57, and 59 also act as the thermal pad of the
PGND 43,46,49,52,54,| — verstage g : P 0% 90 P
device.
57,59
VOSNS_A 2 The positive input of the remote sense amplifier. For a standalone device or a loop

controller device in a multi-phase configuration, connect the VOSNS pin to the output
voltage at the load. For the loop follower device in a multi-phase configuration, the remote
| sense amplifier is not required for output voltage sensing or regulation and this pin can be
VOSNS_B 45 left floating. If used to monitor another voltage with the phased READ_VOUT command,
VOSNS must be maintained between 0 V and 0.75 V with a < 1-kQ resistor divider due to
the internal resistance to GOSNS, which is connected to BP1V5.

GOSNS/FLWR_A 3 The negative input of the remote sense ampilifier for a loop controller device or pull up high
to indicate a loop follower. For a standalone device or a loop controller device in a multi-

| phase configuration, connect the GOSNS pin to the ground at the load. For the loop
GOSNS/FLWR_B 44 follower device in a multi-phase configuration, the GOSNS pin must be pulled up to BP1V5
to indicate the device is a loop follower.

BP1V5_A 5 o |Output of the 1.5-V internal regulator for MSEL,VSEL, and ADRSEL pins. No external
BP1V5_B 42 bypassing required. Not designed to power other circuits
SMB_ALRT_A 6
O | SMBus alert pin. See the SMBus specification
SMB_ALRT_B 41
PMB_CLK_A 7
PMBus CLK pin. See the Current PMBus Specifications.
PMB_CLK_B 40
PMB_DATA_A 8
1/0  |PMBus DATA pin. See the Current PMBus Specifications.
PMB_DATA_B 39
PGD/RST_A 9 Open-drain power good or (217h) VOUT_COMMAND RESET#. As determined by user-

programmable RESET# bit in (EDh) MFR_SPECIFIC_29 (MISC_OPTIONS). The default
1/0 | pin function is an open-drain power-good indicator. When configured as RESET#, an
PGD/RST_B 38 internal pullup can be enabled or disabled by the PULLUP# bit in (EDh)
MFR_SPECIFIC_29 (MISC_OPTIONS).

BCX_DATA_A 10
/0 | Data for back-channel communications between stacked devices
BCX_DATA_B 37
BCX_CLK_A 11
1/0 | Clock for back-channel communications between stacked devices
BCX _CLK B 36
Copyright © 2023 Texas Instruments Incorporated BHEHZBTT 57— RN 2 (BB GPY) &85 3
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# 5-1. Pin Functions (%i¥)

Pin Tvoe(™ 5 -
e escription
Name NO. P P
VSHARE_A 12 /o Voltage sharing signal for multi-phase operation. For a standalone device, the VSHARE pin
VSHARE B 35 must be left floating. VSHARE can by bypassed to AGND with up to 50 pF of capacitance.
MSEL1_A 13 Connect this pin to a resistor divider between BP1V5and AGND for different options of
| switching frequency and internal compensation parameters. See the Programming MSEL1
MSEL1_B 34 section.
ADRSEL_A 14 Connect this pin to a resistor divider between BP1V5 and AGND for different options of
PMBus addresses and frequency sync (including determination of SYNC pin as SYNCIN or
ADRSEL_B 33 SYNCOUT function). See the Programming ADRSEL section.
VSEL_A 15 Connect this pin to a resistor divider between BP1V5 and AGND for different options of
VSEL_B 32 internal voltage feedback dividers and default output voltage. See Programming VSEL.
MSEL2_A 16 Connect this pin to a resistor divider between BP1V5 and AGND for different options of
| soft-start time, overcurrent fault limit, and multiphase information. See the Programming
MSEL2 B 31 MSEL2 or Programming MSEL?2 for a Loop Follower Device (GOSNS Tied to BP1V5)

- sections for a loop follower device (GOSNS tied to BP1V5) if GOSNS is tied to BP1V5.
EN/UVLO_A 19 | Enable switching as the PMBus CONTROL pin. EN/UVLO can also be connected to a
EN/UVLO_B 25 resistor divider to program input voltage UVLO.

PVIN_A 18 Input power to the power stage. Low-impedance bypassing of these pins to PGND is
| critical. PVIN to PGND must be bypassed with X5R or better ceramic capacitors rated for
PVIN_B 24 at least 1.5% the maximum PVIN voltage.
AVIN_A 20
| Input power to the controller
AVIN_B 26
AGND_A 21 | Analog ground return for controller. Connect the AGND pin directly to the thermal pad on
AGND_B 27 the PCB board.
VDD5_A 22 o Output of the 5-V internal regulator. A bypassing capacitor is integrated and no external
VDD5_B 28 bypassing is required.
For frequency synchronization, this pin can be programmed as SYNC IN or SYNC OUT pin
SYNC 29 /o by the ADRSEL pin or the (E4h) MFR_SPECIFIC_20 (SYNC_CONFIG) PMBus command.
SYNC is tied together internally for phase A and B. SYNC pin can be left floating when
using module in single-phase configuration.
VOUT_A 50, 51
O Output of each channel. Connect to output bypass capacitors to this pin.
VOUT_B 47,48
The thermal pad is the PGND pin made with a large area of copper to improve thermal
Thermal Pad 52, 54, 57, 59 — | conductivity to PCB. The thermal pad must have adequate solder coverage for best
thermal performance.
SW_A 53 /o Switched power output of the device. Connect the output averaging filter and bootstrap to
SW_B 58 this group of pins if needed.

(1)

| = input, O = output

4 BEICET BTN (DERRBE Sb) EHE
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6 Specifications

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

MIN MAX| UNIT
AVIN -0.3 18
PVIN -0.3 16
PVIN_A, PVIN_B, < 2-ms transient -0.3 19
Input voltage EN/UVLO, VOSNS, SYNC, VSEL, MSEL1, MSEL2, ADRSEL -0.3 55 \Y
VSHARE, GOSNS/LOOP FLWR -0.3 1.98
PMB_CLK, PMB_DATA, BCX_CLK, BCX_DAT -0.3 55
VDD5 external bias range 4.25 5.25
VOUT 0.5 55
Output voltage VDD5, SMB_ALRT, PGD/RST -0.3 55 \
BP1V5 -0.3 1.65
T, operating junction temperature —40 150 °C
Tstg storage temperature -55 150 °C

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

6.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
V(Esp) Electrostatic discharge - \%
Charged device model (CDM), per ANSI/ESDA/JEDEC JS-002(2) +1500

(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.

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

MIN NOM MAX| UNIT

VaviN Controller input voltage with internal LDO 4.25 12 18 \Y
VaviN Controller input voltage with valid external bias applied to VDD5 2.95 12 18 \Y
Vpvin Power stage input voltage with internal LDO 4.25 12 16 \%
Vpevin Power stage input voltage with valid external bias applied to VDD5 2.95 12 16 \%
Vout Output voltage range 0.5 5.5 \%
I0UTmax(1 phase) Maximum continuous output current for each phase 25 A
10UTmax(Total) Maximum total continuous output current per module 50 A
Phase Maximum number of stackable phases 4

T, Junction temperature -40 125 °C
Ta Ambient temperature —40 105 °C

Copyright © 2023 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 5
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6.4 Thermal Information

QFM (MOW

THERMAL METRIC(") ( ) UNIT
59 PINS

Resa Junction-to-ambient thermal resistance 12.6 °C/W

Wyt Junction-to-top characterization parameter 0.78 °C/W

Wis Junction-to-board characterization parameter 9.8 °C/W

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

report.

6.5 Electrical Characteristics
T, =-40°C to 125°C, Vpyin = Vavin = 12V, fsw = 550 kHz; zero power dissipation (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
INPUT SUPPLY
VaviN Input supply voltage range Controller input voltage with internal LDO 4.25 18
VaviN Input supply voltage range Controller input voltage with valid external bias 2.95 18 v
VpvIN Power stage voltage range Power stage input voltage with internal LDO 4.25 16
VpviN Power stage voltage range Power stage input voltage with valid external bias 2.95 16
IavIN Input operating current Converter not switching, each phase 12.5 171 mA
AVIN UVLO
Analog input voltage UVLO
for power on reset (PMBus Enable threshold 2.5 27, V
communication)
V aviNuvio Anal_og input voltage UVLO 2.09 23 Vv
for disable
Analog |r_1put voltage UVLO 250 mv
hysteresis
Delay from AVIN UVLO to
tdelay(uvio_PmBus) | PMBus ready to AVIN=3V 8 ms
communicate
PVIN UVLO
Factory default setting 2.75
Programmable range 2.75 15.75 \%
VIN_ON Power input turn-on voltage
Resolution 0.25
Accuracy -5% 5%
Factory default setting 25
) Programmable range 2.5 15.5| V
VIN_OFF Power input turn-off voltage
Resolution 0.25
Accuracy -5% 5%
ENABLE AND UVLO
EN/UVLO voltage rising
v threshold 1.05 11 v
Efluvio EN/UVLO voltage falling 09
threshold '
VENhys EN/UVLO voltage hysteresis |No external resistors on EN/UVLO 70 mV
| EN/UVLO hysteresis current |Venuvio=1.1V 4.5 5.5 6.5 MA
ENhys EN/UVLO hysteresis current |Venuvio = 0.9 V ~100 5| nA
REMOTE SENSE AMPLIFIER
Remote sense input VOSNS - .
ZRrsA impedance GOSNS = 1V VOSNS to GOSNS 85 130 165| kQ

6 BFHET 57 1 — RN 2 (DI RB R GbE) 225
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T, =-40°C to 125°C, Vpyin = Vavuin = 12V, fsw = 550 kHz; zero power dissipation (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VIRNG(GOSNS) SeOSN_S input range(f1<))r VOSNS — GOSNS =1V, VOUT_SCALE_LOOP < ~0.05 005 v
gulation accuracy 0.5
VIRNG(OSNS) :gj’;fo'r’:‘;ﬂz[ﬁgg; for GOSNS = AGND, VOUT SCALE_LOOP < 0.5 0.1 55/ V
REFERENCE VOLTAGE AND ERROR AMPLIFIER
Default setting 0.4 \%
VRer Reference voltage(") Reference voltage range(") 0.25 0.75| V
Reference voltage resolution(!) 2-12 \%
Vour = 1000 mV 0.992 1.008] V
Vour = 500 mV —40°C < T, <150°C®@ 0.492 0.508| V
Vout = 1500 mV 1.490 1.510 \%
Vout = 1000 mV 0.994 1.006 \%
VouT(acc) Output voltage accuracy Vour =500mV  |0°C < T;<125°C@ 0.494 0.506| V
Vour = 1500 mV 1.492 1508 V
Vour = 1000 mV 0.995 1.005| Vv
Vour =500 mV | 0°C < T, < 85°C(2) 0.495 0505 V
Vour = 1500 mV 1.493 1507 V
. o
Gmea Resolution(") Four settings: 25 uS, 50 uS, 100 WS, 200 uS 25
Unloaded bandwidth(") 8 MHz
Resolution(") 5
P
Resolution(!) 1.25 pF
o
Resolution(") 6.25
CURRENT GM AMPLIFIER
g : o] o
Gmeur Resolution(!) Four settings: 25 pS, 50 pS, 100 uS, 200 pS 25
Unloaded bandwidth(!) 17 MHz
Resolution(") 5
Resolution(") 800
- E;gg?trgrmrzﬁgeei”tegrat°r 0.3125 46075
Resolution(") 0.3125
s mes
Resolution(") 3.125
OSCILLATOR
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T, =-40°C to 125°C, Vpyin = Vavuin = 12V, fsw = 550 kHz; zero power dissipation (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Adjustment range(@ 275 1100
fsw kHz
Switching frequency(® 500 550 600
SYNCHRONIZATION
ViH(sync) High-level input voltage 1.35 v
ViL(sync) Low-level input voltage 0.8
Sync input minimum pulse
tpw(sync) width 200 ns
SYNC pin frequency range
Afsync from FREQUENCY_SWITCH -20% 20%
frequency(")
. VDD5 -
VoH(sync) Sync output high voltage 100-pA load 0.85V VvDD5| V
VoL(sync) Sync output low voltage 2.4-mA load 04| V
. fsw = 550 kHz, SYNC clock frequency 495 kHz —
tpLL PLL lock time 65815 KHz() 65| us
_ _ fow < 1.1 MHz o| Degre
PhaseErr Phase interleaving error(®) e
fow 21.1 MHz 23| ns
RESET
ViH(reset) High-level input voltage(") 1.35 v
ViL(reset) Low-level input voltage 0.8
Minimum RESET_B pulse
tpw(reset) width 200 ns
Rpullup(reset) Internal pullup resistance VReser = 0.8V RESET# =1 25 34 55| kQ
Voullup(reset) Internal pullup voltage IreseT = 10 A RESET# =1 VDDS ; \%
VDD5 REGULATOR
Regulator output voltage Default, lypps = 10 mA 4.5 4.7 49, V
VvbDs Programmable range(") 3.9 53| V
Resolution 200 mV
VvDD5(do) Regulator dropout voltage Vavin = Vvops: Vavin = 4.5V, lypps = 25 mA 130 285 mV
Enable voltage on VDD5 for
VvDD5ON(IF) pin-strapping 2.62 285 V
Disable voltage on VDD5 for
VVDD50FF(IF) pin-strapping 2.25 2.48 \Y
Switching enable voltage
VvDD50N(SW) upon VDD5 405 V
Switching disable voltage
VvDD5OFF(sW) upon VDD5 3.10 \
Regulator UVLO voltage
Vvppsuv(hyst hysteresis 400 mv
VB0oOT(drop) Bootstrap voltage drop lsoor =20 mA, VDD5 =45V 225 mV
BP1V5 REGULATOR
VBP1V5 1.5-V regulator output voltage VAVIN 245V, IBP1V5 =5mA 1.42 1.5 1.58 \%
1.5-V regulator short-circuit
Isp1vssc current() 30 mA
PWM
Minimum controllable pulse
toN(min) width® 20| ns
torF(min) PWM Minimum off time(") 400 500| ns
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T, =-40°C to 125°C, Vpyin = Vavuin = 12V, fsw = 550 kHz; zero power dissipation (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
SOFT START
Factory default setting 3
Programmable range(!) ) 0 31.75| ms
toN RISE Soft-start time
- Resolution 0.25
Accuracy, TON_RISE =3 ms -10% 15%
Factory default setting® 0
. Upper limit on the time to Programmable range() () 0 127.5| ms
ONMAXFLTLT | power up the output Resolution 05
Accuracy(") -10% 15%
Factory default setting 0
. T dol Programmable range(") 0 127.5| ms
urn-on dela
ON_DELAY Y Resolution 0.5
Accuracy(") -10% 15%
SOFT STOP
Factory default setting® 0.5
. Soft-stop Programmable range'”’ @) 0 31.75| ms
oft-stop time
OFF_FALL P Resolution 0.25
Accuracy, torr faLL =1 ms -10% 15%
Factory default setting 0
Programmable range(") 0 127.5| ms
tOFF DELAY Turn-off delay
- Resolution 0.5
Accuracy() —10% 15%
21
VovinovE IIiDr(T)]\i/;/er input overvoltage fault Factory default 6 20| v
1
Factory default 25
Power input undervoltage
VpviNnuvw warning limit Programmable range 5 15.75| V
Resolution 0.25
POWER STAGE
High-side power device on- _ — hpo
RHS resistance VBOOT - VSW =45 V, TJ =25°C 4.5 mQ
Low-side power device on- _ —hpo
RLS resistance VVDD5 =45 V, TJ =25°C 0.9 mQ
SW internal pulldown
Rswpd resistance 3 30 35 KkQ
Weak high-side gate drive
Viwkdr(on) triggering threshold upon 14.75 \%
PVIN rising
Weak high-side gate drive
Viwkdr(off) recovering threshold upon 14.35 \%
PVIN falling
Power stage driver dead-time
toEAD(LtoH) from low-side off to high-side |Vypps =4.5V, T, =25°C() 6 ns
on
Power stage driver dead-time
toEAD(HtoL) from high-side off to low-side |Vypps =4.5V, T; =25°C(") 6 ns
on
CURRENT SHARING
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T, =-40°C to 125°C, Vpyin = Vavuin = 12V, fsw = 550 kHz; zero power dissipation (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN TYP MAX| UNIT

ISHARE(acc)

Output current sharing
accuracy of two devices
defined as the ratio of the
current difference between
two devices to the sum of the
two

louT = 10 A per device®)

-10% 10%

Output current sharing
accuracy of two devices
defined as the current
difference between each
device and the average of all
devices

lout < 10 A per device®

VVsSHARE

VSHARE fault trip threshold

0.1

VSHARE fault release
threshold

0.2

LOW-SIDE CUR

RENT LIMIT PROTECTION

torr(oc)

Off time between restart
attempts(!)

Factory default setting

7 x
ton_RISE

Range

ton_RISE

ms
1 x 7 x

ton_RISE

I0_OC_FLT L
MT

Output current overcurrent
fault threshold

Factory default setting

52

Programmable range

8 62

Resolution

INEGOC

Negative output current
overcurrent protection
threshold

loc(ace)

Output current overcurrent
fault error

IOUT =20A

-2

IOUT =25A ®)

Ihsoc

Output current overcurrent
fault accuracy

IOUT= 10A

IOUT =20 A(S)

AIN| O] >

-2

HIGH-SIDE SHORT CIRCUIT PROTECTION

lhsoc

Ratio of high-side short-circuit
protection fault threshold over
low-side overcurrent limit

T, =25°C6)

105% 150%  200%

High-side current sense
blanking time

100 ns

POWER GOOD (PGOOD) AND OVERVOLTAG

E/UNDERVOLTAGE WARNING

Rpeb

PGD pulldown resistance

IF’GD =5mA

30 50 Q

IpGD(OH)

Output high open drain
leakage current into PGD pin

Vpep =5V

15| pA

Vpeb(oL)

PGD pin output low level
voltage at no supply voltage

Vavin =0, Ipgp = 80 A

08| V
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T, =-40°C to 125°C, Vpyin = Vavuin = 12V, fsw = 550 kHz; zero power dissipation (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Overvoltage warning
threshold (PGD threshold on 106% 110%  114%
Vouw VOSNS rising) Factory default, at VOUT_COMMAND (VOC) = 1V
Range 103% 116%
Resolution 1%
Undervoltage warning
threshold (PGD threshold on 86% 90% 94%
Vovw VOSNS falling) Factory default, at VOUT_COMMAND (VOC) = 1 V
Range 84% 97%| voc
Resolution 1%
PGD release threshold on
. VOSNS rising and - o
Vpabrise) undervoltage warning de- Factory default, at VOUT_COMMAND (VOC) =1V 95%
assertion threshold
PGD threshold on VOSNS
falling and overvoltage _ o
VPGD(fa") warning de-assertion Factory default, at VOUT_COMMAND (VOC) =1V 105%
threshold
OUTPUT OVERVOLTAGE AND UNDERVOLTAGE FAULT PROTECTION
Factory default, at
’ Factory default, at o o o
Overvoltage fault threshold VOUT_C(_)MMAN VOUT_COMMAND (VOC) = 1V 1M11% 15%  119%
D(VOC)=1V
Factory default, at
’ Factory default, at
Vovr Range VOUT_COMMAN , _ 105% 140%
D (VOC) =1V VOUT_COMMAND (VOC) =1V
Factory default, at
. ’ Factory default, at
Resolution VOUT_COMMAN ; _ 2.5%
D (VOC) =1V VOUT_COMMAND (VOC) =1V
VOC
Factory default, at Factory default, at
’ 0, 0, 0,
Undervoltage fault threshold VOUT_CS)MMAN VOUT COMMAND = 1.00 V 81% 85% 89%
D(VOC)=1V -
Factory default, at
; Factory default, at o o
Vuvr Range VO_UT_COMMAN VOUT COMMAND = 1.00 V 60% 95%
D=1.00V
Factory default, at
. ’ Factory default, at o
Resolution VO_UT_COMMAN VOUT COMMAND = 1.00 V 2.5%
D=1.00V
Undervoltage fault threshold o o o
VUvF(max) maximum setting 91% 95% 99%| VOC
Fixed overvoltage fault \ljg:&?rwggﬁllj\:’Aijt Factory default, at 115 12 195
threshold = _ VOUT_COMMAND = 1.00 V ’ ’ ’
v D(VOC)=1V v
ovrmerr Factory default, at Factory default, at
(@) ’
Recovery threshold VO_UT_COMMAN VOUT_COMMAND = 1.00 V 0.4
D=1.00V
OUTPUT VOLTAGE TRIMMING
Default resolution of VOUT_COMMAND, trim and
VOUTRES margin, VOUT_SCALE_LOOP = 0.5 1.90 1.95 2.00) mv
Programmable range(") 2-12 25 v
Factory default setting 1 v/
mV/us
X,?UT—TRAN— Output voltage transition rate | Programmable range(") 0.063 15.933 H
Accuracy -10% 10%
\é?UT—TRAN— Output voltage transition rate :aGt;mV/us program 14.4 16 17.6| mV/us
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T, =-40°C to 125°C, Vpyin = Vavuin = 12V, fsw = 550 kHz; zero power dissipation (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
i Factory default settin 0.5
VOUT SCL_LP Feedt21a)ck loop scaling ry l°] . .
factor Programmable range, four discrete settings 0.125 1
Factory default setting 0.8 \%
VOUT_SCALE_LOOP =1 ©®) 0.25 0.75
VOUT_CMD \?aultjp;ust voltage programmable Programmable VOUT_SCALE_LOOP =0.5 0.25 1.5
range VOUT_SCALE_LOOP = 0.25(5) 0.25 3|V
VOUT_SCALE_LOOP =
0.125() 0.25 3.6
VOUT CMD | Output voltage accuracy \'\/"o‘]‘t’;;“e“m output 1\ oUT SCALE_LOOP = 1 0.742 0750 0758 V
TEMPERATURE SENSE AND THERMAL SHUTDOWN
Teo Bandgap the(:gnal shutdown 150 170
temperature
T Bandgap thermal shutdown 05
HYST hysteresis(!)
Factory default setting 150
OT_FLT LMT I'Irr‘;f’tzﬁ‘f" overtemperature fault o mable range 0 160
Resolution 1 ¢
Factory default setting 125
OT_WRN_LMT Interr_1a| o_ve_rt?mperature Programmable range 0 160
warning limit(")
Resolution 1
Internal overtemperature )
ToT(hys) fault, warning hysteresis(" Factory default setting 25
MEASUREMENT SYSTEM
Output voltage measurement
MyvouT(mng) range(" 0 6| V
M Output voltage measurement 250 mV <V 6V 20 20
\VOUT(acc) accuracy mV < Voyr < —2% %
Output voltage measurement |0.5V <VOUT < _ 10 o
MvouT(ace) accuracy 1925V VOUT_SCALE_LOOP = 0.5 1% 1%
Output voltage measurement
Mvoutist) bit resolution(!) 244 W
Output current measurement
MiouT(mng) range( -5 30| A
Output current measurement Ao
MIOUT(acc) accuracy(S) louT£5A, T;=25°C -1 0 1 A
Output current measurement _ o o
MIOUT(acc) accuracy(s) louT = 10 A, 40°C < T; < 150°C -1.5 0 1.5 A
Output current measurement _ o o
MiouT(ace) accuracy® louT =20 A, 40°C < T; <150°C -2 0 2| A
Output current measurement _ o o
MiouT(acc) accuracy® lour=10A,0°C<T;<85°C -1.3 0 1.3 A
Output current measurement _ o o
MiouT(acc) accuracy® lout=20A,0°C=<T;<85°C -1.5 0 1.5 A
IOUT =5A -1 1 A
Output current measurement _
IOUT =20A -2 2 A
Output current measurement 6
Miour(sb) bit resolution(!) 2 A
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T, =-40°C to 125°C, Vpyin = Vavuin = 12V, fsw = 550 kHz; zero power dissipation (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN

TYP

MAX

UNIT

Input voltage measurement

MpviN(ng) range()

0

20

Input voltage measurement

MpviNace) accuracy

4V <PVIN<20V

-3%

3%

Input voltage measurement

Mevinsb) bit resolution(!)

Internal temperature sense

MrsNs(ace) accuracy®)

—-40°C<T;<150°C

Internal temperature sense bit

Mrsns(isb) resolution(")

0.25

°C

PMBUS INTERFACE + BCX

High-level input voltage on
PMB_CLK, PMB_DATA,
BCX_CLK, BCX_DAT

ViHPMBUS)

1.35

Low-level input voltage on
PMB_CLK, PMB_DATA,
BCX_CLK, BCX_DAT

ViL(PMmBUS)

0.8

Input high level current into

HPMBUS) PMB_CLK, PMB_DATA

-10

10

HA

Input low level current into

liL(PmBUS) PMB_CLK, PMB_DATA

-10

10

MA

Output low level voltage on
PMB_DATA, SMB_ALRT,
BCX_DAT

VoLPmBuS)

Vavin > 4.5V, input current to PMB_DATA,
SMB_ALRT, BCX_DAT =20 mA

0.4

Output high level open-drain
leakage current into
PMB_DATA, SMB_ALRT

loHPMBUS)

Voltage on PMB_DATA, SMB_ALRT =5.5V

10

pA

Output low level open-drain
sinking current on
PMB_DATA, SMB_ALRT,
BCX_DAT

loL(PmBUS)

Voltage on PMB_DATA, SMB_ALRT, BCX_DAT =
0.4V

20

mA

PMBus operating frequency

fPmBUS_CLK range

GOSNS = AGND

10

1000

kHz

PMBUS_CLK and
PMBUS_DATA pin input
capacitance(!)

CpmBus

Vpin=0.1V101.35V

pF

Number of NVM writable

NwRr_NvM cycles™

—40°C to 150°C

1000

cycle

Maximum allowable clock

toLK_STCH(max) | gretch()

ms

(1)  Specified by design; not production tested

(2) The parameter covers 2.95V to 18 V of AVIN.
(3) The setting of ton rise @and torr paLL Of 0 ms means the unit brings its output voltage to the programmed regulation value of down to 0

as quickly as possible, which results in an effective ton_Rise and torr_paLL time of 0.5 ms (fastest time supported).
(4)  The setting of ton_max_rauLt_LimiT @nd torr_wax_warn_Limir of 0 means disabling ton_max_rauLt and torr_max_warn response and

reporting completely.
(5)  Not production tested
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6.6 Typical Characteristics
Vp|N = VAVIN =12V, TA =25°C

96
A — —
92 // — T — —— | ——
14 —
s/ ]
84 =
< 80 =
> 76
5
g 72
& 68 —— Vout = 0.5V 325KHz
64 —— Vout = 0.8 V 325KHz
| —— Vout = 1.0 V 550KHz
60 f —— Vout = 1.2 V 550KHz
56l —— Vout = 1.8V 550KHz
| —— Vout = 2.5V 1100KHz
52 I

0 2 4 6 8 10 12 14 16
Output Current (A)

18 20 22 2425

Efficiency (%)

96

# —

/ —— ]

84
80
76
72
68 —— Vout = 0.5V 325KHz
64 — Vout = 0.8 V 325KHz

| —— Vout = 1.0 V 550KHz
60 | —— Vout = 1.2 V 550KHz
56 I —— Vout = 1.8V 550KHz

| —— Vout = 2.5V 1100KHz
52 L

0 5 10 15 20 25 30 35 40 45 50
Output Current (A)

0 2 4 6 8 10 12 14 16
Output Current (A)

Ve = Internal

18 20 22 2425

Vin=12V Configuration = 2
Vour

6-3. TPSM8D6B24 Efficiency vs Output Current

ViN=5V Ve = Internal Configuration = 2 ViN=5V V¢ = Internal Configuration = 2
Vout Phase
6-1. TPSM8D6B24 Efficiency vs Output Current 6-2. TPSM8D6B24 Efficiency vs Output Current
96 1 96 T —— 1
92 e ‘: 92 /'/ %§
88 |—/4 SS—— 88 —
T— T e — T
7 —_— = 7 — —]
84 / ] 84
— — —
g 80 4 2 80 [l
z 76 (] > 76 [lf
3 7o M1 — Vout = 0.5V 325KHz s 7o W — Vout = 0.5V 325KHz
&‘:—’ —— Vout = 0.8 V 325KHz ;E’ —— Vout = 0.8 V 325KHz
i 68 —— Vout = 1.0 V 550KHz i 68 —— Vout = 1.0 V 550KHz
64 —— Vout = 1.2 V 550KHz 64 —— Vout = 1.2 V 550KHz
—— Vout = 1.8V 550KHz —— Vout = 1.8V 550KHz
60 —— Vout =2.5V 1100KHz 60 —— Vout =2.5V 1100KHz
56 — Vout = 3.3 V 1100KHz 56 — Vout = 3.3 V 1100KHz
— Vout = 5.0 V 1100KHz — Vout =5.0 V 1100KHz
52 52

0 5 10 15 20 25 30 35 40 45 50
Output Current (A)

Vin=12V Ve = Internal Configuration = 2

Phase

6-4. TPSM8D6B24 Efficiency vs Output Current
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6.6 Typical Characteristics (continued)
Vp|N = VAVIN =12V, TA =25°C

20
— Vout = 0.5V 325KHz
— Vout = 0.8 V 325KHz
16 | — Vout = 1.0 V 550KHz
— —— Vout = 1.2 V 550KHz
= —— Vout = 1.8V 550KHz =
c —— Vout =2.5V 1100KHz
S 12
g L~ A
123
{72}
8 4 —
% L ///
g / LT ////
4
%
0

0 2 4 6 8 10 12 14 16
Output Current (A)

18 20 22 2425

Power Dissipation (W)

35
— Vout = 0.5V 325KHz
30 | — Vout=0.8 V 325KHz
—— Vout = 1.0 V 550KHz
—— Vout = 1.2 V 550KHz P
25| — Vout = 1.8V 550KHz 7
— Vout = 2.5V 1100KHz -
15 A7
pd ,/
10 Ve
5
%/
0

0 5 10 15 20 25 30 35 40 45 50
Output Current (A)

0 2 4 6 8 10 12 14 16
Output Current (A)

Ve = Internal

18 20 22 2425

Vin=12V Configuration = 2
Vour

] 6-7. TPSM8D6B24 Efficiency vs Output Current

ViN=5V Ve = Internal Configuration = 2 ViN=5V V¢ = Internal Configuration = 2
Vout Phase
6-5. TPSM8D6B24 Power Dissipation vs Output Current 6-6. TPSM8D6B24 Efficiency vs Output Current
20 35
—— Vout = 0.5V 325KHz —— Vout = 0.5V 325KHz
—— Vout = 0.8 V 325KHz 30| — Vout = 0.8 V 325KHz
16 | — Vout = 1.0 V 550KHz —— Vout = 1.0 V 550KHz
— —— Vout = 1.2 V 550KHz V] — —— Vout = 1.2 V 550KHz
=3 — Vout = 1.8V 550KHz // 2 25| — Vout = 1.8V 550KHz VA4
s — Vout =25V 1100KHz p s 5 — Vout =25V 1100KHz A
= 12| — Vout = 3.3V 1100KHz ey d = 20| —— Vout=3.3V 1100KHz ,/ A
% —— Vout = 5.0 V 1100KHz % —— Vout = 5.0 V 1100KHz e /
(%] (%]
5 4 A a 15 ~ =
2 — = 2 10
o ///4/ o
4 //////
/// —?/ 5 ///
= |
0 0

0 5 10 15 20 25 30 35 40 45 50
Output Current (A)

Vin=12V Ve = Internal Configuration = 2

Phase

6-8. TPSM8D6B24 Efficiency vs Output Current
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g 1001
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>
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0.997
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6-9. Output Voltage vs Junction Temperature

700
650
600
550
500
450
400
350
300

250 — 325kHz
—— 550kHz

Switching Frequency (kHz)

200
40 20 O 20 40 60 80
Temperature (°C)

100 120 140 160

6-10. Switching Frequency
vs Junction Temperature

Copyright © 2023 Texas Instruments Incorporated

BT 57— RS2 (DB RBE G 235 15

Product Folder Links: TPSM8D6B24

English Data Sheet: SLUSEN7


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/ja-jp/lit/pdf/JAJSMM7
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSMM7A&partnum=TPSM8D6B24
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/lit/pdf/SLUSEN7

13 TEXAS
INSTRUMENTS
www.ti.com/ja-jp

TPSM8D6B24
JAJSMM7A — AUGUST 2022 — REVISED SEPTEMBER 2023

6.6 Typical Characteristics (continued)
Vp|N = VAVIN =12V, TA =25°C
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6-13. BP1V5 Voltage vs Junction Temperature
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6-14. Turn-On Voltage vs Junction Temperature
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6-15. Turn-Off Voltage vs Junction Temperature
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6-16. EN/UVLO Thresholds vs Junction Temperature
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7 Detailed Description
7.1 Overview

The TPSM8D6B24 power module uses a fixed-frequency, proprietary current-mode control. The switching
frequency can be selected from preset values through pinstrapping or PMBus programming. The output voltage
is sensed through a true differential remote sense amplifier and internal resistor divider, then compared to an
internal voltage reference by an error amplifier. An internal oscillator initiates the turn-on of the high-side power
switch. The error amplifier output is buffered and shared through VSHARE among stacked devices. This shared
voltage is compared to the sensed switch node current to drive a linear voltage ramp modulator with input
voltage, output voltage, and switching frequency feedforward to regulate the average switch-node current. As a
synchronous buck converter, the device normally works in continuous conduction mode (CCM) under all load
conditions. The compensation components are integrated and programmable through the PMBus command
(B1h) USER_DATA_01 (COMPENSATION_CONFIG) or with the external pin MSEL1 to select preset values
based on switching frequency and output LC filters.

7.2 Functional Block Diagram

MSEL2_A

BP1V5_A VDD5-A

EN_A AVIN_APVIN_A

I
L (]
Auto-detection/
Bus Decoder Linear
SYNC SYNC (SS, OC, Phase Regulators
ouT o ¢ _IN Count) uvLo
-PLL UL ™ ‘
o BP1V8 147
Infrastructure i
Oscillator 15
PVIN Driver Loy
WM Control
Decoder . o
wsEL Al Dottt OonTime Anti-Cross- ~[ Jvoura
MSEL2/PMBus Generator Conduction VDD5
il
Pre-Bias 8
Decod i
ecoder
VSEL_A []— (Vref, Divider Sogféart |
Ratio) [ peno
Output Current §T7
Sensing
IMON
AGND,A[ To Infrastructure &
Selectable Divider Ratio
R1 . > J r
Error Amplifier with L] VSHARE_A
vosns Al H Internal Compensation L
Fault
Management
R2 VOUT/UV/OV| VMON & OVIU
GOSNS/ Detection ADC, PMBUs Interface, Back Channel TMON
_‘ RESET Vout Interface, Memory
FLWR_AL_] b o o Die Temp
Decoder Sensing
Slave (Addr, PH Pos, I l
Detection Det SYNC infout)
L]
PGD/RST_A ADR PMB_ PMB SMB_ BCX_ BCX

SEL_A CLK_A DATA_A ALRT_ACLK_A DAT A

Channel A shown, Channel B is repeated except for Sync
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7.3 Feature Description
7.3.1 Average Current-Mode Control

The TPSM8D6B24 device uses an average current-mode control architecture with independently programmable
current error integration and voltage error integration loops. This architecture provides similar performance to
peak current-mode control without restricting the minimum on-time or minimum off-time control, allowing the gain
selection of the current loop to effectively set the slope compensation. For help selecting compensation values,
customers can use the TPS546x24A Compensation and Pin-Strap Resistor Calculator design tool.

Voltage Feed Forward and Frequency Setting

Voltage Feed Forward —

Remote Sense with Internal Switching Frequency —
Resistor Divider g freq Y
VO_SNS Voltage Regulation Error Amplifier w/
Unity Gain Internal Type-ll Compensator High-Bandwidth
Remote Voltage Error Average Current Mode
Sense Amp Amp Control Amplifier w/
Sensed Internal Compensation
+ VOUT GMV
) e e lentrl GMI ) PWM
= + cntr — —
+ + IL err
RVV > ,\' f Ventrl _
GND_SNS VREF g RVI —
- |_SNS TON
Generator
- = Current Error  —— —chI
Amp —1 Start
czv CPV CzI
v v v v High-Frequency, Low litter
Common Internal Ground for Regulation On-Time Modulator
PLL Synchronizable
PWM_CLK_EDGE

VSHARE D

Regulation & Current Share Loop for
Stackability

B4 7-1. Average Current Mode Control Block Diagram

7.3.1.1 On-Time Modulator

The input voltage feedforward modulator converts the integrated current error signal, | ¢, into an inductor on
time that provides a controlled volt-second balance across the inductor over each full switching period that
simplifies the current error integration loop design. The modulator produces a full-cycle averaged small signal

Ventrl to dl gt transfer function given by =X 1:

ot VIN

B 55
dVy  Vramp

1
X — = —
L

(1)
Thus, the inductor current modulator gain is given by = 2:

di VIN 1 55

= X =
AV Vramp Lxf Lxf (2)

This natural integration 1 / f function allows the current loop to be compensated by the mid-band gain of the error
current integrator. Use L = 0.22 uH for calculation.
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7.3.1.2 Current Error Integrator

The current error integrator adjusts the modulator control voltage to match the sensed inductor current, lg,s, to
the current voltage at the VSHARE pin. The integrator is tuned through the following parameters in (B1h)
USER_DATA_01 (COMPENSATION_CONFIG):

. GMI
« RVI
. czl
.« CPI
.« CZI_MUL

Due to the natural integration of the 1 / f function of the current control gain, the bandwidth of the current control
loop can be adjusted with the mid-band gain of the integrator, GMI x RVI.

The current loop crossover occurs at the frequency when the full loop gain is equal to 1 according to = 3:

ILOOP(f)|x PN  GSA X ————— =
Viamp 1.7xmx fxL 3)

Solving for the mid-band gain of the current loop, the user finds = 4:

V 1.7
ILOOPRyg = GMIxRVI = FAMP » —— XL XX fop
Vevin GSA Co' (4)

While the Nyquist Theorem suggests that a bandwidth of 1 / 2 fgy is possible, inductor tolerances and phase
delays in the current sense, modulator, and H-bridge power FETs make fsy / 4 a more practical target, which
simplifies the target current loop mid-band gain to achieve a current loop bandwidth of fgyy / 4 to = 5:

Vi 1.7 f 1.7xn
ILOORg = GMIxRVI= —208 x —— x| xtx =W = xLx foy = 39.4xLx
" Veuin  CSA 4 " ax55x6.155x100 Tew Tou 5)

An integrator from DC to the low-frequency zero, RVI x CZI, compensates for the valley voltage of the modulator
ramp and the nominal offset of the output voltage. A high-frequency filter pole, RVI x CPI, between half the
switching frequency and the switching frequency reduces high-frequency noise from VSHARE and minimizes
pulse-width jitter.

To avoid loop interactions, the integrating zero frequency must be below the voltage loop crossover frequency,
while the high-frequency pole must be between 1/ 2 the switching frequency and the switching frequency to limit
high-frequency noise and jitter in the current loop without imposing additional phase loss in the voltage loop.

