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Datasheet

Automotive dual digital 8-phase controller with PMBus ™

Features
. AEC-Q100 qualified g
. Phase assignment between two loops: 8+0 to 4+4
. Output voltage range: 0.5Vto 2V
VFQFN 48+4L . Switching frequency range: 200 kHz to 1.5 MHz
(7x7x0.9 mm) . Programmable dynamic phase shedding operation for light loads and active
diode emulation for very light loads
. High-performance digital control Loop

. Embedded CPU ARM Cortex™ MO0+ at 40 MHz
. Embedded NVM (nonvolatile memory)

© PMBus™ rev 1.2 (max freq. 400 kHz)
Aty . Full 1ISO26262 compliant, ASIL-D systems ready
STPMO98C . Protection and diagnostic

- PMBus™ readable input telemetry (voltage, current, power)
- dPMBusT"" confidgurable overcurrent, undervoltage and over-power
iagnostics and protection on input metrics
m - PMBus™ readable output telemetry (voltage, current, temperature) for

STPMO098C Tray each loop
STPMoggC- | VFQPN48+4L | 1550 ang - PMBus™ configurable under/overcurrent, under/overvoltage diagnostics
TR reel and protection on output metrics for each loop

- PMBus™ configurable thermal warning and thermal shutdown
diagnostics and protection on the output stage for each loop

- PMBus™ readable single-phase current telemetry

- PMBus™ configurable single-phase overcurrent diagnostics and
protection

- PMBus™ configurable general-purpose UV/OV diagnostic thorough pin
AUX_SENSE

- Feedback loop disconnection diagnostics

- Internal overtemperature diagnostics and protection
- PMBus™ readable T; measurement

- Ground loss diagnostics

- System clock monitoring

- Power supply pins VCC, VREF1, VREF2 overvoltage and undervoltage
diagnostics

- Fault status flag output through SM_ALERT, FAULT, VRRDY1, VRRDY2
pins

Application

. ADAS systems
. High-power microprocessors
. DDR memories
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ﬁ STPM098C

Description

STPMO098C is a dual-loop digital multi-phase buck controller with built-in NVM and PMBus™ interface for
automotive applications.

The product finds application in the power management of loads that require high power, such as cores of
processors and memories. It controls up to 8 external drivers+MOS and, with its two loops, allows to supply up to
two different voltages.

An advanced control loop architecture based on COT (constant on-time) scheme provides fast transient
responses and high efficiency. The device also provides phase interleaving and dynamic phase add/drop for
efficiency enhancement for light load range.

STPMO098C supports a ver.1.2 compliant PMBus™ communication with 8 possible interface address values for
reporting the telemetry of voltage, current, power, temperature and fault signaling.

The device programmable parameters can be configured through the PMBus™ interface and stored in an on-chip
NVM minimizing external components.

STPMO098C additionally provides an extensive monitoring unit system and fault protection including independent
UV/OV on output voltage, loop feedback disconnection, phase current unbalancing and dual-threshold
overcurrent for both positive and negative phase currents.
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ﬁ STPM098C

Block diagram and pins description

1 Block diagram and pins description

1.1 Block diagram

Figure 1. Simplified block diagram
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1.2 Pins description

Figure 2. Pins connection diagram
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Block diagram and pins description

Table 1. Pins list description

I N 7 )

Loop 1 phase 8 pulse width modulation output.

Keep floating if not used

1 PWM8/PWM1_L2 O | Local
Loop 2 phase 1 pulse width modulation output. Keep floating if not used
Loop 1 phase 7 pulse width modulation output. Keep floating if not used
2 PWM7/PWM2_L2 O | Local
Loop 2 phase 2 pulse width modulation output. Keep floating if not used
Loop 1 phase 6 pulse width modulation output. Keep floating if not used
3 PWM6/PWM3_L2 O | Local
Loop 2 phase 3 pulse width modulation output. Keep floating if not used
Loop 1 phase 5 pulse width modulation output. Keep floating if not used
4 PWM5/PWM4_L2 O | Local
Loop 2 phase 4 pulse width modulation output. Keep floating if not used
5 PWM4 Loop 1 phase 4 pulse width modulation output. Keep floating if not used O Local
6 PWM3 Loop 1 phase 3 pulse width modulation output. Keep floating if not used O Local
7 PWM2 Loop 1 phase 2 pulse width modulation output. Keep floating if not used O Local
8 PWMA1 Loop 1 phase 1 pulse width modulation output. Keep floating if not used O Local
9 SM_DATA PMBus™ bidirectional serial data line. Connect to GND if not used 1/0 | Local
10 SM_CLK PMBus™ serial clock line. Connect to GND if not used /0 | Local
1" SM_ALERT PMBus™ alert line (active low). Keep floating if not used O Local
12 FAULT System fault status output (active low). Keep floating if not used O | Local
13 VRHOT External temperature alert indicator output (active low). Keep floating if not used O Local
14 POWERIN_ALERT | Input power alert indicator output (active low). Keep floating if not used O | Local
15 VRRDY2 Voltage regulator ready output for loop 2 (active high). Keep floating if not used O | Local
16 VRRDY1 Voltage regulator ready output for loop 1 (active high). Keep floating if not used O | Local
17 TDI (debug only) | JTAG interface test data in (connect to GND in final application) | NA
18  TCK (debugonly) ' JTAG interface test clock (connect to GND in final application) | NA
19 TMS (debug only) ' JTAG interface test mode select (connect to VCC in final application) | NA
20  TDO (debugonly) | JTAG interface test data out (leave unconnected in final application) O NA
21 AUX_SENSE Auxiliary voltage sense input. Connect to GND if not used | Local
22 TM_EN (debug only) | Device test mode entry (connect to GND in final application) | NA
23 VR_EN2 Enable input for loop 2 (active high). Connect to GND if not used | Local
24 VR_EN1 Enable input for loop 1 (active high). Connect to GND if not used | Local
25 VSEN1 Voltage sense input for loop 1. Connect to GND if not used | Local
26 VRTN1 Voltage sense return input for loop 1. Connect to GND if not used | Local
27 ISEN1 Phase 1 current sense input. Keep floating if not used | Local
28 ISEN2 Phase 2 current sense input. Keep floating if not used | Local
29 ISEN3 Phase 3 current sense input. Keep floating if not used | Local
30 ISEN4 Phase 4 current sense input. Keep floating if not used | Local
Phase 5 current sense input. Keep floating if not used
31 ISENS5/ISEN4_L2 Local
Loop 2 phase 4 current sense input. Keep floating if not used
Phase 6 current sense input. Keep floating if not used
32 ISEN6/ISEN3_L2 Local
Loop 2 phase 3 current sense input. Keep floating if not used
Phase 7 current sense input. Keep floating if not used
33 | ISEN7/ISEN2_L2 Local

Loop 2 phase 2 current sense input. Keep floating if not used
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e

Phase 8 current sense input. Keep floating if not used
34 ISENS8/ISEN1_L2 Local
Loop 2 phase 1 current sense input. Keep floating if not used

35 VRTN2 Voltage sense return input for loop 2. Connect to GND if not used | Local
36 VSEN2 Voltage sense input for loop 2. Connect to GND if not used | Local
37 SM_ADDR PMBus™ device target address | Local
38 NC Not connected NA NA

39 TSEN1 Temperature sense input for loop 1. Connect to GND if not used | Local
40 TSEN2 Temperature sense input for loop 2. Connect to GND if not used | Local
41 NC Not connected NA NA

42 POWERIN_N Input power sense negative input. Tied to POWERIN_P if not used'") I Local
43 POWERIN_P Input power sense positive input. GND if not used(") I Local
44 GND Signal ground (digital, analog, reference) G | Local
45 CFILT/VREF1 1.8 V reference output voltage. Phase current sense bias /0 | Local
46 NC Not connected NA NA

47 VCC Power supply input for internal circuitry P Local
48 CFILT/VREF2 3.3 V reference output voltage. PWM buffers bias /0 | Local

- Exp. PAD Cooling slug to be connected to GND plane - -

1. Pin configuration where POWERIN_P pin is used along with POWERIN_N unused at the same time is allowed. Pin
configuration where POWERIN_P is unused along with POWERIN_N used is forbidden.

Note: I = Input, O = Output, P = Power supply, G = Ground, I/O = Input/Output.
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2 Maximum ratings

In this section the voltage ranges of each pin are specified and divided into three categories:

. Functional operating range
. Parametrical operating range
. Absolute maximum rating

Figure 3. Pins voltage ranges

EEmrEmE Functional Parametrical Functional DETERERR
Damage
Range Range Range

Critical uv Operating ! Operating I Operating Critical oV Damage

Maximum Operating Range

Absolute Maximum Rating

21 Maximum operating range (MOR)

211 Functional operating range

Within these operating ranges the part operates as specified in the circuit description, electrical characteristics are
guaranteed only in the parametrical operating range, between these two ranges parametrical deviation may occur.
The device may not operate properly if functional operating range conditions are exceeded. Once taken beyond
the functional operative ratings and returned within, the part recovers with no damage or degradation (if AMR
range is not exceeded). All analog and digital voltages are related to the potential at signal ground GND. All
currents are assumed to be positive when current flows into the pin.

Table 2. Functional operating conditions

Test

Power supply

VCC_MOR  VCC: voltage range VCC Uv - |VCCOV V | SeeTable7
VCC MOR PU VCC: voltage range for VCC_uv_th (max) + ) ) V  See Table 7
- — power up VCC_uv_hist (max)
VCC_MOR_SR VCC: voltage slew-rate for 5 _ 25 Vims Appllcatllon
power up/down information
21.2 Parametrical operating range (recommended operating range)

Within these operating range the part operates as specified and without parameter deviations. The device may
show parameters deviation if parametrical operating conditions are exceeded.

Once taken beyond the operative ratings and returned within, the part will recover with no damage or degradation
(if AMR range is not exceeded). All analog and digital voltages are related to the potential at signal ground GND.
All currents are assumed to be positive when current flows into the pin.

Table 3. Parametrical operating conditions

Power supply
VCC_MOR_PAR VCC: voltage range 4.75 5 5.25 \% -
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Maximum ratings

Note: All parameters are guaranteed and tested in the voltage ranges specified in Table 3 unless otherwise specified.
Where not specified, parametrical operating range equals functional operating range.

21.3 Absolute maximum rating (AMR)

Maximum ratings are absolute ratings; exceeding any one of these values may cause permanent damage to the
integrated circuit. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability. All analog and digital voltages are related to the potential at signal ground GND. All currents are
assumed to be positive when current flows into the pin.

Table 4. Absolute maximum ratings

Test

PWM outputs

. oal - n=1,234,
PWMN_AMR PWMn: voltage range 0.3 7 Vv 56,7, 8]
CFILT_VREF2_AMR CFILT/VREF2: voltage range 0.3 - 7 vV oo-
VCC - CFILT/VREF2: differential
D_VCC_CFILT_VREF2_AMR voltage between VCC and 0.3 - 7 AR
CFILT/VREF2

PMBus interface

SM_DATA_AMR SM_DATA: voltage range -0.3 - 7 vV oo-

SM_CLK_AMR SM_CLK: voltage range 0.3 - 7 Vo -
SM_ALERT_AMR SM_ALERT: voltage range -0.3 - 7 vV oo-
SM_ADDR_AMR SM_ADDR: voltage range 0.3 - 7 Vo -

Control loop enable

VRN_EN_AMR VRn_EN: voltage range 03 - 25 V [n=172]

Output telemetry and loop control

VSENN_AMR VSENRN: voltage range 0.3 - 7 V [n=1,2]
VRTNN_AMR VRTNR: voltage range -0.3 - 7 V [n=1,2]
VSENnN — VRTNR: differential
d_ VSENN_ VRTNN_AMR voltage between VSENn and -0.3 - 7 V [n=1,2]
VRTNn
ISENN_AMR ISENn: voltage range -0.3 - 7 \% Esn Z 17’ 28‘]3‘ 4,
CFILT_ VREF1_AMR CFILT/VREF1: voltage range 03 - 25  V -
VCC - CFILT/VREF1: differential
D_VCC_CFILT_VREF1_AMR voltage between VCC and 0.3 - 7 Vo -
CFILT/VREF1

Input telemetry

POWERINP_AMR POWERINP: voltage range 03 - 20 V -

POWERINN_AMR POWERINN: voltage range 03 - 20 V -
POWERINP - POWERINN:

d_ POWERINP _ POWERINN differential voltage between -0.3 - 5 vV oo-

AMR POWERIN_P and POWERIN_N

Diagnosis and alerts

VRRDYN_AMR VRRDYn: voltage range -0.3 - 7 V [n=1,2]
VRHOT_AMR VRHOT: voltage range -0.3 - 7 A2
POWERIN_ALERT_AMR - //ERINALERT: voliage 03 - 7V -
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Maximum ratings

Test

FAULT_AMR FAULT: voltage range -0.3 -
AUX_SENSE_AMR AUX_SENSE: voltage range -0.3 - 7 vV -
TSENN_AMR TSENRN: voltage range -0.3 - 7 V [n=1,2]
Power supply
VCC_AMR VCC: voltage range 0.3 - 7 Vo -
GND_AMR AGND, DGND -06 - 06 V -
Note: Integrated protection and diagnostics are designed to prevent device damage under the fault conditions defined

in the functional description. Fault conditions are out of normal operating range. Protection functions are not
designed for a continuous repetitive operation.