The closed loop average current mode control allows the current sense amplifier, on-time modulator, H-bridge
power FETs, and inductor to operate as a transconductance amplifier with forward gain of 1 / CSA or 162.5 A/V
with a bandwidth equal to f;.

7.3.1.3 Voltage Error Integrator

The voltage error integrator regulates the output voltage by adjusting the current control voltage, Vspyare, similar
to any current mode control architecture. A transconductance amplifier compares the sense feedback voltage to
a programmed reference voltage to set Vsyare to maintain the desired output voltage. While a regulated current
source feeding an output capacitance provides a natural, stable integrator, mid-band gain is often desired to
improve the loop bandwidth and transient response.

With a transconductance set by the current sense gain, the voltage loop crossover occurs when the full loop gain
equals 1 according to = 6.
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VOUT _SCALE LOOP x|VLOOP Z =1
— — ><| (f)|XCSAX| OUT(f)| )

To prevent the current integration loop bandwidth from negatively impacting the phase margin of the voltage
loop, the voltage loop must have a target bandwidth of f;,; / 2.5. With a current mode loop of fgy / 4, the voltage
loop mid-band gain is = 7:

1 CSA
VLOOP, 5 = GMV x RVV =
MB * VOUT_SCALE_LOOP fow
Zout 10
(7)

An integrator pole is necessary to maintain accurate DC regulation, and the zero-frequency set by RVV x CZV
must be set below the lowest crossover frequency with the largest output capacitor intended to be supported at
the output, but not more than 1/ 2 the target voltage loop crossover frequency, foy-

A high frequency noise pole, intended to keep switching noise out of the current loop must also be employed,
with a high-frequency pole set by RVV x CPV must be set between fg,, / 4 and f,,.

For pin-programmed options of compensation components, see % 7-9.
For PMBus programming of compensation values, see (B1h) USER_DATA_01 (COMPENSATION_CONFIG).
7.3.2 Linear Regulators

TPSM8D6B24 devices have three internal linear regulators receiving power from AVIN and providing suitable
bias (1.5V, 1.8V, and 5 V) for the internal circuitry of the device. Once AVIN, 1.5V, 1.8 V, and 5 V reach their
respective UVLOs, the device initiates a power-on reset, after which, the device can be communicated with
through PMBus for configuration and users can store defaults to the NVM.

VDD5 has an internally fixed undervoltage lockout of 3.9 V (typical) to enable power-stage conversion. The
VDD5 regulator can also be fed by an external supply of 4.75 V to 5.25 V to reduce internal power dissipation
and improve efficiency by eliminating the loss in the internal LDO, or to allow operation with AVIN less than 4 V.
The external supply should be higher voltage than the LDO regulation voltage programmed by (B5h)
USER _DATA 05 (POWER_STAGE_CONFIG).

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

7.3.3 AVIN and PVIN Pins

The TPSM8D6B24 allows for a variety of applications by using the AVIN and PVIN pins together or separately.
The AVIN pin voltage supplies the internal control circuits of the device. The PVIN pin voltage provides the input
voltage to the switching power stage. When connected to a single supply, the input voltage for AVIN and PVIN
can range from 4 V to 16 V. If the PVIN is connected to a separate supply from AVIN, the PVIN voltage can be
2.95V to 16 V. If PVIN is connected to the same supply as AVIN, then AVIN has to meet a 4-V minimum and 16-
V maximum to drive the controller and driver.
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295V-16V PVIN
—_ _,_— VDD5
T PGND
425V-18V AVIN

T
} AGND

EJ 7-2. TPSM8D6B24 Separate PVIN and AVIN Connections

295V-16V PVIN

- VDD5

._| |_<.

PGND

4V-525V

AVIN

T
E AGND

BJ 7-3. TPSM8D6B24 Separate PVIN and AVIN Connections with VDD5

Copyright © 2023 Texas Instruments Incorporated BB F BT o — N2 (:‘jfa,‘ﬁ OB ‘é\iﬁ'@) B 21

Product Folder Links: TPSM8D6B24
English Data Sheet: SLUSEN7


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/ja-jp/lit/pdf/JAJSMM7
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSMM7A&partnum=TPSM8D6B24
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/lit/pdf/SLUSEN7

13 TEXAS

TPSM8D6B24 INSTRUMENTS
JAJSMM7A — AUGUST 2022 — REVISED SEPTEMBER 2023 www.ti.com/ja-jp
295V 16V BVIN
475V 525V —ppf 1 T VDD5

T PGND

295V -18V

or PVIN AVIN

e

B 7-4. TPSM8D6B24 Separate PVIN, AVIN, and VDD5 Connections

7.3.4 Input Undervoltage Lockout (UVLO)

The TPSM8D6B24 provides four independent UVLO functions for the broadest range of flexibility in start-up
control. While only the fixed AVIN UVLO is required to enable PMBus connectivity as well as VOUT and
TEMPERATURE monitoring, all four UVLO functions must be met before switching can be enabled.

7.3.4.1 Fixed AVIN UVLO

The TPSM8D6B24 has an internally fixed UVLO of 2.5 V (typical) on AVIN to enable the digital core and initiate
power-on reset, including pin detection. The off-threshold on AVIN is 2.3 V (typical).

7.3.4.2 Fixed VDD5 UVLO

The TPSM8D6B24 has an internally fixed UVLO of 3.9 V (typical) on VDD5 to enable drivers and output voltage
conversion. The off-threshold on VDD5 is 3.5 V.

7.3.4.3 Programmable PVIN UVLO

Two PMBus commands ((35h) VIN_ON and (36h) VIN_OFF) allow the user to set PVIN voltage turn-on and turn-
off thresholds independently with 0.25-V resolution from 2.75 V to 15.75 V (6-bit) for (35h) VIN_ON and from 2.5
V to 15.5 V (6-bit) for (36h) VIN_OFF.

If (36h) VIN_OFF is programmed higher than (35h) VIN_ON, the TPSM8D6B24 rapidly switches
between enabled and disabled while PVIN remains below (36h) VIN_OFF. Propagation delays
between enable and disable can result in the converter starting (67h) TON_RISE and (65h)
TOFF_FALL in such conditions.

7.3.4.4 EN/UVLO Pin

The TPSM8D6B24 also offers a precise threshold and hysteresis current source on the EN/UVLO pin so that it
can be used to program an additional UVLO to any external voltage greater than 1.05 V (typical), including AVIN,
PVIN, or VDD5. For an added level of flexibility, the EN/UVLO pin can be disabled or its logic inverted through
the PMBUS command (02h) ON_OFF_CONFIG, which allows the pin to be connected to AGND to make sure
the output is not enabled until PMBus programming has been completed.
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PVIN

Ihys

2

EN/UVLO

——CNTRL

AAAY

AGND

v
7-5. TPSM8D6B24 UVLO Voltage Divider

7.3.5 Start-Up and Shutdown
The start-up and shutdown of the device is controlled by several PMBus programmable values including:

« (01h) OPERATION

« (02h) ON_OFF_CONFIG
«  (60h) TON_DELAY

« (61h) TON_RISE

. (64h) TOFF_DELAY

. (65h) TOFF_FALL

With the default (02h) ON_OFF_CONFIG settings, the timing is as shown in [X] 7-6. See the Supported PMBus
Commands section for full details on the implementation.
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PVIN_OK

7.3.6 Differential Sense Amplifier and Feedback Divider

CNTRL

DD5_OK

VOUT

TO N_DELAY*Jd—b‘d—P}—TON_RISE

TOFF_DELAY*Jd—b‘d—P}—TOFF_FALL

B 7-6. TPSM8D6B24 Start-Up and Shutdown

The TPSM8D6B24 requires time between the AVIN and VDD5 reaching their UVLO levels for pin-
detection and PMBus communication and valid sensing of EN/UVLO and PVIN_OK. Once AVIN and
VDD5 exceed their lower UVLO thresholds (2.9-V typical), the TPSM8D6B24 starts its power-on-
reset, self-calibration, and pin-detection. This time delay, tyelayuvio_PmBus) (6-ms typical), must be
complete before PVIN_OK or EN/UVLO sensing is enabled.

If VDD5ps on, PVIN_OK, and EN/UVLO are above their thresholds before the end of tyejay(uvio_PMBUS),
(60h) TON_DELAY starts after tdelay(uvlo_PMBus) completes.

If VDDSps on, PVIN_OK, or EN/UVLO are below their thresholds when tgejay(uvio_PmBus) COMPpletes,
(60h) TON_DELAY starts when VDD5_OK, PVIN_OK, and EN/UVLO are all above their thresholds.

The TPSM8D6B24 includes a fully integrated, internal, precision feedback divider and remote sense. Using both
the selectable feedback divider and precision adjustable reference, output voltages up to 6.0 V can be obtained.
The feedback divider can be programmed to divider ratios of 1:1, 1:2, 1:4, or 1:8 using the (29h)
VOUT _SCALE LOOP command.

The recommended operating range of (21h) VOUT_COMMAND is dependent upon the feedback divider ratio
configured (29h) VOUT_SCALE _LOORP as follows:

R 7-1. (29h) VOUT_SCALE_LOOP and (21h)
VOUT_COMMAND Recommended Range

(29h) VOUT_SCALE_LOOP

Recommended Vgyt Range

V)
1 0.5100.75
0.5 0.5t0 1.5
0.25 1t03
0.125 2t06
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Setting (21h) VOUT_COMMAND lower than the recommended range can negatively affect Voyt regulation
accuracy while setting (217h) VOUT_COMMAND above the recommended range can limit the actual output
voltage achieved.

T
If the regulation output voltage is limited by the recommended range of the current (29h)
VOUT_SCALE_LOORP value, Voyt can be below the intended (43h) VOUT_UV_WARN_LIMIT or
(44h) VOUT_UV_FAULT_LIMIT without triggering their respective warning or faults due to the limited
range of the reference voltage.

7.3.7 Set Output Voltage and Adaptive Voltage Scaling (AVS)

The initial output voltage can be set by the VSEL pin at AVIN power up. As part of power-on reset (POR), the
VSEL pin senses both the resistance from the VSEL pin to AGND and the divider ratio of the VSEL pin between
B1V5 and AGND. These values program (29h) VOUT _SCALE LOOP, (21h) VOUT_COMMAND, (2Bh)
VOUT_MIN, and (24h) VOUT_MAX and select the appropriate settings for the internal feedback divider and
precision adjustable reference voltage. Once the TPSM8D6B24 completes its POR and enables PMBus
communication, these initial values can be changed through PMBus communication.

* (20h) VOUT_MODE

* (21h) VOUT_COMMAND

* (29h) VOUT_SCALE_LOOP

* (22h) VOUT_TRIM

* (25h) VOUT_MARGIN_HIGH
* (26h) VOUT_MARGIN_LOW
* (01h) OPERATION

* (02h) ON_OFF_CONFIG

The output voltage can be programmed through PMBus and its value is related to the following registers:

. (24h) VOUT_MAX
- (2Bh) VOUT_MIN

«  (40h) VOUT_OV_FAULT_LIMIT
. (42h) VOUT_OV_WARN_LIMIT
. (43h) VOUT_UV_WARN_LIMIT
. (44h) VOUT_UV_FAULT LIMIT

The TPSM8D6B24 defaults to the relative format for the following, but can be changed to use absolute format
through the PMBus command (20h) VOUT_MODE:

. (25h) VOUT_MARGIN_HIGH
. (26h) VOUT_MARGIN_LOW

«  (40h) VOUT_OV_FAULT_LIMIT
. (42h) VOUT_OV_WARN_LIMIT
. (43h) VOUT_UV_WARN_LIMIT
« (44h) VOUT _UV_FAULT LIMIT

Refer to the detailed description of (20h) VOUT_MODE for details.
7.3.7.1 Reset Output Voltage

The (21h) VOUT_COMMAND value and the corresponding output voltage can be reset to the last selected
power-on reset value set by VSEL or EEPROM as selected in the (EEh) MFR_SPECIFIC 30
(PIN_DETECT_OVERRIDE) command when the PGD/RST_B pin function is set to RESET# in the (EDh)
MFR_SPECIFIC_29 (MISC_OPTIONS) PMBus command. To reset (21h) VOUT_COMMAND to its last power-
on reset value, when the RESET# optional function is enabled, assert the PGD/RST_B pin low externally. While
RESET# is asserted low, (21h) VOUT_COMMAND values received through PMBus are ACKed but no change in
(21h) VOUT_COMMAND is made. When RESET# is selected in (EDh) MFR_SPECIFIC_29 (MISC_OPTIONS),
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an internal pullup on the PGD/RST_B pin can be selected by the PULLUP# bit in the same PMBus command to
eliminate the need for an external pullup with the RESET# function.

PGD/
RST_B

Boot VOUT (VSEL or NVM)

Pre-AVS VOUT

VOUT
Slew Rate set by

AVS by : VOUT_TRANSITION_RATE
VOUT_COMMAND L

RST_B Response Delay~4<—>{

7-7. TPSM8D6B24 Output Voltage Reset

7.3.7.2 Soft Start

To control the inrush current needed to charge the output capacitor bank during start-up, the TPSM8D6B24
implements a soft-start time programmed by the (67h) TON_RISE command. When the device is enabled, the
reference voltage ramps from 0 V to the final level defined by the following at a slew rate defined by the (61h)
TON_RISE command:

« (21h) VOUT_COMMAND

+  (29h) VOUT_SCALE_LOOP

«  (22h) VOUT_TRIM

« (25h) VOUT_MARGIN_HIGH
. (26h) VOUT_MARGIN_LOW
«  (01h) OPERATION

The TPSM8D6B24 devices support several soft-start times from 0 ms to 31.75 ms in 250-us steps (7 bits)
selected by the (67h) TON_RISE command. The ton_rise time is selectable by pinstrapping through the MSEL2
pin (eight options), PMBus programming, or both.

During soft start, when the PWM pulse width is shorter than the minimum controllable on time, pulse skipping
can be seen and the output can show larger ripple voltage than normal operation.

7.3.8 Prebiased Output Start-Up

The TPSM8D6B24 limits current from being discharged from a prebiased output voltage during start-up by
preventing the low-side FET from forcing the SW node low until after the first PWM pulse turns on the high-side
FET. Once VOSNS voltage exceeds the increasing reference voltage and high-side SW pulses start, the
TPSM8D6B24 limits the synchronous rectification during each SW period with a narrow on time. The maximum
low-side MOSFET on time slowly increases on a cycle-by-cycle basis until 128 switching periods have elapsed
and the synchronous rectifier runs fully complementary to the high-side MOSFET. This limits the sinking of
current from a prebiased output, and makes sure the output voltage start-up and ramp-to regulation sequences
are monotonically increasing.

In the event of a prebiased output voltage greater than (40h) VOUT _OV_FAULT LIMIT, the TPSM8D6B24
responds as soon as it completes POR and VDD5 is greater than its own 3.9-V UVLO, even if conversion is
disabled by EN/UVLO or the PMBus (07h) OPERATION command.

7.3.9 Soft Stop and (65h) TOFF_FALL Command

When enabled by (02h) ON_OFF _CONFIG or (01h) OPERATION, the TPSM8D6B24 implements the (65h)
TOFF_FALL command to force a controlled decrease of the output voltage from regulation to 0. There can be
negative inductor current forced during the (65h) TOFF _FALL time to discharge the output voltage. The setting
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of (65h) 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 (65h) TOFF_FALL time of 0.5 ms. When disabled in the (02h) ON_OFF_CONFIG for the
turn-off controlled by the EN/UVLO pin or bit 6 of (07h) OPERATION if the regulator is turned off by (01h)
OPERATION command, both high-side and low-side FET drivers are turned off immediately and the output
voltage slew rate is controlled by the discharge from the external load.

This feature is disabled for EN/UVLO in (02h) ON_OFF_CONFIG by default.
7.3.10 Power Good (PGOOD)

When conversion is enabled and ton risg is complete, if the output voltage remains between (43h)
VOUT_UV_WARN_LIMIT and (42h) VOUT_OV_WARN_LIMIT, the PGOOD open-drain output is released and
allowed to rise to an externally supplied logic level. Upon any fault condition with a shutdown response, the
PGOOD open-drain output is asserted, forcing PGOOD low by default. See % 7-4 for the possible sources to
pull down the PGOQOD pin.

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

7.3.11 Set Switching Frequency

An internal oscillator generates a 275-kHz to 1.1-MHz clock for PWM switching with 16 discrete programmable
options. The switching frequency is selectable by pinstrapping through the resistor divider of MSEL1 (seven
options), PMBus programming (nine options), or both, using the (33h) FREQUENCY_SWITCH command listed
in 3% 7-2.

K 7-2. Oscillator fgy Options

Programmable fgy Options (kHz) fsw Pinstrapping Options (kHz)

275 275
325 325
375 —

450 450
550 550
650 650
750 —

900 900
1100 1100

7.3.12 Frequency Synchronization

The oscillator can be synchronized to external clock (SYNC IN) or output a clock to synchronize other devices
(SYNC out) on the SYNC pin. To support phase shifted clock for both multi-rail interleaving and multi-phase
operation, the internal oscillator can be phase-shifted from the SYNC pin by 0, 90, 120, 180, 240, or 270
degrees for 1-, 2-, 3-, or 4-phase operation. The SYNC IN or SYNC OUT function, and phase position of single
phase or standalone devices can be selected by pinstrapping through a resistor divider on at the ADRSEL pin,
or by the resistor from the MSEL?2 pin to AGND for multi-phase loop follower devices.

In single output multi-phase stack configurations, the SYNC phase offset is programmed along with device count
and phase position using the MSEL?Z2 pin. Loop follower devices in multi-phase stacks are always configured as
SYNC_IN while the loop controller device can be configured for auto-detect, SYNC_IN, or SYNC_OUT through
the resistor divider on the ADRSEL pin.

£ 7-3. Pin Programmed Phase Positions through ADRSEL Resistor Divider (Single Phase Standalone)

RDIV Code Phase Position (Degree) SYNC In/Out
Open (No resistor to BP1V5) 0 Auto-detect In/Out
0,1 0 In
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£ 7-3. Pin Programmed Phase Positions through ADRSEL Resistor Divider (Single Phase Standalone)

(FE)
RDIV Code Phase Position (Degree) SYNC In/Out
2,3 90 In
4,5 120 In
6,7 180 In
8,9 240 In
10,11 270 In
12,13 0 Out
14,15 180 Out

After initial power up and pin detection, if SYNC IN/OUT is set as auto-detection configuration, the
TPSM8D6B24 senses the SYNC pin to determine if there is any external SYNC clock. Switching or a consistent
pullup on the SYNC pin sets the device for SYNC_IN while a consistent pulldown on SYNC sets the device for
SYNC_OUT. The TPSM8D6B24 devices programmed to be loop followers are always programmed to be SYNC
IN.

When configured for SYNC_IN, if SYNC input pulses are missed for two cycles, or the oscillator frequency drops
below 50% of the free-running switching frequency, the device determines that SYNC clock is lost. If the
TPSMB8D6B24 is part of a multi-phase stack, the converter shuts down and remains disabled until a SYNC signal
is reestablished to prevent damage due to the loss of synchronization. Single-phase standalone devices
continues to operate at approximately 50% of the nominal frequency.

7.3.13 Loop Follower Detection

The GOSNS/FLWR pin voltage is detected at power up. When it is pulled high to BP1V5, the device is
recognized as a loop follower. When the GOSNS/FLWR pin is connected to the output ground, the
TPSM8D6B24 is configured as a loop controller.

7.3.14 Current Sensing and Sharing

Both high-side and low-side FET use a SenseFET architecture for current sensing to achieve accurate and
temperature-compensated current monitoring. This SenseFET architecture uses the parasitic resistance of the
FETs to achieve lossless current sense with no external components.

When multiple (2%, 3%, or 4x) devices operate in a multi-phase application, all devices share the same internal
control voltage through the VSHARE pin. The sensed current in each phase is regulated by the VSHARE
voltage by an internal transconductance amplifier to achieve loop compensation and current balancing between
different phases. The amplifier output voltage is compared with an internal PWM ramp to generate the PWM
pulse.

7.3.15 Telemetry
The telemetry sub-system in the controller core supports direct measurements of the following:

* Input voltage

* Output voltage

* Output current

* Die temperature

The ADC supports internal rolling window averaging with rolling windows up to 16 previous measurements for
accurate measurements of these key system parameters. Each ADC conversion requires less than 500 us,
allowing each telemetry value to be updated within 2 ms.

The current sense telemetry senses the low-side FET current at the start and end of each low-side FET on time
and averages the two measurements to monitor the average inductor current over-report current if the inductor
current is non-linear during the low-side FET on time, such as when the inductor is operating above its saturation
current.
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7.3.16 Overcurrent Protection
Both low-side overcurrent (OC) and high-side short circuit protection are implemented.

The low-side overcurrent fault and warning thresholds are programmed through PMBus and sensed across
cycle-by-cycle average current through the low-side MOSFET and compared to the set warning or fault threshold
while high-side pulses are terminated on a cycle-by-cycle basis, if the peak current through the high-side
MOSFET exceeds the 1.5% the programmed low-side threshold.

When either a low-side overcurrent or high-side short circuit threshold is exceeded during a switching cycle, an
OCP fault counter is incremented. If no overcurrent condition is detected in a switching cycle, the counter is
decremented. If the counter exceeds the delay selected by the (47h) IOUT_OC_FAULT_RESPONSE PMBus
value (default = 3), overcurrent fault condition is declared and the output shuts down. Restart and timing is also
defined as part of (47h) IOUT_OC_FAULT_RESPONSE.

The output OC fault thresholds and fault response are set through PMBUS. The OC fault response can be set to
shutdown, restart, or ignore.

7.3.17 Overvoltage and Undervoltage Protection

The voltage on VOSNS pin is monitored to provide output voltage overvoltage (OV) and undervoltage (UV)
protection. When VOSNS voltage is higher than the OV fault threshold, OV fault is declared and the low-side
FET is turned on to discharge the output voltage and eliminate the OV condition. The low-side FET remains on
until the VOSNS voltage is discharged to 200 mV divide by the internal feedback divider as programmed by
(29h) VOUT_SCALE_LOORP. Once the output voltage is discharged, the output is disabled and the converter
times out and restarts according to the (47h) VOUT_OV_FAULT_RESPONSE PMBus command. When VOSNS
voltage is lower than UV fault threshold, UV fault is declared. After an initial delay programmed by the (45h)
VOUT_UV_FAULT_RESPONSE PMBus command, the output is disabled and the converter times out and
restarts according to the (45h) VOUT_UV_FAULT_RESPONSE PMBus command.

The output UV and OV fault thresholds and fault response are set through PMBUS. The UV and OV fault
response can be set to shutdown, restart, or continue operating without interruption.

7.3.18 Overtemperature Management
There are two schemes of overtemperature protections in the TPSM8D6B24:

» On-chip die temperature sensor for monitoring and overtemperature protection (OTP)

* The bandgap based thermal shutdown (TSD) protection. TSD provides OT fail-safe protection in the event of
a failure of the temperature telemetry system, but can be disabled through (50h) OT_FAULT_RESPONSE for
high temperature testing

The overtemperature protection (OTP) threshold is set through PMBus and compares the (8Dh)
READ TEMPERATURE 1 telemetry to the (51h) OT_WARN_LIMIT and (4Fh) OT_FAULT LIMIT. The
overtemperature (OT) fault response can be set to shutdown, restart, or continue operating without interruption.

7.3.19 Fault Management

For the response on OC fault, OT fault, and thermal shutdown for multi-phase stack, the shutdown response has
the highest priority, followed by restart response. Continue operating without interruption response has the
lowest priority.

When multiple faults occur in rapid succession, it is possible for the first fault to occur to mask the second fault. If
the first fault to be detected is configured to continue operating without interruption, and the second fault is
configured to shutdown and restart, the second fault will shutdown but can fail to restart as programmed.

£ 7-4. Fault Protection Summary

Fault or Warning

Programming

Fault Response
Setting

FET Behavior

Active During
ton_RISE

SMB_ALRT

Maskable

PGOOD Logic

Internal OT fault

(4Fh)
OT_FAULT_LIMIT

Shutdown

Both FETs off

Restart

Both FETs off, restart

Yes

Ignore

FETS still controlled by PWM

Low

High
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£ 7-4. Fault Protection Summary (%i¥)

Fault or Warning Programming gault Re.sponse FET Behavior Sctivelbuing SMB_ALRT Maskable PGOOD Logic
Setting ton_RISE
(51h) Shutdown or restart
; 51h on fault ; ;
Internal OT warning OT_WARN_LIMIT FETS still controlled by PWM Yes Y Y High
Ignore fault
Shutdown Both FETs off Low
TSD Threshold fixed Restart Both FETs off, restart Yes Y Y
internally High
Ignore FETS still controlled by PWM
Shutdown 3 PWM counts, then both FETs off
(46h) 3 PWM counts, then both FETs Low
Low Side OC fault | IOUT_OC_FAULT_LI Restart off, restart after [DELAY] x Yes Y Y
MIT ton_RIsE
Ignore FETS still controlled by PWM High
(4Ah) Shutdown or restart
Low Side OC n fault : .
warning IOUT_OC_WARN_LI of FETS still controlled by PWM Yes Y Y High
mIT Ignore fault
Negative OC fault Enable Turn off LS FET Low
(lower priority than N/A Yes Y Y
OVF) Disable FETS still controlled by PWM High
Three cycles of pulse-by-pulse
Shutdown current limiting followed by both
FETs off
(46h) Low
High side OC fault | IOUT_OC_FAULT_LI 3 cycles of pulse-by-pulse current Yes Y Y
MIT Restart limiting followed by both FETs off,
restart after [DELAY] x ton_rise
Ignore FETS still controlled by PWM High
LS FET latched ON or turned on
till Voyrreaches 200 mV/
Shutdown VOUT_SCALE_LOOP; HS FET
OFF
(40h) Low
Vout OV fault | VOUT_OV_FAULT_L LS FET latehed ON gggum\‘“;;’ on No Y Y
IMIT till Voytreaches m
Restart VOUT_SCALE_LOOP; HS FET
OFF, restart after [DELAY] x
ton_RIsE
Ignore FETS still controlled by PWM High
LS FET latched ON or turned on
till Voytreaches 200 mV/
Shutdown VOUT_SCALE_ LOOP: HS FET
OFF
(40h) Low
Vour OVF fix | VOUT_OV_FAULT L LS PET latched ON or ‘“mef on Yes Y Y
IMIT till Voytreaches 200 mV;
Restart VOUT_SCALE_LOOP; HS FET
OFF, restart after [DELAY] x
ton_rise
Ignore FETS still controlled by PWM High
(42h) Shutdown or restart
Vout OV warning | VOUT_OV_WARN_L on fault FETS still controlled by PWM No Y Y High
IMIT Ignore fault
Shutdown Both FETs off
(44h) Low
Vout UV fault | VOUT_UV_FAULT L Restart Both FETS of, estart after No v v
MIT [ 1% ton_RISE
Ignore FETS still controlled by PWM High
(43h) Shutdown or restart
Vout UV warning | VOUT_UV_WARN_L on fault FETS still controlled by PWM No Y Y Low
IMIT Ignore fault
Shutdown Both FETs off
(62h) Low
tonmaxrault | TON_MAX_FAULT L Restart Both FETS off, restart after Yes Y Y
IMIT [DELAY] x ton_RrisE
Ignore FETS still controlled by PWM High
PVin UVLO (35h) VIN_ON, (36h) Shutdown Both FETs off Yes Y Y Low
VIN_OFF
Shutdown Both FETs off
(55h) Low
PVIN OV FAULT | VIN_OV_FAULT_LIM Restart Both FETs off, restart Yes Y Y
IT
Ignore FETS still controlled by PWM High
BCX_fault N/A N/A FETS still controlled by PWM Yes Y Y High
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£ 7-4. Fault Protection Summary (%i¥)

Fault Response

Active During

Fault or Warning Programming A FET Behavior SMB_ALRT Maskable PGOOD Logic
Setting ton_RISE
VSEL
i MSEL1 i
Pin_Strap_NonConv N/A Both FETs off, pull low VSHARE | N (active before N N/A Low
erge MSEL2 ton_Rrise)
ADRSEL
SYNC_Fault N/A Loop controller or Yes N N/A High

FETS still controlled by PWM

standalone device
Loop follower device | Both FETs off, pull low VSHARE

SYNC_High/Low N/A Loop controllerlor FETS still controlled by PWM Yes N N/A High
standalone device

Low

Low

Loop follower device | Both FETs off, pull low VSHARE

7.3.20 Back-Channel Communication

To allow multiple devices with a shared output to communicate through a single PMBus address and single
PMBus loop follower, the TPSM8D6B24 uses a back-channel communication implemented through BCX_CLK
and BCX_DAT pins. During POR, all of the devices connected to VSHARE must also be connected to BCX_CLK
and BCX_DAT and have appropriate (ECh) MFR_SPECIFIC 28 (STACK_CONFIG) settings. Any programming
error among the devices of a stack will result in a POR fault and prevent enabling of conversion.

During POR, the loop controller reads the programmed values from the loop followers to make sure all expected
loop followers are present and correctly phase-shifted. Then, the loop controller loads critical operating
parameters such as the following to the loop follower devices to ensure correct operation of the STACK:

- (B1h) USER_DATA_01 (COMPENSATION_CONFIG)
«  (33h) FREQUENCY_SWITCH

. (61h) TON_RISE

« (21h) VOUT_COMMAND

During operation, the loop controller device receives and responds to all PMBus communication, and loop
follower devices do not need to be connected to the PMBus. If the loop controller receives commands that
require updates to the PMBus registers of the loop follower, the loop controller relays these commands to the
loop followers. Additionally, the loop controller periodically polls loop follower devices for status and telemetry
information to maintain an accurate record of the telemetry and STATUS information for the full stack of devices.

Most PMBus communication must be directed to all phases by leaving the (04h) PHASE PMBus command at its
power-on reset default value of FFh. If a specific device must be communicated with, the (04h) PHASE
command can be changed to address a specific device within the stack, as set by the order value of the (37h)
INTERLEAVE command programmed during POR.

When commands are directed to individual loop followers, write commands are queued by the loop controller to
be sent to the loop followers through the BCX if other BCX communication is in progress. Queued write
commands are written to the loop followers in the order the loop controller receives them. To avoid unnecessary
delays on the PMBus and excessive clock stretching, read transactions targeting individual loop followers are not
queued, and are processed as soon as the BCX bus is available. As a result, it is possible for a read command
targeting an individual loop follower immediately following a write command can be processed before the
preceding write command. To ensure accurate read-back, users must allow a minimum of 4 ms between writing
a value to an individual loop follower and reading that same value back from the same loop follower.

7.3.21 Switching Node (SW)

The SW pin connects to the switching node of the power conversion stage. The SW pin 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 (COSS) 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
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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 PGND
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.

7.3.22 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 1.3 available at http://pmbus.org. The TPSM8D6B24 device
supports the 100-kHz, 400-kHz, and 1-MHz bus timing requirements.

The TPSM8D6B24 uses clock stretching during PMBus communication, but only stretches the clock during
specific bits of the transaction.

* The TPSM8D6B24 does not stretch the clock during the address byte of any transaction.

* The TPSM8D6B24 can stretch the clock between bit 0 of the command byte and its ACK response.

+ The TPSM8D6B24 stretches the clock after bit 0 of the read address of a read transaction.

* The TPSM8D6B24 stretches the clock between bit 0 of the last byte of data and its ACK response

* The TPSM8D6B24 can stretch the clock between bit 1 and bit zero of every fourth byte of data for blocks with
more than four bytes of data.

Communication over the PMBus interface can either support the packet error checking (PEC) scheme or not. If
the loop controller supplies clock (CLK) pulses for the PEC byte, PEC is used. If the CLK pulses are not present
before a STOP, the PEC is not used. If PEC will always be used, consider enabling Require PEC in (EDh)
MFR_SPECIFIC_29 (MISC_OPTIONS) to configure the TPSM8D6B24 to reject any write transaction that does
not include CLK pulses for a PEC byte.

The device supports a subset of the commands in the PMBus 1.3 Power Management Protocol Specification.
See Supported PMBus Commands for more information

The TPSM8D6B24 also supports the SMB_ALERT response protocol. The SMB_ALERT response protocol is a
mechanism by which the TPSM8D6B24 can alert the bus controller that it has experienced an alert and has
important information for the host. The host should process this event and simultaneously access all target
devices on the bus that support the protocol through the alert response address. All target devices that are
asserting SMB_ALERT must acknowledge this request with their PMBus address. The host performs a modified
receive byte operation to get the address of the target device. At this point, the loop controller can use the
PMBus status commands to query the target device that caused the alert. For more information on the SMBus
alert response protocol, see the system management bus (SMBus) specification. Persistent faults associated
with status registers other than (7Eh) STATUS_CML reasserts SMB_ALERT after responding to the host alert
response address.

The TPSM8D6B24 contains nonvolatile memory that is used to store configuration settings and scale factors.
The settings programmed into the device are not automatically saved into this nonvolatile memory. The (15h)
STORE_USER_ALL command must be used to commit the current PMBus settings to nonvolatile memory as
device defaults. The settings that are capable of being stored in nonvolatile memory are noted in their detailed
descriptions.

All pin programmable values can be committed to nonvolatile memory. The POR default selection between pin
programmable values and nonvolatile memory can be selected by the manufacturer-specific (EEh)
MFR_SPECIFIC_30 (PIN_DETECT_OVERRIDE) command.

7.3.23 PMBus Address

The PMBus specification requires that each device connected to the PMBus has a unique address on the bus.
The TPSM8D6B24 PMBus address is determined by the value of the resistor connected between ADRSEL and
AGND and is programmable over the range from 0x10-0x2F, providing 32 unique PMBus addresses.
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7.3.24 PMBus Connections

The TPSM8D6B24 supports the 100-kHz, 400-kHz, and 1-MHz bus speeds. Connection for the PMBus interface
must follow the high power DC specifications given in section 3.1.3 in the SMBus specification V2.0 for the 400-
kHz bus speed or the low power DC specifications in section 3.1.2. The complete SMBus specification is
available from the SMBus web site, smiforum.org

The PMBus interface pins PMB_CLK, PMB_DATA, and SMB_ALRT require external pullup resistors to a 1.8-V
to 5.5-V termination. Size the pullup resistors to meet the minimize rise-time required for the desired PMBus
clock speed but should not source more current than the lowest-rated CLK, DATA, or SMB_ALRT pin on the bus
when the bus voltage is forced to 0.4 V. The TPSM8D6B24 supports a minimum of 20 mA of sink current on
PMB_CLK, PMB_DATA, and SMB_ALRT.

7.4 Device Functional Modes
7.4.1 Programming Mode

The TPSM8D6B24 devices can operate in programming mode when AVIN and VDD5 are powered above their
lower UVLO but VDD5 and PVIN are not powered above their UVLO to enable conversion. In programing mode,
the TPSM8D6B24 accepts and respond to PMBus commands but does not enable switching or conversion.
While PMBus commands can be accepted and processed with VDDS5 lower than 3 V, NVM programming through
the (15h) STORE_USER_ALL command must not be used when VDD?5 is less than 3 V.

Programming mode allows the TPSM8D6B24 to complete POR and to be configured through PMBus from a 3.3-
V supply without PVIN present.

7.4.2 Standalone, Loop Controller, and Loop Follower Mode Pin Connections

The TPSM8D6B24 can be programmed as a standalone device (single output, single phase) loop controller
device of a single-output, multi-phase stack of devices, or a loop follower device to a loop controller of a mult-
phase stack. The details of the recommended pin connects for each configuration is given in & 7-5.

# 7-5. Standalone, Loop Controller, and Loop Follower Pin Connections

Pin Standalone Loop Controller Loop Follower
GOSNS Ground at output regulation point Ground at output regulation point BP1V5
. . . . Float or connect to divider for other
VOSNS Vourt at output regulation point Vout at output regulation point voltage to be monitored
Enable/Control or resistor divider from | Enable/Control or resistor divider from Connect to EN/UVLO of the loop
EN/UVLO
PVIN PVIN controller
MSELA1 Programming MSEL1 Programming MSEL1 Short to PGND (thermal pad)
Programming MSEL2 for a Loop
MSEL2 Programming MSEL2 Programming MSEL2 Follower Device (GOSNS Tied to
BP1V5)

VSEL Programming VSEL Programming VSEL Short to PGND (thermal pad)
ADRSEL Programming ADRSEL Programming ADRSEL Short to PGND (thermal pad)
VSHARE Float or Bypass to AGND with a Connect to VSHARE of the loop Connect to VSHARE of the loop

capacitor follower controller

SYNC Float or external sync External sync or loop follower SYNC |Connect to SYNC of the loop controller

Connect to system PMBus or PGND | Connect to system PMBus or PGND
PMB_CLK (thermal pad) if not used (thermal pad) if not used Short to PGND (thermal pad)
Connect to system PMBus or PGND | Connect to system PMBus or PGND
PMB_DATA (thermal pad) if not used (thermal pad) if not used Short to PGND (thermal pad)
Connect to system PMBus or PGND | Connect to system PMBus or PGND
SMB_ALRT (thermal pad) if not used (thermal pad) if not used Short to PGND (thermal pad)
BCX_CLK Short to PGND (thermal pad) Connect to loop followers BCX_CLK | Connectto Egrﬁr_cgllélr( of the loop
BCX_DAT Short to PGND (thermal pad) Connect to loop followers BCX_DAT | ~Connectto E%Eﬁg of the loop
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# 7-5. Standalone, Loop Controller, and Loop Follower Pin Connections (§tX)

Pin Standalone Loop Controller Loop Follower
Connect to system PGD or RESET# or | Connect to system PGD or RESET# or
PGOOD/RST_B PGND (thermal pad) if not used PGND (thermal pad) if not used Short to PGND (thermal pad)

7.4.3 Continuous Conduction Mode

The TPSM8D6B24 devices operate in continuous conduction mode (CCM) at a fixed frequency, regardless of
the output current. During soft start, some of the low-side MOSFET on times are limited to prevent excessive
current sinking in the event the device is started with a prebiased output. After the first PWM pulse, and with
each successive PWM pulse, this limit is increased to allow more low-side FET on time and transition to CCM.
Once this transition has completed, the low-side MOSFET and the high-side MOSFET on times are fully
complementary.

7.4.4 Operation With CNTL Signal (EN/UVLO)

According to the value in the (02h) ON_OFF_CONFIG register, the TPSM8D6B24 devices can be commanded
to use the EN/UVLO pin to enable or disable regulation, regardless of the state of the (01h) OPERATION
command. The EN/UVLO pin can be configured as either active high or active low (inverted) logic. To use EN/
UVLO pin as a programmable UVLO, the polarity set by (02h) ON_OFF_CONFIG must be positive logic.

7.4.5 Operation with (01h) OPERATION Control

According to the value in the (02h) ON_OFF_CONFIG register, the TPSM8D6B24 devices can be commanded
to use the (01h) OPERATION command to enable or disable regulation, regardless of the state of the CNTL
signal.