2.2 ESD resistivity

Table 5. ESD resistivity (pin level)

HBM (!

HBM_ ESD All pins Class 2
CDM _ESD CcDM () All pins -500 - 500 \% Class C3
CDM_COR_ESD cbM () Corner pins -750 - 750 Vv Class C4
LUT Latch up @ All pins -100 - 100 mA -

1. According to AEC-Q100-011.
2. According to AEC-Q100-004.

2.3 Temperature ranges and thermal data

Table 6. Temperature ranges and thermal data

Test

Tormb Operating temperature (ECU -4 - 125 °C -
environment)

T,V Operating junction temperature 40 - 150 °C -
Tsto | Storage temperature 55 - 150 °C |-
. . . . Homogeneous internal power
(2) —to-: - - °
Rihg-a'?) | Thermal resistance junction-to-ambient 26 C/W distribution
Rrhjt @ | Thermal resistance junction-to-case-top - 01 - °CW Homogeneous internal power
distribution
1. All parameters are guaranteed, and tested, in the temperature range -40 < T; < 150°C unless otherwise specified. The
device is still operative and functional at higher temperatures (up to T; 175°C). Device functionality at high temperature is
guaranteed by bench validation, electrical parameters are guaranteed by correlation with ATE tests at reduced temperature
and adjusted limits (if needed).
2. Not subject to production test, guaranteed by design.
3. Rynya value is retrieved according to Jedec JESD51-2, -5, -7 guideline with a 2s2p board.
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Figure 4. 2s2p PCB with vias
2s2p PCB +vias

®ra (2s2p)

Note: In “2s2p”, the “s” suffix stands for “signal” and the number before indicates how many PCB layers are dedicated
to signal wires. The “p” suffix stands for “power” and the number before indicates how many PCB layers are
dedicated to power planes.
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Functional description

3 Functional description
3.1 Internal supply
3141 VCC power supply

The VCC power supply is the main power input of STPM098C. The VCC rail starts the power-up and the power-
down sequences by feeding the subsequent internal purpose circuitries (that is, bandgaps, monitoring units and
internal regulators control loops).

Starting form VCC pin the reference structures are replicated into two independent instances to avoid common-
cause failures (a main one and an auxiliary one).

Figure 5. Internal power supply simplified block diagram
\Yele

PR

VBG
Main MAIN Main [T--_-&
5V Bandgap » Current |---------- >
Analog Reference Reference
Circuitry
BG MAIN OK
J_ GND GND
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Reference Reference
BG AUX OK
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POR_ANA
I CFILT/VREF1
»  VREF1 POR_DIG
Monitor |
CFILT/VREF2
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Monitor VREF2 OV
3.1.1.1 VCC monitor

VCC voltage level is monitored by means of dedicated UV and an OV diagnosis. Abnormal behavior on the
internal supply level causes the generation of a POR_ANA (analog power-on reset) event that consequently
sends STPMO098C into SAFE_HIZ state. Hysteresis on thresholds and filtering time are implemented.

If VCC < VCC_uv_th occurs for an interval longer than T_vcc_uv_flt, VCC_UV flag is set, POR_ANA is asserted
low and SAFE_HIZ is established. The error flag remains set until the failure condition is removed and a rising
edge on VR1_EN or VR2_EN is detected. The failure condition can be removed also by PMBUS command
CLEAR_FAULTS or by dedicated commands (depending on PMBUS configurations).

If VCC = VCC_ov_th occurs for an interval longer than T_vcc_ov_flt, VCC_QV flag is set, POR_ANA is asserted
low and SAFE_HIZ is established. The error flag remains set until the failure condition is removed and a rising
edge on VR1_EN or VR2_EN is detected. The failure condition can be removed also by PMBUS command
CLEAR_FAULTS or by dedicated commands (depending on PMBUS configurations).

VCC monitor is safety relevant and then a self-check procedure is implemented.

DS14440 - Rev 1 page 11/110



‘ STPM098C
’l Functional description

Table 7. VCC monitor electrical characteristic

Test

VCC_uv_th | VCC undervoltage threshold 4 1419 V  Comparator output low to high
VCC_uv_hys ' VCC undervoltage hysteresis 60 | 120 180 mV
VCC_ov_th | VCC overvoltage threshold 53 55 57 V  Comparator output Low to high
VCC_ov_hys | VCC overvoltage hysteresis 25 70 125 mV
T_vcc_uv_flt | VCC undervoltage 9 0 M us | Digital filter
T_vcc_ov_flt | VCC overvoltage 9 0 M us | Digital filter

T_apor_ltoh_flt  POR ANA Low to high state filter time 3.5 55 7.5 pus Analog filter

T_apor_htol_flt  POR ANA high to Low state filter time 7 11 15 | ps | Analog filter

Figure 6. VCC power supply operative range
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Note: 1. 0vsVvCC<25VT
STPMO098C is shut down. Internal reference voltage/currents levels are shut down. Internal registers are
under reset.

2. 25V <VCC<VCC_uv_th(Max) + VCC_uv_hyst (max)
VCC is in undervoltage and SAFE_HIZ is established. Internal reference voltage/currents levels are
degraded. Internal registers are out of reset.

3. VCC_uv_th<sVCC<VCC ov_th
Internal supply and reference voltage/currents are available. Internal registers are out of reset (if no LTC
faults are detected the device status depends on VR1_EN/VR2_EN status).

4. VCC ov_th<sVCC
VCC is in overvoltage and SAFE_HIZ is established. The internal supply and reference voltage/currents are
available and possibly degraded. Internal registers are out of reset.

1. Indicative value. Not covered by production test or guaranteed by design. In operative conditions VCC is supposed to be

within the operating range or at 0 V; values in between are supposed to be applied only during power-up/down transients
for an interval based on VCC slew rate requirements.
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3.1.2 VREF1 regulator

The internal supply rail for the digital core on STPM098C is generated by a current limited LDO regulator with a
PMOS output stage and an external tank capacitance supplied by VCC pin. Additionally, the VREF1 regulator is
intended as the reference voltage for up to eight external DrMOS current measurement analog output.

Figure 7. Regulator simplified block diagram
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Table 8. VREF1 regulator electrical characteristics

e e

VREF1 output current for no

VREF1_iout VREF1_UV - 200 mA | Total load = ext.+ int.
lload = 0-150 mA
VREF1_vout VREF1 output voltage 1.71 1.8 189 V  Total load = ext.+ int.
Cvrert = 4.7 uF
VREF1_ilim VREF1 current limitation VREF1=0V 200 325 450 mA Total load = ext.+ int.
VCC=5V
VREF1_load_srv mg;; static load regulation lload =0-150mA | -15 - | 15 mV Total load = ext.+ int.
Cvrer1 = 4.7 uF
VCC=5V
VREF1_load_try | VREF1 transient load regulation lload = 0-150 mA 50l - | 50 | mv Total load = ext.+ int.

voltage dlload/dt = 60 mA/us Guaranteed by design
Cvrert = 4.7 uF
VREF1 10% to 90%

T vref1_boot_time VREF1 boot time lload = 100 mA 0.07 0.1 02 ms -
Cvrer1= 4.7 pF
VREF1_ext_cap  External capacitor ESR =2 mQ 3.76 4.7 5.64 uF Application information
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Functional description

3.1.2.1 VREF1 voltage monitor

VREF1 voltage level is monitored by means of dedicated UV and an OV diagnosis. Abnormal behavior on the
internal supply level causes the generation of a POR_DIG (digital power-on reset) event that consequently sends
STPMO098C into RESET state. Hysteresis on thresholds and filtering time are implemented.

If VREF1 < VREF1_uv_th occurs for an interval longer than T_por_htol_flt, POR_DIG is asserted low and internal
reset is triggered. After POR_DIG is deasserted, the INT_RST flag is by default set to 1 and then flag can be
cleared by VR1_EN or VR2_EN rising edge detection. The failure condition can be removed also by PMBus™
command CLEAR_FAULTS or by dedicated commands.

If VREF1 = VREF1_ov_th occurs for an interval longer than T_por_htol_flt, POR_DIG is asserted low and internal
reset is triggered. After POR_DIG is deasserted, the INT_RST flag is by default set to 1 and then flag can be
cleared by VR1_EN or VR2_EN rising edge detection. The failure condition can be removed by also PMBus™
command CLEAR_FAULTS or by dedicated commands.

VREF1 monitor is safety relevant and then a self-check procedure is implemented.

Table 9. VREF1 monitor electrical characteristics

Test

VREF1_uv_th ' VREF1 undervoltage threshold 14 15 Comparator output low to high
VREF1_uv_hys | VREF1 undervoltage hysteresis 50 105 150 mV -

VREF1_ov_th VREF1 overvoltage threshold 19 2 21 V  Comparator output low to high
VREF1_ov_hys | VREF1 overvoltage hysteresis 20 | 55 100 mV -

T_dpor_ltoh_flt  POR DIG Low to high state filter time 3.5 55 7.5 | ps | Analog filter

T_dpor_htol_flt  POR DIG high to Low state filter time 7 11 15 s | Analog filter

Figure 8. VREF1 power supply operative range
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Note: 1. VREF1 < VREF1_uv_th (max) + VREF1_uv_hyst (max)
VREF1 is in undervoltage and STPM098C is sent info RESET state. Internal registers are under reset.
2. VREF1_uv_th < VREF1 < VREF1_ov_th
Internal registers are out of reset (if no LTC faults are detected the device status depends on VR1_EN/
VR2_EN status).
3. VREF1_ov_th £ VREF1
VREF1 is in overvoltage and STPM098C sent into RESET state. Internal registers are out of reset.

3.1.2.2 VREF1 thermal-overload monitor
VREF1 load level is monitored by means of dedicated OT (overtemperature) diagnosis. Hysteresis on thresholds
and filtering time are implemented.
If Tj (output stage) = VREF1_ot_th occurs for an interval longer than T_ vref1_ot_flt, VREF1_EN is asserted low
and the VREF1 regulator is disabled. The VREF1 regulator remains disabled until the failure condition is
removed.

Table 10. VREF1 thermal-overload monitor electrical characteristics

Test

VREF1 ot th  VREF1 overtemperature threshold 175 190 215 °C ﬁg?paramm“tp“t low to

VREF1_ot_hys VREF1 overtemperature hysteresis 3 5 7 °C -

VREF1 overtemperature detection filter 1 3 5

time ps | Analog filter

T_vref1_ot_flt

Figure 9. VREF1 thermal-overload behavior

Tj

VREF1_ot_TH

4.|> TVREF1_OT_fit

VREF1_EN
(Internal Signal)

v
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3.1.3 VREF2 regulator

The internal supply rail for the PWM output buffer is generated by a current limited LDO regulator with a PMOS
output stage and an external tank capacitance supplied by VCC pin. Additionally, the VREF2 regulator is intended
as a supply voltage for external pull-up resistances (4.7 kQ) of PMBus™ pins SM_DATA, SM_CLK and
SM_ALERT.

Figure 10. VREF2 regulator simplified block diagram
VCC

VBG

| VYV I\N\’ CFILT/VREF2
—
J

GND % Rpu =4.7IJQ

| Curerz %Rpu =4.7kQ
P
PWM ! GND Rpu=4.7kQ

Buffers ! PWMn
L

SM_DATA [}

SM_CLK [}

SM_ALERT [}

Table 11. VREF2 regulator electrical characteristics

T T T

VREF2_iout VREF2 rated output current - 100  mA Total load = ext.+ int.
lload = 0-100 mA
VREF2_vout VREF2 output voltage 3 33 3.6 V | Totalload = ext.+ int.
Cvrer2 = 4.7 uF
VREF2_ilim VREF2 current limitation VREF2=0V 110 200 330 mA Total load = ext.+ int.
VCC=5V
VREF2_load_srv :/’5:2;2 static load regulation 5,4 = 0.100 mA A5 - 15 mV  Total load = ext.+ int.
Cvrer2 = 4.7 uF
VCC=5V
; ; lload = 0-100 mA Total load = ext.+ int.
VREF2_load_trv VREF2 transient load regulation 50 - 50  mvV
voltage dlload/dt = 100 mA/us Guaranteed by design

Cvrer2 = 4.7 uF
VREF2 10% to 90%

T_vref2_boot_time | VREF2 boot time lload = 100 mA 0.07 0.1 02 ms -
Cvrer2= 4.7 pF

VREF1_ext_cap | External capacitor ESR =2 mQ 3.76 4.7 5.64 pF  Application information
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3.1.3.1 VREF2 voltage monitor

VREF2 voltage level is monitored by means of dedicated UV and OV diagnosis. Hysteresis on thresholds and
filtering time are implemented.