7.4.6 Operation with CNTL and (01h) OPERATION Control

According to the value in the (02h) ON_OFF_CONFIG command, the TPSM8D6B24 devices can be
commanded to require both a CNTRL signal from the EN/UVLO pin, and the (07h) OPERATION command to
enable or disable regulation.

7.5 Programming
7.5.1 Supported PMBus Commands

The commands listed in & 7-6 are implemented as described to conform to the PMBus 1.3 specification. 7 7-6
also lists the default for the bit behavior and register values.

# 7-6. Supported PMBus Commands and Default Values

CMD Code (HEX) Command Name (PMBus 1.3 SPEC) Default Value
01h OPERATION 04h
02h ON_OFF_CONFIG 17h
03h CLEAR_FAULTS n/a
04h PHASE FFh
10h WRITE_PROTECT 00h
15h STORE_USER_ALL n/a
16h RESTORE_USER_ALL n/a
19h CAPABILITY DOh
1Bh SMBALERT_MASK n/a
20h VOUT_MODE 97h
21h VOUT_COMMAND 019Ah
22h VOUT_TRIM 0000h
24h VOUT_MAX 0CO00h
25h VOUT_MARGIN_HIGH 021Ah
26h VOUT_MARGIN_LOW 01E6h
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# 7-6. Supported PMBus Commands and Default Values (%z%)

CMD Code (HEX) Command Name (PMBus 1.3 SPEC) Default Value
27h VOUT_TRANSITION_RATE EO010h
29h VOUT_SCALE_LOOP C840h
2Bh VOUT_MIN 0100h
33h FREQUENCY_SWITCH 01C2h
35h VIN_ON FOOBh
36h VIN_OFF FOOAh
37h INTERLEAVE 0020h
38h IOUT_CAL_GAIN C880h
39h IOUT_CAL_OFFSET EO000h
40h VOUT_OV_FAULT_LIMIT 024Dh
41h VOUT_OV_FAULT_RESPONSE BDh
42h VOUT_OV_WARN_LIMIT 022Eh
43h VOUT_UV_WARN_LIMIT 01CCh
44h VOUT_UV_FAULT_LIMIT 01B2h
45h VOUT_UV_FAULT_RESPONSE BEh
46h IOUT_OC_FAULT_LIMIT FODOh
47h IOUT_OC_FAULT_RESPONSE FFh
4Ah IOUT_OC_WARN_LIMIT FOAOh
4Fh OT_FAULT_LIMIT 0096h
50h OT_FAULT_RESPONSE BCh
51h OT_WARN_LIMIT 007Dh
55h VIN_OV_FAULT_LIMIT 0015
56h VIN_OV_FAULT_RESPONSE 3Ch
58h VIN_UV_WARN_LIMIT FOOAh
60h TON_DELAY F800h
61h TON_RISE FOOCh
62h TON_MAX_FAULIT_LIMIT F800h
63h TON_MAX_FAULT_RESPONSE 3Bh
64h TOFF_DELAY F800h
65h TOFF_FALL F002h
78h STATUS_BYTE 00h
79h STATUS_WORD 00h
7Ah STATUS_VOUT 00h
7Bh STATUS_IOUT 00h
7Ch STATUS_INPUT 00h
7Dh STATUS_TEMPERATURE 00h
7Eh STATUS_CML 00h
7Fh STATUS_OTHER 00h
80h STATUS_MFR_SPECIFIC 00h
88h READ_VIN n/a
8Bh READ_VOUT n/a
8Ch READ_IOUT n/a
8Dh READ_TEMPERATURE_1 n/a
98h PMBUS_REVISION 33h
9%h MFR_ID 00 00 00h
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# 7-6. Supported PMBus Commands and Default Values (%z%)

CMD Code (HEX) Command Name (PMBus 1.3 SPEC) Default Value
9Ah MFR_MODEL 00 00 00h
9Bh MFR_REVISION 00 00 00h
9Eh MFR_SERIAL 00 00 00h
ADh IC_DEVICE_ID 54 49 54 6D 24 41h
AEh IC_DEVICE_REV 40 00h
B1h USER_DATA_01 (COMPENSATION_CONFIG) 2218 C2 1D 06h
B5h USER_DATA_ 05 (POWER_STAGE_CONFIG) 70h
DOh MFR_SPECIFIC_00 (TELEMETRY_CONFIG) 03 03 03 03 03 00h
DAh MFR_SPECIFIC_10 (READ_ALL) n/a
DBh MFR_SPECIFIC_11 (STATUS_ALL) n/a
E4h MFR_SPECIFIC_20 (SYNC_CONFIG) FOh
ECh MFR_SPECIFIC_28 (STACK_CONFIG) 0000h
EDh MFR_SPECIFIC_29 (MISC_OPTIONS) 0000h
EEh MFR_SPECIFIC_30 (PIN_DETECT_OVERRIDE) 1F2Fh
EFh MFR_SPECIFIC_31 (Loop Follower_ADDRESS) 24h
FOh MFR_SPECIFIC_32 (NVM_CHECKSUM) E9EOh
F1h MFR_SPECIFIC_33 (SIMULATE FAULTS) 0000h
FCh MFR_SPECIFIC_44 (FUSION_IDO) 02D0h
FDh MFR_SPECIFIC_45 (FUSION_ID1) 54 49 4C 4F 43 4Bh

7.5.2 Pin Strapping

The TPSM8D6B24 provides four IC pins that allow the initial PMBus programming value on critical PMBus
commands to be selected by the resistors connected to that pin without requiring PMBus communication.
Whether a specific PMBus command is initialized to the value selected by the detected resistance or stored
NVM memory is determined by the commands bit in the PIN_DETECT_OVERRIDE PMBus Command. The four
pins and the commands they program for a loop controller or standalone device (GOSNS connected to Ground)
are provided in % 7-7.

Each pin can be programmed in one of four ways:

* Pin shorted to AGND with less than 20 Q

* Pin floating or tied to BP1V5 with more than 1 MQ

* Pin bypassed to AGND through a resistor according to R2G code only (16 resistor options)

» Pin bypassed to AGND through a resistor according to R2G code and to BP1V5 according to Divider Code
(16 resistor x 16 resistor divider options)

Due to the flexibility of programming options with up to 274 configurations per pin, it is recommended that
designers consider using one of the available design tools, such as TPS546x24A Compensation and Pin-Strap
Resistor Calculator to assist with proper programming resistor selection.

% 7-7. TPSM8D6B24 Pin Programming Summary

Pin Resistors PMBus Registers

MSEL1 Resistor to AGND COMPENSATION_CONFIG
Resistor Divider COMPENSATION_CONFIG, FREQUENCY_SWITCH

MSEL2 Resistor to AGND IOUT_OC_WARN_LIMIT, IOUT_OC_FAULT_LIMIT, STACK_CONFIG
Resistor Divider TON_RISE

VSEL Both VOUT_COMMAND, VOUT_SCALE_LOOP, VOUT_MAX, VOUT_MIN

ADRSEL Resistor to AGND loop follower ADDRESS

Resistor Divider loop follower_ADDRESS, SYNC_CONFIG, INTERLEAVE
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e
Resistor divider values of "none" can be implemented with no resistor to BP1V5 or use a 1-MQ
resistor to BP1V5 for improved reliability and noise immunity.

loop follower devices with GOSNS tied to BP1V5 only use the resistor from MSEL2 to AGND to program the
following:

«  (4Ah) IOUT_OC_WARN_LIMIT
«  (46h) IOUT_OC_FAULT_LIMIT

- (ECh) MFR_SPECIFIC_28 (STACK_CONFIG)
- (37h) INTERLEAVE

The loop follower receives all other pin programmed values from the loop controller over BCX as part of the
power-on reset function.

g2
The high precision Pin-Detection programming which provides 8-bit resolution for each pin in the
TPSM8D6B24 can be sensitive to PCB contamination from flux, moisture, and debris. As such, users
should consider committing Pin Programmed values to User Non-Volatile memory and disable future
use of Pin Strapped values as part of the product flow. The programming sequence to commit Pin
Programmed PMBus register values to NVM and disable future use of Pin Strapped programming is:

» Select MSEL1, MSEL2, VSEL, and ADRSEL programming resistors to program the desired
PMBus register values.

» Power AVIN and VDDS5 above their UVLOs to initiate pin detection and enable PMBus
communication.

+ Update any PMBus register values not programmed to their final value by pin detection.

»  Write the value 0000h using the Write Word protocol to (EEh) MFR_SPECIFIC_30
(PIN_DETECT_OVERRIDE).

+ Send the command code 15h using the Send Byte protocol to initialize a (15h)
STORE_USER_ALL function.

* Allow a minimum 100 ms for the device to complete a burn of NVM User Store. Loss of AVIN or
VDDS5 power during this 100 ms can compromise the integrity of the NVM. Failure to complete the
NVM burn can result in a corruption of NVM and a POR fault on subsequent power on resets.

7.5.2.1 Programming MSEL1

The MSEL1 pin programs (B1h) USER_DATA 01 (COMPENSATION_CONFIG) and (33h)
FREQUENCY_SWITCH. The resistor divider ratio for MSEL1 selects the nominal switching frequency using &
7-8:

£ 7-8. MSEL1 Divider Code for Programming

Resistor | -\ IPENSATION_CONFIG (CONFIG #) FREQUENCY_SWITCH Value (kHz)
Divider Code
None (no
resistor to 7-25 (select values) 550
BP1V5)
0 0-15
275
1 16-31
2 0-15
325
3 16-31
4 0-15
450
5 16-31
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# 7-8. MSEL1 Divider Code for Programming (%t )

Resistor | 5\ IPENSATION_CONFIG (CONFIG #) FREQUENCY_SWITCH Value (kHz)
Divider Code

6 0-15

550
7 16-31
8 0-15

650
9 16-31
10 0-15

900
1 16-31
12 0-15

1100
13 16-31
14 0-15

1500
15 16-31

The resistor to ground for MSEL1 selects the (B1h) USER_DATA 01 (COMPENSATION_CONFIG) values to
program the following voltage loop and current loop gains. For options other than the EEPROM code (MSEL1
shorted to AGND or MSEL1 to AGND resistor code 0), the current and voltage loop zero and pole frequencies
are scaled with the programmed switching frequency. The current loop pole frequency is scale located at
approximately the switching frequency, while the current loop zero is located at approximately 1 / 20 the
switching frequency. the voltage loop pole is located at approximately 1 / 2 the switching frequency and the
voltage loop zero is located at approximately 1 / 100 the switching frequency.

& 7-9. MSEL1 Resistor to AGND Code with no Divider Programming

SR Compensation (No Divider) Compensation (Even Divider) Compensation (Odd Divider)
Code Config# |l Loop Gain VGL:izp Config# |1Loop Gain Vcl;.:izp Config# |l Loop Gain Vé':izp
Short 3 2 2 N/A N/A N/A N/A N/A N/A
Float EEPROM EEPROM EEPROM N/A N/A N/A N/A N/A N/A

0 7 3 1 0 EEPROM EEPROM 16 5 0.5
1 8 3 2 1 2 0.5 17 5 1
2 9 3 4 2 2 1 18 5 2
3 10 3 8 3 2 2 19 5 4
4 12 4 1 4 2 4 20 5 8
5 13 4 2 B 2 8 21 6 0.5
6 14 4 4 6 3 0.5 22 6 1
7 15 4 8 7 3 1 23 6 2
8 17 5 1 8 3 2 24 6 4
9 18 5 2 9 3 4 25 6 8
10 19 5 4 10 3 8 26 7 0.5
11 20 5 8 11 4 0.5 27 7 1
12 22 6 1 12 4 1 28 7 2
13 23 6 2 13 4 2 20 7 4
14 24 6 4 14 4 4 30 7 8
15 25 6 8 15 4 8 21 10 2

With both the resistor to ground code and the resistor divider code, use the look-up table to select the
appropriate resistors.
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7.5.2.2 Programming MISEL2

The resistor divider on MSEL2 pin programs the (67h) TON_RISE value to select the soft-start time used by the

TPSM8D6B24.

& 7-10. MSEL2 Divider Code for Programming

Resistor Divider Code TON_RISE Value (ms)
None (No resistor to BP1V5)
Short to AGND 3
Float

0 0.5
1 1
2 3
3 5
4 7
5 10
6 20
7 31.75

The resistor to ground for MSEL2 selects the (4Ah) IOUT_OC_WARN_LIMIT, (46h) IOUT_OC_FAULT_LIMIT,
and (ECh) MFR_SPECIFIC_28 (STACK_CONFIG) values using % 7-11.

£ 7-11. MSEL2 Resistor to AGND Code for IOUT_OC_WARN/FAULT_LIMIT and
STACK Programming

Resistor to AGND | STACK_CONFIG (Number OF OC_FAULT (A)/OC_WARN (A)
Code Loop Followers / # of Phases)
Short 0000h (0 loop followers, 40/52
standalone)
Float 0001h (1 loop follower, 2-phase) 40/52
0000h (0 loop followers,
standalone)
1 0001h (1 loop follower, 2-phase) 40/52
2 0002h (2 loop followers, 3-phase)
3 0003h (3 loop followers, 4-phase)
4 0000h (0 loop followers,
standalone)
5 0001h (1 loop follower, 2-phase) 30/39
6 0002h (2 loop followers, 3-phase)
7 0003h (3 loop followers, 4-phase)
8 0000h (0 loop followers,
standalone)
9 0001h (1 loop follower, 2-phase) 20/26
10 0002h (2 loop followers, 3-phase)
11 0003h (3 loop followers, 4-phase)
12 0000h (0 loop followers,
standalone)
13 0001h (1 loop follower, 2-phase) 10/14
14 0002h (2 loop followers, 3-phase)
15 0003h (3 loop followers, 4-phase)
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7.5.2.3 Programming VSEL

The resistor divider ratio for VSEL programs the (21h) VOUT_COMMAND range, (29h) VOUT_SCALE_LOOP
divider, (2Bh) VOUT_MIN, and (24h) VOUT_MAX levels according to the following tables.

Select the resistor divider code that contains the desired nominal boot voltage within the range of Voyt between
minimum Vgoyt and maximum Vgyt. For voltages from 0.5 V to 1.25 V, a single resistor to ground or a resistor
divider can be used.

R 7-12. VSEL Resistor Divider Code for Programming

Nominal Boot Voltage Range Resistor Divider
Minimum Voyr Maximum Voyr Resolution Code
EEPROM (0.8 V) EEPROM (0.8 V) N/A Float

05 1.25 0.050 Open (:;’Ity;eSiStor
0.6 0.75 0.010 0

0.75 0.9 0.010 1

0.9 1.05 0.010 2

1.05 1.2 0.010 3

1.2 15 0.020 4

15 1.8 0.020 5

18 2.1 0.020 6

2.1 2.4 0.020 7

24 3.0 0.040 8

3.0 36 0.040 9

36 42 0.040 10

42 48 0.040 11

3.6 42 0.040 12

42 48 0.040 13

48 5.4 0.040 14

5.4 6.0 0.040 15

With the resistor divider code selected for the range of VOUT, select the bottom resistor code with the (21h)
VOUT_COMMAND offset and (21h) VOUT_COMMAND step from Programming VSEL.

#+ 7-13. VSEL Resistor to AGND Code for Programming

Resistor Divider | VOUT_SCALE VOUT_MIN VOUT_MAX VOUT_COMMAND VOUT_COMMAND Step (V)
Code _LOOP Offset (V)

Short to AGND 0.5 EEPROM (0.5) EEPROM (1.5) EI?(I::;))M N/A
Float 0.5 0.5 1.5 1.0 N/A
None 0.5 0.5 1.5 0.50 0.050

0 0.5 0.5 1.5 0.6 0.010
1 0.5 0.5 1.5 0.75 0.010
2 0.5 0.5 1.5 0.9 0.010
3 0.5 0.5 1.5 1.05 0.010
4 0.25 1 3 1.2 0.020
5 0.25 1 3 1.5 0.020
6 0.25 1 3 1.8 0.020
7 0.25 1 3 2.1 0.020
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# 7-13. VSEL Resistor to AGND Code for Programming (%tX)

Resistor Divider | VOUT_SCALE VOUT_MIN VOUT_MAX VOUT_COMMAND VOUT_COMMAND Step (V)
Code _LOOP Offset (V)
8 0.125 2 6 24 0.040
9 0.125 2 6 3.0 0.040
10 0.125 2 6 3.6 0.040
1 0.125 2 6 4.2 0.040
12 0.125 2 6 3.6 0.040
13 0.125 2 6 4.2 0.040
14 0.125 2 6 4.8 0.040
15 0.125 2 6 54 0.040

To calculate the resistor to AGND code, subtract the (27h) VOUT_COMMAND offset from the target output
voltage and divide by the (21h) VOUT_COMMAND step.

Vout - VOUT_COMMAND(Offset)
VOUT _COMMAND(Step) (8)

Code =

7.5.2.4 Programming ADRSEL

The resistor divider for the ADRSEL pin selects the range of PMBus addresses and SYNC direction for the
TPSM8D6B24. For standalone devices with only one device supporting a single output voltage, the ADRSEL
divider also selects the phase shift between SYNC and the switch node.

# 7-14. ADRSEL Resistor Divider Code for and SYNC_IN Programming

Resistor Divider Code DEVICE_ADDRESS Sync In/Sync Out STACK_CONFIG = 0x0000 (Standalone Only)

— Range — PHASE SHIFT INTERLEAVE
Short to AGND Ox7F (127d) Auto Detect 0 0x0020
Float EEPROM (0x24h / 36d) Auto Detect 0 0x0020
None 16d-31d Auto detect 0 0x0020
0 16d-31d Syncin 0 0x0040
1 32d-47d Sync in 0 0x0040
2 16d-31d Sync in 90 0x0041
3 32d-47d Sync in 90 0x0041
4 16d-31d Sync in 120 0x0031
5 32d-47d Sync in 120 0x0031
6 16d-31d Syncin 180 0x0042
7 32d-47d Syncin 180 0x0042
8 16d-31d Syncin 240 0x0032
9 32d-47d Sync in 240 0x0032
10 16d-31d Sync in 270 0x0043
11 32d-47d Sync in 270 0x0043
12 16d-31d Sync out 0 0x0020
13 32d-47d Sync out 0 0x0020
14 16d-31d Sync out 180 0x0042
15 32d-47d Sync out 180 0x0042

The resistor to AGND for ADRSEL programs the device PMBus target device address according to & 7-15:
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# 7-15. ADRSEL Resistor to AGND Code for Programming

Resistor to AGND Code Target Device Address (16-31 | Target Device Address (32-47
Range) Range)
0 0x10h (16d) 0x20h (32d)
1 0x11h (17d) 0x21h (33d)
2 0x12h (18d) 0x22h (34d)
3 0x13h (19d) 0x23h (35d)
4 0x14h (20d) 0x24h (36d)
5 0x15h (21d) 0x25h (37d)
6 0x16h (22d) 0x26h (38d)
7 0x17h (23d) 0x27h (39d)
8 0x18h (24d) 0x48h (72d)
9 0x19h (25d) 0x29h (41d)
10 0x1Ah (26d) 0x2Ah (42d)
1 0x1Bh (27d) 0x2Bh (43d)
12 0x1Ch (28d) 0x2Ch (44d)
13 0x1Dh (29d) 0x2Dh (45d)
14 0x1Eh (30d) 0x2Eh (46d)
15 0x1Fh (31d) O0x2Fh (47d)
e

When a TPSM8D6B24 device is configured as the loop controller of a multi-phase stack, it will always
occupy the zero-degree position in (37h) INTERLEAVE, but the ADRSEL resistor divider can still be
used to select Auto Detect, Forced SYNC_IN, and Forced SYNC_OUT. When the loop controller of a
multi-phase stack is configured for SYNC_IN, all devices of the stack remain disabled until a valid
external SYNC signal is provided.

7.5.2.5 Programming MSEL2 for a Loop Follower Device (GOSNS Tied to BP1V5)

Configuring a TPSM8D6B24 device as a loop follower disables all pinstraps except MSEL2, which programs
(37h) INTERLEAVE for stacking and (ECh) MFR _SPECIFIC 28 (STACK CONFIG), (4Ah)
IOUT_OC_WARN_LIMIT, and (46h) IOUT_OC_FAULT_LIMIT with a single resistor to AGND. Note that the loop
controller is always device 0.

R 7-16. Loop Follower MSEL2 Resistor to AGND Code for and Programming

Resistor to AGND | Device Number, Number of Phases IOUT_OC_WARN_LIMIT (A)/
Code IOUT_OC_FAULT_LIMIT (A)
Short Device 1, 2-phase 40/52
Float Device 1, 2-phase 30/39
6 Device 1, 2-phase 40/52
7 Device1, 2-phase 30/39
4 Device 1, 3-phase 40/52
5 Device 1, 3-phase 30/39
8 Device 2, 3-phase 40/52
9 Device 2, 3-phase 30/39
2 Device 1, 4-phase 40/52
3 Device 1, 4-phase 30/39
14 Device 2, 4-phase 40/52
15 Device 2, 4-phase 30/39
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# 7-16. Loop Follower MSEL2 Resistor to AGND Code for and Programming

(KEZ)

Resistor to AGND

Device Number, Number of Phases

IOUT_OC_WARN_LIMIT (A)/

Code IOUT_OC_FAULT_LIMIT (A)
10 Device 3, 4-phase 40/52
11 Device 3, 4-phase 30/39

23

During the power-on sequence, device 0 (stack loop controller) reads back phase information from all
connected loop followers, if any loop follower phase response does not match the (ECh)
MFR_SPECIFIC_28 (STACK_CONFIG) results of the loop controller, the converter sets the POR fault
bit in (80h) STATUS_MFR_SPECIFIC but does not allow conversion. Once all connected devices
respond to device 0, device 0 passes remaining pin-strap information to the loop followers to ensure
matched programming during operation. Adding an additional phase requires adjusting the MSEL2
resistors on the loop controller device and the MSEL2 resistor to ground on all other loop follower

devices.

7.5.2.6 Pin-Strapping Resistor Configuration

#& 7-17 and & 7-18 provide the bottom resistor (pin to AGND) values in ohms, and the top resistor (pin to
BP1V5) values in Qs. Select the column with the desired R2G code in the top row and the row with the desired
resistor divider code in the left most column. The Pin-to-AGND resistor value is the resistor value in the
highlighted row in the first column under the desired R2G code. The Pin-to-BP1V5 resistor value, if used, is the
resistor value in the row starting with the desired divider code in the left most column under the desired R2G
code and resistor. To ensure accurate pin detection over operating temperature and product life-time, 1%
tolerance or better resistors should be used.

K 7-17. Pin-Strapping Resistor (Q) Table for R2G Codes 0-7

R2G code 0 1 2 3 4 5 6 7
Rbot — 4640 ‘ 5620 6810 ‘ 8250 ’ 10000 12100 14700 17800
Divider C?TE; Resistor to BP1V5 Value (Q)

0 21500 26100 31600 38300 46400 56200 68100 82500

1 15400 18700 22600 27400 33200 40200 48700 59000

2 11500 14000 16900 20500 24900 30100 36500 44200

3 9090 11000 13300 16200 19600 23700 28700 34800

4 7150 8660 10500 12700 15400 18700 22600 27400

5 5620 6810 8250 10000 12100 14700 17800 21500

6 4640 5620 6810 8250 10000 12100 14700 17800

7 3830 4640 5620 6810 8250 10000 12100 14700

8 3160 3830 4640 5620 6810 8250 10000 12100

9 2610 3160 3830 4640 5620 6810 8250 10000

10 2050 2490 3010 3650 4420 5360 6490 7870

1 1620 1960 2370 2870 3480 4220 5110 6190

12 1270 1540 1870 2260 2740 3320 4020 4870

13 953 1150 1400 1690 2050 2490 3010 3650

14 715 866 1050 1270 1540 1870 2260 2740

15 511 619 750 909 1100 1330 1620 1960
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# 7-18. Pin-Strapping Resistor (Q) Table for R2G Codes 8-15

R2G code 8 9 10 11 12 13 14 15
Rbot — 21500 ‘ 26100 31600 ‘ 38300 ’ 46400 56200 68100 82500
Divider C?TE; Resistor to BP1V5 Value (Q)

0 100000 121000 147000 178000 215000 261000 316000 402000
1 71500 86600 105000 127000 154000 187000 226000 274000
2 53600 64900 78700 95300 115000 140000 169000 205000
3 42200 51100 61900 75000 90900 110000 133000 162000
4 33200 40200 48700 59000 71500 86600 105000 127000
5 26100 31600 38300 46400 56200 68100 82500 100000

6 21500 26100 31600 38300 46400 56200 68100 82500

7 17800 21500 26100 31600 38300 46400 56200 68100

8 14700 17800 21500 26100 31600 38300 46400 56200

9 12100 14700 17800 21500 26100 31600 38300 46400

10 9530 11500 14000 16900 20500 24900 30100 26500

1 7500 9090 11000 13300 16200 19600 23700 28700

12 5900 7150 8660 10500 12700 15400 18700 22600

13 4420 5360 6490 7870 9530 11500 14000 16900

14 3320 4020 4870 5900 7150 8660 10500 12700

15 2370 2870 3480 4220 5110 6190 1500 9090
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7.6 Register Maps
7.6.1 Conventions for Documenting Block Commands

According to the SMBus specification, block commands are transmitted across the PMBus interface in
ascending order. The description below shows the convention this document follows for documenting block
commands.

This document follows the convention for byte ordering of block commands:

When block values are listed as register map tables, they are listed in byte order from top to bottom starting with
Byte N and ending with Byte 0.

» Byte O (first byte sent) corresponds to bits 7:0.

» Byte 1 (second byte sent) corresponds to bits 15:8.
» Byte 2 (third byte sent) corresponds to bits 23:16.

« ...andsoon

When block values are listed as text in hexadecimal, they are listed in byte order, from left to right, starting with
Byte 0 and ending with Byte N with a space between each byte of the value. In block 54 49 54 6D 24 41h, the
byte order is:

* Byte 0, bits 7:0, = 54h

* Byte 1, bits 15:8, = 49h
* Byte 2, bits 23:16, = 6Dh
* Byte 3, bits 31:24, = 24h
* Byte 4, bits 39:32, = 41h

7-8. Block Command Byte Ordering

47 46 45 44 43 42 41 40
RwW Rw RwW RwW RwW RwW RW RwW
Byte N
39 38 37 36 35 34 33 32
RW RwW RW RW RwW RW RW RwW
Byte ...

31 30 29 28 27 26 25 24
RwW Rw RwW RwW RwW RwW RW RwW
Byte 3
23 22 21 20 19 18 17 16
RW RwW RW RW RwW RW RW RwW
Byte 2
15 14 13 12 11 10 9 8
RwW Rw RwW RwW RwW RwW RW RwW
Byte 1
7 6 5 4 3 2 1 0
RW RwW RW RW RwW RW RW RwW
Byte 0

LEGEND: R/W = Read/Write; R = Read only
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7.6.2 (01h) OPERATION

CMD Address
Write Transaction:

Read Transaction:

01h
Write Byte
Read Byte

Format:
Phased:

NVM Backup:
Updates:

Unsigned Binary (1 byte)

No
No

On-the-fly

The (01h) OPERATION command is used to enable or disable power conversion, in conjunction input from the
enable pins, according to the configuration of the (02h) ON_OFF_CONFIG command. This command is also
used to set the output voltage to the upper or lower MARGIN levels, and select soft-stop.

7-9. (01h) OPERATION Register Map

7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW
ON_OFF SOFT_OFF MARGIN TRANSITION 0

LEGEND: R/W = Read/Write; R = Read only

£+ 7-19. Register Field Descriptions

Bit

Field

Access

Reset

Description

ON_ OFF

RwW

Ob

Enable or disable power conversion when the (02h) ON_OFF_CONFIG
command is configured to require input from the CMD bit for output control.
There can be several other requirements that must be satisfied before the
power conversion can begin (for example, input voltages above UVLO
thresholds, enable pins high if required by (02h) ON_OFF_CONFIG, and so
forth).

Ob: Disable power conversion.

1b: Enable power conversion and enable ignore faults on MARGIN.

SOFT_ OFF

RwW

Ob

This bit controls the turn-off profile when (02h) ON_OFF_CONFIG is configured
to require input from the CMD bit for output voltage control and OPERATION bit
7 transitions from 1b to Ob is ignored when bit 7 is 1b.

Ob: Immediate off. Power conversion stops immediately and the power stage is
forced to a high-Z state.

1b: Soft off. Power conversion continues for the topr peLay time, then the
output voltage is ramped down to 0 V at a slew rate according to torr FaL-
Once the output voltage reaches 0 V, power conversions stops. B

5:2

MARGIN

RwW

0000b

Sets the margin state.

0000b, 0001b, 0010b: Margin OFF. Output voltage target is (21h)
VOUT_COMMAND. OV and UV faults behave normally per their respective
fault response settings 0.

0101b: Margin low (ignore fault if bit 7 is 1b). Output voltage target is
VOUT_MARGIN_LOW. OV and UV faults are ignored and do not trigger
shutdown or STATUS updates.

0110b: Margin low (act on fault). Output voltage target is (26h)
VOUT_MARGIN_LOW. OV/UV faults trigger per their respective fault response
settings.

1001b: Margin high (ignore fault). Output voltage target is
VOUT_MARGIN_HIGH. OV and UV triggers are ignored and do not trigger
shutdown or STATUS update.

1010b: Margin high (act on fault). Output voltage target is (25h)
VOUT_MARGIN_HIGH. OV/UV trigger per their respective fault response
settings.

Other: Invalid/unsupported data

TRANSITION

Ob

Not used and always set to 0.

Reserved

Ob

Not used and always set to 0.
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Attempts to write (01h) OPERATION to any value other than those listed above are considered invalid or
unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits, and notifying
the host according to the PMBus 1.3.1 Part Il specification, section 10.9.3.
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7.6.3 (02h) ON_OFF_CONFIG

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

02h
Write Byte
Read Byte

Unsigned Binary (1 byte)

No
EEPROM
On-the-fly

The (02h) ON_OFF_CONFIG command configures the combination of enable pin input and serial bus
commands needed to enable or disable power conversion, including how the unit responds when power is

applied to PVIN.

B 7-10. (02h) ON_OFF_CONFIG Register Map

7 6 5 4 3 2 1 0
R RwW RwW RwW RwW RwW
0 0 0 PU CMD CP POLARITY DELAY

LEGEND: R/W = Read/Write; R = Read only

£+ 7-20. Register Field Descriptions

Bit Field Access Reset Description
75 Reserved R 000b Not used and always set to 0.
Ob: Unit starts power conversion any time the input power is present, regardless of
the state of the CONTROL pin.
4 PU RW NVM 1b: Act on CONTROL. Use the (01h) OPERATION command to start or stop power
conversion, or both.
Ob: Ignore the (01h) OPERATION command to start or stop power conversion.
3 CMD RW NVM 1b: Act on the (01h) OPERATION command (and the CONTROL pin if configured
by CP) to start or stop power conversion.
Ob: Ignore the CONTROL pin to start or stop power conversion. The UVLO function
2 cP RW NVM of the EN/UVLO pin is not active when CONTROL pin is ignored.
1b: Act on the CONTROL pin (and the (01h) OPERATION command) if configured
by bit [3]) to start or stop power conversion.
Ob: CONTROL pin has active low polarity. The UVLO function of the EN/UVLO pin
1 POLARITY RW NVM cannot be used when CONTROL has active load polarity.
1b: The CONTROL pin has active high polarity.
Ob: When power conversion is commanded OFF by the CONTROL pin (must be
configured to respect the CONTROL pin as above), continue regulating for the
(64h) TOFF_DELAY time, then ramp the output voltage to 0 V, in the time defined
0 DELAY RW NVM by (65h) TOFF_FALL.
1b: When power conversion is commanded OFF by the CONTROL pin (must be
configured to respect the CONTROL pin as above), stop power conversion
immediately.

For the purposes of (02h) ON_OFF_CONFIG, the device pin EN/UVLO is the CONTROL pin.

Attempts to write (02h) ON_OFF_CONFIG to any value other than those explicitly listed above are considered
invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits, and
notifying the host according to the PMBus 1.3.1 Part Il specification, section 10.9.3.
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7.6.4 (03h) CLEAR_FAULTS

CMD Address 03h

Write Transaction: Send Byte
Read Transaction: N/A
Format: Data-less
Phased: Yes

NVM Backup: No
Updates: On-the-fly

CLEAR_FAULTS is a phased command used to clear any fault bits that have been set. This command
simultaneously clears all bits in all status registers of the selected phase, or all phases if PHASE = FFh. At the
same time, the device releases its SMB_ALERT# signal output if SMB_ALERT# is asserted. CLEAR_FAULTS is
a write-only command with no data.

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 set again and the host is notified by the
usual means.

If the device responds to an Alert Response Address (ARA) from the host, it clears SMB_ALERT# but not the
offending status bit or bits (as it has successfully notified the host and then expects the host to handle the
interrupt appropriately). The original fault and any from other sources that occur between the initial assertion of
SMB_ALERT# and the successful response of the device to the ARA are cleared (through CLEAR_FAULTS,
OFF-ON toggle, or power reset) before any of these sources are allowed to re-trigger SMB_ALERT#. However,
fault sources that only become active post-ARA trigger SMB_ALERT#.

7-11. (03h) CLEAR_FAULTS Register Map
7 6 5 4 3 2 1 0
W W w W W w W W
CLEAR_FAULTS

LEGEND: R/W = Read/Write; R = Read only
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7.6.5 (04h) PHASE

CMD Address 04h

Write Transaction: Write Byte

Read Transaction: Read Byte

Format: Unsigned Binary (1 byte)
Phased: No

NVM Backup: No

Updates: On-the-fly

The PHASE command provides the ability to configure, control, and monitor individual phases. Each PHASE
contains the operating memory and user store and default store for each phase output. The phase selected by
the PHASE command is used for all subsequent phase-dependent commands. The phase configuration needs
to be established before any phase-dependent command can be successfully executed.

In the TPSM8D6B24, each PHASE is a separate device. The loop and PMBus loop controller device, GOSNS/
FLWR connected to ground, is always PHASE = 00h. Loop follower devices, GOSNS/FLWR connected to
BP1V5, have their phase assignment defined by their phase position, as defined by INTERLEAVE or MSEL2.

7-12. (04h) PHASE Register Map

4

3

RwW

RwW

RwW

RwW

RwW

RwW

RwW

RwW

PHASE

LEGEND: R/W = Read/Write; R = Read only

£+ 7-21. Register Field Descriptions

Bit Field Access Reset Description
00h: All commands address Phase 1.
01h: All commands address Phase 2.
02h: All commands address Phase 3.
7:0 PHASE RwW FFh 03h: All commands address Phase 4.

04h-FEh: Unsupported or invalid data
FFh: Commands are addressed to all phases as a single entity. See the following
text for more information.

The range of valid data for PHASE also depends on the phase configuration. Attempts to write (04h) PHASE to
a value not supported by the current phase configuration are considered invalid or unsupported data and cause
the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying the host according to the
PMBus 1.3.1 Part Il specification, section 10.9.3.
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7.6.6 (10h) WRITE_PROTECT

CMD Address 10h

Write Transaction: Write Byte

Read Transaction: Read Byte

Format: Unsigned Binary (1 byte)
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The WRITE_PROTECT command controls writing to the PMBus device. The intent of this command is to
provide protection against accidental changes; it has one data byte that is described below. This command does
not provide protection against deliberate or malicious changes to a configuration or operation of the device. All
supported commands can have their parameters read, regardless of the WRITE_PROTECT settings.

B 7-13. (10h) WRITE_PROTECT Register Map
7 6 5 4 & 2 1 0

RwW RwW RwW RwW RwW RwW RwW RwW
WRITE_PROTECT

LEGEND: R/W = Read/Write; R = Read only

£+ 7-22. Register Field Descriptions

Bit Field Access Reset Description

00h: Enable writes to all commands.

20h: Disables all write access except to the WRITE_ PROTECT, OPERATION,

ON_ OFF_ CONFIG, STORE_USER_ALL, and VOUT_ COMMAND commands.
WRITE_ RW NVM 40h: Disables all WRITES except to the WRITE_ PROTECT, OPERATION, and

PROTECT STORE_USER_ALL commands.

80h: Disables all WRITES except to the WRITE_ PROTECT and

STORE_USER_ALL commands.

Other: Invalid/unsupported data

7:0

Attempts to write (10h) WRITE_PROTECT to any invalid value as specified above are considered invalid or
unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits, and notifying
the host according to the PMBus 1.3.1 Part Il specification, section 10.9.3.
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7.6.7 (15h) STORE_USER_ALL

CMD Address 15h

Write Transaction: Send Byte

Read Transaction: N/A

Format: Data-less

Phased: No, PHASE = FFh only

NVM Backup: No

Updates: Not recommended for on-the-fly-use, but not explicitly blocked

The STORE_USER_ALL command instructs the PMBus device to copy the entire contents of the operating
memory to the matching locations in the nonvolatile user store memory. Any items in operating memory that do
not have matching locations in the user store are ignored.

NVM store operations are not recommended while the output voltages are in regulation, although the user is not
explicitly prevented from doing so, as interruption can result in a corrupted NVM. PMBus commands issued
during this time can cause long clock stretch times, or simply be ignored. Tl recommends disabling regulation,
and waiting a minimum of 100 ms before continuing, following issuance of NVM store operations.

To prevent storing mismatched register values to NVM, STORE_USER_ALL must not be used unless PHASE =
FFh.

7-14. (15h) STORE_USER_ALL Register Map
7 6 5 4 3 2 1 0
w w w w w w w w
STORE_USER_ALL

LEGEND: R/W = Read/Write; R = Read only
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7.6.8 (16h) RESTORE_USER_ALL

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Back-up:
Updates:

16h

Send Byte

N/A

Data-less
No, PHASE = FFh only

No

Disables Regulation during RESTORE

The RESTORE_USER_ALL command instructs the PMBus device to disable operation and copy the entire
contents of the non-volatile User Store memory to the matching locations in the Operating Memory, then
Overwrite Operating Memory of any commands selected in PIN_DETECT_OVERRIDE with their last read pin-
detected values. The values in the Operating Memory are overwritten by the value retrieved from the User Store
and Pin Detection. Any items in User Store that do not have matching locations in the Operating Memory are

ignored.
To prevent storing mismatched register values to NVM, RESTORE_USER_ALL should not be used unless
PHASE = FFh.
7-15. (16h) RESTORE_USER_ALL Register Map
7 5 4 3 2 0
w w w w w w

RESTORE_USER_ALL

LEGEND: R/W = Read/Write; R = Read only
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7.6.9 (19h) CAPABILITY

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

19h
N/A
Read Byte

Unsigned Binary (1 byte)

No
No
N/A

The CAPABILITY command provides a way for the host to determine the capabilities of this PMBus device. This

command is read-only and has one data byte formatted as the following:

B 7-16. (19h) CAPABILITY Register Map

7 5 4 3 2 1 0
R R R R R
PEC SPEED ALERT FORMAT AVSBUS 0 0

LEGEND: R/W = Read/Write; R = Read only

£+ 7-23. Register Field Descriptions

Bit Field Access Reset Description
7 PEC R 1b 1b: Packet Error Checking is supported.
6:5 SPEED R 10b 10b: Maximum supported bus speed is 1 MHz.
4 ALERT R 1b :)Ec:)t'cl)'zglldevice has an SMB_ALERT# pin and supports the SMBus Alert Response
FORMAT R 0Ob Ob: Numeric format is LINEAR or DIRECT.
AVSBUS R Ob Ob: AVSBus is NOT supported.
1:0 Reserved R 00b Reserved. Always set to 0.