If VREF2 < VREF2_uv_th occurs for an interval longer than T_vref2_uv_flt, VREF2_UV flag is set and SAFE_HIZ
is established. The error flag remains set until the failure condition is removed and a rising edge on VR1_EN or
VR2_EN is detected. If analog input buffers are available, the failure condition can be removed by PMBus™
command CLEAR_FAULTS or by dedicated commands.

If VREF1 = VREF2_ov_th occurs for an interval longer than T_vref2_ov_flt VREF2_OV flag is set and SAFE_HIZ
is established. The error flag remains set until the failure condition is removed and a rising edge on VR1_EN or
VR2_EN is detected. If analog input buffers are available, the failure condition can be removed by PMBUS
command CLEAR_FAULTS or by dedicated commands.

VREF2 monitor is safety relevant, then a self-check procedure is implemented.

Table 12. VREF2 monitor electrical characteristics

2 i o

Comparator output low to

VREF2_uv_th | VREF2 undervoltage threshold 27 28 |V high
VREF2_uv_hys | VREF2 undervoltage hysteresis 30 75 120 mV -
VREF2 ov_th | VREF2 overvoltage threshold 36 38 4 \ Comparatoroutputiow to

high
VREF2_ov_hys | VREF2 overvoltage hysteresis 90 160 230 mV -

VREF2 undervoltage detection

T_vref2_uv_fit filter time

CLK SSM_EN=0 9 10 11 ps Digital filter

VREF?2 overvoltage detection filter

T vref2_ov_flt | .
- — = time

CLK_SSM_EN=0 9 10 11 s Digital filter

Figure 11. Power supply operative range
VREF2 ,

VREF2_OV_TH  |e o o o e e e e e e e e e e e e e e e S NG m —m e e e

; VREF2_UV_HYS

VREF2_UV_TH

4-|:TVREF27UV7fIt

TVREF2_QV._fit

VREF2_UV

(Internal signal)

VREF2_OV

(Internal signal) !

Note: 1. VREF2 < VREF2_uv_th (max) + VREF2_uv_hyst (max)
VREF2 is in undervoltage and SAFE_HIZ is established.
2. VREF2 uv_th < VREF2 < VREF2 ov_th
If no other LTC faults are detected the device mode depends on VR1_EN/VR2_EN status.

3. VREF2_ov_th < VREF2
VREF2 is in overvoltage and SAFE_HIZ is established.

B R Gl ke it T

e I

\4
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3.1.3.2 VREF2 thermal-overload monitor
VREF2 load level is monitored by means of dedicated OT (overtemperature) diagnosis. Hysteresis on thresholds
and filtering time are implemented.
If Tj (output stage) = VREF2_ot_th occurs for an interval longer than T_ vref2_ot_fit, VREF2_EN is asserted low
and the VREF2 regulator is disabled. The VREF2 regulator remains disabled until the failure condition is
removed.

Table 13. VREF2 thermal-overload monitor electrical characteristics

Test

VREF2 ot th  VREF?2 overtemperature threshold 175 190 215 C° ﬁi;?paramm“tp“t low to

VREF2_ot_hys VREF2 overtemperature hysteresis 3 5 7 ce |-

VREF2 overtemperature detection filter

time 1 3 5 | us Analog filter

T_vref2_ot_flt

Figure 12. VREF2 thermal-overload behavior

Tj

VREF2_ot_TH

4.|_ TVREF2_OT _fit

VREF2_EN

(Internal Signal)

v
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3.2 Device operation state machine

Figure 13. Device operational state machine

POR_DIG =0
(VREF1SVREF1_uv_th)

POR_DIG =1
(VREF1>VREF1_uv_th )

WAIT
POR_ANA
POR_ANA=1

(VCC>VCC_uv_th)

MBIST Passed
Or Skipped

CLK Frequency ok And
POR_ANA =1 And
Reset released

RESET

CLK Frequency Error Or

All self-tests passed POR_ANA_N =0 Or
No “LTC Fault” active Reset request by:

No “LTC Faults Flags” set - WDOG error Or
At Least one VR_EN pin=1 - RAM/ROM ECC error Or

- SYS Reset (from MCU req)

All Self-tests completed
Or Skipped

LOOP ON

At least One “LTC Fault” detected
Both VR_EN pins =0
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Note: 1. OFF STATE
Internal supply and reference voltage/currents levels are degraded or shutdown.
The main logic is under reset.
All functions are disabled:

- Input/output telemetry and monitoring units are disabled;
- Control loop is disabled and PWMn outputs are in HIZ;

- PMBus™ read/write operations are not available.

The device persists in this state if POR_DIG="0’ (internal signal).

2. WAIT POR_ANA RELEASE STATE
Internal supply and reference voltage/currents levels are degraded or shutdown.
All functions are disabled:

- Input/output telemetry and monitoring units are disabled;

- Control loop is disabled and PWMn outputs are in HIZ;

- PMBus™ read/write operations are not available.

The device persists in this state if POR_ANA =0’ (internal signal).

3. NVM DOWNLOAD STATE
Internal supply and reference voltage/currents are available possibly exceeding spec parametrical ranges.
Main functions are disabled:

- Input/output telemetry and monitoring units are disabled;
- Control loop is disabled and PWMn outputs are in HIZ;
- PMBus™ read/write operations are not available.

In this mode a CRC check on NVM data is first performed:

- If no CRC error is detected the NVM content is deployed into the main logic register and the next state
is BIST STATE;

- If a CRC error is detected the related main logic registers are reset to default values (all ‘0’) and the
NVM_CRC_FAIL flag is set to ‘1’ and the next state is LOCKUP STATE;

- The device persists in this state until the download procedure and CRC check process ends.

4. BIST STATE
Internal supply and reference voltage/currents are available and within spec ranges.
All functions are disabled:

- Input/output telemetry and monitoring units are disabled;
- Control loop is disabled and PWMn outputs are in HIZ;
- PMBus™ read/write operations are not available.
In this mode the following mechanisms are enabled:
- ABIST and LBIST:

° If it fails the next state is SAFE STATE;

° If it does not fail the next state is SAFE STATE;
- MBIST:

° If it fails the next state is LOCKUP STATE;

° If it does not fail the next state is SAFE STATE;
The device persists in this state until all checks end.

5. LOCKUP STATE
All functions are disabled:

- Input/output telemetry and monitoring units are disabled;
- Control loop is disabled and PWMn outputs are in HIZ;
- PMBus™ read/write operations are not available.
System reboot is needed.

6. SAFE STATE MODE
Internal supply and reference voltage/currents are available and within spec ranges.
Main functions:

- Input/output telemetry and monitoring units is partially enabled;
- Control loop is disabled and PWMn outputs are in HIZ;
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- PMBus™ read/write operations are available.

If no fault is present and the fault flag is cleared and at least one VRn_EN pin is high the next state is LOOP
ON STATE.

7. LOOP ON STATE
Internal supply and reference voltage/currents are available and within spec ranges.
Main functions:

- Input/output telemetry and monitoring units enabled;
- Control loop is enabled and PWMn status depends on control logic assessment;
- PMBus™ read/write operations are available.

8. RESET STATE
Internal supply and reference voltage/currents levels are degraded or shutdown.
The main logic is under reset.
All functions are disabled:

- Input/output telemetry and monitoring units are disabled;

- Control loop is disabled and PWMn outputs are in HIZ;

- PMBus™ read/write operations are not available.

The device persists in this state if POR_DIG = "0’ (internal signal).

Table 14. Device operation modes summary

OFF

Reset HIZ Disabled Disabled
RESET Reset HIZ Disabled Disabled
WAIT POR_ANA REL Functional HIZ Disabled Disabled
NVM DWNL Functional HIZ Disabled Disabled
BIST Functional HIZ Disabled Disabled
LOOP ON Functional Functional/HIZ Enabled Read/Write
SAFE STATE Functional HIZ Partially enabled Read/Write
LOCKUP STATE Functional HIZ Disabled Disabled
3.3 BIST mode

A built-in self-test (BIST) procedure is implemented to check safety relevant circuitries both in digital core and in
the analog monitor circuits on STPM098C at each device power-up. The BIST procedure is then divided into
memory BIST (MBIST) and analog BIST (ABIST).

The purpose of MBIST is to check the integrity of embedded ROM/RAM structures.

The purpose of ABIST procedure is to check the correct functionality of analog structures involved in safety
relevant monitors and of the safety isolated off path, by detecting stuck or line interruptions on critical signal
paths.

BIST mode access

The BIST mode access state machine flow is based on NVM based register defining the enabling of MBIST and
ABIST as follows:

Table 15. MBIST activation register

0 MBIST procedure disabled
1 MBIST procedure enabled (default)
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Table 16. ABIST activation register

0 ABIST procedure disabled (default)
1 ABIST procedure enabled

When both are enabled, the MBIST procedure is carried out first.
When MBIST is performed:
. If no MBIST error is detected, the procedure is ended and the state machine evolves to the next stage;

. If an MBIST error is detected, the device reacts by establishing SAFE_HIZ and preventing any further
device operation. The device persists in this state until another power-up sequence is forced.

When ABIST is performed:

. If no ABIST error is detected, the procedure is ended and the state machine evolves to the next stage;
. If an ABIST error is detected, the ABIST_FAIL bit is set and the state machine evolves to the next stage.

Table 17. ABIST status register

ABIST_FAIL Description

0 NO ABIST failure

1 ABIST procedure failure

MBIST FAIL state corresponds to LOCKUP STATE.

Figure 14. BIST procedure state machine

From WAIT POR_ANA
RELEASE

nvm_dwnl_end="1" (10us deglitch) &
memory_bist_enable="0" &
abist_disable="1"

1’ (10us deglitch) &
memory_bigt_enable=1" &
abist_disable='0"

nvm_dwnl_end="1’ (10us deglitch) &
memory_bist_enable="1"

mbist_end=1" &
memory_bist_fail="0" (or mbist_fail_enable=‘0") &
abist_disable="1"

To FULL ON

mbist_end=1" &
memory_bist_fail="1" &
mbist_fail_enable="1"

ABIST
RUN

mbist_end=1" &
abist_end="1" memory_bist_fail=‘0’ (or mbist_fail_enable="0") &
abist_disable="0"

BIST mode retriggering

In case of a fault detection during the analog BIST check at power-up (ABIST_FAIL = 1), a fault confirmation can
be performed by triggering an additional procedure run through the two dedicated PMBus™ commands
MFR_ABIST_RESTART and MFR_ADC_SELFTEST_RESTART.
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Note: During ABIST, the functionality of the involved monitoring unit is suspended for the entire duration of the
procedure. It is of the utmost importance that BIST mode retriggering is performed with loop controller disabled
(VR_ENn =0).

3.4 Fault handling management (FHM)

The fault set is divided into two main categories based on the required corrective action:

. LTC (latched fault): this subset includes highly dangerous faults for the IC or the application, requiring quick
corrective actions to avoid harming;

. IGN (ignore): this subset includes all those faults against which the application and the device are tolerant
and the corrective actions can be waived.

STPMO098C allows a certain degree of fault management customization; a subset of available faults can be
configured by setting the proper FHC registers.

Table 18. Fault reaction summary

INT_RST =1 VREF1 monitor RESET (LTC) Undervoltage on VREF1
INT_RST =1 VREF1 monitor YES RESET (LTC) Overvoltage on VREF1
INT_RST =1 VREF1 monitor YES RESET (LTC) Overtemperature on VREF1
VREF2_UV =1 VREF2 monitor YES SAFE_HIZ (LTC)  Undervoltage on VREF2
VREF2_OV =1 VREF2 monitor YES SAFE_HIZ (LTC)  Overvoltage on VREF2
VREF2_OT =1 VREF2 monitor YES RESET (LTC) Overtemperature on VREF2
VCC_UV =1 VCC monitor YES SAFE_HIZ (LTC) Undervoltage on VCC
VCC_OV =1 VCC monitor YES SAFE_HIZ (LTC) Overvoltage on VCC
INT_RST = 1 ICM YES RESET and Main clock stuck violation

SAFE_HIZ (LTC)
CLK_MISMATCH = 1
CLK1_TIME_OUT =1 ICM YES
CLK2_TIME_OUT =1

AGND_LOSS =1

RESET and
SAFE_HIZ (LTC)

Oscillators mismatch or clock stuck
violation

GLM YES Flag only (IGN Loss of power or signal grounds
DGND_LOSS =1 g only (IGN) P gnare
OTM_SD =1 OT™M NO Configurable Thermal shutdown
OTM_WR =1 OT™M NO Flag only (ignore)  Thermal warning
VIN_UV =1 VIN monitor NO Configurable Input overvoltage
IIN_OC =1 IIN monitor NO Configurable Input overcurrent
PIN_OP =1 PIN monitor NO Configurable Input overpower
VOUTn_UV =1 VOUT monitor NO Configurable Undervoltage on VSENn [n =1, 2]
VOUTNn_OV =1 VOUT monitor NO Configurable Overvoltage on VSENn [n =1, 2]
IOUTn_OC_FAST = 1() IOUT monitor YES Configurable zhgsg F7A38]T overcurrent [n =1, 2, 3,
IOUTn_OC_SLOW=1() | I0UT monitor YES Configurable | Fase SLOW overcurrent [n =1, 2,
- = 3,4,5,6,7, 8]
IOUTn_OC_SUM =1 IOUT monitor NO Configurable Current sum overcurrent [n = 1, 2]
_ . ) Overtemperature shutdown on
TSENn_OT_SD =1 TSEN monitor NO Configurable TSENn[n = 1, 2]
TSENn_OT_WR = 1 TSEN monitor NO Configurable | Overtemperature warning on TSENn

In=1,2]
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TSENNn_OV =1 TSEN monitor Configurable Overvoltage on TSENn [n =1, 2]
TSENn_UV =1 TSEN monitor YES Configurable Undervoltage on TSENn [n =1, 2]
VSENN_DISC = 1 FB di;(;c;ril;erction YES Configurable E]e:ﬂk?azcjk disconnection on VSENn
VRTNn_DISC = 1 FB di:%onr;tr:)erction YES Configurable E}ezﬂt?aztik disconnection on VSENn

I0UTn_SHARING_WR =1 IOUT monitor NO Flag only (IGN) Phase current overbalancing
IOUTn_UC_ =1 IOUT monitor NO Configurable Phase undercurrent (phase fault)
PMBUS_ERR =1 PMBus™ monitor NA Ignore command PMBus™ comm fault
NVM_CRC_FAIL = 1 NVM data CRC check NA SAFE_HIZ (LTC)  NVM data CRC check
SRR_CRC_FAIL =1 SRR data CRC check NA SAFE_HIZ (LTC) SRR data CRC check
NA MBIST NA LOCKUP MBIST failure
ABIST_FAIL =1 ABIST NA Flag only (IGN) ABIST failure

1. Phase positive and negative overcurrents share the same flag.

2. TSENn_OT_WR fault reaction is always ignored and cannot be configured differently. The related FHC register allows to
enable/disable the related pin signaling.

3.41 Fault handling configuration (FHC) registers

The STPMO098C default FHM configuration can be modified by properly writing the FHC registers through
CONFIG mode. FHC are considered as SRR (safety relevant registers).

3.4.1.1 Fault reaction configuration (FRC)

For each of the configurable faults listed in the Table 18 (except overvoltage on VSENN) a configuration bit allows
to define whether the corrective action shall be automatically implemented by the device itself or if it can be
waived.

Table 19. Fault reaction configuration bits

0 Ignore - ignore fault detection, device remains in NORMAL mode'")
1 Latched - disable all PWM outputs, device moves to SAFE_HIZ mode (default)?)

1. Fault danger for the application is considered low. The fault can be ignored with no corrective action applied neither internal
or external.

2. Fault danger for the application is considered high. The corrective action shall be taken as soon as it is detected by the
device by establishing SAFE_HIZ.

Overvoltage on VSENN fault handling configuration allows three different mechanisms programmable through two
configuration bits.

Table 20. VSENN_OV reaction configuration bits

<FLT_REF> FAULT RESPONSE{ | <FLT REF> FAULT RESPONSE

Ignore - ignores fault detection, device remains in

0 0 NORMAL mode("

0 1 Latched - disables all PWM outputs, device moves
to SAFE_HIZ mode®

1 0 Unused

DS14440 - Rev 1 page 24/110



Lys

STPM098C

Functional description

<FLT_REF> FAULT RESPONSE{ | <FLT REF> FAULT RESPONSE

Latched with active pull-down - enables active pull-

(default)®

down first and disable all PWM outputs
subsequently; the device moves to SAFE_HIZ mode

1. Fault danger for the application is considered low. The fault can be ignored with no corrective action applied neither internal

or external.

2. Fault danger for the application is considered high. The corrective action shall be taken as soon as it is detected by the

device by establishing SAFE_HIZ.

3. Fault danger for the application is considered high. The corrective action shall be taken as soon as it is detected by the
device by activating an active pull-down and successively establishing SAFE_HIZ.

3.4.1.2 Fault output redirection (FOR)
STPMO098C implements a multiple source of fault signaling by means of pins FAULT, SM_ALERT, VRRDY1/2,
VR_HOT, POWERIN_ALERT and through a dedicated PMBus™ flag.
Fault output redirection pins are asserted LOW while the PMBus™ flag is set to ‘1’ each time an LTC fault is
detected according to the following table.

Note:

While the PMBus™ flag is always asserted in case of fault event, the pin signaling is strictly related to fault

reaction. Pin signaling of a fault is only active if the fault has a configurable or nonconfigurable LTC reaction.

Table 21. FOR summary

PMBus™ flag signaling Fault output pin signaling Fault description

INT_RST =1 VREF1 monitor
INT_RST =1 VREF1 monitor
INT_RST =1 VREF1 monitor
VREF2_UV =1 VREF2 monitor
VREF2_OV =1 VREF2 monitor
VREF2_UV =1 VREF2 monitor
VCC_UV =1 VCC monitor
VCC_OV =1 VCC monitor
INT_RST =1 ICM

CLK_MISMATCH = 1
CLK1_TIME_OUT =1 ICM
CLK2_TIME_OUT = 1

AGND_LOSS = 1

DGND_LOSS =1 GLM

OT_SD=1 OTM

OTM_WR =1 OTM
VIN_UV =1 VIN monitor
IIN_OC =1 IIN monitor

DS14440 - Rev 1 page 25/110

FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0

FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0

FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0

FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0

FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0

FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0

FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0

FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0

FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0

FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0

No pin signaling
FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0
No pin signaling

FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0

FAULT = SM_ALERT = VRRDY1 =
VRRDY2 =0

Undervoltage on VREF1

Overvoltage on VREF1

Overtemperature on VREF1

Undervoltage on VREF2

Overvoltage on VREF2

Overtemperature on VREF2

Undervoltage on VCC

Overvoltage on VCC

Main clock stuck violation

Oscillators mismatch or auxiliary
clock stuck violation

Loss of power or signal grounds

Thermal shutdown
Thermal warning

Input Overvoltage

Input over-current
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PMBus™ flag signaling Fault output pin signaling Fault description

FAULT = SM_ALERT = VRRDY1 =

PIN_OP =1 PIN monitor VRRDY2 = POWERIN_ALERT = 0 Input Overpower
VOUTNn_UV = 1 VOUT monitor  FAULT = SM_ALERT = VRRDY1n = 0 g]”der"o'tage on VSENn [n =1,
VOUTNn_QOV =1 VOUT monitor FAULT = SM_ALERT = VRRDY1n =0 ' Overvoltage on VSENn [n =1, 2]
FAST over-current on ISENn
IOUTn_OC_FAST =1 IOUT monitor FAULT = SM_ALERT =VRRDYm=0 [n=1,2,3,4,5,6,7,8]
m=1,2]
SLOW Overcurrent on ISENn
IOUTn_OC_SLOW =1 IOUT monitor FAULT = SM_ALERT =VRRDYm=0 [n=1,2,3,4,5,6,7,8]
[m=1,2]
SLOW Overcurrent on VSENn
IOUTn_OC_SUM =1 IOUT monitor FAULT = SM_ALERT = VRRDY1n =0 =12
n=1,
FAULT = SM ALERT = VRRDY Overtemperature shutdown on
_ . = SM_ = N= " TSENn
TSENn_OT_SD =1 TSEN monitor VR HOT =0
n=1,2]
Overtemperature warning on
TSENn_OT_WR =1 TSEN monitor VR_HOT =0 TSENn
n=1,2]
TSENn_OV =1 TSEN monitor FAULT = SM_ALERT = VRRDYn =0  Overvoltage on TSENn [n = 1, 2]
TSENn_UV = 1 TSEN monitor  FAULT = SM_ALERT = VRRDYn = 0 lzJ]”dem'tage on TSENn [n =1,
FBn_NO_CONN = 1 FB dlscor?nectlon FAULT = SM_ALERT = VRRDYn = 0 Feedback c_ilsconnectlon on
monitor VSENn [n=1, 2]
Phase current overbalancing
I0UTn_SHARING_WRM = 1 IOUT monitor No pin signaling
[n=1,23,4,56,7,8]
Phase undercurrent (phase fault)
IOUTn_UC_=1 IOUT monitor FAULT = SM_ALERT = VRRDYn =0
[n=1,23,4,56,7,8]
PMBUS_ERR = 1 PMBus™ monitor SM_ALERT =0 PMBus™ comm fault

NVM data CRC FAULT = SM_ALERT = VRRDY1 =

NVM_CRC_FAIL =1 NVM data CRC check

check VRRDY2 =0
_ SRR data CRC FAULT = SM_ALERT = VRRDY1 =
SRR_CRC_FAIL =1 check VRRDY? = 0 SRR data CRC check
FAULT = SM_ALERT = VRRDY1 = .
NA MBIST VRRDY?2 = 0 MBIST failure
ABIST_FAIL =1 ABIST FAULT = SM_ALERT =0 BIST failure

1. Configurable through PMBus™ command STATUS_CML.
2. Configurable through PMBus™ command MFR_FAULT_CONFIG_1 bit 8.

3.4.2 Fault reaction scenarios

Here below, the scenarios of each different fault case are described separately. In case multiple faults take place
at the same time the following priority in reaction is used:

. Latched fault
. Ignored fault
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3.4.2.1 Latched faults

When a latched fault is detected, the related PMBus™ flag is set to ‘1’ and related fault redirection pins are
asserted low. Internal logic reacts by establishing a SAFE_HIZ state: PWM outputs go in HIZ mode so that PWMn
=HIZ[n=1,2,3,4,5,6,7, 8].

The SAFE_HIZ mode can be left when all the following conditions are met in this sequence:
1. Latched fault is removed.
2. Clear mechanism - One of the following actions, required by application software:
- VR_EN1/VR_EN2 is asserted low for at least T_clear and then asserted back high.
- CLEAR_FAULTS command by PMBus™ (clears all faults).
- Dedicated clear commands by PMBus™ (clears single fault).

Note: . VR1_EN toggling is used to clear specific fault affecting loop 1. VR2_EN toggling is used to clear specific
fault affecting loop 2. Generic faults affecting both loops can be cleared by toggling either VR1_EN or
VR2_EN.
. Faults clearing through the PMBus™ command make use of paging for faults affecting the specific loop.

Generic faults affecting both loops can be cleared independently of the command page.

Figure 15. Latched fault - Transient fault timing diagram

Fault Detection +

Fault appear Reaction Time

Fault
Occurrence

/ Fault disappear

FAULT
(PMBus
Flag)

FAULT (pin)

VRRDY (pin)

SM_ALERT
(pin)

VRn_EN | Telear (+4)

| 3Tk

PWMn DRIVE DRIVE )

R S

HiZ |

(*) (*)
(*) Signaling Filter Time = Fault Detection + Reaction Time
(**) Tclear is the minimum time VRn_EN shall be asserted LOW for fault clear to be effective
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Figure 16. Latched fault - Permanent fault timing diagram

Fault Detection +

Reaction Time «— Fault persist

Fault appear

Fault ~

Occurrence

FAULT
(PMBus
Flag)

FAULT (pin)

VRRDY (pin)

SM_ALERT
(pin)

VRn_EN : : Tclear (**)

| 3Tk

“_I Hiz

PWMn DRIVE

A\ 4

(*)
(*) Signaling Filter Time = Fault Detection + Reaction Time
(**) Tclear is the minimum time VRn_EN shall be asserted LOW for fault clear to be effective

Table 22. VRn_EN clear time electrical characteristics

R T T

VRn_EN_tclear | Minimum time interval to assert a low value on VRn_EN us [n=1,2]

3.4.2.2 Latched fault with active pull-down

This fault reaction scenario is intended to reduce the undershoot on the output voltage when recovery from an
overvoltage condition. When an overvoltage fault is detected and the related FHC register is programmed at “11”,
the related PMBus™ flag is set to ‘1’ and related fault redirection pins are asserted low.

Internal logic reacts in first place by setting all PWM output assigned to the loop to ‘0’, then the internal logic
reacts by establishing SAFE_HIZ state if either of the following conditions is verified:

. VSENN < 0.25 V_th for an interval longer than T_tout_mon_detect_dly
. ISENn - CFILT/VREF1 < -IOUTm_noc_slow_th
The SAFE_HIZ mode can be left when all the following conditions are met in this sequence:
1. Latched fault is removed.
2. Clear mechanism - One of the following actions, required by application software:
- VR_EN1/VR_EN2 is asserted low for at least T_clear and then asserted back high.
- CLEAR_FAULTS command by PMBus™ (clears all faults).
- Dedicated clear commands by PMBus™ (clears single fault).
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Figure 17. Latched fault with active PD, VSEN < 0.25 V detection - Transient fault timing diagram
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Figure 19. Latched fault with active PD, NOC detection - Transient fault timing diagram
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During normal operation the PWM pins driving is managed by the digital section of the loop controller which is in
charge of the TON and TOFF generation along with their minimum value limitations (MFR_T_MIN). In case of
fault event, the PWM pin driving is overridden by the diagnostic control which applies to the configured reaction
(as instance: 3Tclk turn-off then HIZ, cycle-by-cycle turn-off, etc.).