Attempts to write (19h) CAPABILITY to any value are considered invalid or unsupported data and cause the
TPSM8D6B24 to respond by flagging the appropriate status bits and notifying the host according to the PMBus
1.3.1 Part Il specification, section 10.9.3.
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7.6.10 (1Bh) SMBALERT_MASK

CMD Address 1Bh

Write Transaction: Write Word

Read Transaction: Block-Write/Block-Read Process Call

Format: Write: Unsigned Binary (2 bytes)Read: Unsigned Binary (1 byte)
Phased: No, Only PHASE = FFh is supported

NVM Backup: EEPROM

Updates: On-the-fly

The SMBALERT_MASK command can be used to prevent a warning or fault condition from asserting the
SMBALERT# signal. Setting a MASK bit does not prevent the associated bit in the STATUS_CMD from being
set, but prevents the associated bit in the STATUS_CMD from asserting SMB_ALERT#. See Reference [3] for
more information on the command format. The following register descriptions describe the individual mask bits
available.

SMBALERT_MASK Write Transaction = Write Word. CMD = 1Bh, Low =STATUS_CMD, High = MASK

SMBALERT_MASK Read Transaction = Block-Write or Block-Read Process Call. Write 1 byte block with
STATUS_CMD, read 1 byte block.
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7.6.11 (1Bh) SMBALERT_MASK_VOUT

CMD Address

Format:
Phased:

NVM Backup:
Updates:

Write Transaction:

Read Transaction:

1Bh (with CMD byte = 7Ah)

Write Word

Block-Write/Block-Read Process Call
Unsigned Binary (1 byte)
No, Only PHASE = FFh is supported

EEPROM
On-the-fly

SMBALERT_MASK bits for the STATUS_VOUT command

7-17. (1Bh) SMBALERT_MASK_VOUT Register Map

7 6 5 4 3 2 1 0
RW RW RW RW RW RW R R
mVOUT_OVF | mVOUT OVW | mVOUT_UVW | mVOUT_UVF mVOUAT)zM'NM mTON_MAX 0 0

LEGEND: R/W = Read/Write; R = Read only

£+ 7-24. Register Field Descriptions

Bit Field Access Reset Description

7 mVOUT_ RW NVM Ob: SMBALERT may assert due to this condition.
OVF 1b: SMBALERT may not assert due to this condition.

6 mVOUT_ RW NVM Ob: SMBALERT may assert due to this condition.
ovw 1b: SMBALERT may not assert due to this condition.

5 mVOUT_ RW NVM Ob: SMBALERT may assert due to this condition.
uvw 1b: SMBALERT may not assert due to this condition.

4 mVOUT_ RW NVM Ob: SMBALERT may assert due to this condition.
UVF 1b: SMBALERT may not assert due to this condition.

3 mVOUT_ RW NVM Ob: SMBALERT may assert due to this condition.

MINMAX 1b: SMBALERT may not assert due to this condition.

9 mTON_ RW NVM Ob: SMBALERT may assert due to this condition.
MAX 1b: SMBALERT may not assert due to this condition.

i Not

1:0 supported R 00b Not supported and always set to 00b.
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7.6.12 (1Bh) SMBALERT_MASK_IOUT

CMD Address 1Bh (with CMD byte = 7Bh)

Write Transaction: Write Word

Read Transaction: Block-Write/Block-Read Process Call
Format: Unsigned Binary (1 byte)

Phased: No, Only PHASE = FFh is supported
NVM Backup: EEPROM

Updates: On-the-fly

SMBALERT_MASK bits for STATUS_IOUT

B 7-18. (1Bh) SMBALERT_MASK_IOUT Register Map
7 5 4 3 2 0
RwW RwW RwW R R R
mIOUT_OCF mIOUT_OCW | mIOUT_UCF 0 0 0

LEGEND: R/W = Read/Write; R = Read only

£+ 7-25. Register Field Descriptions

Bit Field Access Reset Description
7 mIOUT_ RW NVM Ob: SMBALERT may assert due to this condition.
OCF 1b: SMBALERT may not assert due to this condition.
Not
6 supported R Ob Not supported
5 mIOUT_ RW NVM Ob: SMBALERT may assert due to this condition.
ocw 1b: SMBALERT may not assert due to this condition.
4 mIOUFT_UC RW NVM 1b: SMBALERT may not assert due to this condition.
Not
3 supported R 0b Not supported
2:0 Not RW Ob  |Notsupported
’ supported PP
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7.6.13 (1Bh) SMBALERT_MASK_INPUT

CMD Address
Write Transaction:

1Bh (with CMD byte = 7Ch)
Write Word

Read Transaction: Block-Write/Block-Read Process Call

Format: Unsigned Binary (1 byte)

Phased: No, Only PHASE = FFh is supported
NVM Backup: EEPROM

Updates: On-the-fly

SMBALERT_MASK bits for STATUS_INPUT

B 7-19. (1Bh) SMBALERT_MASK_INPUT Register Map

7 6 5 4 3 2 1 0
R R R R RwW R R
0 0 0 0 mLOW_VIN 0 0 0

LEGEND: R/W = Read/Write; R = Read only

£+ 7-26. Register Field Descriptions

Bit Field Access Reset Description

7 sup':gtrte d R Ob Not supported

6 sup';g:te d R Ob Not supported

5 suprgtrte d R Ob Not supported

4 suprgtrte d R Ob Not supported

s [mowon| mw | | SRR mar e o s condir,
2 suprgf'te d R 0Ob Not supported

1 suplggf'te d R 0Ob Not supported

0 sup':gf'te d R Ob Not supported
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7.6.14 (1Bh) SMBALERT_MASK_TEMPERATURE

CMD Address

Format:
Phased:

NVM Backup:
Updates:

Write Transaction:

Read Transaction:

1Bh (with CMD byte = 7Dh)
Write Word
Block-Write/Block-Read Process Call
Unsigned Binary (1 byte)
No, Only PHASE = FFh is supported
EEPROM
On-the-fly

SMBALERT_MASK bits for STATUS_TEMPERATURE
7-20. (1Bh) SMBALERT_MASK_TEMPERATURE Register Map

7 6 5 4 3 2 1 0
RwW RwW R R R R R
mOTF mOTW 0 0 0 0 0 0

LEGEND: R/W = Read/Write; R = Read only

£+ 7-27. Register Field Descriptions

Bit Field Access Reset Description
Ob: SMBALERT may assert due to this condition.
7 mOTF RW NVM 1b: SMBALERT may not assert due to this condition.
Ob: SMBALERT may assert due to this condition.
6 moTW RW NVM 1b: SMBALERT may not assert due to this condition.
5:0 Not R 0od Not supported and always set to 000000b.
supported

Copyright © 2023 Texas Instruments Incorporated

BEHZBT T 87—\ 2 (DB R PR GaPE) &85 99

Product Folder Links: TPSM8D6B24

English Data Sheet: SLUSEN7


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/ja-jp/lit/pdf/JAJSMM7
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSMM7A&partnum=TPSM8D6B24
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/lit/pdf/SLUSEN7

TPSM8D6B24

JAJSMM7A — AUGUST 2022 — REVISED SEPTEMBER 2023

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

7.6.15 (1Bh) SMBALERT_MASK_CML

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

1Bh (with CMD byte = 7Eh)

Write Word

Block-Write/Block-Read Process Call
Unsigned Binary (1 byte)

No, Only PHASE = FFh is supported
EEPROM

On-the-fly

SMBALERT_MASK bits for STATUS_CML
7-21. (1Bh) SMBALERT_MASK_CML Register Map

7 6 5 4 3 2 1
RwW RwW RwW RwW R R RwW
miIVC mlVD mPEC mMEM 0 0 mCOMM

LEGEND: R/W = Read/Write; R = Read only

£ 7-28. Register Field Descriptions

Bit Field Access Reset Description
Ob: SMBALERT may assert due to this condition.
7 mive RW NVM 1b: SMBALERT may not assert due to this condition.
Ob: SMBALERT may assert due to this condition.
6 mivD RW NVM 1b: SMBALERT may not assert due to this condition.
Ob: SMBALERT may assert due to this condition.
5 mPEC RW NVM 1b: SMBALERT may not assert due to this condition.
Ob: SMBALERT may assert due to this condition.
4 mMEM RW NVM 1b: SMBALERT may not assert due to this condition.
Ob: SMBALERT may assert due to this condition.
3 mPROC RW NVM 1b: SMBALERT may NOT assert due to this condition.
Not
2 R 0b Not supported
supported
i Not
3:2 supported R 00b Not supported
Ob: SMBALERT may assert due to this condition.
! mCOMM RW NVM 1b: SMBALERT may not assert due to this condition.
Not
0 supported R Ob Not supported
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7.6.16 (1Bh) SMBALERT_MASK_OTHER

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

1Bh (with CMD byte = 7Fh)

Write Word

Block-Write/Block-Read Process Call
Unsigned Binary (1 byte)

No
EEPROM
On-the-fly

SMBALERT_MASK bits for STATUS_OTHER
7-22. (1Bh) SMBALERT_MASK_OTHER Register Map

7 6 5 4 3 2 0

R R R R R R R
mFIRST_

0 0 0 0 0 0 TO_ALERT

LEGEND: R/W = Read/Write; R = Read only

£+ 7-29. Register Field Descriptions

Bit Field Access Reset Description
. Not
71 supported R Oh Not supported
0 mFIRST_ R 1b The FIRST_ TO_ ALERT bit does not in itself generate SMBALERT assertion,
TO_ ALERT hence this bit is hard-coded to 1b (source is masked).
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7.6.17 (1Bh) SMBALERT_MASK_MFR

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

1Bh (with CMD byte = 80h)

Write Word

Block-Write/Block-Read Process Call
Unsigned Binary (1 byte)

No

EEPROM

On-the-fly

SMBALERT_MASK bits for STATUS_MFR
7-23. (1Bh) SMBALERT_MASK_MFR Register Map

INSTRUMENTS

www.ti.com/ja-jp

7 6 5 4 3 2 1
RwW RwW R R RwW RwW RwW
mPOR mSELF 0 0 mRESET mBCX mSYNC

LEGEND: R/W = Read/Write; R = Read only

# 7-30. Register Field Descriptions

Bit Field Access Reset Description
Ob: SMBALERT may assert due to this condition.
7 mPOR RW NVM 1b: SMBALERT may not assert due to this condition.
Ob: SMBALERT may assert due to this condition.
1b: SMBALERT may not assert due to this condition.
6 mSELF RW NVM Due to variations in AVIN UVLO, unmasking this bit can result in SMBALERT being
asserted on power up.
Not
5 supported R Ob Not supported
Not
4 supported R 0Ob Not supported
Ob: SMBALERT may assert due to this condition.
3 mRESET RW NVM 1b: SMBALERT may not assert due to this condition.
Ob: SMBALERT may assert due to this condition.
2 mBCX RW NVM 1b: SMBALERT may not assert due to this condition.
Ob: SMBALERT may assert due to this condition.
1b: SMBALERT may not assert due to this condition.
1 mSYNC RW NVM When the loop controller device of a multi-phase stack is programmed for Auto
Detect SYNC, unmasking this bit can result in a momentary assertion of
SMBALERT when the multi-phase stack is enabled.
Not
0 supported R Ob Not supported
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7.6.18 (20h) VOUT_MODE

CMD Address 20h

Write Transaction: Write Byte

Read Transaction: Read Byte

Format: Unsigned Binary (1 byte)

Phased: No

NVM Backup: EEPROM

Updates: Conversion Disabled: on-the-fly, Conversion Enabled: Read Only

The data byte for the VOUT_MODE command is one byte that consists of a three bit mode and a five bit
parameter as shown in [X| 7-24. The three bit mode sets whether the device uses the ULINEAR16, half-precision
IEEE 754 floating point, or VID or DIRECT modes for output voltage related commands. The five bit parameter

provides more information about the selected mode, such as the ULINEAR16 exponent or which manufacturer's
VID codes are being used.

B 7-24. (20h) VOUT_MODE Register Map

7

6 5 4 3 2 1 0
RwW R R RwW RwW RwW RwW RwW
REL MODE PARAMETER

LEGEND: R/W = Read/Write; R = Read only

£+ 7-31. Register Field Descriptions

Bit Field Access Reset Description
Ob: Absolute Data Format
7 REL RW NVM 1b: Relative Data Format
65 MODE R 00b 00b: L.|near Format (UL_INEAR16, SLINEAR16)
Other: Unsupported or invalid
MODE = 00b (Linear Format): Specifies the exponent “N” to use with output
40 PARAMETE RW NVM voltage related commands, in two’s complement format. Supported exponent
’ R values in the linear mode range from —4 (62.5 mV/LSB) to —12 (0.244 mV/LSB).
Refer to the following text for more information.

Changing VOUT_MODE

Changing VOUT_MODE forces an update to the values of many VOUT related commands to conform to the
updated VOUT_MODE value including relative versus absolute mode and the linear exponent value. When
programming VOUT_MODE in conjunction with other VOUT related commands, VOUT related commands are
interpreted with the current VOUT_MODE value and converted if VOUT_MODE is later changed.
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7.6.19 (21h) VOUT_COMMAND

CMD Address 21h

Write Transaction: Write Word

Read Transaction: Read Word

Format: ULINEAR16, Absolute Only per VOUT_MODE
Phased: No

NVM Backup: EEPROM or Pin Detection

Updates: On-the-fly

VOUT_COMMAND causes the device to set its output voltage to the commanded value with two data bytes.
Output voltage changes due to VOUT_COMMAND occur at the rate specified by VOUT_TRANSITION_RATE.

When PGD/RST_B is configured as a RESET# pin in MISC_OPTIONS, assertion of the PGD/RST_B pin causes
the output voltage to return to the VBOOT value, and causes the VOUT_COMMAND value to be updated
accordingly.

B 7-25. (21h) VOUT_COMMAND Register Map
15 14 13 12 11 10 9 8

RW RW RW RW RW RW RW RW
VOUT_COMMAND (High Byte)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VOUT_COMMAND (Low Byte)

LEGEND: R/W = Read/Write; R = Read only

£ 7-32. Register Field Descriptions

Bit Field Access Reset Description
15:0 VOUT_ RwW NVM Sets the output voltage target through the PMBus interface
: COMMAND P ge targ o :

At power up, the reset value of VOUT_COMMAND is derived from either pin-detection on the VSEL pin, or from
the NVM, depending on the VOUT_COMMAND bit in PIN_DETECT_OVERRIDE.

When the VOUT_COMMAND bit in PIN_DETECT_OVERRIDE = 0b, the default value of VOUT_COMMAND is
restored from NVM at power-on reset or RESTORE_USER_ALL.

When the VOUT_COMMAND bit in PIN_DETECT_OVERRIDE = 1b, the default value of VOUT_COMMAND is
derived from pin-detection on the VSEL pin, at power-on reset or RESTORE_USER_ALL.

This default value, whether derived from pin detection, or NVM becomes the “default” output voltage (also
referred to as “VBOOT”), and is stored in RAM separately from the current value of VOUT_COMMAND.

BOOT Voltage Behavior

The RESET_FLT bit in MISC_OPTIONS selects the VOUT_COMMAND behavior following a fault-related
shutdown. When RESET_FLT = Ob, the device retains the current value of VOUT_COMMAND during HICCUP
after a fault. When RESET_FLT = 1b, VOUT_COMMAND will reset to the last detected VSEL voltage or the
NVM STORED value for VOUT_COMMAND as selected by the VOUT_COMMAND bit in MISC_OPTIONS.

Data Validity

Writes to VOUT_COMMAND for which the resulting value, including any offset from VOUT_TRIM is greater than
the current VOUT_MAX or less than the current VOUT_MIN, causes the reference DAC to move to the value
specified by VOUT_MIN or VOUT_MAX respectively, and causes the VOUT_MAX_MIN_WARNING fault
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condition, setting the appropriate bits in STATUS_WORD, STATUS_VOUT and notifying the host per the PMBus
1.3.1 Part Il specification, section 10.2.
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7.6.20 (22h) VOUT_TRIM

CMD Address

Format:
Phased:

NVM Backup:
Updates:

Write Transaction:

Read Transaction:

22h

Write Word

Read Word

SLINEAR16, absolute only per (20h) VOUT_MODE.
No

EEPROM

On-the-fly

VOUT_TRIM is used to apply a fixed offset voltage to the output voltage command value. Output voltage
changes due to VOUT_TRIM occur at the rate specified by (27h) VOUT_TRANSITION_RATE.

7-26. (22h) VOUT_TRIM Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
VOUT_TRIM (High Byte)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VOUT_TRIM (Low Byte)

LEGEND: R/W = Read/Write; R = Read only

£ 7-33. Register Field Descriptions

Bit Field Access Reset Description
. VOUT, ,
15:0 TRIM RW See Below |Output voltage offset. SLINEAR16 (two’s complement) format

Limited NVM Backup

Only 8 bits of NVM backup are provided for this command. While the VOUT_TRIM command follows the (20h)
VOUT_MODE exponent, NVM backup is stored with an exponent -12 and stored values are limited to +127 to —
128 with an exponent —12 irrespective of (20h) VOUT_MODE.

Data Validity

Referring to the data validity table in (21h) VOUT_COMMAND (reproduced below), the output voltage value
(including any offset from VOUT_TRIM, VOUT_COMMAND, VOUT_MARGIN, ...) may not exceed the values
supported by the DAC hardware.

Programming a (21h) VOUT_COMMAND + (22h) VOUT_TRIM value greater than the maximum value
supported by the DAC hardware but less than (24h) VOUT_MAX result in the regulated output voltage clamping
at the maximum value supported by the DAC hardware without setting the VOUT_MAX_MIN bit in (7Ah)
STATUS_VOUT.

# 7-34. VOUT_COMMAND / VOUT_MARGIN + VOUT_TRIM Data Validity (Linear Format)

VOUT_SCALE_LOOP

Internal Divider

Valid VOUT_COMMAND / Margin +
VOUT_TRIM Values

1.0 None 0.000V to 0.700 V
0.5 11 0.000 V to 1.400 V
0.25 1:3 0.000 V to 2.800 V
0.125 1:7 0.000 V to 6.000 V
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The minimum and maximum valid data values for VOUT_TRIM follow the description in (21h)
VOUT_COMMAND. Attempts to write VOUT_TRIM to any value outside those specified as valid are considered
invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits, and
notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

Writes to VOUT_TRIM for which the resulting output voltage is greater than the current (24h) VOUT_MAX, or
less than the current (2Bh) VOUT_MIN, cause the reference DAC to move to the value specified by (2Bh)
VOUT_MIN or (24h) VOUT_MAX, respectively, and cause the VOUT_MAX_MIN_WARNING fault condition,
setting the appropriate bits in (79h) STATUS_WORD and (7Ah) STATUS_VOUT and notifying the host per the
PMBus 1.3.1 Part |l specification, section 10.2.
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7.6.21 (24h) VOUT_MAX

CMD Address 24h
Write Transaction: Write Word
Read Transaction: Read Word

Format: ULINEAR16, Absolute Only per VOUT_MODE
Phased: No

NVM Backup: EEPROM or Pin Detection

Updates: On-the-fly

The VOUT_MAX command sets an upper limit on the output voltage the unit and can command regardless of
any other commands or combinations. The intent of this command is to provide a safeguard against a user
accidentally setting the output voltage to a possibly destructive level.

7-27. (24h) VOUT_MAX Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
VOUT_MAX (High Byte)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VOUT_MAX (Low Byte)

LEGEND: R/W = Read/Write; R = Read only

£+ 7-35. Register Field Descriptions

Bit Field Access Reset Description
15:0 VOUT_ RW NVM Maximum output voltage. ULINEAR16 absolute per the setting of VOUT_ MODE.
' MAX Refer to the following description for data validity.

While conversion is enabled, any output voltage change (including VOUT_COMMAND, VOUT_TRIM, and
margin operations) that causes the new target voltage to be greater than the current value of VOUT_MAX cause
the VOUT_MAX_MIN_WARNING fault condition. This result causes the TPSM8D6B24 to:

» Set to the output voltage to current value of VOUT_MAX, at the slew rate defined by
VOUT_TRANSITION_RATE.

+ Setthe NONE OF THE ABOVE bit in the STATUS_BYTE.

» Set the VOUT bit in the STATUS_WORD.

» Set the VOUT_MIN_MAX warning bit in STATUS_VOUT.

* Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

Although the scenario is uncommon, note that the same response results if the user attempted to program
VOUT_MAX less than the current output voltage target.
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7.6.22 (25h) VOUT_MARGIN_HIGH

CMD Address 25h

Write Transaction: Write Word

Read Transaction: Read Word

Format: ULINEAR16, per VOUT_MODE
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The VOUT_MARGIN_HIGH command loads the unit with the voltage to which the output is to be changed when

the OPERATION command is set to “Margin High.” Output voltage transitions during margin operation occur at
the slew rate defined by VOUT_TRANSITION_RATE.

When the MARGIN bits in the OPERATION command indicate “Margin High,” the output voltage is updated to
the value of VOUT_MARGIN_HIGH + VOUT_TRIM.

7-28. (25h) VOUT_MARGIN_HIGH Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
VOUT_MARGH (High Byte)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VOUT_MARGH (Low Byte)

LEGEND: R/W = Read/Write; R = Read only

£ 7-36. Register Field Descriptions

Bit Field Access Reset Description
. VOUT_ Margin High output voltage. ULINEAR16 relative or absolute per the setting of
150 MARGH RW NVM VOUT_ MODE

The minimum and maximum valid data values for VOUT_MARGIN_HIGH follow the description in
VOUT_COMMAND. That is, the total combined output voltage, including VOUT_MARGIN_HIGH and
VOUT_TRIM, follow the values allowed by the current VOUT_MAX setting.

Attempts to write (25h) VOUT_MARGIN_HIGH to any value outside those specified as valid are considered
invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and
notifying the host according to the PMBus 1.3.1 Part |l specification section 10.9.3.
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7.6.23 (26h) VOUT_MARGIN_LOW

CMD Address 26h

Write Transaction: Write Word

Read Transaction: Read Word

Format: ULINEAR16, per VOUT_MODE
Phased: No

NVM Backup: EEPROM

The VOUT_MARGIN_LOW command loads the unit with the voltage to which the output is to be changed when

the OPERATION command is set to “Margin Low.” Output voltage transitions during margin operation occur at
the slew rate defined by VOUT_TRANSITION_RATE.

When the MARGIN bits in the OPERATION command indicate “Margin Low,” the output voltage is updated to the
value of VOUT_MARGIN_LOW + VOUT_TRIM.

7-29. (26h) VOUT_MARGIN_LOW Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
VOUT_MARGIN_LOW (High Byte)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VOUT_MARGIN_LOW (Low Byte)

LEGEND: R/W = Read/Write; R = Read only

#+ 7-37. Register Field Descriptions

Bit Field Access Reset Description
. VOUT_ Margin Low output voltage. ULINEAR16 relative or absolute per the setting of
150 MARGL RW NVM VOUT_ MODE

The minimum and maximum valid data values for VOUT_MARGIN_LOW follow the description in
VOUT_COMMAND. Attempts to write (26h) VOUT_MARGIN_LOW to any value outside those specified as valid
are considered invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate
status bits and notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.
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7.6.24 (27h) VOUT_TRANSITION_RATE

CMD Address 27h

Write Transaction: Write Word

Read Transaction: Read Word

Format: SLINEAR11 per CAPABILITY
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The VOUT_TRANSITION_RATE command sets the slew rate at which any output voltage changes during

normal power conversion occur. This commanded rate of change does not apply when the unit is commanded to
turn on or to turn off. The units are mV/us.

B4 7-30. (27h) VOUT_TRANSITION_RATE Register Map

15 14 13 12 1 10 S 8
RwW RwW RwW RwW RwW RwW RwW RwW
VOTR_EXP VOTR_MAN
7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
VOTR_MAN

LEGEND: R/W = Read/Write; R = Read only

£ 7-38. Register Field Descriptions

Bit Field Access Reset Description
15:11 VOTR_ EXP RW 11100b Linear format two’s complement exponent. Exponent = —4, LSB = 0.0625 mV/us
10:0 Vﬁ;ﬁ— RwW NVM Linear format two’s complement mantissa

Note that every binary value between the minimum and maximum values is writable and readable, but that the
actual output voltage slew rate is set to the nearest supported value.

VOUT_TRANSITION RATE can be programmed from 0.067 mV/us to 15.933 mV/us.

Attempts to write (27h) VOUT_TRANSITION_RATE to any value outside those specified as valid are considered
invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and
notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.
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7.6.25 (29h) VOUT_SCALE_LOOP

CMD Address 29h

Write Transaction: Write Word

Read Transaction: Read Word

Format: SLINEAR11 per CAPABILITY

Phased: No
Conversion Disable: on-the-fly. Conversion Enable: hardware update blocked. To update hardware

Updates: after write while enabled, store to NVM with STORE_USER_ALL and RESTORE_USER_ALL or
cycle AVIN below UVLO.

NVM Backup: EEPROM or Pin Detection

The VOUT_SCALE_LOOP command allows PMBus devices to map between the commanded voltage and the
voltage at the control circuit input. In the TPSM8D6B24, VOUT_SCALE_LOOP also programs an internal
precision resistor divider so no external divider is required.

7-31. (29h) VOUT_SCALE_LOOP Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
VOSL_EXP VOSL_MAN
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VOSL_MAN

LEGEND: R/W = Read/Write; R = Read only

£+ 7-39. Register Field Descriptions

Bit Field Access Reset Description
15:11 VOSL_ EXP RW 11001b Linear format two’s complement exponent
VOSL . :
10:0 MAN_ RW NVM Linear format two’s complement mantissa
Data Validity

Every binary value between the minimum and maximum supported values is writable and readable. However,
not every combination is supported in hardware. Refer to % 7-40:

K 7-40. Accepted Values

VOUT_SCALE_LOOP (DECODED) Internal Divider Scaling Factor
Less than or equal to 0.125 0.125
0.125 <VOSL £0.25 0.25
0.25<VOSL<0.5 0.5
Greater than 0.5 1.0

Attempts to write (29h) VOUT_SCALE_LOOP to any value outside those specified as valid are considered
invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and
notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

If a (29h) VOUT_SCALE_LOOP value other than a supported internal divider scaling factor is programmed into
(29h) VOUT_SCALE_LOOP and (21h) VOUT_COMMAND to VREF scale factors are calculated based on the
actual (29h) VOUT_SCALE_LOOP value. (29h) VOUT_SCALE_LOOP values other than supported internal
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divider scaling factors can produce a mismatch between (21h) VOUT_COMMAND and the actual commanded
output voltage.
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7.6.26 (2Bh) VOUT_MIN

CMD Address 2Bh
Write Transaction: Write Word
Read Transaction: Read Word

Format: ULINEAR16, absolute Only per VOUT_MODE
Phased: No

Updates: On-the-fly

NVM Backup: EEPROM or Pin Detection

The VOUT_MIN command sets a lower limit on the output voltage the unit can command regardless of any other
commands or combinations. The intent of this command is to provide a safeguard against a user accidentally
setting the output voltage to a level that renders the load inoperable.

& 7-32. (2Bh) VOUT_MIN Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
VOUT_MIN (High Byte)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VOUT_MIN (Low Byte)

LEGEND: R/W = Read/Write; R = Read only

2 7-41. Register Field Descriptions
Reset
NVM

Bit Field
15:0

Access
VOUT_ MIN RW

Description
Minimum output voltage. ULINEAR16 absolute per the setting of VOUT_ MODE.

During power conversion, any output voltage change (including VOUT_COMMAND, VOUT_TRIM, and margin
operations) that causes the new target voltage to be less than the current value of VOUT_MIN causes the
VOUT_MAX_MIN_WARNING fault condition. These results cause the TPSM8D6B24 to:

» Set to the output voltage to current value of VOUT_MIN at the slew rate defined by
VOUT_TRANSITION_RATE.

» Setthe NONE OF THE ABOVE in the STATUS_BYTE.

» Set the VOUT bit in the STATUS_WORD.

» Set the VOUT_MIN_MAX warning bit in STATUS_VOUT.

* Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

Although the scenario is uncommon, note that the same response results if the user attempted to program
VOUT_MAX greater than the current output voltage target.

Data Validity

The minimum and maximum valid data values for VOUT_MIN follow those of VOUT_MAX. Attempts to write
(2Bh) VOUT_MIN to any value outside those specified as valid are considered invalid or unsupported data and
cause the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying the host according to
the PMBus 1.3.1 Part Il specification section 10.9.3.
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7.6.27 (33h) FREQUENCY_SWITCH

CMD Address 33h

Write Transaction: Write Word

Read Transaction: Read Word

Format: SLINEAR11, per CAPABILITY

Phased: No
Conversion Disable: on-the-fly. Conversion Enable: hardware update blocked. To update hardware

Updates: after write while enabled, store to NVM with STORE_USER_ALL and RESTORE_USER_ALL or
cycle AVIN below UVLO.

NVM Backup: EEPROM or Pin Detection

FREQUENCY_SWITCH sets the switching frequency of the active channel in kHz.
Eq 7-33. (33h) FREQUENCY_SWITCH Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
FSW_EXP FSW_MAN
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
FSW_MAN

LEGEND: R/W = Read/Write; R = Read only

£ 7-42. Register Field Descriptions

Bit Field Access Reset Description
Linear format two’s complement exponent
15:11 FSW_ EXP RW NVM On reset, FSW_EXP is auto-generated based on the switching frequency stored in
NVM.
10:0 FSW_ MAN RW NVM Linear format two’s complement mantissa. Refer to ¢ 7-43.
#+ 7-43. Supported Switching Frequency Settings
FREQUENCY_SWITCH (Decoded) Effective Switching Frequency (kHz)
Less than 250 kHz 225
251 < FSW < 300 kHz 275
301 < FSW < 350 kHz 325
351 < FSW <410 kHz 375
411 < FSW < 500 kHz 450
501 < FSW < 600 kHz 550
601 < FSW < 700 kHz 650
701 < FSW < 820 kHz 750
821 < FSW < 1000 kHz 900
1001 < FSW < 1200 kHz 1100
1201 < FSW < 1400 kHz 1300
1401 < FSW < 1650 kHz 1500

FREQUENCY_SWITCH values greater than 1100 kHz can require higher VDD5 current than can be provided by
the internal AVIN to VDDS5 linear regulator. Programming FREQUENCY_SWITCH to a value greater than 1100
kHz without an external source to VDD5 can result in repeated start-up and shutdown attempt.
FRQUENCY_SWITCH values greater than 1100 kHz are not recommended for stacked multi-phase operation.
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7.6.28 (35h) VIN_ON

CMD Address 35h
Write Transaction: Write Word
Read Transaction: Read Word

Format: SLINEAR11, per CAPABILITY
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The VIN_ON command sets the value of the input voltage, in Volts, at which the unit starts power conversion.

Eq 7-34. (35h) VIN_ON Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
VON_EXP VON_MAN
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VON_MAN

LEGEND: R/W = Read/Write; R = Read only

2R 7-44. Register Field Descriptions

Bit Field Access Reset Description
15:11 VON_ EXP RW 11110b Linear format two’s complement exponent, —2
10:0 VON_ MAN RW NVM .I_i:ear f?rmat two’s complement mantissa. Refer to the following text for more
information.

Attempts to write (35h) VIN_ON to any value outside those specified as valid are considered invalid or
unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying
the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

Command Resolution and NVM Store or Restore Behavior

(35h) VIN_ON and (36h) VIN_OFF have limited hardware range and resolution as well as limited NVM
allocation. While the command accepts any binary value within the valid range, values not exactly represented
by the hardware resolution are rounded down to the next lower supported threshold for implementation or upon
restore from NVM during power-on reset or (16h) RESTORE_USER_ALL. (35h) VIN_ON hardware supports all
values from 2.50 V to 18.25 in 0.25-V steps.

Note that the LOW_VIN fault condition is masked until the sensed input voltage exceeds the VIN_ON threshold
for the first time following a power-on reset. The Control/Enable pin toggles and EEPROM store and restore
operations do not reset this masking.
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7.6.29 (36h) VIN_OFF

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

36h

Write Word

Read Word

SLINEAR11, per CAPABILITY
No

EEPROM

On-the-fly

The (36h) VIN_OFF command sets the value of the PVIN input voltage, in Volts, at which the unit should stop
power conversion. If the power conversion enable conditions as defined by (02h) ON_OFF_CONFIG are met
and PVIN is less than (36h) VIN_OFF, the output off due to low VIN bit in (7Ch) STATUS_INPUT is set.

7-35. (36h) VIN_OFF Register Map

15 14 13 12 1 10 S 8
RwW RwW RwW RwW R RwW RwW RwW
VOFF_EXP VOFF_MAN
7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
VOFF_MAN

LEGEND: R/W = Read/Write; R = Read only

£ 7-45. Register Field Descriptions

Bit Field Access Reset Description
15:11 VOFF_ EXP RW 11110b Linear format two’s complement exponent
10:0 VOFF_ RwW NVM Linear format two’s complement mantissa. Refer to the following text.
MAN

Attempts to write (36h) VIN_OFF to any value outside those specified as valid are considered invalid or
unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying
the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

Command Resolution and NVM Store or Restore Behavior

(35h) VIN_ON and (36h) VIN_OFF have limited hardware range and resolution as well as limited NVM
allocation. While the command will accept any binary value within the valid range, values not exactly represented
by the hardware resolution will be rounded down to the next lower supported threshold for implementation or
upon restoration from NVM during Power-On Reset or (16h) RESTORE_USER_ALL. (36h) VIN_OFF hardware
supports all values from 2.25 V to 18.25 in 0.25-V steps.

While it is possible to set (36h) VIN_OFF equal to or greater than (35h) VIN_ON, it is not advisable and can
produce rapid enabling and disabling of conversion and undesirable operation.
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7.6.30 (37h) INTERLEAVE

CMD Address 37h
Write Transaction: Write Word (Single Phase Only)
Read Transaction: Read Word

Format: Four Hexadecimal values

Phased: No, Read only in Multi-phase stack
Updates: On-the-fly

NVM Backup: EEPROM or Pin Detection

The INTERLEAVE command sets the phase delay between the external SYNC (IN or OUT) and the internal
PMW oscillator.

B 7-36. (37h) INTERLEAVE Register Map

15 14 13 12 1 10 S 8
R R R R RwW RwW RwW RwW
Not Used GROUPID
7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW

NUM_GROUP ORDER

LEGEND: R/W = Read/Write; R = Read only

2R 7-46. Register Field Descriptions

Bit Field Access Reset Description
15:12 Not Used R Oh Not used. Set to b'0000.
11:8 GROUPID RW NVM Group ID Number. Set to Oh to Fh.
7.4 NUM_GRO RW NVM Number in Group. Sets the number of phases positions and the phase shift for
UpP each value of ORDER. Set to value 1h to 4h.
50 | OROER | AW | N |Sreruliine g Eactvele o ORDES scceaphase st e o 60
K 7-47. Supported INTERLEAVE Settings
Number in Group Order Phase Position (°)
1 0 0
2 0 0
2 1 180
3 0 0
3 1 120
3 2 240
4 0 0
4 1 90
4 2 180
4 3 270

The (37h) INTERLEAVE command is used to arrange multiple devices sharing a common SYNC signal in time.
The phase delay added to each device is equal to 360° / Number in Group x Order. To prevent misaligning the
phases of a multi-phase stack, (37h) INTERLEAVE is read only when the TPSM8D6B24 is configured as part of
a multi-phase stack. The Read/Write status of the (37h) INTERLEAVE command is set based on the state of the
(ECh) MFR_SPECIFIC 28 (STACK _CONFIG) command at power-on and is not updated if (ECh)
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MFR_SPECIFIC_28 (STACK_CONFIG) is later changed. If (37h) INTERLEAVE is used to program the phase
position of a standalone device, the TPSM8D6B24 must be configured as a standalone device at power-on to
ensure write capability of the (37h) INTERLEAVE command.
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7.6.31 (38h) IOUT_CAL_GAIN

CMD Address 38h
Write Transaction: Write Word
Read Transaction: Read Word

Format: SLINEAR11, per CAPABILITY
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

(38h) IOUT_CAL_GAIN is used to trim the gain of the output current reported by the READ_IOUT command.
The value is a unitless gain factor applied to the internally sensed current measurement. The register defaults to
a value of 1.

7-37. (38h) IOUT_CAL_GAIN Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
IOCG_EXP IOCG_MAN
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
IOCG_MAN

LEGEND: R/W = Read/Write; R = Read only

2 7-48. Register Field Descriptions

Bit Field Access Reset Description

15:11 I0CG_ EXP RW 11001b Linear format, two’s complement exponent

10:0 I0CG_ MAN RwW NVM Linear format, two’s complement mantissa
Changing (38h) IOUT_CAL_GAIN adjusts the overcurrent setting programmed by (46h)
IOUT_OC_FAULT_LIMIT or (4Ah) IOUT_OC_WARN_LIMIT according to the new value of (38h)

IOUT_CAL_GAIN.

Attempts to write (38h) IOUT_CAL_GAIN to any value outside those specified as valid are considered invalid or
unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying
the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

Command Resolution and NVM Store or Restore Behavior

The (38h) IOUT_CAL_GAIN command is implemented using the TPSM8D6B24 internal telemetry system. As a
result, the value of this command can be programmed with very high resolution using the linear format. However,
the TPSM8D6B24 provides only limited NVM-backed options for this command. Following a power-cycle or NVM
Store or Restore operation, the value is rounded to the nearest 1 / 64 with a maximum supported value of 1.984
(163/64).
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7.6.32 (39h) IOUT_CAL_OFFSET

CMD Address 3%h

Write Transaction: Write Word

Read Transaction: Read Word

Format: SLINEAR11, per CAPABILITY
Phased: Yes

NVM Backup: EEPROM

Updates: On-the-fly

IOUT_CAL_OFFSET is used to compensate for offset errors in the READ_IOUT command. Each PHASE in a
stack can apply an independent IOUT_CAL_OFFSET value. The effective IOUT_CAL_OFFSET value for a
stack is equal to the sum of the IOUT_CAL_OFFSET values from all devices in the stack.