Since fault events are not synchronous with normal PWM generation and since reaction countermeasure shall be
applied within a specific fault tolerant time, it turns out that PWM driving by loop and by diagnostic controllers
cannot be synchronous as well and diagnostic shall have the highest priority.

In case of fault events requiring PWM turn-off or switch to HiZ, the MINIMUM ON/OFF time configured in
MFR_T_MIN cannot be guaranteed.

Figure 21. Minimum TON clipping during LTC fault reaction
PWM_DIG

DIAG_DIS | Fault reaction time

>

Fault happens \

PWMn

v

3.4.2.3 Ignore faults

When a fault whose reaction is set as “ignore” is detected, the related PMBus™ flag is set to ‘1. Logic performs
no corrective action. The PMBus™ flag can be cleared when all the following conditions are met in this sequence:

1. Fault is removed.

2. Clear mechanism - One of the following actions, required by application software:
- VR_EN1/VR_EN2 is asserted low for at least T_clear and then asserted back high.
- CLEAR_FAULTS command by PMBus™ (clears all faults).
- Dedicated clear commands by PMBus™ (clears single fault).

Note: . VR1_EN toggling is used to clear specific fault affecting loop 1. VR2_EN toggling is used to clear specific
fault affecting loop 2. Generic faults affecting both loops can be cleared by toggling either VR1_EN or
VR2_EN.
. Faults clearing through the PMBus™ command make use of paging for faults affecting the specific loop.

Generic faults affecting both loops can be cleared independently of the command page.
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Figure 22. Ignore faults - Transient fault timing diagram
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(*) Signaling Filter Time = Fault Detection + Reaction Time
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Figure 23. Ignore - Permanent fault timing diagram
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(*) Signaling Filter Time = Fault Detection + Reaction Time
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3.5 Recommended power-up/power-down sequences

Figure 24. Power-up sequence - Fast VCC rise-up
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Figure 25. Power-up sequence - Slow VCC rise-up
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When control loop enable is asserted through VR_ENn pin, for a correct regulation startup a low to high transition
on its input voltage (battery line) shall take place after power-up sequence is completed (that is, after ABIST
completion).

Direct connection of VR_ENnN to VCC or VREFn shall be avoided.
Loop enabling/disabling logic is based on VR_ENn voltage level and edge as follows:

. VID reference is triggered according to the VR_ENn voltage edge: low to high on VR_ENn enables VID
output as configured in VOUT_COMMAND, high to low transition disables VID output;

. The loop controller is triggered according to VR_ENn voltage level: high level on VR_ENnN enables loop
controller (except VID), low level disables loop controller.

As a consequence, applying a high logic level to VR_ENnN without a clean low to high transition after power-up
(ex. connecting VR_ENnN to VREF 1) will enable loop controller but not VID reference and will result in output loop
trying to regulate the VID DAC offset.

Table 23. Power-up timings

Test

T_nvm NVM data deploy & CRC duration Application information
T_mbist  MBIST procedure duration - - 35 | ms | Application information
T_dbist | DBIST procedure duration - - 15 ' ms | Application information
T_abist | ABIST procedure duration - - 1 ms | Application information

Wait time for VRn_EN rising after PWUP

T_d|ag_rdy sequence completion

2 - - ms | Application information
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Figure 26. Power-down sequence - Recommended (VRn_EN LOW before VCC drop)
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Figure 27. Power-down sequence (VCC drop before VRn_EN LOW)
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3.51 Loop start/stop sequence
STPMO098C loop controllers allow different methods to Start/Stop regulation by properly configuring PMBus™
standard commands:
. OPERATION
. ON_OFF_CONFIG

The OPERATION command is used to enable/disable the n-th control loop in conjunction with the VR_ENN pin
and the MFR_VR_EN command.

This command defines also whether the n-th control loop has to work in margin mode (LOW/HIGH) or in NO

margin mode.

. OPERATION[7:6] = 00, the control loop is directly disabled.

. OPERATION[5:4] = 00, the control loop is enabled in NO margin mode.

. OPERATION[5:4] = 01, the control loop is enabled in LOW margin mode.

. OPERATION[5:4] = 10, the control loop is enabled in HIGH margin mode.

Independently from bit [5:4] configuration, if an output overvoltage or undervoltage fault is detected STPM098C

treats this fault as programmed in the related fault response command.

The ON_OFF_CONFIG command is used to configure the combination of VR_ENn pin input and serial bus

OPERATION and MFR_VR_EN commands needed to enable/disable the n-th control loop.

. ON_OFF_CONFIGJ[4:2] = Oxx, the loop is enabled and operates any time bias power is available
regardless of the setting of bits [3:2].

. ON_OFF_CONFIGJ[4:2] = 110, the control loop is enabled/disabled only by OPERATION command.

. ON_OFF_CONFIGJ[4:2] = 101, the control loop is enabled/disabled only by logic OR between VR_ENN pin
and MFR_VR_EN command.

. ON_OFF_CONFIG[4:2] = 111, the control loop is enabled when both the OPERATION command AND the
VR_ENN pin ORMFR_VR_EN are commanding the loop to be on. If either an OPERATION command OR
the VR_ENn pin AND MFR_VR_EN commands the control loop to be off.

Note: For both OPERATION and ON_OFF_CONFIG settings:
. Any value not listed is an invalid command.
. Any bit not listed in the table is a don't care.

The ON_OFF_COMMAND operations can be depicted in the following simplified block diagram:

Figure 28. ON_OFF_CONFIG operation simplified block diagram

ON_OFF_CONFIG

bit<4:2>

OPERATION Y
INT_RST — ] oXX

110

VR_EN (Pin) | ——» Enable to Loop Controller
101

—> " >
DD

\4

MFR_VR_EN [—

STPMO098C loop can be configured to separately start each control loop by adjusting the relative delay through a
dedicated PMBus™ command as follows:

TONpgLay = Arsp X TONpELay[8:0] (1)
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Where:

ALsg is the minimum voltage step [1 ms].

TON_DELAY are the dedicated PMBus™ configuration bits.

Default value is TON pg4y = 0x000. In case TON pg4y = 0x000 the enabled delay is disabled.

TONpgLay is carried out by means of a digital counter clocked at Tclk/125 (31.25 us). As a consequence, since the
VR_ENn value sampling is affected by a +1Tclk uncertainty, TONpg; 4y is affected by a £31.25 ps uncertainty.

This effect is mostly visible at the default value when a delay between 0 ps and 31.25 ps shall be expected.

Figure 29. TON_DELAY simplified block diagram

[ picital |
| DIGITAL |
VR_EN1 VR_EN1
FLT TON DELAY
VR_EN1 [] %ﬂ' > JJIL JJJ_L ———» LOOP 1 Enable
A
VR_EN2 VR_EN2
FLT TON DELAY
VR_EN2 [] %ﬂ' > JJJ—L ﬂ L » LOOP 2 Enable
A
Telk = 31.25us

Figure 30. TON_DELAY function timing diagram
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3.6 Digital 1/0

3.6.1 Digital input (DI)

Digital input pins on STPM098C are used to transfer digital communications coming from an external source and
supply domain to the internal logic and its related 1.8 V domain.

Table 24. Digital input pins functional partitioning

SM_DATA, SM_CLK Type A - No internal pull-up/down PMBus™ pins
VRn_EN[n=1, 2] Type B - Internal current pull-down Safety related pins (VRn_EN)

Digital input pin interface is protected by a CMOS Schmitt trigger supplied by the internal VCC power supply.

Figure 31. Digital input simplified structures - Type A and B
vcC vce

™\
T

[ To main logic To main logic
Pull Down
Current

A)

Table 25. Input electrical characteristics - Type A

s o L e

DIA in_hl High input voltage range

DIA_in_ll Low input voltage range - - 0.8 Vv -
DIA_in_hyt Threshold hysteresis 120 220 270 mVvV -
DIA_in_leak Input leakage current Pin = GND/VCC -5 - 5 MA -

Table 26. Input electrical characteristics - Type B

DIB_in_hl_th ' High input voltage range 0.78 -
DIB_in_ll_th  Low input voltage range - - 042 V -
DIB_in_ltoh_th | High level threshold 0.42 0.68 0.78 V | Schmitt trigger output low to high
DIB_in_htol_th | High level threshold 0.42 1 046 0.78 V  Schmitt trigger output high to low
DIB_in_hyt  Threshold hysteresis 100 190 240 mV -
DIB_in_pd Input pull-down current Pin=18V 30 40 60  pA -
T_dib_in_flt | Deglitch filter time CLK_SSM_EN=0 9 10 | N us | Digital filter
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3.6.2 Digital output (DO)

Digital output pins on STPM098C are used to transfer an internal digital information to an external voltage
domain.

Table 27. Digital input pins functional partitioning

PWMn[n=1,2,3,4,5,6,7,8] Type A - Push-pull | PWM pins

SM_DATA, SM_CLK, SM_ALERT, FAULT, VR_HOT, POWERIN_ALERT,

) . ™ )
VRRDY1, VRRD2 Type B - Open drain  PMBus™ pins and FOR pins

Type A digital output allows HIZ state. HIZ state is achieved by switching of pull-up and pull-down sources. No
active sources are available on output pin in this state. When unsupplied, type A digital output goes directly in HIZ

state.
Figure 32. Digital output simplified structures - Type A and B
R V3V3_DIG
Oy
/ Level |, From Main logic Output Pin
Output Pin \ Shifter

| OQ From Main Logic
o<} |
GND

GND A) B)

Table 28. Output electrical characteristics - Type A

DOA_out_hl High output voltage lload = -1 mA VREF2-0.2 -
DOA _out_lI Low output voltage lload = 1 mA 0 - 0.2 Vo -
DOA_out_hiz_leak | Outputleakagein HIZ Pin=17V -5 - 5 uA | -
T _doa_rt Output rise time Cload = 120 pF from 10% to 70% 5 10 15 ns -
T_doa_ft Output fall time Cload = 120 pF from 70% to 10% 5 10 15 ns -

Table 29. Output electrical characteristics - Type B

DOB_in_Il | Low output voltage lload = 350 pA
T_dob_ft Output fall time Cload = 120 pF from 70% to 10% 8 12.5 16 ns |-
3.7 Internal clock

Table 30. Internal clock electrical characteristics

CLK_freq System clock frequency CLK_SSM_EN =0 - - MHz -
CLK_freq_acc System clock frequency accuracy CLK_SSM_EN =0 -5 - +5 % -
CLK_freq_match | Main vs. auxiliary frequency matching CLK_SSM_EN =0 -10 - +10 % |-
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3.71 Spread spectrum modulation (SSM)

STPMO098C clock generator implements a frequency modulation (spread spectrum modulation) feature to reduce
the main logic emissions around the main frequency by spreading the power spectrum over a larger frequency
range.

Figure 33. Clock spread spectrum modulation details

fc

(1-8)fc -

v

0.5/fm 1/fm t

The carrier frequency fc (typ = 40 MHz) is modulated by means of a triangular modulating signal with frequency
fm and a spreading range 6.

Table 31. Clock spread spectrum electrical characteristics

Symoal | paransor st conon i Ty e unit | oes

Spread spectrum modulation spreading

SSM_spreading range

1.5 - 3 % | Application information

SSM_freq Spread spectrum modulating frequency 9.7 - 39 | kHz | Application information

The clock spread spectrum modulation function can be enabled by a dedicated PMBus™ bit as follows:

Table 32. Clock spread spectrum enable bit

0 Clock SSM disabled (default)
1 Clock SSM enabled

Note: . When the clock spread spectrum is enabled, the internal digital timings are affected by a timing jitter equal
to the selected spread spectrum spreading range.

. ICM timeout accuracy is valid only in case of sudden stuck fault. In case of progressive clock frequency
degradation, such an accuracy range is no more valid.

. If no oscillator clock is available, the PMBus™ data processing cannot work properly: STPM098C delivers
always the latest answer.
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3.7.2 Internal clock monitor (ICM)

The correct operation and the precision of the internal synchronization signal is safety relevant and therefore
STPMO098C implements a monitoring unit to detect abnormal deviation of the clock signal frequency.

The monitoring unit is based on the use of two oscillators and two monitor chains (a main one and an auxiliary
one) to avoid common-cause failures. The main oscillator feeds, by default, the internal logic as system clock,
while the auxiliary oscillator is used for diagnosis purpose only.

Each monitor chain compares the other clock period, the first one samples CLK1 by means of CLK2 and the
second one samples CLK2 by means of CLK1.

If Af1=|(foLk1 - foLk2)/foLke| = ICM_err_th: the flag CLK_MISMATCH is set. Internal reset is triggered.

If Af2=|(foLke - foLk1)/foki| = ICM_err_th: the flag CLK_MISMATCH is set.

If ToLk1 2 ICM_timeout_th: the flags INT_RST and CLK1_TIME_OUT are set. Internal reset is triggered.
If TcLke = ICM_timeout_th: the flag CLK2_TIME_OUT is set.

If one of the previous conditions is verified the device state moves to SAFE STATE. The error flags remain set
until the failure condition is removed and the flags are cleared by PMBus™ command or VR1_EN or VR2_EN.

The correct level of the clock monitor is safety relevant, thus a self-check procedure is implemented on its
monitor.

Table 33. Internal clock monitor electrical characteristics

e = o =

ICM frequency mismatch threshold

ICM_err_th % | Application information
accuracy
ICM_timeout_th | ICM timeout accuracy - 14 - ps | Application information
3.8 Ground loss monitor (GLM)

STPMO098C implements one ground reference pin GND dedicated to the low power internal analog/digital circuitry.

For EMI robustness GND pin is internally split in two GND reference PADs: AGND (ground reference for analog
circuitry supplied from VCC and VREF2) and DGND (ground reference for digital circuitry supplied by VREF1).
AGND is connected to the GND ESD ring by means of a direct metal connection and biases the substrate through
SUB plugs placed all around the IC border.

STPMO098C implements a monitoring unit to detect disconnection affecting ground references.

If VGND_DIG-VGND_ANA = VTH_GND occurs for an interval longer than T_gim_loss_flt, the DGND_LOSS flag

is set.

If VGND_ANA-VGND_DIG = VTH_GND occurs for an interval longer than T_gim_loss_flt, the AGND_LOSS flag
is set.

The correct operation ground loss monitor stage is safety relevant and then a self-check procedure is
implemented.

Table 34. GLM electrical characteristics

GLM_th GLM detection threshold VTH_GND 024 04 055 V
T_glm_loss_flt | GLM filter time CLK_SSM_EN =0 1 125 1.5 ms Digital filter
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3.9 Overtemperature monitor (OTM)

STPMO098C implements a monitoring unit of the average junction temperature able to detect excessive
overheating conditions affecting the device.

Figure 34. Temperature monitor ADC characteristics
Digital Code [LSB] 4

257 | ..

LSB=1.378C°
0

-66.52 50 290 Tj[o]

Temperature measurement data is stored in a dedicated register and can be retrieved by PMBus™ readout of
register READ_TEMPERATURE_2. Die temperature can be calculated with the following formula:

Tj[°¢] = (1.378°C X Drgupyy, ) — 66.52°C )
Where:
Drgmpgg,p IS the digital word stored in READ_TEMPERATURE_2.

The digitized temperature information is compared by two hysteresis comparators with selectable threshold based
on the following scheme:

. If DTEMP = DTEMP_WR_TH occurs for an interval longer than T_otm_wr_flt, the OTM_WR flag is set. The
error flag remains set until the failure condition is removed.
. If DTEMP =2 DTEMP_SD_TH (= 175 deg.) occurs for an interval longer than T_otm_sd_flt, the OTM_SD

flag is set and SAFE_HIZ is established. The error flag remains set until the failure condition is removed
and a rinsing edge on VR1_EN or VR2_EN is detected.

Thermal warning thresholds can be independently configured by the following PMBus™ bit sets:

Table 35. Thermal warning configuration bits

0 0 130 deg.
0 1 140 deg. (default)
1 0 150 deg.
1 1 160 deg.
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Figure 35. Junction temperature range 1
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Figure 36. Junction temperature range 2
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Temperature Range: Parametrical/Functional Range

STPMO098C is in LOOP ON mode. No damage affects STPM098C and no wrong operation takes place. All static
and dynamic parameters stay within specification limits.

Temperature Range: Critical OT Range

STPMO098C is set into SAFE STATE mode. No damage affects STPM098C and no wrong operation takes place.
Static and dynamic parameters may deviate from specification limits.

Exposure to critical OT conditions for extended periods may affect device reliability.

Table 36. OTM electrical characteristics

Tescondon || Ty W Uit Nows

ADC input

OTM detection threshold

hysteresis 5 10 15 C | Application information

OTM_hys
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Testcodion || Ty W Unit | Nows

ADC input Resolution
OTM_readout_red OTM resolution - 8 - | bits Design information
OTM_readout_Isb OTM LSB - 1378 - °C | Design information

ADC input accuracy

OTM_acc OTM ADC conversion 10 ) 10 °C Temperature Read out
accuracy accuracy

ADC input dynamic characteristics
OTM_sr OTM ADC sample rate CLK_SSM_EN=0 - 10 - | kHz Application information
OTM_latency OTM ADC conversion latency CLK_SSM_EN=0 - 0.205 1 ms | Application information

3.10 Auxiliary voltage monitor (AVM)

STPMO098C implements a general-purpose voltage monitor through pin AUX_SENSEs to allow a dedicated UV
and OV diagnosis for external voltage references. Hysteresis on thresholds and filtering time are implemented.
The digitized voltage information is compared with a selectable threshold based on the following scheme:

If AUX_SENSE < AUX_SENSE_uv_th occurs for an interval longer than T_avm_detect_dly, fault is asserted and
the AUX_SENSE_UV flag is set. Fault pins are asserted LOW according to FHC configuration and FOR table.

If AUX_SENSE = AUX_SENSE_ov_th occurs for an interval longer than T_avm_detect_dly, fault is asserted and
the AUX_SENSE_OV flag is set. Fault pins are asserted LOW according to FHC configuration and FOR table.

The reference thresholds for the AVM monitor unit AUX_SENSE_uv_th and AUX_SENSE_ov_th can be
separately configured through a dedicated PMBus™ register as follows:

AUXSENSEyy gy, + AV Moy = AVManygy X AUXsgNSEyy, o o+ OFS 3)

AUXSENSEOVTH + AVMthhySt = AVMthle X AUXSENSEOVTH[Z'O] + OFS

Where:

AVM_adc_lIsb is the minimum voltage step [131 mV =7 * AVM_adc_lIsb].

AUX_SENSE_uv_th [2:0] are the dedicated PMBus™ configuration bits [0.486 V ~ 1.402 V].
AUX_SENSE_ov_th [2:0] are the dedicated PMBus™ configuration bits [0.617 V ~ 1.533 V].

OFS is the starting value [486 mV = 26 * AVM_adc_lIsb].

The default value is AUX_SENSE_uv_th =0x0 and AUX_SENSE_ov_th = 0x0.

In case AUX_SENSE_uv_th = 0x0 the AVM UV function is disabled and no UV detection is performed.
In case AUX_SENSE_ov_th = 0x0 the AVM QV function is disabled and no OV detection is performed.

The absolute value of the maximum input voltage slew rate detectable by IIN monitor is given by AVM_adc_Isb/
AVM_adc_latency.
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A
AUX_SENSE ov_tH

AUX_SENSE uv_TH

Figure 37. AVM timing diagram
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Table 37. AVM ADC electrical characteristics

Tstconaion | i Ty Ut ows

ADC input

AVM ADC voltage input
range

AUX_SENSE =5V
AVM ADC input current

VCC=5V

ADC input Resolution

AVM _adc_resolution AVM ADC resolution

AVM_adc_lIsb

_ 7 R bits Applicati_on

information

AVM ADC LSB - 18.7 APPIICatl_on
information

AVM_adc_tot e

AVM_adc_tot e

ADC input accuracy
0V < AUX_SENSE < 0.5

rr1 | AVM ADC total error1 v 100 100 mV -
rr2 | AVM ADC total error2 3‘5 V' AUX_SENSE <2 20 - 20 % -

ADC input dynamic characteristics

AVM_adc_in_sr

AVM_adc_laten

AVM ADC sample rate - 10 - MH Application
information

c AVM ADC conversion ) 65 100 Application
y latency information

AVM characteristics

AVM_th_Isb

AVM_th_hyst

AVM_th_range

DS14440 - Rev 1

AVM monitoring threshold ) 131 ) mv Appllcatl_on
step information
AVM mopltorlng ) 131 ) mv Appllcatllon
hysteresis information
AVM monitoring threshold 0486 - 1533 V Appllcatllon
range information

page 46/110



m _STPMOQQC

Functional description

Application
information

T_avm_detect_dly ' AVM detection delay CLK_SSM_EN =0 100

3.1 Input metrics telemetry (IMT)

STPMO098C implements a full set of telemetry measurements on the converter's input voltage, current and power
metrics through pins POWERIN_P and POWERIN_N.

Figure 38. Input telemetry simplified block diagram
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31141 Input voltage measurement

Input voltage is directly measured at POWERIN_P pin by means of a dedicated 10-bit ADC converter. The
digitized voltage information is made available on PMBus™ register READ_VIN<15:0>.

Table 38. Input voltage ADC electrical characteristics

Tstconon i e | Vot

ADC input
VIN ADC voltage input

VIN_adc_range 0 - 20 vV oo-
range
POWERIN_P =20V
VIN_adc _ic VIN ADC input current 300 - 500 pA -
VCC =5V
POWERIN_P =20V
VIN_adc_ilkg VIN ADC input leakage - - 200 nA -

VCC=0V
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ADC input resolution

Testconon i T x| Unit | toos

VIN_adc_resolution ' VIN ADC resolution - 10 - bits Appllcatl_on
- = information
VIN adc_Isb  VIN ADC LSB - 223 Application

- = information

ADC input accuracy
VIN_adc_tot_err1 | VIN ADC total error1 0V<POWERIN_P<45V -135 - | 135 mV -
VIN_adc_tot_err2 ' VIN ADC total error2 45V<POWERIN_P<20V -3 - 3 % -

ADC input dynamic characteristics

VIN_adc_in_sr | VIN ADC sample rate - 10 -  MHg Application
information
VIN_adc_latency | /N ADC conversion CLK_SSM_EN =0 - 65 100 ps Mpplication
latency information
3.11.1.1 Input voltage monitor (VIN monitor)

Input voltage level is monitored by means of dedicated UV diagnosis based on VIN conversion. A hysteresis on
thresholds and filtering time is implemented.

If POWERIN_P < VIN_off_th occurs for an interval longer than T_vin_mon_detect_dly, the fault is asserted and
the VIN_UV flag is set. Fault pins are asserted LOW according to FHC configuration and FOR table.

If POWERIN_P = VIN_on_th occurs for an interval longer than T_vin_mon_detect_dly, the VIN_UV fault is
released. VIN_UV clearing depends on FHC configuration.

The reference thresholds for the VIN monitor unit VIN_off_th and VIN_on_th can be separately configured
through a dedicated PMBus™ register as follows:

VINOFFTH = VINMONthlsb X VINOFFTH[7:0] (4)

~

VINONTH = VINMONthlsb X VINONTH[7:0] (5

Where:

VIN_MON_th_Isb is the minimum voltage step [89.2 mV].

VIN_OFF_TH/VIN_ON_TH [7:0] are the dedicated PMBus™ configuration bits [0 V ~ 22.8 V].

The default value is VIN_ON_TH =0x07B (11 V) and VIN_OFF_TH = 0x078 (10.7 V).

In case VIN_OFF_TH = 0x000 the input voltage monitor function is disabled, and no UV detection is performed.

The absolute value of the maximum input voltage slew rate detectable by VIN monitor is given by VIN_adc_Isb/
VIN_adc_latency.
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Figure 39. Input voltage monitor timing diagram
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Table 39. VIN monitor electrical characteristics

s conon | tin | T e | ——otos |

VIN_MON_th_Isb  VIN monitoring threshold step - 892 -  my Application
information
VIN_MON_th_range  VIN monitoring threshold range 0125 - 228 v Application
information
T_vin_mon_detect_dly = VIN monitoring detection delay CLK_SSM_EN =0 - 65 100 | ps Appllcatl_on
information
3.11.2 Input current measurement

Input current is converted by an external shunt resistance (1 mQ +1%) into a differential voltage measured across
the input pins POWERIN_P and POWERIN_N.

A current sense amplifier (CSA) is used to amplify the differential voltage then converted via an internal 10-bit
ADC. The digitized current information is made available on PMBus™ register READ_IIN<15:0>.