7-38. (39h) IOUT_CAL_OFFSET Register Map

15 14 13 12 1 10 9 8
RW RW RW RW RW RW RW RW
I0COS_EXP I0COS_MAN
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
I0COS_MAN

LEGEND: R/W = Read/Write; R = Read only

£+ 7-49. Register Field Descriptions

Bit Field Access Reset Description
15:11 IOEC)?PS— RW 11100b Linear format, two’s complement exponent
10:0 IOl\%AC\)’\IS_ RW NVM Linear format, two’s complement mantissa

Attempts to write (39h) IOUT_CAL_OFFSET to any value outside those specified as valid are considered invalid
or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and
notifying the host according to the PMBus 1.3.1 Part |l specification section 10.9.3.

Command Resolution and NVM Store or Restore Behavior

The (39h) IOUT_CAL_OFFSET command is implemented using the TPSM8D6B24 internal telemetry system. As
a result, the value of this command can be programmed with very high resolution using the linear format.
However, the TPSM8D6B24 only provides limited NVM-backed options for this command. Following a power-
cycle or NVM Store and Restore operation, the value is restored to one of the supported values, according to the
value present during the last NVM store operation. During operation, updates to this command with higher
resolution are supported, and accepted as long as they fall between the minimum and maximum supported
values given.

Phased Command Behavior

PHASE = 00h to 03h: Writes to (39h) IOUT_CAL_OFFSET modify the current sense offset for individual phases.
Reads to (39h) IOUT_CAL_OFFSET return the configured current sense offset for individual phases.

PHASE = FFh: Writes to (39h) IOUT_CAL_OFFSET modify the total current sense offset for all individual
phases. Individual phases are assigned an IOUT_CAL_OFFSET value equal to the written value divided by the
number of phases. Reads to (39h) IOUT_CAL_OFFSET return the configured current sense offset for PHASE =
00h times the number of phases.
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7.6.33 (40h) VOUT_OV_FAULT_LIMIT

CMD Address 40h

Write Transaction: Write Word

Read Transaction: Read Word

Format: ULINEAR16 Relative or Absolute per VOUT_MODE
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The VOUT_OV_FAULT_LIMIT command sets the value of the output voltage measured at the sense or output
pins that causes an output overvoltage fault. VOUT_OV_FAULT_LIMIT sets an overvoltage threshold relative to
the current VOUT_COMMAND. Updates to VOUT_COMMAND do not update the value of
VOUT_OV_FAULT_LIMIT when the absolute format is used. Note that even with VOUT_MODE configured in
absolute format, the true overvoltage fault limit remains relative to the current VOUT_COMMAND.
VOUT_OV_FAULT_LIMIT is active as soon as the TPSM8D6B24 completes its power-on reset, even if output
conversion is disabled.

Following an overvoltage  fault  condition, the  TPSM8D6B24

VOUT_OV_FAULT_RESPONSE.
7-39. (40h) VOUT_OV_FAULT_LIMIT Register Map

responds  according to

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
VOUT_OVF (High Byte)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VOUT_OVF (Low Byte)

LEGEND: R/W = Read/Write; R = Read only

£+ 7-50. Register Field Descriptions

Reset

Bit Field
15:0 VOUT_ OVF RwW

Access Description

Sets the overvoltage fault limit. Format is per VOUT_ MODE.

See Below

Hardware Support and Value Mapping

The hardware for VOUT_OV_FAULT_LIMIT is implemented as a fixed percentage of the current output voltage
target. Depending on the VOUT_MODE setting, the value written to VOUT_OV_FAULT_LIMIT must be mapped
to the hardware percentage.

Programmed values not exactly equal to one of the hardware relative values are rounded up to the next
available relative value supported by hardware. The hardware supports values from 105% to 140% of
VOUT_COMMAND in 2.5% steps. When output conversion is disabled, the hardware supports values from
110% to 140% of VOUT_COMMAND in 10% steps.

Attempts to write VOUT_OV_FAULT_LIMIT to any value outside those specified as valid are considered invalid
or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and
notifying the host according to the PMBus 1.3.1 Part |l specification section 10.9.3.
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7.6.34 (41h) VOUT_OV_FAULT_RESPONSE

CMD Address 41h

Write Transaction: Write Byte

Read Transaction: Read Byte

Format: Unsigned Binary (1 byte)
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The VOUT_OV_FAULT_RESPONSE command instructs the device on what action to take in response to an
output overvoltage fault. Upon triggering the overvoltage fault, the TPSM8D6B24 controller responds according
to the following data byte, and the following actions are taken:

» Setthe VOUT_OV_FAULT bit in the STATUS_BYTE.

» Set the VOUT bit in the STATUS_WORD.

* Setthe VOUT_OVF bit in the STATUS_VOUT register.

* Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

B 7-40. (41h) VOUT_OV_FAULT_RESPONSE Register Map

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VO_OV_RESP VO_OV_RETRY VO_OV_ DELAY

LEGEND: R/W = Read/Write; R = Read only

£+ 7-51. Register Field Descriptions

Bit Field Access Reset Description

Output overvoltage response
VO OV RE 00b: Ignore. Continue operating without interruption.

7:6 “sp~ RwW NVM 01b: Shut down. Shut down and retry according to VO_OV_RETRY.
10b: Shut down. Shut down and retry according to VO_ OV_ RETRY.
11b: Invalid or unsupported
0d: Do not attempt to restart (latch off).
1d - 6d: After shutting down, wait one HICCUP period, and attempt to restart up to

53 VO_OV_RE RW NVM one to six times. After one to six failed restart attempts, do not attempt to restart

TRY (latch off).

7d: After shutting down, wait one HICCUP period, and attempt to restart
indefinitely, until commanded OFF, or a successful start-up occurs.

2:0 VO_OV_DE RW NVM 0d: VO_OV HICCUP period is equal to TON_RISE.

’ LAY 1d - 7d: VO_OV HICCUP period is equal to one to seven times TON_RISE.

Attempts to write VOUT_OV_FAULT_RESPONSE to any value outside those specified as valid are considered
invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and
notifying the host according to the PMBus 1.3.1 Part |l specification section 10.9.3.

A restart attempt is successful and the restart limit counter is reset to 0 when no fault with a shutdown response
is observed after one (61h) TON_RISE time after completing (61h) TON_RISE or after (62h)
TON_MAX_FAULT_LIMIT if (62h) TON_MAX_ FAULT_LIMIT is not set to 0 ms (Disabled).

If (41h) VOUT_OV_FAULT_RESPONSE is configured to ignore a VOUT_OV_FAULT, and a VOUT_OV_FAULT
is present at the time of enabling the device, the device does not start up. To ensure the part ignores any
potential VOUT_OV_FAULT at start-up, set the (40h) VOUT_OV_FAULT LIMIT greater than the maximum
possible input voltage applied during start-up.
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7.6.35 (42h) VOUT_OV_WARN_LIMIT

CMD Address 42h
Write Transaction: Write Word
Read Transaction: Read Word

Format: ULINEAR16 Relative or Absolute per VOUT_MODE
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The VOUT_OV_WARN_LIMIT command sets the value of the output voltage at the sense or output pins that
causes an output voltage high warning. This value is typically less than the output overvoltage threshold. The
OV_WARN_LIMIT sets an overvoltage threshold relative to the current VOUT_COMMAND. Updates to
VOUT_COMMAND do not update the value of VOUT_OV_FAULT_LIMIT when the absolute format is used.

When the sensed output voltage exceeds the VOUT_OV_WARN_LIMIT threshold, the following actions are
taken:

» Set the VOUT bit in the STATUS_WORD.
* Set the VOUT_OVW bit in the STATUS_VOUT register.
* Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

7-41. (42h) VOUT_OV_WARN_LIMIT Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
VOUT_OVW (High Byte)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VOUT_OVW (Low Byte)

LEGEND: R/W = Read/Write; R = Read only

£+ 7-52. Register Field Descriptions

Bit Field Access Reset Description
. VOUT, I .
15:0 ovW RW NVM Sets the overvoltage warning limit. Format is per VOUT_ MODE.

Hardware Support and Value Mapping

The hardware for VOUT_OV_WARN_LIMIT is implemented as a fixed percentage of the current output voltage
target. Depending on the VOUT_MODE setting, the value written to VOUT_OV_WARN_LIMIT must be mapped
to a hardware percentage.

Programmed values not exactly equal to one of the hardware relative values shall be rounded up to the next
available relative value supported by hardware. The hardware supports values from 103% to 116%
VOUT_COMMAND in 1% steps.

Attempts to write (42h) VOUT_OV_WARN_LIMIT to any value outside those specified as valid are considered
invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and
notifying the host according to the PMBus 1.3.1 Part |l specification section 10.9.3.
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7.6.36 (43h) VOUT_UV_WARN_LIMIT

CMD Address 43h
Write Transaction: Write Word
Read Transaction: Read Word

Format: ULINEAR16 Relative or Absolute per VOUT_MODE
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The VOUT_UV_WARN_LIMIT command sets the value of the output voltage at the sense or output pins that
causes an output voltage low warning. The VOUT_UV_WARN_LIMIT sets an undervoltage threshold relative to
the current VOUT_COMMAND. Updates to VOUT_COMMAND do not update VOUT_UV_WARN_LIMIT when
the absolute format is used.

When the sensed output voltage exceeds the VOUT_UV_WARN_LIMIT threshold, the following actions are
taken:

» Set the VOUT bit in the STATUS_WORD.
* Set the VOUT_UVW bit in the STATUS_VOUT register.
* Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

7-42. (43h) VOUT_UV_WARN_LIMIT Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
VOUT_UVW (High Byte)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VOUT_UVW (Low Byte)

LEGEND: R/W = Read/Write; R = Read only

£ 7-53. Register Field Descriptions

Bit Field Access Reset Description
. VOUT, I .
15:0 UVW RW NVM Sets the undervoltage warning limit. Format is per VOUT_ MODE.

Hardware Mapping and Supported Values

The hardware for VOUT_UV_WARN_LIMIT is implemented as a fixed percentage relative to the current output
voltage target. Depending on the VOUT_MODE setting, the value written to VOUT_UV_WARN_LIMIT must be
mapped to the hardware percentage.

Programmed values not exactly equal to one of the hardware relative values is rounded down to the next
available relative value supported by hardware. The hardware supports values from 84% to 97%
VOUT_COMMAND in 1% steps.

Attempts to write (43h) VOUT_UV_WARN_LIMIT to any value outside those specified as valid are considered
invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and
notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.
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7.6.37 (44h) VOUT_UV_FAULT_LIMIT

CMD Address 44h
Write Transaction: Write Word
Read Transaction: Read Word

Format: ULINEAR16 Absolute per VOUT_MODE
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The VOUT_UV_FAULT_LIMIT command sets the value of the output voltage at the sense or output pins that
causes an output voltage fault. The VOUT_UV_FAULT_LIMIT sets an undervoltage threshold relative to the
current VOUT_COMMAND. Updates to VOUT_COMMAND do not update VOUT_UV_FAULT_LIMIT when the
absolute format is used.

When the undervoltage fault
VOUT_UV_FAULT_RESPONSE.

B4 7-43. (44h) VOUT_UV_FAULT_LIMIT Register Map

condition is triggered, the TPSM8D6B24 responds according to

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
VOUT_UVF (High Byte)

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VOUT_UVF (Low Byte)

LEGEND: R/W = Read/Write; R = Read only

£ 7-54. Register Field Descriptions

Bit Field Access Reset Description
. VOUT, - .
15:0 UVW RW NVM Sets the undervoltage fault limit. Format is per VOUT_ MODE.

Hardware Mapping and Supported Values

The hardware for VOUT_UV_FAULT_LIMIT is implemented as a fixed percentage relative to the current output
voltage target. Depending on the VOUT_MODE setting, the value written to VOUT_UV_FAULT_LIMIT must be
mapped to the hardware percentage.

Programmed values not exactly equal to one of the hardware relative values are rounded down to the next
available relative value supported by hardware. The hardware supports values from 60% to 95% of
VOUT_COMMAND in 2.5% steps.

Attempts to write (44h) VOUT_UV_FAULT_LIMIT to any value outside those specified as valid are considered
invalid orr unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and
notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.
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7.6.38 (45h) VOUT_UV_FAULT_RESPONSE

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

45h
Write Byte
Read Byte

Unsigned Binary (1 byte)

No
EEPROM
On-the-fly

The VOUT_UV_FAULT _RESPONSE command instructs the device on what action to take in response to an
output undervoltage fault. Upon triggering the overvoltage fault, the TPSM8D6B24 responds according to the
following data byte, and the following actions are taken:

» Setthe NONE OF THE ABOVE bit in the STATUS_BYTE.

» Set the VOUT bit in the STATUS_WORD.

» Set the VOUT_UVF bit in the STATUS_VOUT register.

* Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

7-44. (45h) VOUT_UV_FAULT_RESPONSE Register Map

7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
VO_UV_RESP VO_UV_RETRY VO_UV_DLY

LEGEND: R/W = Read/Write; R = Read only

£+ 7-55. Register Field Descriptions

Bit Field Access Reset Description
Output undervoltage response
VO UV 00b: Ignore. Continue operating without interruption.
7:6 RESP RwW NVM 01b: Shutdown after delay, as set by VO_UV_DELY
10b: Shutdown Immediately
Other: Invalid or unsupported
Output undervoltage retry
0d: Do not attempt to restart (latch off).
VO UV 1d-6d: After shutting down, wait one HICCUP period, and attempt to restart up to
5:3 e RwW NVM one to six times. After one to six failed restart attempts, do not attempt to restart
RETRY
(latch off).
7d: After shutting down, wait one HICCUP period, and attempt to restart
indefinitely, until commanded OFF, or a successful start-up occurs.
Output undervoltage delay time for respond after delay and HICCUP
0d: Shutdown delay of one PWM_CLK, HICCUP equal to TON_RISE
VO UV 1d: Shutdown delay of one PWM_CLK, HICCUP equal to TON_RISE
2:0 ~y — RW NVM 2d - 4d: Shutdown delay of three PWM_CLK, HICCUP equal to two to six times
DLY
TON_RISE
5d - 7d: Shutdown delay of seven PWM_CLK, HICCUP equal to five to seven times
TON_RISE

Attempts to write (45h) VOUT_UV_FAULT_RESPONSE to any value outside those specified as valid are
considered invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate
status bits and notifying the host according to the PMBus 1.3.1 Part |l specification section 10.9.3.
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7.6.39 (46h) IOUT_OC_FAULT_LIMIT

CMD Address 46h

Write Transaction: Write Word

Read Transaction: Read Word

Format: SLINEAR11 per CAPABILITY
Phased: Yes

NVM Backup: EEPROM or Pin Detection
Updates: On-the-fly

The IOUT_OC_FAULT_LIMIT command sets the value of the output current that causes the overcurrent detector
to indicate an overcurrent fault condition. While each TPSM8D6B24 device in a multi-phase stack has its own
IOUT_OC_FAULT_LIMIT and comparator, the effective current limit of the multi-phase stack is equal to the
lowest IOUT_OC_FAULT_LIMIT setting times the number of phases in the stack.

When the overcurrent fault is TPSM8D6B24
IOUT_OC_FAULT RESPONSE.

triggered, the responds  according to

7-45. (46h) IOUT_OC_FAULT_LIMIT Register Map

15 14 13 12 11 10 9 8
RwW Rw RwW RwW RwW RwW RW RwW
I0_OCF_EXP 10_OCF_MAN
7 6 5 4 3 2 1 0
RW RwW RW RW RwW RW RW RwW
I0_OCF_MAN
LEGEND: R/W = Read/Write; R = Read only
£+ 7-56. Register Field Descriptions

Bit Field Access Reset Description

15:11 IO—E?((F:,F— RW 11110b Linear format two’s complement exponent

10:0 |0 OCF Linear format two’s complement mantissa. Refer to the following table.

MAN RwW NVM Multi-phase Stack Current Limit up to 62 A x Number of Phases (PHASE = FFh)
Per Phase OCL: up to 62 A (PHASE ! = FFh)

Attempts to write (46h) IOUT_OC_FAULT_LIMIT to any value outside those specified as valid are considered
invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and
notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

Command Resolution and NVM Store or Restore Behavior

The Per-PHASE (PHASE != FFh) IOUT_OC_FAULT_LIMIT is implemented in analog hardware. The analog
hardware supports current limits from 8 A to 62 A in 2-A steps. Programmed values not exactly equal to
hardware supported values are rounded up to the next available supported value. Values less than 8 A per
device can be written to IOUT_OC_FAULT_LIMIT, but values less than 8 A per device are implemented as 8 A in
hardware. The TPSM8D6B24 provides only limited NVM-backed options for this command. Following a power
cycle or NVM Store or Restore operation, the value is rounded to the nearest NVM supported value. The NVM
supports values up to 62 A in 0.25-A steps.

Phased Command Behavior

Write when PHASE = FFh: Set IOUT_OC_FAULT_LIMIT for each phase to the written value divided by the
number of phases.
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Read when PHASE = FFh: Report the IOUT_OC_FAULT_LIMIT value of PHASE = 00h (loop controller) times
the number of phases.
Write when PHASE != FFh: Set IOUT_OC_FAUL_LIMIT for the current phase to the written value.

Read when PHASE != FFh: Report the IOUT_OC_FAULT_LIMIT value of the current phase.
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7.6.40 (47h) IOUT_OC_FAULT_RESPONSE

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

47h
Write Byte
Read Byte

Unsigned Binary (1 byte)

No
EEPROM
On-the-fly

The IOUT_OC_FAULT_RESPONSE command instructs the device on what action to take in response to an
overcurrent fault. Upon triggering the overcurrent fault, the TPSM8D6B24 responds according to the following
data byte, and the following actions are taken:

» Setthe IOUT_OC bit in the STATUS_BYTE.

» Set the IOUT bit in the STATUS_WORD.

+ Set the IOUT_OCEF bit in the STATUS_IOUT register.
* Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

[ 7-46. (47h) IOUT_OC_FAULT_RESPONSE Register Map

7 6 5 4 3 2 1 0
RW RW RW RW RW R R
I0_OC_RESP I0_OC_RETRY I0_OC_DELAY

LEGEND: R/W = Read/Write; R = Read only

£+ 7-57. Register Field Descriptions

Bit

Field

Access

Reset

Description

7:6

I0_OC_RE
SP

RwW

NVM

Output ovecurrent response
00b: Ignore. Continue operating without interruption.
01b: Ignore. Continue operating without interruption.
10b: Shut down after delay as set by |I0_OC_DELAY
11b: Shutdown immediately

5:3

I0_OC_RET
RY

RwW

NVM

Output overcurrent retry

0d: Do not attempt to restart (latch off).

1d - 6d: After shutting down, wait one HICCUP period, and attempt to restart up to
one to six times. After one to six failed restart attempts, do not attempt to restart
(latch off).

7d: After shutting down, wait one HICCUP period, and attempt to restart indefinitely
until commanded OFF, or a successful start-up occurs.

2:0

I0_OC_DEL
AY

RwW

NVM

Output overcurrent delay time for respond after delay and HICCUP

0d: Shutdown delay of one PWM_CLK, HICCUP equal to TON_RISE

1d: Shutdown delay of one PWM_CLK, HICCUP equal to TON_RISE

2d - 4d: Shutdown delay of three PWM_CLK, HICCUP equal to two to four times
TON_RISE

5d - 7d: Shutdown delay of seven PWM_CLK, HICCUP equal to five to seven times
TON_RISE

Attempts to write (47h) IOUT_OC_FAULT _RESPONSE to any value outside those specified as valid are
considered invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate
status bits and notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.
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7.6.41 (4Ah) IOUT_OC_WARN_LIMIT

CMD Address 4Ah

Write Transaction: Write Word

Read Transaction: Read Word

Format: SLINEAR11 per CAPABILITY
Phased: Yes

NVM Backup: EEPROM or Pin Detection
Updates: On-the-fly

The IOUT_OC_WARN_LIMIT command sets the value of the output current that causes the overcurrent detector
to indicate an overcurrent warning condition. The units are amperes.

IOUT_OC_WARN_LIMIT is a phased command. Each phase reports an output current overcurrent warning
independently.

In response to an overcurrent warning condition, the TPSM8D6B24 takes the following action:

Set the NONE OF THE ABOVE bit in the STATUS_BYTE.

Set the IOUT bit in the STATUS_WORD.

Set the IOUT_OCW bit in the STATUS_IOUT register.

Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

[ 7-47. (4Ah) IOUT_OC_WARN_LIMIT Register Map

.

.

.

.

15 14 13 12 11 10 9 8
RwW Rw RwW RwW RwW RwW RW RwW
IOOCW_EXP IOOCW_MAN
7 6 5 4 3 2 1 0
RW RwW RW RW RwW RW RW RwW
I00CW_MAN
LEGEND: R/W = Read/Write; R = Read only
£+ 7-58. Register Field Descriptions
Bit Field Access Reset Description
15:11 IO%((:;N_ RW 11110b Linear format two’s complement exponent
10:0 I00CW_ RW NVM Linear format two’s complemgnt mantissa
MAN Supported values up to 62 A times the number of phases.

Attempts to write (4Ah) IOUT_OC_WARN_LIMIT to any value outside those specified as valid are considered
invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and
notifying the host according to the PMBus 1.3.1 Part |l specification section 10.9.3.

Command Resolution and NVM Store or Restore Behavior

The Per-PHASE (PHASE != FFh) IOUT_OC_WARN_LIMIT is implemented in analog hardware. The analog
hardware supports current limits from 8 A to 62 A in 2-A steps. Programmed values not exactly equal to
hardware supported values are rounded up to the next available supported value. Values less than 8 A per
device can be written to IOUT_OC_FAULT_LIMIT, but values less than 8 A per device are implemented as 8 A in
hardware. The TPSM8D6B24 provides only limited NVM-backed options for this command. Following a power-
cycle or NVM Store or Restore operation, the value is rounded to the nearest NVM supported value. The NVM
supports values up to 62 A in 0.25-A steps.
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7.6.42 (4Fh) OT_FAULT_LIMIT

CMD Address

Format:
Phased:

NVM Backup:
Updates:

Write Transaction:

Read Transaction:

4Fh

Write Word
Read Word
SLINEAR11 per CAPABILITY

Yes

EEPROM
On-the-fly

The OT_FAULT_LIMIT command sets the value of the temperature limit, in degrees Celsius, that causes an
overtemperature fault condition.

The converter response to an overtemperature event is described in OT_FAULT _RESPONSE.

X 7-48. (4Fh) OT_FAULT_LIMIT Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
OTF_EXP OTF_MAN
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
OTF_MAN

LEGEND: R/W = Read/Write; R = Read only

& 7-59. Register Field Descriptions

Bit Field Access Reset Description
15:11 OTF_ EXP RW 00000b |Linear format two’s complement exponent
10:0 OTF_ MAN RwW NVM Linear format two’s complement mantissa. Refer to the following text.

Attempts to write (4Fh) OT_FAULT_LIMIT to any value outside those specified as valid are considered invalid or
unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying
the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

Command Resolution and NVM Store or Restore Behavior

The (4Fh) OT_FAULT_LIMIT command is implemented using the TPSM8D6B24 internal telemetry system. As a
result, the value of this command can be programmed with very high resolution using the linear format. However,
the TPSM8D6B24 provides only limited NVM-backed options for this command. Following a power-cycle or NVM
Store or Restore operation, the value is restored to the nearest NVM supported value. The NVM supports values
from 0°C to 160°C in 1°C steps. Programming a value of 255°C disables the programmable overtemperature
fault limit without disabling the on-die bandgap thermal shutdown.

902 BEHT BT — RS2 (DB bt B
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7.6.43 (50h) OT_FAULT_RESPONSE

CMD Address 50h

Write Transaction: Write Byte

Read Transaction: Read Byte

Format: Unsigned Binary (1 byte)
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The OT_FAULT _RESPONSE command instructs the device on what action to take in response to an
overtemperature fault. Upon triggering the overtemperature fault, the converter responds per the following data
byte, and the following actions are taken:

» Set the TEMP bitin the STATUS_BYTE.
» Set the OTF bit in the STATUS_TEMPERATURE register.
* Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

The OT Fault hysteresis is set by the (51h) OT_WARN_LIMIT. When (8Dh) READ_TEMPERATURE_1 falls
below (51h) OT_WARN_LIMIT, the overtemperature fault condition is released and restart is allowed if selected

by (50h) OT_FAULT _RESPONSE. If (51h) OT_WARN_LIMIT is programmed higher than (4Fh)
OT_FAULT_LIMIT, a default hysteresis of 20°C is used instead.
Eq 7-49. (50h) OT_FAULT_RESPONSE Register Map
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
OTF_RESP OT_RETRY OT_DELAY

LEGEND: R/W = Read/Write; R = Read only

£ 7-60. Register Field Descriptions

Bit

Field

Access

Reset

Description

7:6

OTF_RESP

RwW

NVM

Overtemperature fault response

00b: Ignore. Continue operating without interruption.

01b: Delayed shutdown continue operating for 10 ms x OT_DELAY. If OT_FAULT
is still present, shut down and restart according to OT_RETRY.

10b: Immediate Shutdown. Shut down and restart according to OT_RETRY.

11b: Shut down until temperature is below OT_WARN_LIMIT, then restart
according to OT_RETRY*.

5:3

OT_RETRY

RwW

NVM

Overtemperature retry

0d: Do not attempt to restart (latch off).

1d-6d: After shutting down, wait one HICCUP period, and attempt to restart up to
one to six times. After one to six failed restart attempts, do not attempt to restart
(latch off). Restart attempts that occur while temperature is above
OT_WARN_LIMIT are not observable but are counted.

7d: After shutting down, wait one HICCUP period, and attempt to restart
indefinitely, until commanded OFF or a successful start-up occurs.

2:0

OT_DELAY

RwW

NVM

Overtemperature delay time for respond after delay and HICCUP

0d: Shutdown delay of 10 ms, HICCUP equal to TON_RISE, HICCUP delay equal
to TON_RISE

1d - 7d: Shutdown delay of 1 to 7 ms, HICCUP equal to two to four times
TON_RISE

Attempts to write (50h) OT_FAULT_RESPONSE to any value outside those specified as valid are considered
invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and
notifying the host according to the PMBus 1.3.1 Part |l specification section 10.9.3.
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*When (50h) OT_FAULT_RESPONSE OTF_RESP (Bits 7:6) are set to 11b, shut down until temperature is
below (51h) OT_WARN_LIMIT, issuing a (03h) CLEAR_FAULTS command while the temperature is between
(4Fh) OT_FAULT_LIMIT and (51h) OT_WARN_LIMIT can result in the TPSM8D6B24 remaining in the OT
FAULT state until the temperature rises above (4Fh) OT_FAULT_LIMIT or disabled and enabled according to
(02h) ON_OFF_CONFIG.

If (50h) OT_FAULT_RESPONSE is configured to ignore a OT_FAULT, and a OT_FAULT is present at the time of
enabling the device, the device does not start up. To ensure the part ignores any potential OT_FAULT at start-
up, it is recommended to set the (4Fh) OT_FAULT_LIMIT greater than the maximum possible temperature
during start-up.
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7.6.44 (51h) OT_WARN_LIMIT

CMD Address 51h

Write Transaction: Write Word

Read Transaction: Read Word

Format: SLINEAR11 per CAPABILITY
Phased: Yes

NVM Backup: EEPROM

Updates: On-the-fly

The OT_WARN_LIMIT command sets the temperature, in degrees Celsius, of the unit, at which, it indicates an
overtemperature warning alarm. The units are degrees C.

Upon triggering the overtemperature fault, the converter responds per the following data byte, and the following
actions are taken:

» Set the TEMP bitin the STATUS_BYTE.
» Setthe OTW bit in the STATUS_TEMPERATURE register.
* Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

& 7-50. (51h) OT_WARN_LIMIT Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
OTW_EXP OTW_MAN
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
OTW_MAN

LEGEND: R/W = Read/Write; R = Read only

£ 7-61. Register Field Descriptions

Bit Field Access Reset Description
15:11 OTW_ EXP RW 00000b |Linear format two’s complement exponent
10:0 OTW_ MAN RwW NVM Linear format two’s complement mantissa. Refer to the following text.

Attempts to write (51h) OT_WARN_LIMIT to any value outside those specified as valid are considered invalid or
unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying
the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

Command Resolution and NVM Store or Restore Behavior

The (51h) OT_WARN_LIMIT command is implemented using the TPSM8D6B24 internal telemetry system. As a
result, the value of this command can be programmed with very high resolution using the linear format. However,
the TPSM8D6B24 provides only limited NVM-backed options for this command. Following a power-cycle or NVM
Store or Restore operation, the value is restored to the nearest NVM supported value. The NVM supports values
from 0°C to 160°C in 1°C steps. Programming OT_WARN_LIMIT to a value of 255°C disables the
OT_WARN_LIMIT function.

OT_WARN_LIMIT is used to provide hysteresis to OT_FAULT_LIMIT faults. If OT_WARN_LIMIT is programmed
greater than OT_FAULT_LIMIT, including disabling OT_WARN_LIMIT with a value of 255°C, a default hysteresis
of 20°C is used instead.
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7.6.45 (55h) VIN_OV_FAULT_LIMIT

CMD Address 55h
Write Transaction: Write Word
Read Transaction: Read Word

Format: SLINEAR11 per CAPABILITY
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The (55h) VIN_OV_FAULT_LIMIT command sets the PVIN voltage, in volts, when a VIN_OV_FAULT is
declared. The response to a detected VIN_OV_FAULT is determined by the settings of (56h)
VIN_OV_FAULT_RESPONSE. (55h) VIN_OV_FAULT_LIMIT is typically used to stop switching in the event of

excessive input voltage, which can result in over-stress damage to the power FETs due to ringing on the SW
node.

B 7-51. (55h) VIN_OV_FAULT_LIMIT Register Map

15 14 13 12 1 10 S 8
RwW RwW RwW RwW RwW RwW RwW RwW
VINOVF_EXP VINOVF_MAN
7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
VINOVF_MAN

LEGEND: R/W = Read/Write; R = Read only

£ 7-62. Register Field Descriptions

Bit Field Access Reset Description
15:11 VH\IIES)(\;F— RW 11110b Linear format two’s complement exponent
10:0 VIRI/&\’GF— RwW NVM Linear format two’s complement mantissa

Attempts to write (55h) VIN_OV_FAULT _LIMIT beyond the supported range are considered invalid or
unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying
the host according to the PMBus 1.3.1 Part Il specification section 10.9.3. (55h) VIN_OV_FAULT_LIMIT supports
values from 4 V to 20 V in 0.25-V steps. Following a power cycle or STORE/RESTORE, (55h)
VIN_OV_FAULT_LIMIT is restored to the nearest supported value.
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7.6.46 (56h) VIN_OV_FAULT_RESPONSE

CMD Address

Format:
Phased:

NVM Backup:
Updates:

Write Transaction:

Read Transaction:

56h
Write Byte
Read Byte

Unsigned Binary (1 byte)

No
EEPROM
On-the-fly

The VIN_OV_FAULT_RESPONSE command instructs the device on what action to take in response to a PVIN
overvoltage fault. Upon triggering the PVIN overvoltage fault, the converter responds per the following data byte,
and the following actions are taken:

» Setthe NONE OF THE ABOVE bit in the STATUS_BYTE register.

* Set the INPUT bit in the upper byte of the STATUS_WORD register.
» Setthe VIN_OV bit in the STATUS_INPUT register.

* Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

7-52. (56h) VIN_OV_FAULT_RESPONSE Register Map

7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
VINOVF_RESP VINOVF_RETRY VIN_OVF_DLY

LEGEND: R/W = Read/Write; R = Read only

£+ 7-63. Register Field Descriptions

Bit

Field

Access

Reset

Description

7:6

VIN_OVF_
RESP

RwW

NVM

PVIN overvoltage fault response

00b: Ignore. Continue operating without interruption.

01b: Delayed shutdown continue operating for a number of switching cycles
defined by VIN_OVF_DLY, then if fault persists, shut down and restart according to
VIN_OV_RETRY.

10b: Immediate shutdown. Shut down and restart according to VIN_OV_RETRY.
11b: Invalid or not supported

5:3

VIN_OVF_
RETRY

RwW

NVM

PVIN overvoltage retry

0d: Do not attempt to restart (latch off).

1d - 6d: After shutting down, wait one HICCUP period, and attempt to restart up to
one to six times. After one to six failed restart attempts, do not attempt to restart
(latch off). Restart attempts that occur while PVIN voltage is above
VIN_OV_FAULT_LIMIT is not observable but is counted.

7d: After shutting down, wait one HICCUP period, and attempt to restart
indefinitely, until commanded OFF, or a successful start-up occurs.

2:0

VIN_OVF_
DLY

RwW

NVM

PVIN overvoltage delay time for respond after delay and HICCUP

0d: Shutdown delay of one PWM_CLK, HICCUP equal to TON_RISE

1d: Shutdown delay of one PWM_CLK, HICCUP equal to TON_RISE

2d - 4d: Shutdown delay of three PWM_CLK, HICCUP equal to two to four times
TON_RISE

5d - 7d: Shutdown delay of seven PWM_CLK, HICCUP equal to five to seven times
TON_RISE

If (56h) VIN_OV_FAULT RESPONSE is configured to ignore a VIN_OV_FAULT and a VIN_OV_FAULT is
present at the time of enabling the device, the device does not start up. To ensure the part ignores any potential
VIN_OV_FAULT at start-up, set the (55h) VIN_OV_FAULT LIMIT greater than the maximum possible input
voltage applied during start-up.
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Attempts to write (56h) VIN_OV_FAULT_RESPONSE to any value outside those specified as valid are
considered invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate
status bits and notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.
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7.6.47 (58h) VIN_UV_WARN_LIMIT

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

58h

Write Word

Read Word

SLINEAR11 per CAPABILITY
Yes

EEPROM

On-the-fly

The (58h) VIN_UV_WARN_LIMIT command sets the value of the PVIN pin voltage, in volts, that causes the
input voltage detector to indicate an input undervoltage warning.

The (58h) VIN_UV_WARN_LIMIT is a phase command, each phase within a stack independently detects and
reports input undervoltage warnings.

In response to an input undervoltage warning condition, the TPSM8D6B24 takes the following action:

B 7-53. (58h) VIN_UV_WARN_LIMIT Register Map

Set the NONE OF THE ABOVE bit in the STATUS_BYTE.

Set the INPUT bit in the STATUS_WORD.

Set the VIN_UVW bit in the STATUS_INPUT register.

Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

15 14 13 12 1 10 S 8
RwW RwW RwW RwW RwW RwW RwW RwW
VINUVW_EXP VINUVW_MAN
7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
VINUVW_MAN

LEGEND: R/W = Read/Write; R = Read only

£ 7-64. Register Field Descriptions

Bit Field Access Reset Description
15:11 VINEL;(\LW— RW 11110b Linear format two’s complement exponent
. VINUVW_ Linear format two’s complement mantissa
100 MAN RW NVM Supported values 2.5V to 15.5V

Attempts to write (58h) VIN_UV_WARN_LIMIT to any value outside those specified as valid are considered
invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and

notifying the host according to the PMBus 1.3.1 Part |l specification section 10.9.3.
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7.6.48 (60h) TON_DELAY

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

60h

Write Word

Read Word

SLINEAR11 per CAPABILITY
No

EEPROM

On-the-fly

The TON_DELAY command sets the time, in milliseconds, from when a start condition is

received (as

programmed by the ON_OFF_CONFIG command) until the output voltage starts to rise.
7-54. (60h) TON_DELAY Register Map

15 14 13 12 1 10 S 8
RwW RwW RwW RwW RwW RwW RwW RwW
TONDLY_EXP TONDLY_MAN
7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
TONDLY_MAN

LEGEND: R/W = Read/Write; R = Read only

£ 7-65. Register Field Descriptions

Bit Field Access Reset Description
15:11 TOEN)I(D;‘Y— RW 11111b Linear format two’s complement exponent.
TONDLY Linear format two’s complement mantissa.
10:0 MAN RwW NVM A minimum turn-on delay of approximately 100 us is observed even when
TON_DELAY, during which, the device initializes itself at every power-on.

Attempts to write (60h) TON_DELAY beyond the supported range are considered invalid or unsupported data
and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying the host according
to the PMBus 1.3.1 Part Il specification section 10.9.3. TON_DELAY supports values from 0 ms to 127.5 ms in
0.5-ms steps. Following a power cycle or STORE/RESTORE, TON_DELAY is restored to the nearest supported

value.

Refer to the Start-Up and Shutdown behavior section for handling of corner cases with respect to interrupted
TON_DELAY, TON_RISE, TOFF_FALL, and TOFF_DELAY times.
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7.6.49 (61h) TON_RISE

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

61h
Write Word
Read Word

SLINEAR11 per CAPABILITY

No

EEPROM or Pin Detection

On-the-fly

The TON_RISE command sets the time, in milliseconds, from when the output starts to rise until the voltage has
entered the regulation band, which effectively sets the slew rate of the reference DAC during the soft-start
period. Note that the rise time is equal to TON_RISE regardless of the value of the target output voltage or

VOUT_SCALE_LOOP.

Due to hardware limitations in the resolution of the reference DAC slew-rate control, longer TON_RISE times
with higher VOUT_COMMAND voltages can result in some quantization error in the programmed TON_RISE
times with several TON_RISE times producing the same VOUT slope and TON_RISE time even with different
TON_RISE settings or different TON_RISE times for the same TON_RISE setting and different

VOUT_COMMAND voltages.

7-55. (61h) TON_RISE Register Map

15

14 13 12 1 10 S 8
RwW RwW RwW RwW RwW RwW RwW RwW
TONR_EXP TONR_MAN
7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
TONR_MAN

LEGEND: R/W = Read/Write; R = Read only

£ 7-66. Register Field Descriptions

Bit Field Access Reset Description
15:11 TONR_ EXP 11110b Linear format two’s complement exponent
10:0 Tﬁ":ﬁ— NVM Linear format two’s complement mantissa

Attempts to write (61h) TON_RISE beyond the supported range are considered invalid or unsupported data and
cause the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying the host according to
the PMBus 1.3.1 Part Il specification section 10.9.3. TON_RISE supports the range from 0 ms to 31.75 ms in
0.25-ms steps. Values less than 0.5 ms are supported as 0.5 ms.
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7.6.50 (62h) TON_MAX_FAULT_LIMIT

CMD Address 62h

Write Transaction: Write Word

Read Transaction: Read Word

Format: SLINEAR11 per CAPABILITY
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The TON_MAX_FAULT_LIMIT command sets an upper limit, in milliseconds, on how long the unit can attempt to
power up the output without reaching the target voltage.

The TON_MAX time is defined as the maximum allowable amount of time from the end of TON_DELAY, until the

output voltage reaches 85% of the programmed output voltage, as sensed by the READ_VOUT telemetry at
VOSNS — GOSNS.

The TPSM8D6B24 undervoltage fault limit is enabled at the end of TON_RISE. As a consequence, unless
VOUT_UV_FAULT_RESPONSE is set to ignore, in the case of a “real” TON_MAX fault (for example, output
voltage did not rise quickly enough), UV faults and the associated response always precede TON_MAX.

The converter response to a TON_MAX fault event is described in TON_MAX_FAULT_RESPONSE.
7-56. (62h) TON_MAX_FAULT_LIMIT Register Map

15 14 13 12 1 10 S 8
RwW RwW RwW RwW RwW RwW RwW RwW
TONMAXF_EXP TONMAXF_MAN
7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
TONMAXF_MAN

LEGEND: R/W = Read/Write; R = Read only

£ 7-67. Register Field Descriptions

Bit Field Access Reset Description
15:11 TONE'\)AG/'.},XF— RW 11111b Linear format two’s complement exponent
10:0 TONM'\’/L';“\]XF— RwW NVM Linear format two’s complement mantissa

Attempts to write (62h) TON_MAX_FAULT_LIMIT are considered an invalid or unsupported command and cause
the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying the host according to the
PMBus 1.3.1 Part Il specification section 10.9.3. TON_MAX_FAULT_LIMIT supports values from 0 ms to 127 ms
in 0.5-ms steps.

*Note: programming TON_MAX_FAULT to 0 ms disables the TON_MAX functionality.
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7.6.51 (63h) TON_MAX_FAULT_RESPONSE

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

63h
Write Byte
Read Byte

Unsigned Binary (1 byte)

No
EEPROM
On-the-fly

The TON_MAX FAULT _RESPONSE command instructs the device on what action to take in response to
TON_MAX fault. Upon triggering the input TON_MAX fault, the converter responds per the following byte and
the following actions are taken:

» Set the NONE OF THE ABOVE bit in the STATUS_BYTE.

» Set the VOUT bit in the STATUS_WORD.
» Setthe TON_MAX bit in STATUS_VOUT.

* Notify the host per PMBus 1.3.1 Part Il specification, section 10.2.

B 7-57. (63h) TON_MAX_FAULT_RESPONSE Register Map

7 6

5

4

3

2

1

RwW RwW

RwW

RwW

RwW

RwW

RwW

RwW

TONMAX_RESP

TONMAX_RETRY

TONMAX_DELAY

LEGEND: R/W = Read/Write; R = Read only

£ 7-68. Register Field Descriptions

Bit Field

Access

Reset

Description

TONMAX_

76 RESP

RwW

NVM

TON_ MAX fault response
00b: Ignore. Continue operating without interruption.
01b: Continue operating for the delay time specified by TONMAX_DELAY. If the
fault is still present, shut down and restart according to TONMAX_RETRY.

10b: Shut down immediately and restart according to TONMAX_RETRY. Other:
Invalid or unsupported

TONMAX_

53 RETRY

RwW

NVM

TON_MAX fault retry
0d: Do not attempt to restart (latch off).
1d - 6d: After shutting down, wait one HICCUP period, and attempt to restart up to
one to six times.

7d: After shutting down, wait one HICCUP period, and attempt to restart
indefinitely, until commanded OFF, or a successful start-up occurs.

TONMAX_

20 DELAY

RwW

NVM

TON_RISE.

TON_MAX delay time for respond after delay and HICCUP
0d: Shutdown delay of 1 ms, HICCUP equal to TON_RISE
1d - 7d: Shutdown delay of 1 to 7 ms. HICCUP equal to two to seven times

Attempts to write (63h) TON_MAX_ FAULT RESPONSE to any value outside those specified as valid are
considered invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate
status bits and notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.
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7.6.52 (64h) TOFF_DELAY

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

64h
Write Word
Read Word

SLINEAR11 per CAPABILITY

No
EEPROM
On-the-fly

The TOFF_DELAY command sets the time, in milliseconds, from when a stop condition is received (as
programmed by the ON_OFF_CONFIG command) until the unit stops transferring energy to the output.

7-58. (64h) TOFF_DELAY Register Map

15 14 13 12 1 10 S 8
RwW RwW RwW RwW RwW RwW RwW RwW
TOFFDLY_EXP TOFFDLY_MAN
7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
TOFFDLY_MAN

LEGEND: R/W = Read/Write; R = Read only

£+ 7-69. Register Field Descriptions

Bit Field Access Reset Description
15:11 TO|:E|;(I:|)DLY— RW 11111b Linear format two’s complement exponent
10:0 TOEAI;E’)\]LY— RwW NVM Linear format two’s complement mantissa

Attempts to write (64h) TOFF_DELAY beyond the supported range are considered invalid or unsupported data
and cause the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying the host according
to the PMBus 1.3.1 Part |l specification section 10.9.3. TOFF_DELAY supports values from 0 ms to 127.5 ms in
0.5-ms steps. An internal delay of up to 50 us is added to TOFF_DELAY, even if TOFF_DELAY is equal to 0 ms.
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7.6.53 (65h) TOFF_FALL

CMD Address 65h

Write Transaction: Write Word

Read Transaction: Read Word

Format: SLINEAR11 per CAPABILITY
Phased: No

NVM Backup: EEPROM

Updates: On-the-fly

The TOFF_FALL command sets the time, in milliseconds, from the end of the turn-off delay time until the voltage
is commanded to 0. This command can only be used with a device whose output can sink enough current to
cause the output voltage to decrease at a controlled rate, which effectively sets the slew rate of the reference
DAC during the soft-off period. The fall time is equal to TOFF_FALL regardless of the value of the target output
voltage or VOUT_SCALE_LOOP for the purposes of slew rate selection based on the target output voltage.

7-59. (65h) TOFF_FALL Register Map

15

14

13

12 1 10 S 8
RwW RwW RwW RwW RwW RwW RwW RwW
TOFFF_EXP TOFFF_MAN
7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
TOFFF_MAN

LEGEND: R/W = Read/Write; R = Read only

£+ 7-70. Register Field Descriptions

Bit Field Access Reset Description
TOFFF )
15:11 EXP - RW 11110b Linear format two’s complement exponent. Exponent = -2, LSB = 0.25 ms
TOFFF . i
10:0 MAN - RW NVM Linear format two’s complement mantissa

Attempts to write (65h) TOFF_FALL beyond the supported range are considered invalid or unsupported data and
cause the TPSM8D6B24 to respond by flagging the appropriate status bits and notifying the host according to
the PMBus 1.3.1 Part Il specification section 10.9.3. (65h) TOFF_FALL supports values from 0.5 ms to 31.75 ms
in 0.25-ms steps. Values less than 0.5 ms are implemented as 0.5 ms.

Due to hardware limitations in the resolution of the reference DAC slew-rate control, longer TOFF_FALL times
with higher (21h) VOUT_COMMAND voltages can result in some quantization error in the programmed
TOFF_FALL times with several TOFF_FALL times producing the same VOUT slope and TOFF_FALL time even

with different TOFF_FALL settings, or different TOFF_FALL times for the same TOFF_FALL setting and different
(21h) VOUT_COMMAND voltages.
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7.6.54 (78h) STATUS_BYTE

CMD Address
Write Transaction:

Read Transaction:

78h
Write Byte

Format:
Phased:

NVM Back-up:
Updates:

Read Byte

Unsigned Binary (1 byte)

Yes
No
On-the-fly

The STATUS_BYTE command returns one byte of information with a summary of the most critical faults, such as
overvoltage, overcurrent, overtemperature, and so forth. The supported STATUS_BYTE message content is
described in the following table. STATUS_BYTE is equal the low byte of STATUS_WORD. The conditions in
STATUS_BYTE are summary information only. They are asserted to inform the host as to which other STATUS
registers must be checked in the event of a fault. Setting and clearing of these bits must be done in the individual
status registers. For example, clearing VOUT_OVF in STATUS_VOUT also clears VOUT_OV in STATUS_BYTE.

7-60. (78h) STATUS_BYTE Register Map

7 6 5 4 3 2 1 0
RwW R R R R R R R
BUSY OFF VOUT_OV IOUT_OC VIN_UV TEMP CML NONAEBgCETHE

LEGEND: R/W = Read/Write; R = Read only

£+ 7-71. Register Field Descriptions

Bit Field Access Reset Description

7 BUSY Ob Ob: A fault was not declared because the device was busy and unable to respond.
1b. A fault was declared because the device was busy and unable to respond.
LIVE (unlatched) status bit
Ob. The unit is enabled and converting power.

6 OFF Ob : o ) . . . .
1b: The unit is not converting power for any reason including simply not being
enabled.

5 VOUT_ OV Ob Obf An output overvoltage fault has not occurred.
1b: An output overvoltage fault has occurred.

4 IOUT OC Ob Obf An output overcurrent fault has not occurred.

- 1b: An output overcurrent fault has occurred.

Ob: An input undervoltage fault has not occurred.

3 VIN_UV Ob 1b: An input undervoltage fault has occurred.
Ob: A temperature fault or warning has not occurred.

2 TEMP Ob 1b: A temperature fault or warning has occurred, the host must check
STATUS_TEMPERATURE for more information.
Ob: A communication, memory, logic fault has not occurred.

1 CML Ob 1b: A communication, memory, or logic fault has occurred, the host must check
STATUS_ CML for more information.

NONE OF Ob: A fault other than those listed above has not occurred.
0 THE Ob 1b: A fault other than those listed above has occurred. The host must check the
ABOVE STATUS_ WORD for more information.

Writing 80h to STATUS_BYTE clears the BUSY bit, if set.
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7.6.55 (79h) STATUS_WORD

CMD Address

Format:
Phased:

NVM Backup:
Updates:

Write Transaction:

Read Transaction:

7%
Write Word
Read Word

Unsigned Binary (2 bytes)

Yes
No
On-the-fly

The STATUS_WORD command returns two bytes of information with a summary of the most critical faults, such
as overvoltage, overcurrent, overtemperature, and so forth. The low byte of the STATUS_WORD is the same
register as the STATUS_BYTE. The supported STATUS_WORD message content is described in the following
table. The conditions in the STATUS_BYTE are summary information only.

7-61. (79h) STATUS_WORD Register Map

15 14 13 12 1 10 S 8
R R R R R R R R
VOUT IOUT INPUT MFR PGOOD 0 OTHER 0
7 6 5 4 3 2 1 0
RwW R R R
STATUS_BYTE

LEGEND: R/W = Read/Write; R = Read only

£+ 7-72. Register Field Descriptions

Bit Field Access Reset Description
Ob: An output voltage related fault has not occurred.
15 VOUT R 0b 1b: An output voltage fault has occurred. The host must check STATUS_ VOUT for
more information.
Ob: An output current related fault has not occurred.
14 I0UT R 0b 1b: An output current fault has occurred. The host must check STATUS_ IOUT for
more information.
Ob: An input related fault has not occurred.
13 INPUT R 0Ob 1b: An input fault has occurred. The host must check STATUS_ INPUT for more
information.
Ob: A manufacturer-defined fault has not occurred.
12 MFR R Ob 1b: A manufacturer-defined fault has occurred. The host must check STATUS_
MFR_ SPECIFIC for more information.
LIVE (unlatched) status bit. Always follows the value of the PGOOD/RESET_B pin
is asserted.
1 PGOOD R Ob Ob: The output voltage is within the regulation window. The PGOOQOD pin is de-
asserted.
1b: The output voltage is not within the regulation window. The PGOOD pin is
asserted.
10 Not R Ob Not supported and always set to Ob
Supported PP Y '
Ob: An OTHER fault has not occurred.
9 OTHER R Ob 1b: An OTHER fault has occurred, the host must check STATUS _ OTHER for more
information.
8 Not R 0b Not supported and always set to Ob
Supported PP Y '
7:0 SLP\‘:—.IL_JES— RW 00h Always equal to the STATUS_ BYTE value.
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All bits that can trigger SMBALERT have a corresponding bit in SMBALERT_MASK.

Writing 0080h to STATUS_WORD clears the BUSY bit, if set. Writing 0180h to STATUS_WORD clears both the
BUSY bit and UNKNOWN bit, if set.

108 BENZBT 57— RN 2 (DR GPH) &5 Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPSM8D6B24
English Data Sheet: SLUSEN7


https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/ja-jp/lit/pdf/JAJSMM7
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSMM7A&partnum=TPSM8D6B24
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/lit/pdf/SLUSEN7

13 TEXAS

INSTRUMENTS

www.ti.com/ja-jp

TPSM8D6B24

JAJSMM7A — AUGUST 2022 — REVISED SEPTEMBER 2023

7.6.56 (7Ah) STATUS_VOUT

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

7Ah

Write Byte

Read Byte

Unsigned Binary (1 byte)

No
No

On-the-fly

The STATUS_VOUT command returns one data byte with contents as follows. All supported bits can be cleared
either by CLEAR_FAULTS, or individually by writing 1b to the (7Ah) STATUS_VOUT register in their position, per
the PMBus 1.3.1 Part Il specification section 10.2.4.

B 7-62. (7Ah) STATUS_VOUT Register Map

7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW R
VOUT_OVF VOUT_OVW VOUT_UVW VOUT_UVF VOUT—;\(/I IN_MA TON_MAX 0 0

LEGEND: R/W = Read/Write; R = Read only

£+ 7-73. Register Field Descriptions

Bit Field Access Reset Description
Ob: Latched flag indicating VOUT QV fault has not occurred.
1b: Latched flag indicating a VOUT OV fault has occurred.
7 VOUT_OVF RW 0b Note: the mask bits for VOUT_ OVF masks fixed, tracking, and prebiased OVP.
These can be individually controlled in SMBALERT_ MASK_ EXTENDED.
Ob: Latched flag indicating a VOUT OV warn has not occurred.
6 VOUT_ RW Ob 1b: Latched flag indicating a VOUT OV warn has occurred.
ovw Note: the mask bits for VOUT_ OVF masks fixed and tracking overvoltage
protection.
5 VOUT_ RW Ob Ob: Latched flag indicating VOUT UV warn has not occurred.
uvw 1b: Latched flag indicating a VOUT UV warn has occurred.
Ob: Latched flag indicating VOUT UV fault has not occurred.
4 VOUT_UVF RW Ob 1b: Latched flag indicating a VOUT UV fault has occurred.
3 VOUT_ RW Ob Ob: Latched flag indicating a VOUT_ MIN_MAX has not occurred.
MIN_MAX 1b: Latched flag indicating a VOUT_ MIN_MAX has occurred.
Ob: Latched flag indicating a TON_ MAX has not occurred.
2 TON_MAX RW Ob 1b: Latched flag indicating a TON_ MAX has occurred.
i Not
1:0 supported R 00b Not supported and always set to 00b.

All bits that can trigger SMBALERT have a corresponding bit in SMBALERT_MASK.
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7.6.57 (7Bh) STATUS_IOUT

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

7Bh
Write Byte
Read Byte

Unsigned Binary (1 byte)

Yes
No
On-the-fly

The STATUS_IOUT command returns one data byte with contents as follows. All supported bits can be cleared
either by CLEAR_FAULTS, or individually by writing 1b to the (7Bh) STATUS_IOUT register in their position, per
the PMBus 1.3.1 Part Il specification section 10.2.4.

K 7-63. (7Bh) STATUS_IOUT Register Map

7 5 4 3 2 1 0
RwW RwW RwW R R
IOUT_OCF IOUT_OCW 0 0 0 0 0

LEGEND: R/W = Read/Write; R = Read only

£+ 7-74. Register Field Descriptions

Bit Field Access Reset Description

1 ook mw | oo [(Epamediogidcaing 00T OC ft e ot oo
6 Sup'\;l)(())trted R Ob Not supported and always set to Ob.

s Jlouroow| mw | oo [ pamediegdcing 00T OC s e e
o Jrouruee | mw | oo (G patmed g ndening s GUT UG kv vt e
3:0 Sup'\rlJ?)trted R 0000b Not supported and always set to 0000b.

All bits that can trigger SMBALERT have a corresponding bit in SMBALERT_MASK.
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7.6.58 (7Ch) STATUS_INPUT

CMD Address 7Ch

Write Transaction: Write Byte

Read Transaction: Read Byte

Format: Unsigned Binary (1 byte)
Phased: Yes

NVM Backup: No

Updates: On-the-fly

The STATUS_INPUT command returns one data byte with contents as follows. All supported bits can cleared
either by CLEAR_FAULTS, or individually by writing 1b to the (7Ch) STATUS_INPUT register in their position,
per the PMBus 1.3.1 Part |l specification section 10.2.4.

7-64. (7Ch) STATUS_INPUT Register Map

7 6 5 4 3 2 0
RwW R RwW R RwW R R
VIN_OVF 0 VIN_UVW 0 LOW_VIN 0 0

LEGEND: R/W = Read/Write; R = Read only

£+ 7-75. Register Field Descriptions

Bit Field Access Reset Description
Ob: Latched flag indicating PVIN OV fault has not occurred.
7 VIN_OVF RW Ob 1b: Latched flag indicating PVIN OV fault has occurred.
6 VIN_OVW RwW Ob Not supported and always set to Ob.
Ob: Latched flag indicating PVIN UV warn occurred.
5 VIN_UVW Ob 1b: Latched flag indicating PVIN UV warn has occurred.
Not
4 Supported R 0b Not supported and always set to Ob.
LIVE (unlatched) status bit. Showing the value of PVIN relative to VIN_ON and
VIN_OFF.
3 LOW_VIN RW Ob Ob: PVIN is ON.
1b: PVIN is OFF.
. Not
2:0 Supported R 000b Not supported and always set to 000b.

All bits that can trigger SMBALERT have a corresponding bit in SMBALERT_MASK.
LOW_VIN Versus VIN_UVW

The LOW_VIN bit is an information only (does not assert SMBALERT) flag, which indicates that the device is not
converting power because its PVIN voltage is less than VIN_ON or the VDD5 voltage is less than its UVLO to
enable conversion. LOW_VIN asserts initially at reset but does not assert SMBALERT.

The VIN_UVW bit is a latched status bit, may assert SMBALERT if it is triggered to alert the host of an input
voltage issue. VIN_UVW IS masked until the first time the sensed input voltage exceeds the VIN_ON threshold.
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7.6.59 (7Dh) STATUS_TEMPERATURE

CMD Address

Format:
Phased:

NVM Backup:
Updates:

Write Transaction:

Read Transaction:

7Dh
Write Byte
Read Byte

Unsigned Binary (1 byte)

Yes
No
On-the-fly

The STATUS_TEMPERATURE command returns one data byte with contents as follows. All supported bits can
be cleared either by CLEAR_FAULTS, or individually by writing 1b to the (7Dh) STATUS_TEMPERATURE

register in their position, per the PMBus 1.3.1 Part Il specification section 10.2.4.

7-65. (7Dh) STATUS_TEMPERATURE Register Map

7

6

5 4 3 2 1 0
RwW RwW R R R R R
OTF oTW 0 0 0 0 0 0

LEGEND: R/W = Read/Write; R = Read only

£+ 7-76. Register Field Descriptions

Bit Field Access Reset Description
Ob: Latched flag indicating an OT fault has not occurred.
7 OTF RW Ob 1b: Latched flag indicating an OT fault has occurred.
Ob: Latched flag indicating an OT warn has not occurred.
6 oTw RW Ob 1b: Latched flag indicating an OT warn has occurred.
5:0 Not R 0od Not supported and always set to 000000b.
supported

All bits that can trigger SMBALERT have a corresponding bit in SMBALERT_MASK.
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7.6.60 (7Eh) STATUS_CML

CMD Address 7Eh

Write Transaction: Write Byte

Read Transaction: Read Byte

Format: Unsigned Binary (1 byte)
Phased: Yes

NVM Backup: No

Updates: On-the-fly

The STATUS_CML command returns one data byte with contents relating to communications, logic, and
memory as follows. All supported bits can be cleared either by CLEAR_FAULTS, or individually by writing 1b to
the (7Eh) STATUS_CML register in their position, per the PMBus 1.3.1 Part Il specification section 10.2.4.

[ 7-66. (TEh) STATUS_CML Register Map

7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW R RwW
IVC IVD PEC MEM PROC_FLT 0 COMM 0

LEGEND: R/W = Read/Write; R = Read only

£+ 7-77. Register Field Descriptions

Bit Field Access Reset Description
7 VG RW Ob Ob: Latched flag indicating invalid or unsupported command was not received.
1b: Latched flag indicating an invalid or unsupported command was received.
6 VD RW Ob Ob: Latched flag indicating invalid or unsupported data was not received.
1b: Latched flag indicating an invalid or unsupported data was received.
Ob: Latched flag indicating no packet error check has failed.
5 PEC RW Ob 1b: Latched flag indicating a packet error check has failed.
Ob: Latched flag indicating no memory error was detected.
4 MEM RW Ob 1b: Latched flag indicating a memory error was detected.
Ob: Latched flag indicating no logic core error was detected.
3 PROC_FLT RW Ob 1b: Latched flag indicating a logic core error was detected.
Not
2 supported R 0Ob Not supported and always set to Ob.
Ob: Latched flag indicating no communication error detected.
L COMM RW Ob 1b: Latched flag indicating communication error detected.
Not
0 supported R Ob Not supported and always set to Ob.

All bits that can trigger SMBALERT have a corresponding bit in SMBALERT_MASK.

Loop followers report a back-channel communications issue as a CML fault on their phase.

The corresponding bit STATUS_BYTE is an OR’ing of the supported bits in this command. When a fault
condition in this command occurs, the corresponding bit in STATUS_BYTE is updated. Likewise, if this byte is
individually cleared (for example, by a write of 1 to a latched condition), it clears the corresponding bit in
STATUS_BYTE.
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7.6.61 (7Fh) STATUS_OTHER

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

7Fh
Write Byte
Read Byte

Unsigned Binary (1 byte)

No
No
On-the-fly

The STATUS_OTHER command returns one data byte with information not specified in the other STATUS bytes.
7-67. (7Fh) STATUS_OTHER Register Map

7 5 4 3 2 0

R R R R R RW
FIRST_

0 0 0 0 0 TO_ALERT

LEGEND: R/W = Read/Write; R = Read only

£+ 7-78. Register Field Descriptions

Bit Field Access Reset Description
71 Reserved R Oh Reserved
Ob: Latched flag indicating that this device was not the first to assert SMBALERT,
FIRST TO which can mean either that the SMBALERT signal is not asserted (or has since
0 ALERT RwW Ob been cleared), or that it is asserted, but this device was not the first on the bus to
assert it.
1b: Latched flag indicating that this device was the first to assert SMBALERT.

The corresponding bit STATUS BYTE is an OR’ing of the supported bits in this command. When a fault
condition in this command occurs, the corresponding bit in STATUS_ BYTE is updated. Likewise, if this byte is
individually cleared (for example, by a write of 1 to a latched condition), it should clear the corresponding bit in
STATUS_BYTE.
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7.6.62 (80h) STATUS_MFR_SPECIFIC

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

80h

Write Byte

Read Byte

Unsigned Binary (1 byte)
Yes

No

On-the-fly

The STATUS_MFR_SPECIFIC command returns one data byte with contents regard of communications, logic,
and memory as follows. All supported bits can be cleared either by CLEAR_FAULTS, or individually by writing 1b
to the (80h) STATUS_MFR_SPECIFIC register in their position, per the PMBus 1.3.1 Part |l specification section

10.2.4.
7-68. (80h) STATUS_MFR_SPECIFIC Register Map
7 6 5 4 3 2 1 0
RW R R R RW RW RW R
POR SELF 0 0 RESET BCX SYNC 0

LEGEND: R/W = Read/Write; R = Read only

£+ 7-79. Register Field Descriptions

Bit Field Access Reset Description
0: No power-on reset fault has been detected.
1: A power-on reset fault has been detected.
7 POR RW 0b This bit is set if: power-on self-check of internal trim values, USER_STORE NVM
check-sum, or pin detection reports an invalid result.
LIVE (unlatched) status bit. Showing the status of the power-on self-check.
Ob: Power-on self-check is complete. All expected BCX loop followers have
6 SELF R Ob responded.
1b: Power-on self-check is in progress. One or more BCX loop followers have not
responded.
. Not
5:4 supported R 00b Not supported and always set to 00b.
. Ob: A RESET_ VOUT event has not occurred.
3 RESET RW Ob: 1b: A RESET_ VOUT event has occurred.
Ob: A BCX fault event has not occurred.
2 BCX RW Ob 1b: A BCX fault event has occurred.
Ob: No SYNC fault has been detected.
L SYNC RW Ob 1b: A SYNC fault has been detected.
Not
0 supported R 0Ob Not supported and always set to Ob.

Per the PMBus Spec writing a 1 to any bit in a STATUS register clears that bit if it is set. All bits that can trigger
SMBALERT have a corresponding bit in SMBALERT_MASK.
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7.6.63 (88h) READ_VIN

CMD Address 88h

Write Transaction: N/A

Read Transaction: Read Word

Format: SLINEAR11 per CAPABILITY
Phased: Yes

NVM Backup: No

Update Rate: 1ms

Supported Range: ov-24V

The READ_VIN command returns the output current in amperes.

Eg 7-69. (88h) READ_VIN Register Map

15 14 13 12 11 10 9 8
R R R R R R R R
READ_VIN_EXP READ_VIN_MAN
7 6 5 4 3 2 1 0
R R R R R R R R
READ_VIN_MAN

LEGEND: R/W = Read/Write; R = Read only

£ 7-80. Register Field Descriptions

Bit Field Access Reset Description
. READ_ Input . ,
15:11 VIN_ EXP RwW voltage Linear format two’s complement exponent
. READ_ Input . , .
10:0 VIN_ MAN RW voltage Linear format two’s complement mantissa

Attempts to write read-only commands cause the CML.: invalid command (IVC) fault condition, the TPSM8D6B24
responds as follows:

» Set the CML bit in STATUS_BYTE.
+ Setthe CML_IVC (bit 7) bit in STATUS_CML.
* Notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

PHASE Behavior
When PHASE = FFh, READ_VIN returns the PVIN voltage of the loop controller device.
When PHASE != FFh, READ_VIN returns the PVIN voltage of the device assigned to the current PHASE.
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7.6.64 (8Bh) READ_VOUT

CMD Address

Format:

Phased:

NVM Backup:
Update Rate:
Supported Range

Write Transaction:

Read Transaction:

8Bh
N/A

Read Word
ULINEAR16 per VOUT_MODE.

Yes
No

1ms

OVto6.0V

The READ_VOUT command returns the actual, measured output voltage.

K 7-70. (8Bh) READ_VOUT Register Map

15 14 13 12 1 10 9 8
R R R R R R R
READ_VOUT
7 6 5 4 3 2 1 0
R R R R R R R R
READ_VOUT

LEGEND: R/W = Read/Write; R = Read only

£ 7-81. Register Field Descriptions

Bit Field Access Reset Description
. READ_ Current .
15:0 VOUT RW Status Output voltage reading, per VOUT_ MODE

READ_VOUT reports the voltage at the VOSNS pin with respect to AGND when a device is configured as a loop
follower (GOSNS = BP1V5). In this configuration, VOUT_SCALE_LOOP is ignored and VOSNS must be
externally scaled to maintain a voltage between 0 V and 0.75 V for proper reporting of the VOSNS voltage.

Attempts to write read-only commands cause the CML: invalid command (IVC) fault condition, the TPSM8D6B24
responds as follows:

+  Setthe CML bit in STATUS_BYTE.
+  Setthe CML_IVC (bit 7) bit in STATUS_CML.

* Notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.
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7.6.65 (8Ch) READ_IOUT

CMD Address 8Ch

Write Transaction: N/A

Read Transaction: Read Word

Format: SLINEAR11 per CAPABILITY
Phased: Yes

NVM Backup: No

Update Rate: 1ms

Supported Range: —15 A to 90 A per phase

The READ_IOUT command returns the output current in amperes.

Ed 7-71. (8Ch) READ_IOUT Register Map

15 14 13 12 11 10 9 8
R R R R R R R R
READ_IOUT_EXP READ_IOUT_MAN
7 6 5 4 3 2 1 0
R R R R R R R R
READ_IOUT_MAN

LEGEND: R/W = Read/Write; R = Read only

£+ 7-82. Register Field Descriptions

Bit Field Access Reset Description
. READ_ Current . ,
15:11 IOUT_EXP RwW Status Linear format two’s complement exponent
. READ_ Current . , .
10:0 IOUT_ MAN RW Status Linear format two’s complement mantissa

Attempts to write read-only commands cause the CML.: invalid command (IVC) fault condition, the TPSM8D6B24
responds as follows:

» Set the CML bit in STATUS_BYTE.
+ Setthe CML_IVC (bit 7) bit in STATUS_CML.
* Notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

PHASE Behavior
When PHASE = FFh, READ_IOUT returns the total current for the stack of devices supporting a single output.
When PHASE != FFh, READ_IOUT returns the measured current of the device assigned to the current PHASE.
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7.6.66 (8Dh) READ_TEMPERATURE_1

CMD Address 8Dh

Write Transaction: N/A

Read Transaction: Read Word

Format: SLINEAR11 per CAPABILITY
Phased: Yes

NVM Backup: No

Update Rate: 300 us

Supported Range: —40°C to 175°C

The READ_TEMPERATURE_1 command returns the maximum power stage temperature in degrees Celsius.

7-72. (8Dh) READ_TEMPERATURE_1 Register Map

15 14 13 12 11 10 9 8
R R R R R R R R
READ_T1_EXP READ_T1_MAN
7 6 5 4 3 2 1 0
R R R R R R R R
READ_T1_MAN

LEGEND: R/W = Read/Write; R = Read only

£ 7-83. Register Field Descriptions

Bit Field Access Reset Description
. READ_ T1_ Current . , 4o
15:11 EXP RW Status Linear format two’s complement exponent. LSB = 1°C
. READ_ T1_ Current . , .
10:0 MAN RW Status Linear format two’s complement mantissa

Attempts to write read-only commands cause the CML.: invalid command (IVC) fault condition, the TPSM8D6B24
responds as follows:

» Set the CML bit in STATUS_BYTE.
+ Setthe CML_IVC (bit 7) bit in STATUS_CML.
* Notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

PHASE Behavior

When PHASE = FFh, READ_TEMPERATURE_ 1 returns the temperature of the hottest of device in the stack of
devices supporting a single output.

When PHASE ! = FFh, READ_TEMPERATURE _1 returns the measured temperature of the device assigned to
the current PHASE.
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7.6.67 (98h) PMBUS_REVISION

CMD Address

Format:
Phased:

Write Transaction:

Read Transaction:

Max Transaction Time:

98h
N/A
Read Byte

Unsigned Binary (1 byte)

No
0.25 ms

The PMBUS_REVISION command reads the revision of the PMBus to which the device is compliant.

EJ 7-73. (98h) PMBUS_REVISION Register Map

5

4

3

2

R

R

R

R

PART |

PART _II

LEGEND: R/W = Read/Write; R = Read only

£ 7-84. Register Field Descriptions

Bit Field Access Reset Description
74 PART_| R 0011b 0011b: Compliant to PMBus Rev 1.3, Part 1
3:0 PART_ Il R 0011b 0011b: Compliant to PMBus Rev 1.3, Part 2

Attempts to write read-only commands cause the CML.: invalid command (IVC) fault condition, the TPSM8D6B24
responds as follows:
Set the CML bit in STATUS_BYTE.
Set the CML_IVC (bit 7) bit in STATUS_CML.
Notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.
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7.6.68 (99h) MFR_ID

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:

9%

Write Block

Read Block

Unsigned Binary (3 bytes)
No

EEPROM

The MFR_ID command loads the unit with 3 bytes that contains the manufacturer’s ID, which is typically done

once at the time of manufacture.

B 7-74. (99h) MFR_ID Register Map

23 22 21 20 19 18 17 16
RW RW RW RW RW RW RW RW
MFR_ID
15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
MFR_ID
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
MFR_ID

LEGEND: R/W = Read/Write; R = Read only

£ 7-85. Register Field Descriptions

Bit

Field

Access

Reset

Description

23:0

MFR_ID

RwW

NVM

3 bytes of arbitrarily writable user-store NVM for manufacturer ID information.
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7.6.69 (9Ah) MFR_MODEL

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:

9Ah
Write Block
Read Block

Unsigned Binary (3 bytes)

No
EEPROM

The MFR_MODEL command loads the unit with 3 bytes that contains the manufacturer’s ID, which is typically

done once at the time of manufacture.

B 7-75. (9Ah) MFR_MODEL Register Map

23 22 21 20 19 18 17 16
RwW RwW RwW RwW RwW RwW RwW RwW
MFR_MODEL
15 14 13 12 11 10 9 8
RwW RwW RwW RwW RwW RwW RwW RwW
MFR_MODEL
7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
MFR_MODEL

LEGEND: R/W = Read/Write; R = Read only

£ 7-86. Register Field Descriptions

Bit Field Access Reset Description
23:0 MMOFSE_L RW NVM 3 bytes of arbitrarily writable user-store NVM for manufacturer model information
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7.6.70 (9Bh) MFR_REVISION

CMD Address 9Bh

Write Transaction: Write Block

Read Transaction: Read Block

Format: Unsigned Binary (3 bytes)
Phased: No

NVM Backup: EEPROM

The MFR_REVISION command loads the unit with 3 bytes that contains the power supply manufacturer’s
revision number, which is typically done once at the time of manufacture.

7-76. (9Bh) MFR_REVISION Register Map

23 22 21 20 19 18 17 16
RW RW RW RW RW RW RW RW
MFR_REV
15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
MFR_REV
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
MFR_REV

LEGEND: R/W = Read/Write; R = Read only

£ 7-87. Register Field Descriptions

Bit Field Access

Reset

Description

23:0 MFR_REV RwW

NVM

3 bytes of arbitrarily writable user-store NVM for manufacturer revision information
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7.6.71 (9Eh) MFR_SERIAL

CMD Address 9Eh
Write Transaction: Write Block
Read Transaction: Read Block

Format: Unsigned Binary (3 bytes)
Phased: No
NVM Backup: EEPROM

The MFR_SERIAL command loads the unit with 3 bytes that contains the power supply manufacturer’s serial

number, which is typically done once at the time of manufacture.

B 7-77. (9Eh) MFR_SERIAL Register Map

23 22 21 20 19 18 17 16
RwW RwW RwW RwW RwW RwW RwW RwW
MFR_SERIAL
15 14 13 12 11 10 9 8
RwW RwW RwW RwW RwW RwW RwW RwW
MFR_SERIAL
7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
MFR_SERIAL

LEGEND: R/W = Read/Write; R = Read only

£ 7-88. Register Field Descriptions

Bit Field Access Reset Description
23:00 S“IAE;TATL RW NVM Arbitrary 3-byte Serial Number assigned by manufacturer

Because the value for MFR_SERIAL is included in the NVM memory store used to calculate the
NVM_CHECKSUM, assigning a uniqgue MFR_SERIAL value also results in a unique NVM_CHECKSUM value.

124 BERHCBT 57 17— R 2 (ZE RSB G PE) 2255
Product Folder Links: TPSM8D6B24

Copyright © 2023 Texas Instruments Incorporated

English Data Sheet: SLUSEN7


https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/ja-jp/lit/pdf/JAJSMM7
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSMM7A&partnum=TPSM8D6B24
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/lit/pdf/SLUSEN7

13 TEXAS

INSTRUMENTS

www.ti.com/ja-jp

TPSM8D6B24

JAJSMM7A — AUGUST 2022 — REVISED SEPTEMBER 2023

7.6.72 (ADh) IC_DEVICE_ID

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

ADh
N/A
Read Block

Unsigned Binary (6 bytes)

No

The IC_DEVICE_ID command is used to either set or read the type or part number of an IC embedded within a
PMBus that is used for the PMBus interface.

[ 7-78. (ADh) IC_DEVICE_ID Register Map

47 46 45 44 43 42 41 40

R R R R R R R R
IC_DEVICE_ID[47:40]

39 38 37 36 35 34 33 32

R R R R R R R R
IC_DEVICE_ID[39:32]

31 30 29 28 27 26 25 24

R R R R R R R R
IC_DEVICE_ID[31:24]

23 22 21 20 19 18 17 16

R R R R R R R R
IC_DEVICE_ID[23:16]

15 14 13 12 1 10 9 8

R R R R R R R R
IC_DEVICE_ID[15:8]

7 6 5 4 3 2 1 0

R R R R R R R R
IC_DEVICE_ID[7:0]

LEGEND: R/W = Read/Write; R = Read only
£+ 7-89. Register Field Descriptions
Bit Field Access Reset Description
47:0 DEVICE_ ID R See text. |See the table below.
£ 7-90. IC_DEVICE_ID Values
Bytel'::i'::;’ Bit)  Byte 0 (7:0) Byte 1(15:8) | Byte2(23:16) | Byte3(31:24) | Byte4(39:32) | Byte 5 (47:40)
TPSM8D6B24 54h 49h 54h 6Bh 24h 41h

Attempts to write read-only commands cause the CML: invalid command (IVC) fault condition, the TPSM8D6B24
responds as follows:

« Set the CML bitin STATUS_BYTE.
+ Setthe CML_IVC (bit 7) bit in STATUS_CML.
* Notifying the host according to the PMBus 1.3.1 Part |l specification section 10.9.3.
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7.6.73 (AEh) IC_DEVICE_REV

CMD Address AEh

Write Transaction: N/A

Read Transaction: Read Block

Format: Unsigned Binary (2 bytes)
Phased: No

The IC_DEVICE_REV command is used to either set or read the revision of the IC.
7-79. (AEh) IC_DEVICE_REV Register Field Descriptions

15 14 13 12 11 10 9 8
R R R R R R
MAJOR_REV MINOR_REV
7 6 5 4 3 2 1 0
R R R R
SUB_MINOR_REV

LEGEND: R/W = Read/Write; R = Read only
Attempts to write read-only commands cause the CML.: invalid command (IVC) fault condition, the TPSM8D6B24
responds as follows:

» Setthe CML bit in STATUS_BYTE.
+ Setthe CML_IVC (bit 7) bitin STATUS_CML.

Notifying the host according to the PMBus 1.3.1 Part |l specification section 10.9.3.
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7.6.74 (B1h) USER_DATA_01 (COMPENSATION_CONFIG)

CMD Address

Format:
Phased:
NVM Backup:

Updates:

Write Transaction:

Read Transaction:

B1h

Write Block
Read Block
Unsigned Binary (5 bytes)
No
EEPROM or Pin Detection

Conversion Disable: on-the-fly. Conversion Enable: hardware update blocked. To update hardware
after write while enabled, store to NVM with (15h) STORE_USER_ALL and (16h)

RESTORE_USER_ALL or cycle AVIN below UVLO.

Configure the control loop compensation.