Table 40. Input current ADC electrical characteristics

Tstconton i Ty W U | otes—|

ADC input
IIN ADC voltage differential input

IIN_adc_diff_range 0 - 50 mV -
range
IIN_adc_cm_range _IIN ADC voltage common mode 45 - 20 v -
input range
POWERIN_N =20V
IIN_adc_ic IIN ADC input current 5 - 45  uA -
VCC=5V
POWERIN_N =20V
IIN_adc_ilkg IIN ADC input leakage - - 200 nA -
VCC=0V
ADC input resolution
IIN_adc_resolution | IIN ADC resolution - 10 - bits Appllcatl_on
- = information
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s conion i T x| oes

IN_adc_Isb  IIN ADC LSB CLK_ SSM_EN=0 - 532 - v ﬁ‘f’c‘)’r';ﬁgtt'lg:
IIN_adc_gain_err ' IIN ADC gain error -3 - 3 % -
IIN_adc_offset_err ' [IN ADC input referred offset error -1 - 1 mV -
IIN_adc_tot_err | IIN ADC total error - - - mV | See note
IN_adc_in_sr 1IN ADC sample rate - 10 - MHg APplicaton
IIN_adc_latency 1IN ADC conversion latency CLKSSM_EN=0 - 65 100 ps ~PPication
Note: IIN_ADC conversion total error can be calculated as follows:
IIN_adc_tot_err = IIN_adc_gain_err * (POWERIN_P - POWERIN_N) + IIN_adc_offset_err
Example:
. | POWERIN_P-POWERIN_N | = 10 mV

. Total ADC conversion error =1 mV (3% * 10 mV) = £1 mV £0.3 mV

. The value read by PMBus™ has a range between 10 mV - (1 mV + 0.3 mV) and 10 mV + (1 mV + 0.3
mV)

3.11.2.1 Input current monitor (IIN monitor)

Input current level is monitored by means of dedicated OC diagnosis based on IIN conversion. A hysteresis on
thresholds and filtering time is implemented.

If POWERIN_P- POWERIN_N = IIN_off_th occurs for an interval longer than T_iin_mon_detect_dly, the fault is
asserted and the [IN_OC flag is set. Fault pins are asserted LOW according to FHC configuration and FOR table.
If POWERIN_P- POWERIN_N < IIN_on_th occurs for an interval longer than T_iin_mon_detect_dly, the IIN_ OC
fault is released. IIN_OC clearing depends on FHC configuration.

The reference thresholds for the 1IN monitor unit IIN_off_th and IIN_on_th can be separately configured through a
dedicated PMBus™ register as follows:

IINoFppy = HNmoNy,, , X HINOFFry 9. (6)

~

IINONTH=IINMONthlszIINONTH[9:O] (7

Where:

IIN_MON_th_Isb is the minimum voltage step [53.2 yV].

IIN_OFF_TH/IIN_ON_TH [9:0] are the dedicated PMBus configuration bits [53.2 uV ~ 54.4 mV].

The default value is IIN_OFF_TH =0x11A (15 mV) and [IN_ON_TH = 0x0E1 (12 mV).

In case [IN_OFF_TH = 0x000 the input current monitor function is disabled, and no OC detection is performed.

The absolute value of the maximum input voltage slew rate detectable by IIN monitor is given by [IN_adc_lIsb/
IIN_adc_latency.
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Figure 40. Input current monitor timing diagram
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Table 41. lIN monitor electrical characteristics

s conon | i | o s uni Vot |

IIN_.MON_th_Isb  IIN monitoring threshold step . 532 .  uv Application
information
IN_MON_th_range ' IIN monitoring threshold range 00532 - 544 my Application
information
T_iin_mon_detect_dly IIN monitoring detection delay CLK_SSM_EN=0 - 65 100 us ‘\pplication
information
3.11.3 Input power calculation

Based on input voltage and input current measurements the input power is computed by multiplying the converted
values. The power information is made available on PMBus™ register READ_PIN<15:0>.

Table 42. Input power calculation characteristics

Tstconon i | T o | unt| s

Power multiplier output

PIN _range PIN computation range 0 - 500 W | Application information

Power multiplier Resolution
PIN _resolution | PIN computation resolution - 16 - bits | Application information
PIN_Isb PIN LSB - 18.98 - mW | Application information

Power multiplier dynamic characteristics

PIN_latency PIN computation latency CLK_SSM_EN =0 - 65 100 = ps | Application information
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3.11.3.1

3.12

Input power monitor (PIN monitor)

Input power level is monitored by means of dedicated OP diagnosis based on PIN calculation. A hysteresis on
thresholds and filtering time is implemented.

If PIN = PIN_off_th occurs for an interval longer than PIN_latency, the fault is asserted and the PIN_OP flag is set.
Fault pins are asserted LOW according to the FHC configuration and FOR table.

If PIN < PIN_on_th occurs for an interval longer than PIN_latency, the PIN_OP fault is released. PIN_OP clearing
depends on FHC configuration.

The reference thresholds for the IIN monitor unit PIN_off _th and PIN_on_th can be separately configured through
a dedicated PMBus™ register as follows:

PINOFFTH = PINMONthlsb X > PINOFFTH[lO:O] (8)

PINONTH = PINMONthlsb X > PINONTH[IO:O] (9)

Where:

PIN_MON_th_Isb is the minimum voltage step [0.3 W].

PIN_OFF_TH/PIN_ON_TH [10:0] are the dedicated PMBus™ configuration bits [0.3 W ~ 500 W].

The default value is PIN_ON_TH = 0x1F4(150 W) and PIN_OFF_TH = 258 (180 W).

In case PIN_OFF_TH = 0x000 the input current monitor function is disabled, and no OP detection is performed.

Table 43. PIN monitor electrical characteristics

PIN_MON_th_Isb ' PIN monitoring threshold step - W Application information
PIN_MON_th_range ' PIN monitoring threshold range 025 - 500 W | Application information

Output metrics telemetry (OMT)

STPMO098C implements a full set of telemetry measurements on the converter’s output voltage and currents, and
output stages temperature metrics for each control loops.

Figure 41. Output telemetry simplified block diagram
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3.12.1 Output stages temperature telemetry

The output stages maximum temperature for each loop can be directly measured at the input pin TSENn by
means of a dedicated 9-bit ADC converter. The digitized voltage information is made available on PMBus™
paged register READ_TEMPERATUREN_1<15:0>[n =1, 2].

. TSENDN pin is intended to be connected to the DrMOS terminal TOUT. All TOUT pins of DrMOS referring to
the same control loop are supposed to be shorted together;

. Output stage telemetry ADC and the related monitoring unit design is based on the following DrMOS
temperature sensor output characteristics:

Figure 42. DrMOS temperature sense output reference characteristics
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Table 44. Output Stage temperature ADC electrical characteristics

Tstconion M Ty W Unk | s |

ADC input

TOUT ADC voltage input

TOUT_adc_range 0.1 - 24 V-
range

TSENn=5V
TOUT_adc_ic TOUT ADC input current 60 100 150 pA [n=1,2]
VCC =5V

ADC input resolution

TOUT _adc_resolution  TOUT ADC resolution - 9 - bits = Application information
TOUT _adc_lIsb TOUT ADC LSB - /533 - mV | Application information
ADC input accuracy
TOUT_adc_total_err  TOUT ADC total error 028 V<TSENn<2V -40 - 40 mV [n=1,2]
ADC input dynamic characteristics
TOUT _adc_in_sr TOUT ADC sample rate - 10 - MHz Application information
TOUT_ade_latency 1 APC eonversion CLK SSM_EN=0 | - 65 100 ps Application information
3.12.1.1 Output stages temperature monitor (TOUT monitor)
The digitized output stage temperature information is compared with selectable thresholds based on the following
scheme:
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. If TSENn = TOUTn_wr_th occurs for an interval longer than T_tout_mon_detect_dly, the TOUTn_OT_WR
flag is set. The error flag remains set until the failure condition is removed [n = 1, 2].
. If TSENn = TOUTn_sd_th occurs for an interval longer than T_tout_mon_detect_dly, the TOUTn_OT_SD

flag is set. Fault pins and safe state activation depends on FHC configuration. TOUTn_OT_SD clearing
depend on FHC configuration [n = 1, 2].

The reference thresholds for the TOUTn monitor unit TOUTn_wr_th and TOUTn_sd_th can be separately
configured through a dedicated PMBus™ register as follows:

TOUT. = TOUTwony,, , X TOUT
S

n n
OTwRry OTWRTy[g: 0]

TOUT = TOUTwony,,, X TOUT
S

n n
0Tspyy OTSDry 8. 0]

Where:

TOUT_MON_th_lIsb is the minimum voltage step.

TOUTn_OT_WR_TH/TOUTn_OT_SD_TH [8:0] are the dedicated PMBus™ configuration bits.

The default values are TOUTn_OT_WR_TH = 0x12C (125 deg.) and TOUTn_OT_SD_TH = 0x152 (150 deg.).

In case TOUTn_OT_WR_TH = 0x00 or TOUTn_OT_SD_TH = 0x000 the related temperature monitor functions
are disabled and no detection is performed.

The absolute value of the maximum input voltage slew rate detectable by TOUT monitor is given by
TOUT _adc_Isb/TOUT_adc_latency.

Figure 43. Output stage temperature monitor timing diagram
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Table 45. TOUT monitor electrical characteristics

s conon b Ty x| un ——aes

TOUT MON th Isb TOUT monitoring threshold ) 533 ) mv Appllcatl_on
- - - step information
TOUT_MON_th_hyst  TOUT monitoring hysteresis . 4264 -  my Application
information

TOUT MON._th_range TOUT monitoring threshold 0.1 B 27 v Appllcatllon
range information

T_tout_mon_detect_dly OUT monitoring detection )\ oy EN=0 - | 65 100 ps  /PPlication
delay information

DS14440 - Rev 1 page 54/110



ﬁ STPM098C

Functional description

3.12.1.2 TSEN voltage monitor
TSENnN voltage level is monitored by means of dedicated UV and OV diagnosis.

Figure 44. TSEN voltage monitor simplified block diagram
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VBG X TSENn_UV
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If TSENn < TSEN_uv_th occurs for an interval longer than T_tsen_uv_flt, the flag TSENn_UV flag is set. Fault
pins and safe state activation depends on FHC configuration. TSENn_UV clearing depend on FHC configuration
[n=1,2].

If TSENn = TSENN_ov_th occurs for an interval longer than T_tsen_ov_flt, the flag TSENn_QV flag is set. Fault
pins and safe state activation depends on FHC configuration. TSENn_QV clearing depend on FHC configuration
[n=1,2].

TSEN monitor is safety relevant and then a self-check procedure is implemented.

Figure 45. TSEN voltage monitor timing diagram
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Table 46. TSEN voltage monitor electrical characteristics

s conon i 1o e | Vo

Comparator output Low to

TSEN_uv_th | TSEN undervoltage threshold 0.18 0.2 021 V high

TSEN _uv_hys | TSEN undervoltage hysteresis - 0 - mV -

DS14440 - Rev 1 page 55/110



‘ STPM098C
,l Functional description

s conon i Ty o | Vo

Comparator output Low to

TSEN_ov_th | TSEN overvoltage threshold 285 3 315 V high
TSEN _ov_hys TSEN overvoltage hysteresis - 0 - mV -
T tsen_uv_fit tTIr‘:EN undervoltage detection filter |\ sqM EN=0 75 - 100 s | Digital filter
T_tsen ov_fit fo- overvoliage detectionller ¢y ssm EN=0 75 | - 100 s  Digital fiter
3.12.2 Output voltage telemetry

The regulated output voltage of each loop is directly measured across input pins VSENn and VRTNn by means of
a dedicated 12-bit ADC converter. The digitized voltage information is made available on PMBus™ paged register
READ_VOUTn<15:0> [n=1, 2].

Table 47. Output voltage ADC electrical characteristics

Testconon | T War Ut Nows |

ADC input

VOUT ADC voltage input

VOUT_adc_range
range

ADC input Resolution

VOUT_adc_resolution | VOUT ADC resolution - 12 - bits | Application information
VOUT_adc_lIsb VOUT ADC LSB - 0952 - mV | Application information

ADC input accuracy
VOUT_adc_total_err1  VOUT ADC total error1 05V=sVID<15V -10 - 10 mV | -
VOUT _adc_total_err2 | VOUT ADC total error2 1.5V<VID<35V -1 - 1 % | -

ADC input dynamic characteristics
VOUT adc_in_sr  VOUT ADC sample rate CLK_ SSM_EN=0 - 10 - MHz Application information

VOUT ADC conversion

VOUT_adc_latency latency

CLK_SSM_EN=0 | - 65 100 ps | Application information

3.12.2.1 Output voltage monitor (VOUT monitor)

The regulated output voltage level of each loop is monitored by means of dedicated UV and an OV diagnosis
based on VOUTn conversion [n = 1, 2].

If VSENN-VRTNnN < VOUTn_uv_th occurs for an interval longer than T_vout_mon_detect_dly, fault is asserted and
the VOUTn_UV flag is set. Fault pins are asserted LOW according to FHC configuration and FOR table [n = 1, 2].

If VSENN-VRTNn = VOUTn_ov_th occurs for an interval longer than T_vout_mon_detect_dly fault is asserted and
the VOUTn_OV flag is set. Fault pins are asserted LOW according to the FHC configuration and FOR table.
VOUT_QV clearing depends on FHC configuration [n = 1, 2].

The reference thresholds for the VOUTn monitor unit VOUTn_uv_th and VOUT_ov_th can be separately
configured through a dedicated PMBus™ register as follows:

VOUTnUVTH = VOUTMONthls (12)

b < VOUTnUVFAULTLIMIT[B:O]

~

VOUTTLOVTH = VOUTMONthle X VOUTnOVFAULTLIMIT[B:O] (13

Where:

VOUT_MON_th_Isb is the minimum voltage step [7.616 mV].
VOUTNn_UV_FAULT_LIMIT/VOUTn_FAULT_LIMIT[8:0] are the dedicated PMBus™ configuration bits [0 V ~ 3.5
V1.