7-80. (B1h) USER_DATA_01 (COMPENSATION_CONFIG) Register Map

39 38 37 36 35 34 33 32
RW RW RW RW RW RW RW RW
SEL_CZI[1:0] SEL_CPI[4:0] SEL_CZI_MUL
31 30 29 28 27 26 25 24
R RW RW RW RW RW RW RW
SEL_RVI[5:0] SEL_CZI[3:2]
23 22 21 20 19 18 17 16
RW RW RW RW RW RW RW RW
SEL_CZV[1:0] SEL_CPV[4:0] 0
15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
SEL_RVV[5:0] SEL_CZV[3:2]
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW
0 0 SEL_GMV[1:0] 0 0 SEL_GMI[1:0]

LEGEND: R/W = Read/Write; R = Read only

£+ 7-91. Register Field Descriptions

Bit Field Access Reset Description
. . SEL_CZI[3: Selects the value of current loop integrating capacitor.
25:24,39:38 0] RW NVM CZI = 6.66 pF x CZI_MUL x 2SEL_GMI[1:0] x SE|_CZI[3:0]
. SEL_CPI[4: Selects the value of current loop filter capacitor.
37:33 0] RW NVM CPI = 3.2 pF x SEL_CPI[4:0]
SEL CZI M Selects the value of current loop integrating capacitor multiplier.
32 UL~ RW NVM Ob: CZI_MUL =1
1b: CZI_MUL =2
. SEL_RVI[5: Selects the value of current loop mid-band gain resistor.
31:26 0] RW NVM RVI =5 kQ x SEL_RVI[5:0]
. . SEL_CZV[3: Selects the value of voltage loop integrating capacitor.
9:8,23:22 0] RW NVM CZV =125 pF x 2SEL_GMV[1:0] x SEL. CZV[3:0]
. SEL_CPVI[4: Selects the value of voltage loop filter capacitor.
2147 0] RW NVM CPV =6.25 pF x SEL_CPV[4:0]
16 Reserved RwW NVM Reserved, set to 0b.
. SEL_RVVI5: Selects the value of voltage loop mid-band gain resistor.
1510 0] RW NVM RVV =5 kQ x SEL_RVV[5:0]
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£ 7-91. Register Field Descriptions (%i¥)

Bit Field Access Reset Description
7:6 Reserved RW NVM Reserved, set to 00b.

. SEL_GMV[1 Selects the value of voltage error transconductance.
54 :0] RW NVM GMV = 25 pS x 2SEL_GMV[1:0]
3:2 Reserved RW NVM Reserved, set to 00b.

. SEL_GMI[1: Selects the value of current error transconductance.
10 0] RW NVM GMI = 25 pS x 2SEL_GMI[1:0]

(B1h) USER_DATA_01 (COMPENSATION_CONFIG) can be written to while output conversion is enabled, but
updating those values to hardware are blocked. To update the value used by the control loop:

» Disable conversion, then write to (B1h) USER_DATA_01 (COMPENSATION_CONFIG).

*  Write to (B1h) USER_DATA_01 (COMPENSATION_CONFIG) while conversion is enabled, store PMBus
values to NVM using (15h) STORE_USER_ALL, clear the (B1h) USER_DATA_01
(COMPENSATION_CONFIG) bit in (EEh) MFR_SPECIFIC_30 (PIN_DETECT_OVERRIDE), then cycle AVIN
or use the (16h) RESTORE_USER_ALL command.

Due to the complexity of translating the 5-byte HEX value of (B1h) USER_DATA_O1
(COMPENSATION_CONFIG) into analog compensation values, Tl recommends using the tools available on the
TPSM8D6B24 product folder such as the TPS546x24A Compensation and Pin-Strap Resistor Calculator design
tool.
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7.6.75 (BSh) USER_DATA_05 (POWER_STAGE_CONFIG)

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

Max Action Delay:

Max Transaction Time:

B5h

Write Block (per PMBus Spec, even though 1 data byte)
Read Block (per PMBus Spec, even though 1 data byte)
Unsigned Binary (1 byte)

No

EEPROM

On-the-fly

1.0 ms

1.0 ms (not time critical)

POWER_STAGE_CONFIG allows the user to adjust the VDD5 regulator voltage.
7-81. (B5h) USER_DATA_05 (POWER_STAGE_CONFIG) Register Map

6

5 4 3 2 1

RwW

RwW

RwW RwW R R R

SEL_VDD5

Reserved

LEGEND: R/W = Read/Write; R = Read only

& 7-92. Register Field Descriptions

Bit Field

Access

Reset Description

74 SEL_VDD5

RwW

3h: VDD5 = 3.9 V (Not Recommended for Production)
4h: vDD5 =41V

5h: VDD5 =43V

6h: VDD5 =45V

NVM 7h: VDD5 =4.7V

8h: VDD5 =49V

9h: VDD5=5.1V

Ah: VDD5=5.3V

Other: Invalid

3:0 Reserved

0000b Reserved. Set to 0000b.

Setting 30h is not recommended for production use unless an external VDD5 voltage is provided because the
3.9-V LDO setting can result in a VDD5 voltage less than the VDD5 undervoltage lockout required to enable
conversion and can result in the TPSM8D6B24 device being unable to enable conversion without an external

VDDS5 voltage.
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7.6.76 (DOh) MFR_SPECIFIC_00 (TELEMETRY_CONFIG)

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:
Updates:

DOh

Write Block

Read Block

Unsigned Binary (6 bytes)
No

EEPROM

On-The-Fly

Configure the priority and averaging for each channel of the internal telemetry system.

The internal telemetry system shares a single ADC across each measurement. The priority setting allows the
user to adjust the relative rate of measurement of each telemetry value. The ADC first measures each value with
a priority A value. With each pass through all priority A measurements, one priority B measurement is taken.
With each pass through all priority B measurements, one priority C measurement is taken.

For example, if output voltage has priority A and output current has priority B, and temperature has priority C, the

telemetry sequence is VOUT IOUT VOUT TEMPERATURE VOUT IOUT VOUT TEMPERATURE.

7-82. (DOh) MFR_SPECIFIC_00 (TELEMETRY_CONFIG) Register Map

47 46 45 44 43 42 41 40
RwW RwW RwW RwW RW RwW RwW RwW
Reserved priority Reserved Reserved averaging
39 38 37 36 35 34 33 32
RW RW RW RwW RW RW RwW RwW
Reserved priority Reserved Reserved averaging
31 30 29 28 27 26 25 24
R RwW RwW Rw RW RwW RwW RwW
RD_VI_PRI Reserved RD_VI_AVG
23 22 21 20 19 18 17 16
RW RW RW RwW RW RW RwW RwW
RD_TMP_PRI Reserved RD_TMP_AVG
15 14 13 12 1 10 9 8
RwW RwW RwW RwW RW RwW RwW RwW
RD_IO_PRI Reserved RD_IO_AVG
7 6 5 4 3 2 1 0
RW RW RW RwW RW RW RwW RwW
RD_VO_PRI Reserved RD_VO_AVG

LEGEND: R/W = Read/Write; R = Read only

£+ 7-93. Register Field Descriptions

Bit Field Access Reset Description
47:40 Not used R 00h Reserved. Set values to 00h.
39:32 Not used RwW NVM Reserved. Set values to 03h.
00b: Assign priority A to input voltage telemetry.
31:30 RD VI PRI RW NVM 01 b Ass!gn pr!or!ty B to |.nput voltage telemetry.
- = 10b: Assign priority C to input voltage telemetry.
11b: Disable input voltage telemetry.
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£ 7-93. Register Field Descriptions (%i¥)

Bit Field Access Reset Description
- N i N
31:24 RD_VI_AVG RW NVM od 5d: READ_VIN Rolling average of 2" samples
6d - 7d: Invalid
00b: Assign priority A to temperature telemetry.
. RD_TMP_P 01b: Assign priority B to temperature telemetry.
2322 RI RW NVM 10b: Assign priority C to temperature telemetry.
11b: Invalid
21:19 Reserved RW NVM Reserved. Set to 000b.
B4 i N
18:16 RD_TMP_A RW NVM od 5_d' READ_TEMPERATURE_1 Rolling average of 2" samples
VG 6d-7d: Invalid
00b: Assign priority A to output current telemetry.
15:14 RD 10 PRI RW NVM 01b5 Ass!gn pr!or!ty B to output current telemetry.
- - 10b: Assign priority C to output current telemetry.
11b: Disable output current telemetry.
13:11 Reserved RwW NVM Reserved. Set to 000b.
_E4 ; N
108 RD 10 AVG RW NVM od 5d: REAP_IOUT Rolling average of 2" samples
- = 6d - 7d: Invalid
00b: Assign priority A to output voltage telemetry.
. 01b: Assign priority B to output voltage telemetry.
76 RD_VO_PRI RW NVM 10b: Assign priority C to output voltage telemetry.
11b: Disable output voltage telemetry.
5:3 Reserved RwW NVM Reserved. Set to 000b.
- N i N
2:0 RD_VO_AV RW NVM od 5d: REAI_Z)_VOUT Rolling average of 2" samples
G 6d - 7d: Invalid

Disabling any telemetry value forces the associated READ PMBus command to report 0000h.

Because temperature telemetry is used for overtemperature protection, temperature telemetry cannot be

disabled.
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7.6.77 (DAh) MFR_SPECIFIC_10 (READ_ALL)

CMD Address DAh
Write Transaction: NA
Read Transaction: Read Block

Format: Unsigned Binary (14 bytes)
Phased: No
NVM Backup: No

READ_ALL provides for a 14-byte BLOCK read of STATUS_WORD and telemetry values to improve bus
utilization for poling by combining multiple READ functions into a single command, eliminating the need for

multiple address and command code bytes.

7-83. (DAh) MFR_SPECIFIC_10 (READ_ALL) Register Map

111 110 109 108 107 106 105 104
R R R R R R R R
Not Supported = 00h
103 102 101 100 99 98 97 96
R R R R R R R R
Not Supported = 00h
95 94 93 92 91 90 89 88
R R R R R R R R
Not Supported = 00h
87 86 85 84 83 82 81 80
R R R R R R R R
Not Supported = 00h
79 78 77 76 75 74 73 72
R R R R R R R R
READ_VIN (MSB)

71 70 69 68 67 66 65 64
R R R R R R R R
READ_VIN (LSB)

I
63 62 61 60 59 58 57 56
R R R R R R R R
READ_TEMPERATURE1 (MSB)

55 54 53 52 51 50 49 48
R R R R R R R R
READ_TEMPERATURE1 (LSB)

47 46 45 44 43 42 41 40
R R R R R R R R
READ_IOUT (MSB)

39 38 37 36 35 34 33 32
R R R R R R R R
READ_IOUT (LSB)

I
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31 30 29 28 27 26 25 24
R R R R R R R R

READ_VOUT (MSB)

23 22 21 20 19 18 17 16
R R R R R R R
READ_VOUT (LSB)

15 14 13 12 11 10 9 8
R R R R R R R
STATUS_WORD (High Byte)

7 6 5 4 3 2 1 0

STATUS_BYTE

LEGEND: R/W = Read/Write; R = Read only

£ 7-94. Register Field Descriptions

Bit Field Access Reset Description
READ
111:96 DUTY_CYC R 0000h Not supported = 0000h
LE
95:80 READ_ IIN R 0000h Not supported = 0000h
79:64 READ_ VIN R 0000h READ_VIN (Linear Format)
READ_
63:48 TEMPERAT R 0000h READ_ TEMPERATURE1 (Linear Format)
URE1
47:32 RI(E)ﬁPI_— R 0000h READ_ IOUT (Linear Format)
31:16 REAQI.—VOU R 0000h READ_ VOUT (ULinear16 Format, Per VOUT_MODE)
15:0 STAJ:;{JS—W R 0000h STATUS_WORD

Attempts to write read-only commands cause the CML: invalid command (IVC) fault condition, the TPSM8D6B24
responds as follows:

+ Setthe CML bitin STATUS_BYTE.
+ Setthe CML_IVC (bit 7) bitin STATUS_CML.

Notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.
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7.6.78 (DBh) MFR_SPECIFIC_11 (STATUS_ALL)

CMD Address DBh

Write Transaction: NA

Read Transaction: Read Block

Format: Unsigned Binary (7 bytes)
Phased: No

NVM Backup: No

STATUS_ALL provides for a 7-byte block of STATUS command codes, which can reduce bus utilization to read
multiple faults.

[ 7-84. (DBh) MFR_SPECIFIC_11 (STATUS_ALL) Register Map

55 54 53 52 51 50 49 48
R R R R R R R R
STATUS_MFR
47 46 45 44 43 42 41 40
R R R R R R R R

STATUS_OTHER

39 38 37 36 35 34 33 32
R R R R R R R R
STATUS_CML
31 30 29 28 27 26 25 24
R R R R R R R R

STATUS_TEMPERATURE

23 22 21 20 19 18 17 16
R R R R
STATUS_INPUT

15 14 13 12 11 10 9 8
R R R R R R R

STATUS_IOUT
7 6 5 4 3 2 1 0
R R R R R R

STATUS_VOUT

LEGEND: R/W = Read/Write; R = Read only

£ 7-95. Register Field Descriptions

Bit Field Access Reset Description

. STATUS_ Current
55:48 MER R Status STATUS_ MFR

. STATUS _ Current
47:40 OTHER R Status STATUS_ OTHER

. STATUS _ Current
39:32 CML R Status STATUS_ CML

STATUS_ Current
31:24 TEMPERAT R STATUS_ TEMPERATURE
Status
URE
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£+ 7-95. Register Field Descriptions (%iX)

Bit Field Access Reset Description
23:16 Sm;gf— R CSLt‘;rtigt STATUS_ INPUT
15:8 STlgTUUTS— R CS‘:;';igt STATUS_ IOUT
7:0 SI/P(‘)T LlJJTS— R CS‘:;rtigt STATUS_ VOUT

Attempts to write read-only commands cause the CML.: invalid command (IVC) fault condition, the TPSM8D6B24
responds as follows:

» Set the CML bit in STATUS_BYTE.
+ Setthe CML_IVC (bit 7) bit in STATUS_CML.
* Notifying the host according to the PMBus 1.3.1 Part |l specification section 10.9.3.

Writes to STATUS_ALL do not clear asserted status bits.
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7.6.79 (DCh) MFR_SPECIFIC_12 (STATUS_PHASE)

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

Updates:

NVM Backup:

DCh

Write Word

Read Word

Unsigned Binary (2 bytes)
Yes

On-the-fly

No

When PHASE = FFh or 80h, reads to this command return a data word detailing which phases have
experienced fault conditions. When PHASE != FFh, reads to this command return a data word detailing which
fault or faults the current PHASE has experienced. PHASE number assignment is per PHASE_CONFIG. Bits
corresponding to unused (unassigned or disabled) phase numbers are always equal to Ob.

& 7-85. (DCh) MFR_SPECIFIC_12 (STATUS_PHASE)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
R RwW RwW RwW RwW RwW RwW RwW RwW RwW RwW RwW RwW
0 0 0 0 0 0 0 0 0 0 0 0 PH3 PH2 PH1 PHO

LEGEND: R/W = Read/Write; R = Read only

£+ 7-96. Register Field Descriptions

Bit

Field

Access

Reset

Description

15:4

Reserved

R

Ob

Reserved

PH3

RwW

Ob

Ob: The TPSM8D6B24 assigned to PHASE = 3d has not experienced a fault.
1b: The TPSM8D6B24 assigned to PHASE = 3d has experienced a fault. Set
PHASE = 3d, and read STATUS_WORD or STATUS_ALL for more information.

PH2

RwW

Ob

Ob: The TPSM8D6B24 assigned to PHASE = 2d has not experienced a fault.
1b: The TPSM8D6B24 assigned to PHASE = 2d has experienced a fault. Set
PHASE = 2d, and read STATUS_WORD or STATUS_ALL for more information.

PH1

RwW

Ob

Ob: The TPSM8D6B24 assigned to PHASE = 1d has not experienced a fault.
1b: The TPSM8D6B24 assigned to PHASE = 1d has experienced a fault. Set
PHASE = 1d, and read STATUS_WORD or STATUS_ALL for more information.

PHO

RwW

Ob

Ob: The TPSM8D6B24 assigned to PHASE = 0d has not experienced a fault.
1b: The TPSM8D6B24 assigned to PHASE = 0d has experienced a fault. Set
PHASE = 0d, and read STATUS_WORD or STATUS_ALL for more information.
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7.6.80 (E3h) MFR_SPECIFIC_19 (PGOOD_CONFIG)

CMD Address E3h
Write Transaction: Write Word
Read Transaction: Read Word
Format Unsigned Word
Phased: No
NVM Backup: EEPROM or Pin Detect
Updates: Conversion Disable: see below. Conversion Enable: Read-Only
7-86. (E3h) MFR_SPECIFIC_19 (PGOOD_CONFIG) Register Map
15 14 13 12 11 10 9 8
R R R R R R R R
PGOOD_OFF_DELAY[3:0] PGOOD_ON_DELAY[3:0]
7 6 5 4 3 2 1 0
R R R R RW RW RW RW
pgmOVF pgmOVW pgmuUVW pgmUVF pgmOCW pgmOCF pgmINOVW pgmINOVF

LEGEND: R/W = Read/Write; R = Read only

& 7-97. Register Field Descriptions

Bit Field Access Reset Description
PGOOD OF Sets delay from the detection of an unmasked fault or warning event to the
. . assertion of PGOOD low.
15:12 F_DELAY[3: RW NVM 0d: Delay PGOOD high-low 1 PWM CLK
0] 1d - 15d: Delay PGOOD high-low 2N + 1 PWM CLKs
PGOOD O Sets delay from the detection of no unmasked fault or warning events to the
. o release of PGOOD low.
18 N_DELAY[3: RW NVM 0d: Delay PGOOD low-hight to 1 PWM CLK
0] 1d - 15d: Delay PGOOD low-high 2N + 1 PWM CLKs

Ob: Output overvoltage fault can assert PGOOD low.

7 pPgMOVF RW NVM 1b: Output overvoltage fault cannot assert PGOOD low.
Ob: Output overvoltage warning can assert PGOOD low.

6 PgMOVW RW NVM 1b: Output overvoltage warning cannot assert PGOOD low.
Ob: Output undervoltage fault can assert PGOOD low.

5 pPgMUVF RW NVM 1b: Output undervoltage fault cannot assert PGOOD low.
Ob: Output undervoltage warning can assert PGOOD low.

4 pgmUVW RW NVM 1b: Output undervoltage warning cannot assert PGOOD low.
Ob: Output overcurrent warning can assert PGOOD low.

3 pgmOCW RW NVM 1b: Output overcurrent warning cannot assert PGOOD low.
Ob: Output overcurrent fault can assert PGOOD low.

2 PgmMOCF RW NVM 1b: Output overcurrent fault cannot assert PGOOD low.
Ob: Input overvoltage warning can assert PGOOD low.

! pPgmMINOVW RW NVM 1b: Input overvoltage warning cannot assert PGOOD low.
Ob: Input overvoltage fault can assert PGOOD low.

0 pgmINOVF RW NVM 1b: Input overvoltage fault cannot assert PGOOD low.

Power good indicates the status of the converter. (E3h) MFR_SPECIFIC_19 (PGOOD_CONFIG) provides
control of the delays asserting and releasing power good. Power good is always low while conversion is
disabled, during (60h) TON_DELAY, (61h) TON_RISE, (65h) TOFF_FALL, and during a fault shutdown or hiccup
delay. PGOOD_OFF_DELAY is bypassed during (65h) TOFF_FALL and during a fault shutdown or hiccup.
Power good is still asserted on an unmasked fault event unless the RESPONSE command of that fault is

configured to continue operating without interruption.
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PGOOD_OFF_DELAY and PGOOD_ON_DELAY are sensed and timed independently from each other. If
PGOOD_ON_DELAY is less than PGOOD_OFF_DELAY and an unmasked fault or warning event lasts less than

PGOOD_OFF_DELAY — PGOOD_ON_DELAY, power good is not asserted low during the fault or warning

events.
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7.6.81 (E4h) MFR_SPECIFIC_20 (SYNC_CONFIG)

CMD Address E4h

Write Transaction: Write Byte

Read Transaction: Read Byte

Format: Unsigned Binary
Phased: No

NVM Backup: EEPROM or Pin Detect
Updates: On-the-fly

[ 7-87. (E4h) MFR_SPECIFIC_20 (SYNC_CONFIG) Register Map

7 6 5 4 3 2 1 0
RwW RwW RwW RwW RwW RwW RwW RwW
SYNC_DIR SYNC_EDGE 10000b

LEGEND: R/W = Read/Write; R = Read only

£ 7-98. Register Field Descriptions

Bit Field Access Reset Description
00b: SYNC disabled
. 01b: Enable SYNC OUT.
76 SYNC_DIR RW NVM 10b: Enable SYNC IN.
11b: Enable Auto Detect SYNC
SYNC_EDG Ob: Synchronize to falling edge of SYNC.
5 E RW NVM 1b: Synchronize to rising edge of SYNC.
4:0 Not RwW 10000b Not supported. Set to 10000b.
supported

Attempts to write (E4h) MFR_SPECIFIC_E4 (SYNC_CONFIG) to any value outside those specified as valid are
considered invalid or unsupported data and cause the TPSM8D6B24 to respond by flagging the appropriate
status bits and notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

When SYNC_DIR = 11b - Enable Auto Detect, the TPSM8D6B24 selects SYNC _IN or SYNC_OUT based on the
state of the SYNC pin when the Enable condition, as defined by ON_OFF_CONFIG, is met. If the SYNC_PIN is
> 2 V or switching faster than 75% of FRQUENCY_SWITCH, SYNC_IN is enabled. If the SYNC_PIN is less than
0.8 V and not switching, SYNC_OUT is selected.

Loop follower devices in a multi-phase stack are always configured for SYNC_IN and declare a SYNC_FAULT in
(80h) STATUS_MFR_SPECIFIC if enabled before a SYNC signal is present, or if SYNC is lost before being
disabled. To prevent such false SYNC_FAULTs from occurring, it is recommended that multi-phase stacks
configure select SYNC _OUT in (E4h) MFR_SPECIFIC_20 (SYNC_CONFIG) if not using an external
synchronization signal.

Changing SYNC_DIR from SYNC_IN to SYNC_OUT while enabled and operating at the lower limit of the
SYNC_IN function (70% of nominal switching frequency) results in the switching frequency remaining at the
lower limit of SYNC_IN until the output is disabled and enabled.

Changing SYNC_DIR from SYNC_IN to SYNC_OUT on a multi-phase stack while conversion is enabled but
prevented due to a SYNC_FAULT will result in the internal oscillator operating at 70% of its nominal frequency.
Since this is outside of the compliant SYNC_IN range of the loop follower device, this can result in
unsynchronized operation.
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7.6.82 (ECh) MFR_SPECIFIC_28 (STACK_CONFIG)

CMD Address ECh

Write Transaction: Write Word

Read Transaction: Read Word

Format: Unsigned Word

Phased: No

NVM Backup: EEPROM or Pin Detect

Updates: Conversion Disable: see below. Conversion Enable: Read-Only

7-88. (ECh) MFR_SPECIFIC_28 (STACK_CONFIG) Register Map

15 14 13 12 11 10 9 8
R R R R R R R R
Reserved 0000h
7 6 5 4 8] 2 1 0
R R R R RW RW RW RW

BCX_START BCX_STOP

LEGEND: R/W = Read/Write; R = Read only

& 7-99. Register Field Descriptions

Bit Field Access Reset Description
15:8 Not R 0000h Reserved. Equal to 0000h.
supported
7:4 BCX—TSTAR R 0000b BCX_Address for Stack Loop Controller. Equal to 0000b.

0000b: Standalone, single-phase
0001b: One loop follower, 2-phase
3:0 BCX_STOP RW NVM 0010b: Two loop followers, 3-phase
0011b: Three loop followers, 4-phase
Other: Not supported/invalid

Attempts to write (ECh) MFR_SPECIFIC_28 (STACK_CONFIG) to any value outside those specified as valid are
considered invalid or unsupported data and cause TPSM8D6B24 to respond by flagging the appropriate status
bits and notifying the host according to the PMBus 1.3.1 Part Il specification section 10.9.3.

(ECh) MFR_SPECIFIC_28 (STACK_CONFIG) controls the operation of the BCX_CLK and BCX_DAT pins. If the
TPSM8D6B24 powers up with (ECh) MFR_SPECIFIC_28 (STACK_CONFIG) equal to 0000h (standalone) the
BCX_CLK and BCX_DAT functionality is disabled. Changing (ECh) MFR_SPECIFIC_28 (STACK_CONFIG) to a
multi-phase configuration does not enable BCX communication until the next power up. To program loop follower
devices connected to a loop controller device that was powered up with (ECh) MFR_SPECIFIC_28
(STACK_CONFIG) = 0000h, program (EEh) MFR_SPECIFIC_30 (PIN_DETECT_OVERRIDE) to default (ECh)
MFR_SPECIFIC_28 (STACK_CONFIG) to NVM by setting bit 12 = 0Ob, (15h) STORE_USER_ALL and cycle
AVIN power below its UVLO prior to programing other commands in order to enable BCX communication and
allow the loop controller device to relay commands to the loop follower devices.

(ECh) MFR_SPECIFIC_28 (STACK_CONFIG) can be changed from 0001h to 0003h to 0000h — 0003h live
without requiring an AVIN power cycle since the BCX_CLK and BCX_DAT function is enabled at power up.
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7.6.83 (EDh) MFR_SPECIFIC_29 (MISC_OPTIONS)

Format:
Phased:

Updates:

CMD Address
Write Transaction:

Read Transaction:

NVM Backup:

EDh

Write Word
Read Word
Unsigned Binary (2 bytes)

No
EEPROM
On-the-fly

MFR_SPECIFIC_29 is used to configure miscellaneous settings.
Eq 7-89. (EDh) MFR_SPECIFIC_29 (MISC_OPTIONS) Register Map

15 14 13 12 11 10 9 8
RW RW RW RW RW RW RW RW
Reserv
PEC RESET_CNT RESET_FLT RESET# Reserved Reserved Reserved ed
7 6 5 4 8 2 1 0
RW RW RW RW RW RW RW RW
Re:;“’ Reserved Reserved Reserved PULLUP# FLT_CNT ADC_RES

LEGEND: R/W = Read/Write; R = Read only

& 7-100. Register Field Descriptions
Bit Field Access Reset Description
Ob: PEC Optional. Transactions received without PEC byte are processed.
15 PEC RW NVM 1b: PEC is required. Transactions received without the PEC byte are rejected as
invalid PEC.
RESET CN Ob: VOUT_COMMAND is unchanged following a shutdown.
14 T RwW NVM 1b: VOUT_COMMAND is changed to VBOOT on a control or OPERATION
shutdown.
Ob: VOUT_COMMAND is unchanged following a fault restart.
13 RESET_FLT RwW NVM 1b: VOUT_COMMAND is changed to VBOOT on restart from a fault when fault
retry is set to retry after fault.
Sets the function of the PGD/RESET_B pin.
Ob: PGD/RESET_B functions as PGOOD and internal pullup is disabled.
12 RESET# RW NVM 1b: PGD/RESET_B functions as RESET# and internal pullup is set by bit 3
PULLUP#.
11:3 Reserved RW NVM Reserved. Must be 000000000b
Sets the pullup of the PGD/RESET_B pin when RESET# = 1b.
3 PULLUP# RW NVM Ob: Internal pullup of the PGD/RESET_B pin enabled when RESET# = 1b.
1b: Internal pullup of PGD/RESET_B pin disabled when RESET# = 1b.
Ob: Fault counter counts down one cycle on PWM cycle without fault
2 FLT_CNT RW NVM 1b: Fault counter resets counter to 0 on PWM cycle without fault.
ADC resolution control
00b: Set ADC resolution to 12-bit.
1:0 ADC_RES RW NVM 01b: Set ADC resolution to 10-bit.
10b: Set ADC resolution to 8-bit.
11b: Set ADC resolution to 6-bit.
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7.6.84 (EEh) MFR_SPECIFIC_30 (PIN_DETECT_OVERRIDE)

CMD Address
Write Transaction:

Read Transaction:

Format:
Phased:

Updates:

NVM Backup:

EEh
Write Word
Read Word

Unsigned Binary (1 byte)

No
EEPROM

On-the-fly (pin detection occurs on POR only)

PMBUS specified that NVM (default or user) stored values overwrite pin-programmed values. Setting a “1” in
each bit of this register prevents DEFAULT or USER STORE values from overwriting the pin-programmed value
associated that bit.

7-90. (EEh) MFR_SPECIFIC_30 (PIN_DETECT_OVERRIDE) Register Map

15 14 13 12 11 10 9 8
RwW RwW RwW RwW RwW RwW RW RwW
Reserved STACKECONFI SYNC_CONFIG Reserved COMPE;CONFI ADDRESS
7 6 5 4 3 2 1 0
RW RwW RW RW RwW RW RW RwW
Reserved INTERLEAVE Reserved TON_RISE IOUT_OC FREQ VOUT

LEGEND: R/W = Read/Write; R = Read only

& 7-101. Register Field Descriptions

Bit Field Access Reset Description
15:13 Reserved RW NVM Not used and set to 000b.
12 STACK_CO RW NVM Ob: At power up or RESTORE, STACK_CONFIG is reset to NVM value.
NFIG 1b: At power up or RESTORE, STACK_CONFIG is reset to pin-detected value.
1 SYNC_CON RW NVM Ob: At power up or RESTORE, SYNC_CONFIG is reset to NVM value.
FIG 1b: At power up or RESTORE, SYNC_CONFIG is reset to the pin-detected value.
10 Reserved RW NVM Not used and set to Ob or 1b
Ob: At power up or RESTORE, COMPENSATION_CONFIG is reset to the NVM
9 COMP_CO RW NVM value.
NFIG 1b: At power up or RESTORE, COMPENSATION_CONFIG is reset to the pin-
detected value.
Ob: At power up or RESTORE, Loop Follower_ ADDRESS is reset to the NVM
value.
8 ADDRESS RW NVM 1b: At power up or RESTORE, Loop Follower_ADDRESS is reset to the pin-
detected value.
7:6 Reserved RwW NVM Not used and set to 00b.
5 INTERLEAV RW NVM Ob: At power up or RESTORE, INTERLEAVE is reset to the NVM value.
E 1b: At power up or RESTORE, INTERLEAVE is reset to the pin-detected value.
4 Reserved RW NVM Not used and set to Ob or 1b.
Ob: At power up or RESTORE, TON_RISE is reset to the NVM value.
3 TON_RISE RW NVM 1b: At power up or RESTORE, TON_RISE is reset to the pin-detected value.
Ob: At power up or RESTORE, IOUT_OC_FAULT_LIMIT and
IOUT_OC_WARN_LIMIT are reset to the NVM value.
2 IoUT_OC RW NVM 1b: At power up or RESTORE, IOUT_OC_FAULT_LIMIT and
IOUT_OC_WARN_LIMIT are reset to the pin-detected value.
Ob: At power up or RESTORE, FREQUENCY_SWITCH is reset to the NVM value.
1 FREQ RwW NVM 1b: At power up or RESTORE, FREQUENCY_SWITCH is reset to the pin-detected
value.
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# 7-101. Register Field Descriptions (%t X)

Bit Field Access Reset Description
Ob: At power up or RESTORE, VOUT_COMMAND, VOUT_SCALE_LOOP,
VOUT_MAX, and VOUT_MIN are reset to the NVM value.

0 vout RW NVM 1b: At power up or RESTORE, VOUT_COMMAND, VOUT_SCALE_LOOP,
VOUT_MAX, and VOUT_MIN are reset to the pin-detected value.

PIN_DETECT_OVERRIDE allows the user to force pin-detected values to override the user store NVM value for
various PMBus commands during power-on reset and RESTORE_USER_ALL.
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7.6.85 (EFh) MFR_SPECIFIC_31 (DEVICE_ADDRESS)

CMD Address EFh
Write Transaction: Write Byte
Read Transaction: Read Byte

Format: Unsigned Binary (1 bytes)
Phased: No

NVM Backup: EEPROM or Pin Detect
Updates: On-the-fly

The (EFh) MFR_SPECIFIC_31 (DEVICE_ADDRESS) command can be used to program or read-back the target
device address of digital communication. When (EFh) MFR_SPECIFIC_31 (DEVICE_ADDRESS) is updated, the
TPSM8D6B24 updates its target device address and the TPSM8D6B24 stops responding to its prior address
and start responding to its new address immediately. Attempts to write to or read from its prior address are

NACKed.

The DEVICE_ADDRESS command can be used to program or read-back the target device address of digital
communication. When a target device address is updated, the TPSM8D6B24 starts responding to the new
address immediately.

7-91. (EFh) MFR_SPECIFIC_31 (DEVICE_ADDRESS) Register Map

7 6 5 4 3 2 1 0
R RwW RwW RwW RwW RwW RwW RwW
0 ADDR_PMBUS

LEGEND: R/W = Read/Write; R = Read only

# 7-102. Register Field Descriptions

Bit Field Access Reset Description
7 Not R Ob  |Not supported. Set to b'0
supported PP ' ’
. ADDR_ NVM/ .
6:0 PMBUS RwW Pinstrap PMBus target device address

There are a number of target device address values which are reserved in the SMBus specification. The
following reserved addresses are invalid and cannot be programmed:

* 0x0C
« 0x28
 0x37
* 0x61
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7.6.86 (FOh) MFR_SPECIFIC_32 (N\VM_CHECKSUM)

CMD Address FOh

Write Transaction: NA

Read Transaction: Read Word

Format: Unsigned Binary (2 bytes)

Phased: No

NVM Backup: EEPROM

Updates: At boot-up, and following NVM Store/Restore operations.

NVM_CHECKSUM reports the CRC-16 (polynomial 0x8005) checksum for the current NVM settings.

7-92. (FOh) MFR_SPECIFIC_32 (NVM_CHECKSUM) Register Map
15 14 13 12 11 10 9 8
R R R R R R R
NVM_CHECKSUM
7 6 5 4 3 2 1 0
R R R R R R R

NVM_CHECKSUM

LEGEND: R/W = Read/Write; R = Read only

& 7-103. Register Field Descriptions

Bit Field Access Reset Description
NVM_
15:0 CHECKSU R Per NVM | -2 16 for EEPROM settings
M Settings
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7.6.87 (F1h) MFR_SPECIFIC_33 (SIMULATE_FAULT)

CMD Address

Format:
Phased:
NVM Backup:

Write Transaction:

Read Transaction:

F1h
Write Word
Read Word

Unsigned Binary (2 bytes)

Yes
No

SIMULATE_FAULT allows the user to simulate fault and warning conditions by triggering the output of the
detection circuit for that controls it. Multiple faults can be simulated at once.

7-93. (F1h) MFR_SPECIFIC_F1 (SIMULATE_FAULT) Register Map

15 14 13 12 11 10 9 8
W/R W/R W/R W/R W/R W/R W/R W/R
FAULT_PERSI | SIM_TEMP_OT Reserved SIM_IOUT_OC SIM VIN OFF | SIM VIN OVF SIM_VOUT_UV | SIM_VOUT_OV
ST F F - = - = F F
7 6 5 4 3 2 1 0
WIR WIR WIR WI/R WIR WIR W/R WIR
WARN—.:.: ERSIS Reserved Reserved SIM-'%T—OC SIM_VIN_UVW Reserved SIM—V(\?VUT—UV SIM—V\C/)VUT—OV

LEGEND: R/W = Read/Write; R = Read only

# 7-104. Register Field Descriptions

Bit Field Access Reset Description
15 FAULT_PER WIR Ob Ob: Simulated faults are automatically removed after one fault response.
SIST 1b: Simulated faults persist until SIMULATE_FAULTS is written again.
SIM_TEMP_ Ob: No change
14 OTF WIR 0b 1b: Simulate overtemperature fault.
Ob: No change
13 Reserved WIR Ob 1b: Not used
SIM_IOUT_ Ob: No change
12 OCF WiR 0b 1b: Simulate output current overcurrent fault.
SIM_VIN_O Ob: No change
1 FF* WIR Ob 1b: Simulate PVIN undervoltage lockout.
SIM_VIN_O Ob: No change
10 VF WIR Ob 1b: Simulate PVIN overvoltage fault.
SIM_VOUT_ Ob: No change
9 UVF WIR Ob 1b: Simulate VOUT undervoltage fault.
SIM_VOUT_ Ob: No change
8 OVF* WIR Ob 1b: Simulate VOUT overvoltage fault.
7 WARN_PER WIR Default |Ob: Simulated warnings are automatically removed after one Fault response.
SIST Settings | 1b: Simulated warnings persist until SIMULATE_FAULTS is written again.
Default  |Ob: No change
6 Reserved WIR Settings | 1b: Not used
Default |Ob: No change
5 Reserved WIR Settings | 1b: Not used
4 SIM_IOUT_ WIR Default |Ob: No change
ocw Settings | 1b: Simulate output current overcurrent warning.
3 SIM_VIN_U WIR Default |Ob: No change
VW Settings | 1b: Simulate PVIN undervoltage warning.
Default |Ob: No change
2 Reserved WIR Settings | 1b: Not used
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# 7-104. Register Field Descriptions (%t X)
Bit Field Access Reset Description
1 SIM_VOUT_ WIR Default  |Ob: No change
uvw Settings | 1b: Simulate VOUT undervoltage warning.
SIM_VOUT_ Default . . .
0 ovw W/R Settings Ob: No change, 1b: Simulate VOUT overvoltage warning.

*Only SIM_VIN_OFF and SIM_VOUT_OVF are allowed to trigger their analog comparator while conversion is
disabled. All other faults, including SIM_TEMP_OTF and SIM_VIN_OVF, only simulate while conversion is
enabled to allow these faults to simulate repeated shutdown and restart responses when FAULT _PERSIST is

selected.
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7.6.88 (FCh) MFR_SPECIFIC_44 (FUSION_IDO)

CMD Address FCh

Write Transaction: Write Word (writes accepted but otherwise ignored)
Read Transaction: Read Word

Format: Unsigned Binary (2 bytes)

Phased: No

NVM Backup: No

FUSION_IDO provides a platform level identification code to be used by Texas Instruments Digital Power
Designer for identifying a Tl device.

Writes to this command are accepted, but ignored otherwise (the readback value of this command does not
change following a write attempt). This command is writable for some TI devices, so to maintain cross-
compatibility, the TPSM8D6B24 accepts write transactions to this command as well. No STATUS_CML bits are
set as a result of the receipt of a write attempt to this command.

B 7-94. (FCh) MFR_SPECIFIC_44 (FUSION_IDO0) Register Map

15 14 13 12 1 10 9 8
R R R R R R R R
FUSION_IDO
7 6 5 4 3 2 0
R R R R R R R
FUSION_IDO

LEGEND: R/W = Read/Write; R = Read only

# 7-105. Register Field Descriptions

Bit Field Access Reset Description
150 FU'ISD'(SN— R 02D0h  |Hard coded to 02D0h
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7.6.89 (FDh) MFR_SPECIFIC_45 (FUSION_ID1)

CMD Address
Write Transaction:
Read Transaction:
Format:

Phased:

NVM Backup:

FDh

Block Write (writes accepted but otherwise ignored)
Block Read

Unsigned Binary (6 bytes)

No

No

FUSION_ID1 provides a platform level identification code to be used by Texas Instruments Digital Power
Designer for identifying a Tl device.

Writes to this command are accepted, but ignored otherwise (the readback value of this command does not
change following a write attempt). This command is writable for some TI devices, so to maintain cross-
compatibility, the TPSM8D6B24 accepts write transactions to this command as well. No STATUS_CML bits are
set as a result of the receipt of a write attempt to this command.

B 7-95. (FDh) MFR_SPECIFIC_45 (FUSION_ID1) Register Map

47 46 45 44 43 42 41 40
R R R R R R R R
FUSION_ID1
39 38 37 36 35 34 33 32
R R R R R R R R
FUSION_ID1
31 30 29 28 27 26 25 24
FUSION_ID1
23 22 21 20 19 18 17 16

R R R R R
FUSION_ID1
15 14 13 12 11 10 9 8
R R R
FUSION_ID1
7 6 5 4 3 2 1 0
R R R R
FUSION_ID1

LEGEND: R/W = Read/Write; R = Read only

# 7-106. Register Field Descriptions

Bit Field Access Reset Description
47:40 FUSION_ ID1 R 4Bh Hard coded to 4Bh
39:32 FUSION_ ID1 R 43h Hard coded to 43h
31:24 FUSION_ ID1 R 4Fh Hard coded to 4Fh
23:16 FUSION_ ID1 R 4Ch Hard coded to 4Ch

15:8 FUSION_ ID1 R 49h Hard coded to 49h

7:0 FUSION_ ID1 R 54h Hard coded to 54h
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8 Application and Implementation
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8.1 Application Information

The TPSM8D6B24 is a highly integrated, dual synchronous step-down DC/DC module. This device is used to
convert a higher DC-input voltage to a lower DC-output voltage, with a maximum output current of 35 A per
output. Use the following design procedures to select key component values for single phase through four phase
design. The appropriate behavioral options can be set through PMBus.

8.2 Typical Application
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8.2.1 Design Requirements

For this design example, use the input parameters listed in 5% 8-1.

£ 8-1. Design Parameters

Design Parameter Test Conditions MIN TYP MAX| Unit
VN Input voltage 5 12 16 \%
ViN(ripple) Input ripple voltage ViIN=12V, oyt =20 A 0.3 \%
VoutA Output voltage 1.8 \%
VoutB Output voltage 3.3 \%
AVoavy Line regulation 5VsVy=s16V 0.1%
AVoaio) Load regulation OV<lgyr£25A 0.1%
Vpp Output ripple voltage lout=25A 20 mV
AVoyt Vouyr deviation during load transient Aloyt=10A, V=12V 50 mV
lout Output current 5VsVys16V 0 25 A
locp Output overcurrent protection threshold 39 A
fsw Switching frequency Vin=12V 550 kHz
NFull load Full load efficiency ViN=12V,Vour =18V, gyt =25A 88%
NFull load Full load efficiency ViN=12V,Voyur =33V, lgyr=25A 91%
tss Soft-start time (ton_rise) 5 ms

8.2.2 Detailed Design Procedure

The TPSM8D6B24 provides four pins to program critical PMBus register values without requiring PMBus
communication prior to first power up. Please refer to % 7-7 for the pinstrapping options. Some equations
include a variable N, which is the number of channels stacked together. In this standalone device example, the
value of N is equal to 1.

8.2.2.1 Custom Design With WEBENCH® Tools
Click here to create a custom design using the TPSM8D6B24 device with the WEBENCH® Power Designer.

1. Start by entering the input voltage (Vy), output voltage (VouT), and output current (Ioyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance
* Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

» Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.
8.2.2.2 Switching Frequency

The MSEL1 pin programs USER_DATA 01 (COMPENSATION_CONFIG) and FREQUENCY _SWITCH. The
resistor divider ratio for MSEL1 selects the nominal switching frequency. In the design procedure for MSELA1,
switching frequency is configured first, then compensation is chosen after output capacitance is determined.

There is a trade-off between higher and lower switching frequencies for buck converters. Higher switching
frequencies can produce smaller 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.
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In this design, a moderate switching frequency of 550 kHz achieves both a small solution size and a high-
efficiency operation. Use the MSEL1 pin program table to select the frequency option. See # 7-8 for resistor
divider code selection. Resistor divider code 2 or 3 is needed to set the switching frequency to 550 kHz.

8.2.2.3 Output Capacitor Selection
Output capacitors are selected to meet the output ripple requirements and stabilize the votlage loop below
VBW(max)-

To stabilize the loop below Vgwmax), €valuate the output impedance of available electrolytic and ceramic
capacitors at the target voltage loop bandwidth frequency and combine capacitors in parallel to reduce the total
output impedance of the capacitor bank below.

ZouT(Vew) < NXVi00p X VOUT SCALE-TOOP ©)
ZouT(Vay) < St = 3255 mQ (10)
Zc_a7yF = 2nf§wc = 2nx87 kll-lz < A7 pF — 38:9mi (an
Zc_a70pF = an;WC = 2mx87 kl-}z X470 F — 389 ml (12)

8.2.2.3.1 Output Voltage Deviation During Load Transient

The desired response to a load transient is the first criterion for output capacitor selection. The output capacitor
must 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 affects the magnitude of the voltage deviation
during the transient.

To meet the requirements for control-loop stability, the device 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 (delta) 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 supply or absorb the delta current
while maintaining the output voltage within acceptable limits. 2. 13 and = 14 show the relationship between the
transient response overshoot (Voyer), the transient response undershoot (Vynper), and the required output
capacitance (Coyr)-

2
(I )< xL
Vover < —TRANT_~ =

R <
Vout * Cour (13)
v - (rpan)® x L
UNDER <y, C
(Vin = Vout) x Cour (14)

* If Vinmin) > 2 % Vour, use overshoot to calculate minimum output capacitance.
* If Vingminy < 2 % Vour, use undershoot to calculate minimum output capacitance.

In this case, the minimum designed input voltage, Vinymin), i greater than 2 x Voyr, so Voygr dictates the
minimum output capacitance. Therefore, using =\ 15, the minimum output capacitance required to meet the
transient requirement is 600 uF.

(hran)® %L (10 A)? %300 nH

C = = =600 pF
OUT(Min
M)~ Vour xVover 1 Vx50 mV (15)
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The bandwidth of the voltage loop must also be considered when calculating the minimum output capacitance.
The voltage loop can typically be compensated to have a bandwidth of 1/10th the fgy. = 16 calculates the
minimum output capacitance to be 979 pF.

1 1
COUT Min) = = =979 U-F
(Vi) 2 x fsw % VTRAN o 325 kHz 50 mV

X
10 hran 10 10A (16)

8.2.2.3.2 Output Voltage Ripple

The output-voltage ripple is the second criterion for output capacitor selection. Use z\ 17 to calculate the
minimum output capacitance required to meet the output-voltage ripple specification.

C o IRIPPLE _ 9.62 A
OUT(min) = §x fow X VOUT(RIPPLE) ~ 8 x550KkHz X 20 mV

= 110pF (7)

In this case, the target maximum output-voltage ripple is 20 mV. Under this requirement, the minimum output
capacitance for ripple is 110 pyF. This capacitance value is smaller than the output capacitance required for the
transient response, so select the output capacitance value based on the transient requirement. Considering the
variation and derating of capacitance, in this design, two 470-uF low-ESR tantalum polymer bulk capacitors and
four 47-yF ceramic capacitors were selected to meet the transient specification with sufficient margin. Therefore,
the selected nominal Coyt is equal to 1128 pF.

With the output capacitance value selected the ESR must be considered. This is an important consideration in
this example because it uses mixed output capacitor types. First use Z( 18 to calculate the maximum allowable
impedance for the output capacitor bank at the switching frequency to meet the output voltage ripple
specification. =\ 18 indicates the output capacitor bank impedance should be less than 2.1 mQ. The impedance
of the ceramic capacitors is calculated with =X 19 and the impedance of the bulk capacitor is calculated with =X
20. The result from = 20 shows the impedance of the bulk capacitor at the switching frequency is dominated by
its ESR. #\ 21 calculates the total output impedance of the output capacitor bank at the switching frequency to
be 1.2 mQ, which meets the 2.1-mQ requirement.

B VOUT(RIPPLE) _20mV

ZCOUT(Max)_fSW - |R|PP|_E - 962 A =2.1 mQ

(18)

_ 1 _ 1 _
ZCER fg, = Zmx fsw X CCER 21 X 550 KHz X (4 x 47 uF) 1.5mQ (19)

_ 2 1 2 _ [r10mQ)2 1 2 _
ZBULK fgyy = \/ESRBULK + (m) = \/( > ) + (21‘[ 50Kz X (Z X 470 uF)) =53 mQ (20)

7 _ ZCER-fsw X ZBULK—fsw — 1.5 mQ X 5.3 m{)
COUT_fsw ZCER—fSW + ZBULK_fSW 1.5 mQ + 5.3 mQ

=1.2m0 1)

8.2.2.4 Input Capacitor Selection

The power-stage input-decoupling capacitance (effective capacitance at the PVIN and PGND 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 with derating. The capacitor
must also have a ripple-current rating greater than the maximum input-current ripple to the device during full
load. Use = 22 to estimate the input RMS current.

08V, (5V-08V)

x |28 =2 =128A (22)

, _ lout(max) vour __ (ViNuin) ~Vout) _35A
IN(RMS) N VIN(Min) VIN(Min) 1
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The minimum input capacitance and ESR values for a given input voltage-ripple specification, Vin(ipple), are
shown in z( 23 and = 24. The input ripple is composed of a capacitive portion (VRIPPLE(cap)) @nd a resistive
portion (VRippLE(esr))-

IouT(MAX 35A
# X VouT

328508V
— — 1 —
CIN(Min) = VRippr cap) X VIN(Max) X Tsw  01VX 16 VX550 kz — 518 HF (23)
VRIPPLE(ESR) 0.2V
ESRCIN(Max) = ToUT(Ma) _ 1 =3ea 1 =5.02 mQ (24)

N + TIRIPPLE T + 3 X 9.62 A

The value of a ceramic capacitor varies significantly over temperature and the amount of DC bias applied to the
capacitor. The capacitance variations because of 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 these components have a high capacitance-to-volume ratio and are fairly stable over
temperature. The input capacitor must also be selected with consideration of the DC bias. 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 Vrppig(cap) @and 0.2-V input ripple for Vrippigesr)- Using U 23 and U
24, the minimum input capacitance for this design is 31.8 pF, and the maximum ESR is 5.02 mQ. For this design
example, four 22-uF, 25-V ceramic capacitors, three 6800-pF, 25-V ceramic capacitors, and two additional 100-
uF, 25-V low-ESR electrolytic capacitors in parallel were selected for the power stage with sufficient margin. For
all designs a minimum input capacitance of 10 yF is required and a maximum input ripple of 500 mV is
recommended.

To minimize the high frequency ringing, the high frequency 6800-pF PVIN bypass capacitors must be placed
close to power stage.

8.2.2.5 AVIN, BP1V5, and VDD5 Bypass Capacitor

The minimum required bypass capacitors for the BP1V5, VDD5, and AVIN pins are integrated into the module.
Only a small 10-Q is recommended to be placed between PVIN and AVIN when using split rail inputs. If the AVIN
pin is connected to the VDD5 pin, a small 10-Q value resistor is recommended to be placed between AVIN and
VDD5.

8.2.2.6 Bootstrap Capacitor Selection
A boot capacitor is integrated into the module.
8.2.2.7 Output Voltage Setting (VSEL Pin)

The output voltage can be set using the VSEL pin. The resistor divider ratio for VSEL programs the
VOUT_COMMAND range, VOUT_SCALE_LOORP divider, VOUT_MIN, and VOUT_MAX levels according to 3
7-12. Select the resistor divider code for the range of VOUT desired. For this 1-V output example, resistor divider
code 2, a single resistor to AGND or floating the VSEL pin can be used.

With the resistor divider code selected for the range of VOUT, select the resistor to AGND code with the
VOUT_COMMAND offset and VOUT_COMMAND step from # 7-13. To calculate the resistor to AGND code
subtract the VOUT_COMMAND offset from the target output voltage and divide by the VOUT_COMMAND step.
For this example, a single resistor to AGND was used and the result is code 6. A 14.7-kQ resistor to AGND at
VSEL programs the desired setting.

VouT — VOUT_COMMANDQffset _ 0.8 — 0.25

Code = ——50T_COMMANDSTRp = 70020

=275 (25)

8.2.2.8 R-C Snubber

An R-C snubber must be placed between the switching node and PGND to reduce voltage spikes on the
switching node. The power rating of the resistor must be larger than the power dissipation on the resistor with
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sufficient margin. To balance efficiency and voltage spike amplitude, a 1-nF capacitor and a 1-Q resistor were
selected for this design. In this example, an 0805 resistor was selected, which is rated for 0.125 W.

8.2.2.9 Output Voltage Setting (VSEL Pin)

The output voltage can be set using the VSEL pin. The resistor divider ratio for VSEL programs the
VOUT_COMMAND range, VOUT_SCALE_LOORP divider, VOUT_MIN, and VOUT_MAX levels according to
7-12. Select the resistor divider code for the range of VOUT desired. For this 1-V output example, resistor divider
code 2, a single resistor to AGND or floating the VSEL pin can be used.

With the resistor divider code selected for the range of VOUT, select the resistor to AGND code with the
VOUT_COMMAND offset and VOUT_COMMAND step from # 7-13. To calculate the resistor to AGND code
subtract the VOUT_COMMAND offset from the target output voltage and divide by the VOUT_COMMAND step.
For this example, a single resistor to AGND was used and the result is code 6. A 14.7-kQ resistor to AGND at
VSEL programs the desired setting.

Code =

VouT — VOUT_COMMANDQffset _ 0.8 — 0.25 _ 275 (26)
VOUT_COMMANDgTEP = 70020 4/

8.2.2.10 Compensation Selection (MSEL1 Pin)

The resistor to AGND for MSEL1 selects the (B1h) USER_DATA_01 (COMPENSATION_CONFIG) values to
program the following voltage loop and current loop gains. For options other than the EEPROM code (MSEL1
shorted to AGND or MSEL1 to AGND resistor code 0), the current and voltage loop zero and pole frequencies
are scaled with the programmed switching frequency.

Based on # 8-2, for a switching frequency of 550k kHz, the TPSM8D6B24 should use an | gop of 6 and a
maximum voltage loop bandwidth of 87 kHz.

# 8-2. Recommended ILOOP Settings

fsw (kHz2) ILoop VBw(max)

325 3 43

375 4 58

450 5 72

550 6 87

650 7 101
750 8 115
900 8 115
900 10 144
1100 8 1S
1100 12 173
1300 15 216
1500 8 115
1500 17 245

In order to achieve the desired transient performance, V_ oop needs to be selected to satisfy the equation (=
27).

AVour CSA
VLoOP > Algu7 X NX VOUT_SCALE_LOOP @7

For this design, V| oop = 4 is selected.

For | oop = 6, VLoop = 4, Compensation Code 24 is selected and MSEL1 is terminated with no resistor divider
and resistor to ground code 14, selecting a 68.1-kQ resistor.
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&
More conservative Current and Voltage Loops can be selected by selecting a lower | gop gain and
reducing the maximum voltage loop bandwidth proportionally.

8.2.2.11 Soft Start, Overcurrent Protection, and Stacking Configuration (MSEL2 Pin)

Soft-start time, overcurrent protection thresholds, and stacking configuration can be configured using the MSEL2
pin. The TPSM8D6B24 device support several soft-start times from 0 to 31.75 ms in 250-ps steps (7 bits)
selected by the TON_RISE command. Eight times are selectable using the MSEL2 pin. The TPSM8D6B24
device support several low-side overcurrent warn and fault thresholds from 8 to 62 A selected by the
IOUT_OC_WARN_LIMIT and IOUT_OC_FAULT _LIMIT commands. Four thresholds are selectable using the
MSEL2 pin. The response to an OC fault can be changed through PMBus. Lastly, the number of devices stacked
is set using the MSEL2 pin.

The resistor divider code for MSEL2 selects the soft-start values. The resistor to AGND determines the number
of devices sharing common output and the overcurrent thresholds. Use 3 7-11 and 3 7-10 to select the resistor
to AGND code and resistor divider code needed for the desired configuration.

In this single-phase design, resistor divider code 3 is selected for 5-ms soft start and resistor to AGND code 0 is
selected for the highest current limit thresholds and standalone configuration.

8.2.2.12 Enable and UVLO

The ON_OFF_CONFIG command is used to select the turn-on behavior of the converter. For this example, the
EN/UVLO pin or CONTROL pin was used to enable or disable the converter, regardless of the state of
OPERATION, as long as the input voltage is present and above the UVLO threshold. The EN/UVLO pin is pulled
low internally if it is floating.

A resistor divider can be added the EN/UVLO pin to program an additional UVLO. Additionally 0.1 yF can be
placed on this pin to filter noise or short glitches. Use =\ 28 and =\ 29 to calculate the resistor values to target a
4.75-V turn-on and a 4.25-V turn-off. Standard resistor values of 30.1 kQ and 8.66 kQ are selected for this

example. Use = 30 and = 31 to calculate the thresholds based on selected resistor values.

Rentop =

RENTOP X VENFALL 301 kQ x 098 \
RENBOT = = = 859 kQ
on Rengot 8.66 kQ . (30)

v R R 0.98 V x(7.50 kQ +30.1 kQ
Ve = ~ENFALL *(Rengor + Rentor) ~Nxlgyys ¥ Rentop = o * ) 1455 Ax301kQ =475V

Rensort 7.50 kQ (31)

8.2.2.13 ADRSEL

In this example, the ADRSEL pin is left floating. This sets the PMBus loop follower address to the EEPROM
value, 0x24h (36d) by default, and the SYNC pin to auto detect with 0 degrees phase shift. Use 3% 7-14 and &
7-15 to select the resistor to AGND code and resistor divider code needed for the desired configuration.

If through pinstrapping, the desired address is not possible with the SYNC pin set to auto detect and
synchronization is not needed in the application, the SYNC pin should be configured for SYNC_OUT. The device
still regulates normally with the SYNC pin configured for SYNC _IN, however, if there is not clock input to the
SYNC pin, the device declares a SYNC fault in the STATUS MFR_SPECIFIC command.
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8.2.2.14 Pin-Strapping Resistor Selection

The following tables provide the resistor to AGND values, in ohms, in the highlighted top rows and the top
resistor (pin to BP1V5) values, in ohms, in the unQhighlighted cells. Select the column associated with the
desired resistor to AGND code and the row with the desired resistor divide code in % 7-17 and % 7-18.

8.2.2.15 BCX_CLK and BCX_DAT

For a standalone device, the BCX_CLK and BCX_DAT pins are not used. As shown in 3 7-5, Tl recommends
grounding them to the thermal pad.
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8.2.3 Application Curves

100
90
80
70
g 60 g
> >
o Q
£ 50 c
Q Q
° °
£ 40 =
w w
30
20
— PVIN=5V — PVIN=5V
10 ——— PVIN=12V 10 ——— PVIN=12V
PVIN =16V PVIN =16V
0 0
0 5 10 15 20 25 0 5 10 15 20 25
Output Current (A) Output Current (A)
VOUT =1.8V fSW =550 kHz VOUT =3.3V fSW =550 kHz
8-1. Efficiency vs Output Current B 8-2. Efficiency vs Output Current
1.805 3.3345
1.8045 3.334
1.804 33335
. 1.8035 —
s S 3333
g 1803 g W
= & 33325
S 18025 S .
5 P S ] 5
E_ 1802 f~—"  — —~ e ———— §-
= =]
3.3315
O 8015 o
1.801 3.331
—— PVIN=5V —— PVIN=5V
1.8005 —— PVIN= 12V 33305 —— PVIN=12V
—— PVIN=16V —— PVIN=16V
18 3.33
0 5 10 15 20 25 0 5 10 15 20 25
Output Current (A) Output Current (A)
VV|N= 12V VOUT= 1.8V VV|N= 12V VOUT=3-3V
8-3. Load Regulation [ 8-4. Load Regulation
1.804 3.3335
1.8035 3333
1.803
_ 33325
2 02 = -
o 18025 o
2 2 3332 o —
8 ﬁ £ /\ =
S 1802 — = o v
> >
‘é_ ‘g‘_ 3.3315
5 1.8015 5
o o
3.331
1.801
lour=0A lour=0A
1.8005 lour = 10 A 33305 lour = 10 A
lout =15 A lour =15 A
lout = 25 A lout = 25 A
18 3.33
5 6 7 8 9 10 11 12 13 14 15 16 5 6 7 8 9 10 11 12 13 14 15 16
Input Voltage (V) Input Voltage (V)
VOUT =18V VOUT =33V
B 8-5. Line Regulation 8-6. Line Regulation

158

BRHI T B 70— RS2 (DR B Ab) #21E

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPSM8D6B24

English Data Sheet: SLUSEN7



https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/ja-jp/lit/pdf/JAJSMM7
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSMM7A&partnum=TPSM8D6B24
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/lit/pdf/SLUSEN7

13 TEXAS

INSTRUMENTS TPSM8D6B24
www.ti.com/ja-jp JAJSMM7A — AUGUST 2022 — REVISED SEPTEMBER 2023
7 60 180
6 40 120

g’ 20 60
S — -
2 4 m [
2 ‘© £
=} 3] o
g 20 60
g 2
-40 -120
1 PVIN=5V -
PVIN =12V Gain (dB)
PVIN = 16 V 0 Phase (°) e
00 5 0 15 20 25 1000 2000 5000 10000 20000 50000 100000200000 1000000
Output Current (A) Frequency (Hz)
VOUT =18V
. . . V|N=12V VOUT=1-8V IOUT=25A
B 8-7. Power Dissipation
] 8-8. Total-Loop Bode Plot
60 180
40 120
20 60
2 >
-~ 0 0 3
[V o
-20 -60
-40 -120
Gain (dB)
Phase (°)
-60 -180
1000 2000 5000 10000 20000 50000 100000200000 1000000
Frequency (Hz)
V|N=12V VOUT=1-8V IOUT=0A
VIN =12V VOUT= 3.3V IOUT=25A
8-10. Start-Up from EN/UVLO
8-9. Total-Loop Bode Plot P
V|N=12V VOUT=1-8V IOUT=0A V|N=12V VOUT=1-8V |OUT=12.5At025A,1A/|JS
8-11. Enable Shutdown 8-12. Load Transient Response
Copyright © 2023 Texas Instruments Incorporated HFH 57— RN 2 (ZE RSB Sb#) #5645 159

Product Folder Links: TPSM8D6B24
English Data Sheet: SLUSEN7


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/ja-jp/lit/pdf/JAJSMM7
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSMM7A&partnum=TPSM8D6B24
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/lit/pdf/SLUSEN7

13 TEXAS

TPSM8D6B24 INSTRUMENTS
JAJSMM7A — AUGUST 2022 — REVISED SEPTEMBER 2023 www.ti.coml/ja-jp
Vin=12V Voutr=3.3V lour=12.5At0 25 A, 1 Alus Vin=12V Vour=18V louT=25A
Ed 8-13. Load Transient Response Ed 8-14. Vour Steady-State Ripple
Vin=12V VOUT= 3.3V IOUT=25A
8-15. Vour Steady-State Ripple

160  BENZBT 57— RN 2 (ZE RSB G PH) &5 Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPSM8D6B24
English Data Sheet: SLUSEN7


https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/ja-jp/lit/pdf/JAJSMM7
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSMM7A&partnum=TPSM8D6B24
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/lit/pdf/SLUSEN7

13 TEXAS
INSTRUMENTS TPSM8D6B24
www.ti.comlja-jp JAJSMM7A — AUGUST 2022 — REVISED SEPTEMBER 2023

8.3 Two-Phase Application

Use the following design procedure to select key component values for two-phase design. The appropriate
behavioral options can be set through PMBus. Refer to z73=3> 8.2.2 for the equations used to calculate the
component values in this example. The only difference is to increase value of N to 2 because there are two
devices stacked for a two-phase design. This procedure can also be used as reference for three-phase and four-
phase designs. Again the only difference is to increase the value of N to 3 and 4 for a three-phase and four-
phase design, respectively.

WEBENCH includes support for creating two-phase designs. The TPS546x24A Compensation and Pin-Strap
Resistor Calculator can also be used to aid in design calculations and pinstrap resistor selection.

Eq 8-16. TPSM8D6B24 Two-Phase Application
8.3.1 Design Requirements
For this design example, use the input parameters listed in % 8-1.

£ 8-3. Design Parameters

Design Parameter Test Conditions MIN TYP MAX| Unit
ViN Input voltage 5 12 16 \%
ViN(ripple) Input ripple voltage ViNn=12V, loyt=20 A 0.3 \%
Vout Output voltage 1.8 \%
AVoaviy Line regulation 5VsVys16V 0.5%
AVoaio) Load regulation OV<lgyr<50A 0.5%
Vep Output ripple voltage lout=50A 20 mV
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# 8-3. Design Parameters (ftX)

Design Parameter Test Conditions MIN TYP MAX| Unit
AVout Vour deviation during load transient Aloyt=20A, V=12V 50 mV
lout Output current 5VsVys16V 0 70 A
locp Output overcurrent protection threshold 80 A
fsw Switching frequency Vin=12V 550 kHz
NEull load Full load efficiency ViIN=12V, oyt =50 A 88%
tss Soft-start time (ton_rise) 3 ms

8.3.2 Detailed Design Procedure
8.3.2.1 Switching Frequency

Only the primary channel needs a resistor divider at the MSEL1 pin to program USER _DATA 01
(COMPENSATION_CONFIG) and FREQUENCY_SWITCH. The MSEL1 pin of secondary channels are not
used. In this design, a moderate switching frequency of 550 kHz achieves both a small solution size and a high-
efficiency operation. Use the MSEL1 pin program table to select the frequency option. See # 7-8 for resistor
divider code selection. With 550-kHz switching frequency, a single resistor to AGND can be used to program
compensation settings 7 to 25. To program all 32 compensation settings possible through MSEL1, resistor
divider code 6 or 7 sets the switching frequency to 550 kHz.

8.3.2.2 Output Capacitor Selection

The target maximum output-voltage ripple is 20 mV. Under this requirement, the minimum output capacitance for
ripple is 110 pF. Depending on the duty cycle and the number of phases, there can also be some inductor ripple
current cancellation. This reduces the amount of ripple current the capacitors need to absorb, reducing the
output voltage ripple. This capacitance value is smaller than the output capacitance required for the transient
response, so select the output capacitance value based on the transient requirement. Considering the variation
and derating of capacitance, in this design, four 470-pF low-ESR tantalum polymer bulk capacitors and twenty-
six 47-uyF ceramic capacitors were selected to meet the transient specification with sufficient margin. The
selected nominal Coyt is equal to 3102 puF. The 470-uF capacitors selected have an ESR of 10 mQ.

With the output capacitance value selected, the ESR must be considered because this example uses mixed
output capacitor types. First, use =\ 18 to calculate the maximum allowable impedance for the output capacitor
bank at the switching frequency to meet the output voltage ripple specification. = 18 indicates the output
capacitor bank impedance should be less than 2.1 mQ. The impedance of the ceramic capacitors alone is
calculated with = 19 to be 0.2 mQ. This is much less than the calculated maximum, so the ESR of tantalum
polymer capacitors does not need to be considered for the output ripple specification.

8.3.2.3 Input Capacitor Selection

Using =\ 22, the maximum input RMS current is 12.8 A and the input capacitors must be rated to handle this.
When calculating this, the maximum output current should be divided by the number of phases. The output
current is divided by the number of phases because the switching nodes are interleaved. Interleaving the
switching node effectively divides the amplitude of the current pulses the input capacitor by the number of
phases. With the 16-V maximum input in this example, 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 Vrippig(cap) @and 0.2-V input ripple for Vrippigesr)- Using U 23 and U
24, the minimum input capacitance for this design is 31.8 yF and the maximum ESR is 5.02 mQ, respectively.
Again, the maximum output current should be divided by the number of phases and the calculated capacitance
must be placed near the loop controller converter and all of the loop follower converters. Eight 22-pF, 25-V
ceramic capacitors and six 6800-pF, 25-V ceramic capacitors in parallel were selected to bypass the power
stage with sufficient margin. Additionally, four 100-pF, 25-V low-ESR electrolytic capacitors were placed on the
input to minimize deviations on the input during transients. These capacitors are distributed equally between the

162 BENZBT 57— RN 2 (DR B G PY) &5 Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPSM8D6B24
English Data Sheet: SLUSEN7


https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/ja-jp/lit/pdf/JAJSMM7
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSMM7A&partnum=TPSM8D6B24
https://www.ti.com/product/ja-jp/tpsm8d6b24?qgpn=tpsm8d6b24
https://www.ti.com/lit/pdf/SLUSEN7

13 TEXAS
INSTRUMENTS TPSM8D6B24
www.ti.comlja-jp JAJSMM7A — AUGUST 2022 — REVISED SEPTEMBER 2023

phases. To minimize the high frequency ringing, the high frequency 6800-pF PVIN bypass capacitors must be
placed close to power stage.

When stacking converters the amount of input RMS current and the amount if input capacitance required can be
further reduced. The amount of ripple cancellation depends on the number of phases and the duty cycle. PCB
inductance between the phases can also reduce the effects of ripple cancellation. The calculations given in this
example ignore the effects of ripple cancellation.

8.3.2.4 AVIN, BP1V5, VDD5 Bypass Capacitor
See &/ 928.2.2.5.

8.3.2.5 Bootstrap Capacitor Selection

See /192 8.2.2.6.

8.3.2.6 R-C Snubber

See /13 8.2.2.8.
8.3.2.6.1 Output Voltage Setting (VSEL Pin)

Only the loop controller device (U1) needs a resistor divider at the VSEL pin to program the output voltage. The
VSEL pin of loop follower devices are not used. The resistor divider code selected for this 0.8-V output example
using 7% 7-12 is a single resistor to AGND. With the resistor divider code selected for the range of VOUT, select
the resistor to AGND code with the VOUT_COMMAND Offset and VOUT_COMMAND step from the 3 7-13.
With Voyr = 0.8 V, VOUT_COMMAND (oftsety = 0.5 V and VOUT_COMMAND step) = 0.05, the result is code 6. A
14.7-kQ resistor to AGND at VSEL programs the desired setting.

8.3.2.7 Compensation Selection (MSEL1 Pin)

Only the loop controller device (U1) uses the resistor to AGND for MSEL1 to program the (B7h)
USER _DATA_01 (COMPENSATION_CONFIG) values to set the following voltage loop and current loop gains.
The MSEL1 pin of the loop follower devices are not used. For options other than the EEPROM code (MSEL1
shorted to AGND or MSEL1 to AGND resistor code 0), the current and voltage loop zero and pole frequencies
are scaled with the programmed switching frequency. See =713 8.2.2.10 for more details.

8.3.2.8 GOSNS/Loop Follower Pin of Loop Follower Devices

Loop follower devices must have their GOSNS/Loop Follower pin tied to BP1V5 through a resistor. A 10-kQ
resistor is recommended.

8.3.2.9 Soft Start, Overcurrent Protection, and Stacking Configuration (MSEL2 Pin)

The resistor divider code for MSEL2 pin of the loop controller device (U1) selects the soft-start values. The
resistor to AGND determines the number of devices sharing common output and the overcurrent thresholds. Use
7% 7-10 and 3 7-11 to select the resistor values. In this two-phase design, the desired settings can be selected
by floating the MSELZ2 pin. This selects 3-ms soft-start time, the highest current limit thresholds and two-phase
configuration.

In stackable configuration, loop follower devices use the resistor from MSEL2 to AGND to program
IOUT_OC_WARN_LIMIT, IOUT_OC_FAULT _LIMIT, MFR_SPECIFIC 28 (STACK_CONFIG), and
INTERLEAVE. The loop follower receive all other pin programmed values from the loop controller over the back-
channel communication (BCX_CLK and BCX_DAT) as part of the power-on reset function. In this two-phase
design, the desired settings can be selected by shorting the MSEL2 pin of the loop follower device to AGND.
This selects the highest current limit thresholds and programs the loop follower device to be the 180° out of
phase from the loop controller device.
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8.3.2.10 Enable, UVLO

Tl recommends connecting the EN/UVLO pins of stacked devices together. When this is done, the hysteresis
current is multiplied by the number devices stacked. This increased hysteresis current must be included in
calculations for a resistor divider to the EN/UVLO pins. See £713.~ 8.2.2.12 for more details.

8.3.2.11 VSHARE Pin

When using a stacked configuration, bypass the VSHARE pin of each device to AGND with a 33 pF or larger
capacitor. This capacitor is used to prevent external noise from adding to the VSHARE signal between stacked
devices.

8.3.2.11.1 ADRSEL Pin

Only the loop controller device (U1) needs a resistor divider at the ADRSEL pin. In this example, the ADRSEL
pin is left floating. This sets the PMBus loop follower address to the EEPROM value, 0x24h (36d) by default, and
the SYNC pin to auto detect with 0 degrees phase shift. Use & 7-14 and & 7-15 to select the resistor to AGND
code and resistor divider code needed for the desired configuration.

8.3.2.12 SYNC Pin

The SYNC pins of stacked devices must be connected together. Loop follower devices are always configured for
SYNC_IN while the loop controller device (U1) can be configured for auto-detect, SYNC_IN or SYNC_OUT.

8.3.2.13 VOSNS Pin of Loop Follower Devices

The VOSNS pin of loop follower devices can be used to monitor voltages other than VOUT through the
READ _VOUT command. A resistor divider must be used to scale to voltage at VOSNS to be less than 0.75 V.
The appropriate phase must be selected using the PHASE command.

8.3.2.14 Unused Pins of Loop Follower Devices

Multiple pins of loop follower devices are not used and Tl recommends grounding to the thermal pad. See & 7-5
for more information.
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8.3.3 Application Curves

8-21. Start-Up from EN/UVLO
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B 8-22. Shutdown from CNTL
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Alps B 8-24. Vo7 Steady-State Ripple
Ed 8-23. Load Transient Response
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8.4 Power Supply Recommendations

The TPSM8D6B24 is designed to operate from split input voltage supplies. AVIN is designed to operate from
2.95 V to 18 V. AVIN must be powered to enable POR, PMBus communication, or output conversion. For AVIN
voltages less than 4 V, VDD5 must be supplied with an input voltage greater than 4 V to enable switching. PVIN
is designed to operate from 2.95 V to 16 V. PVIN must be powered to enable switching, but not for POR or
PMBus communication. The TPSM8D6B24 can be operated from a single 4-V or higher supply voltage by
connecting AVIN to PVIN. Tl recommends a 10-Q resistor between AVIN and PVIN to reduce switching noise on
AVIN. See the recommendations in 7<=~ 8.5.

8.5 Layout
8.5.1 Layout Guidelines

Layout is critical for good power-supply design. 273 = 8.5.2 shows the recommended PCB-layout

configuration. A list of PCB layout considerations using these devices is listed as follows:

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

» Bypass the PVIN pins to PGND with a low-impedance path. Place the input bypass capacitors of the power-
stage as close as physically possible to the PVIN and PGND pins. A high-frequency bypass capacitor is
integrated to reduce switching spikes and EMI. Additional EMI bypass capacitor can be placed on the other
side of the PCB directly underneath the device to keep a minimum loop.

* The AVIN bypass capacitor should be placed close to the AVIN pin and provide a low-impedance path to
PGND at the thermal pad.

* 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 VOSNS and GOSNS series resistors and differential filter
capacitor as well as MSEL1, MSEL2, VSEL, and ADRSEL resistors. Those components can be terminated to
AGND with a minimum return loop or bypassed to the copper area of a separate low-impedance analog
ground (AGND) that is isolated from fast switching voltages and current paths and has single connection to
PGND on the thermal pad through the AGND pin. For placement recommendations, see 73> 8.5.2.

» The PGND pins must be directly connected to the thermal pad of the device on the PCB, with a low-noise,
low-impedance path.

* Route the VOSNS and GOSNS lines from the output capacitor bank at the load back to the device pins as a
tightly coupled differential pair. These traces must be kept away from switching or noisy areas which can add
differential-mode noise.

» Use caution when routing of the SYNC, VSHARE, BCX_CLK, and BCX_DAT traces for stackable
configurations. The SYNC trace carries a rail-to-rail signal and should be routed away from sensitive analog
signals, including the VSHARE, VOSNS, and GOSNS signals. The VSHARE traces must also be kept away
from fast switching voltages or currents formed by the PVIN, AVIN, SW, and VDD5 pins.
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8.5.2 Layout Example
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8-25. Top-Layer Components (Top View) [ 8-26. Bottom-Layer Components (Top View)

¥ 8-28. Bottom-Layer Layout (Top View)
8-27. Top-Layer Layout (Top View)
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8.5.2.1 Thermal Performance on the TI EVM

Test conditions: fSW = 550 kHz, VIN =12V, VOUTA =1V, VOUTB =1.0V, IOUTA = IOUTB = 25 A, Airflow = OLFM,
Peak module temp: 80°C

8-29. Thermal Image at 25°C Ambient, 12 V|y, Dual 1.0 Vour, 25 A, 550 kHz
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9 Device and Documentation Support

9.1 Device Support
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9.1.2 Development Support

9.1.2.1 Texas Instruments Fusion Digital Power Designer

The is 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.
9.1.2.2 Custom Design With WEBENCH® Tools
Click here to create a custom design using the TPS546B24A device with the WEBENCH® Power Designer.

1. Start by entering the input voltage (Vy), output voltage (VouT), and output current (Ioyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance
* Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

» Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.
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9.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

PMBus® is a registered trademark of System Management Interface Forum, Inc..
WEBENCH® is a registered trademark of Texas Instruments.
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10 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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NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
This drawing is subject to change without notice.
The package thermal pads must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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SPEOIFIED SOLDER MASK DETAILS 4226837/A  07/2021

NOTES: (continued)

4,

note in literature No. SLUA271 (www.ti.com/lit/slua271).

5.

This package is designed to be soldered to thermal pads on the board. For more information, refer to QFN/SON PCB application

Vias are optional depending on the application, refer to device data sheet. If any vias are implemented, refer to their locations

shown on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE BOARD LAYOUT
MOWO0059A QFM - 4.4 mm max height
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MOWO0059A

EXAMPLE STENCIL DESIGN
QFM - 4.4 mm max height

QUAD FLAT MODULE

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
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NOTES: (continued)

6.

7.

Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

Board assembly site may have different recommendations for stencil designs
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TPSM8D6B24MOWR Active Production QFM (MOW) | 59 500 | LARGE T&R Exempt NIAU Level-3-260C-168 HR -40 to 125 TPSM8D6B24
Mow

TPSM8D6B24MOWR.A Active Production QFM (MOW) | 59 500 | LARGE T&R Exempt NIAU Level-3-260C-168 HR -40 to 125 TPSM8D6B24
MOW

TPSM8D6B24MOWR.B Active Production QFM (MOW) | 59 500 | LARGE T&R Exempt NIAU Level-3-260C-168 HR -40 to 125 TPSM8D6B24
MOW

@ status: For more details on status, see our product life cycle.

@ Mmaterial type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and 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
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPSM8D6B24MOWR QFM MOW | 59 500 330.2 324 114 | 164 | 469 | 16.0 | 32.0 Q2
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPSM8D6B24MOWR QFM MOW 59 500 381.0 381.0 101.6
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