The default value is VOUTn_UV_FAULT_LIMIT = 0x058 (670 mV).

The default value is VOUTn_OV_FAULT_LIMIT = 0x06D (830 mV).
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In case VOUTn_UV_FAULT_LIMIT = 0x000 the related voltage monitor function is disabled and no detection is
performed.

In case VOUTn_OV_FAULT_LIMIT = 0x000 the related voltage monitor function is disabled and no detection is
performed.

The absolute value of the maximum input voltage slew rate detectable by VOUT monitor is given by
VOUT_adc_Isb/VOUT_adc_latency.

Figure 46. Output voltage monitor timing diagram
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Table 48. VOUT monitor electrical characteristics

st conon iy W Uit s

VOUT MON th Isb VOUT monitoring threshold . 7616 - mv _Appllcatl_on
- - - step information
VOUT_MON._th_range VOUT monitoring threshold 0 ) 35 vV Appllcat!on
range information
T vout_mon_detect diy YOUT monitoring detection o\ gom EN=0 - | 65 100 ps /PPlication
delay information
3.12.3 Output current telemetry

Current of each phase is directly measured across input pins ISENn and CFILT/VREF1 by means of a dedicated
11-bit ADC converter. The digitized voltage information is made available on PMBus™ register
MFR_READ_IOUTn [n=1, 2, 3, 4, 5, 6, 7, 8] for the single phase current and on the paged register
READ_I10UTm<15:0>[m = 1, 2] for the sum current on each loop.

Output stage telemetry ADC and the related monitoring unit design are based on the following DrMOS current
sense output characteristics:
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Figure 47. DrMOS current sense output reference characteristic
IOUT[mV] s

255

Gain=5mV/A+4%
0

v

Table 49. Phase current ADC electrical characteristics

Testconon | i Ty x| Uit Hoes

ADC input
IOUT_adc_range | IOUT ADC voltage input range -255 - 255 mV | -

ADC input resolution

IOUT adc._resolution  10UT ADC resolution - 11 - bits Application
information

IOUT adc Isb  IOUT ADC LSB - 0203 - my Application
information

ADC input accuracy

IOUT _adc_gain_err  IOUT ADC gain error -3 - 3 % | -
IOUT _adc_offset_err IOUT ADC input referred offset 10 ) 10 mv -
error
IOUT_adc_tot_err  IOUT ADC total error - - - mV | See note

ADC input dynamic characteristics

IOUT adc_in_sr  IOUT ADC sample rate CLK SSM EN=0 - 10 -  MHg Application
information
IOUT adc_latency | IOUT ADC conversion latency |CLK_SSM EN=0 - | 65 100 ps /\pplication
information
Note: IOUT_ADC conversion total error can be calculated as follows:
IOUT_adc_tot_err = IOUT_adc_gain_err * (ISENn - VREF1/CFILT) + IOUT_adc_offset_err
Example:

| ISENn-VREF1/CFILT | = 100 mV
Total ADC conversion error = 10 mV (3% * 100 mV) = £10 mV £3 mV

The value read by PMBus™ has a range between 100 mV - (10 mV + 3 mV) and 100 mV + (10 mV + 3
mV)
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Based on single phase current measurements the sum current for each regulation loop is computed by adding the
single converted values. The current sum information is made available on PMBus™ paged register
READ_IOUTm [m =1, 2].

Table 50. Output current sum calculation characteristics

Tstconon | i T o (U] aes

Current adder output

IOUT_SUM input range on

IOUT_SUM _rangef 480 - 480 A -
loop 1
IOUT_SUM _range2 :SO%TZ—SUM input range on 240 - 240 A -

Current adder resolution

IOUT_SUM computation

IOUT_SUM_resolution ) - 14 - | bits | Application information
resolution
IOUT_SUM_Isb IOUT_SUM LSB - 586 Application |
information(")

Current adder accuracy
IOUT_SUM_adc_tot_err IOUT_SUM error - - - mv @
Current adder dynamic characteristics

IOUT_SUM computation
latency

IOUT_SUM_latency CLK_SSM_EN=0 - 65 100 ps | Application information

-

LSB is 0.0586 A, considering DrMOS current gain is 5 mV/A (0.293 mV/5 mV/A = 0.0586 A).

The total error affecting the READ_IOUTm [m = 1, 2] measurement can be retrieved as the sum of the error affecting the
single MFR_READ_IOUTn [n = 1-8] conversion since the digital adder is simply introducing a sum operation on ISENn
converted codes.

N

N N
1ouTm = & READjoyTi i=1A10UTadclsb[(( i CFILT)( T er‘r)) (14)
N
+Vopel = 3 —L |(ISEN, — YBEF1
OF. S] i = 1810UTqqc;g, [( i CFILT)

N
1 VREF1 NVors
+| T ——|(ISEN; = ZEEEL) G, | + 72—

(i = lAIOUTadflsb[( (= crir) m] Amwad%b)

N
_ 1 _ VREF1 NVors
READoyrmERROR = i<i ElAmUTadClsb[(ISENL CFILT )Gerr] + AIOUTadClsb>
Where N is the number of active phases, Alout_adc_lIsb is the phase current ADC Isb, Gerr is the gain error of the
single ISEN ADC conversion (3%), Vofs is the offset of the single ISEN ADC conversion (10 mV).

Note: The previous relationship is always true as it refers to the single ISEN ADC voltage conversion
(MFR_READ _IOUTn [n = 1~8]) and to their sum (READ_IOUTm [m = 1, 2]). It includes only errors introduced by
STPMO098C conversion on ISENn. When the LOAD current (in Amps) is to be estimated starting from the
READ_IOUTm readout additional error contributions (external to STPM098C) come into play and shall be
considered.

DrMOS current sense errors

Between the converter current information and the STPMO098C converter, there is the DrMOS current sensing. To
retrieve lload (in Amps) the multiplication by Aprvos shall be performed.

N
— 1 VREF1
11040 = Aprwos, % wgur o [((ISENL- - )1 £ Gep) £ VOFS] (15)
N
=4 L —t——|(I1SEN, - YREFL
DrMOS, 2 BI0UT gy [( i CFILT )

N
1 VREF1 NVors
+ 1 Aprmos 2 +——=——|ISEN; — 7777 )Gorr| + 7—c——
< " i= lAIOUTadcle ( ' CFILT) o AIOUT‘ldClsb
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Following:
Ioap = (ADrMOS * ACCALL), glm[((lSENi - %)(1 + Gerr)) + VOFS]
= ADrMOSi X W[(ISEN %’;ﬁfrl )] + (ACCALLl, g 1W1adclsb[(15ENi — %)] + < Aprwios +Acc,,
>l : 1W[(’55N Vc’é’;”f%)cm] + #OZSH,)
ono00R = (g, ¥ |58 D) + (s + A, o
)z : 1Wladqsb[(’55"’i G ) Gerr | + #01;5”))
3.12.3.1 Output current monitor (IOUT monitor)

Single phase and sum current levels are monitored by means of a multiple sets of dedicated diagnosis.
Single phase undercurrent diagnosis (phase fault)
A dedicated UC monitoring on single phase current conversion is performed to detect the condition.

If ISENn-CFILT/VREF 1| < IOUTm_uc_th occurs for an interval longer than T_iout_uc_detect_dly, the IOUTn_UC
flag is set and SAFE_HIZ is established. Fault pins are asserted LOW according to FHC configuration and FOR
table[n=1,2,3,4,5,6,7,8and[m =1, 2].

The reference thresholds for the IOUTn undercurrent monitor unit IOUTn_uc_th can be separately configured for
loop 1 and 2 through dedicated PMBus™ registers as follows:

IOUTmUCTH = IOUTMONUCthle X IOUTmUCFAULTLIMIT[7:O] (17)

Where:

IOUT_MON_UC_th_Isb is the minimum voltage step [0.293 mV].
IOUTm_UC_FAULT_LIMIT [7:0] is the dedicated PMBus™ configuration bits [0 ~ 75 mV].
The default value is IOUTm_UC_ FAULT_LIMIT = 0x33 (15 mV).

In the case IOUTm_UC_ FAULT_LIMIT = 0x00 the related undercurrent monitor function is disabled, and no
detection is performed.

The absolute value of the maximum input voltage slew rate detectable by the IOUT monitor is given by
IOUT_adc_Isb/IOUT_adc_latency.

Figure 48. Output undercurrent monitor timing - Diagram 1

[ISENNn-CFILT/VREF1|

loutn_uc_TH

IOUT_aladc_rise_faII_diff_sr

IOUT_adc_rise_fall_diff_sr

IOUTn_UC

+ T_iout_uc_detect_dly
(Internal signal)

4—,» T_iout_uc_detect_dly

v

uc OPERATIVE uc t
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Figure 49. Output undercurrent monitor timing - Diagram 2
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Table 51. IOUT undercurrent monitor electrical characteristics

Testconon | i | Tp e | Nos

IOUT_MON_UC_th Isp | 'QUT UC monitoring - 0203 - my Application
- - == threshold step information
IOUT_MON_UC_th_range QYT UC monitoring 0293 - | 75 my Application
threshold range information

T iout_uc_detect dly | 'OYT UC monitoring CLK SSM_EN=0 - 65 100 ps /Ppplication

detection delay information

A proper configuration of phase UC thresholds and FHC for the single phase shall be chosen to avoid protection
triggering during light load operations.
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Figure 50. Output undercurrent monitor timing - Diagram 3
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Single phase overcurrent diagnosis
A dedicated OC monitoring on single phase current is performed by means of a dedicated analog comparator set.

Figure 51. Single phase overcurrent simplified block diagram

Velo] 1
ISENn DIGITAL
CFILT/ISEN [_}——
GND

Up/Reset

VCC +
FLT > JJJV\\ — I0UTn_OC_POS_FAST
g I0UTn_OC_POS _FAST_RETRY

CLK

GND Up/Reset

vee CIK FF JJJ_L — |0UTn_OC_POS _SLOW
I:x:{ Q IOUTn_OC_POS _SLOW_RETRY

— CLK

1 l Up/Reset

0
T FE | IIJ_L — |0UTn_OC_NEG _SLOW
CLK GND g 10UTn_OC_NEG _SLOW_RETRY

GND
If ISENN-CFILT/VREF1 2 1I0UTm_oc_pos_slow_th occurs IOUTm_oc_pos_slow_retry times consecutively, the

IOUTn_OC_POS_SLOW flag is set. Fault pins and safe state activation depend on FHC configuration.
IOUTn_OC_POS_SLOW clearing depends on FHC configuration [n =1, 2, 3,4, 5,6, 7, 8] and [m =1, 2].
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If ISENN-CFILT/VREF1 2 10UTm_oc_pos_fast_th occurs IOUTm_oc_pos_fast_retry times consecutively, the
IOUTn_OC_POS_FAST flag is set. Fault pins and safe state activation depend on FHC configuration.
IOUTn_OC_POS_FAST clearing depends on FHC configuration[n =1, 2, 3,4, 5,6, 7,8l and [m =1, 2].

If ISENN-CFILT/VREF1 < -IOUTm_oc_neg_slow_th occurs IOUTm_oc_neg_slow_retry times consecutively, the
IOUTn_OC_NEG_SLOW flag is set. Fault pins and safe state activation depend on FHC configuration.
IOUTn_OC_NEG_SLOW clearing depends on FHC configuration[n =1, 2, 3,4, 5,6, 7,8 and [m =1, 2].
Where m is the loop reference.

Single-phase overcurrent comparators are safety relevant and then a self-check procedure is implemented.

The reference thresholds for the IOUTn overcurrent monitor unit IOUTm_oc_pos_slow_th,
IOUTm_oc_neg_slow_th and IOUTm_oc_pos_fast_th can be separately configured for loop 1 and 2 through
dedicated PMBus™ register as follows:

IOUTmOCPOSSLOWTH = IOUTMONOCthle X IOUTmOCPOSSLOWTH[9;O] (18)
IOUTmOCPOSFASTTH = IOUTMONOCthle X IOUTmOCPOSFASTTH[g;U] e
IOUTmOCNEGSLOWTH = IOUTMONOCthle X IOUTmOCNEGSLOWTH[Q;O] (20)

Where:

IOUT_MON_OC_th_lIsb is the minimum voltage step.

IOUTm_OC_POS_SLOW_TH, IOUTm_OC_POS_FAST_TH and IOUTm_OC_NEG_SLOW_TH, are the
dedicated PMBus™ configuration bits.

Note: For a correct functionality of the single phase FAST overcurrent diagnosis, the following relationship must be
fulfilled under every system condition:

VREF1
ISENR = Gty = 10UTmocpgg, o < 125mV

[n=1,234,567 8

A correct single-phase FAST overcurrent operation is not guaranteed when the previous relationship is not
guaranteed.

Example:

ISENNn maximum value (maximum DrMOS current monitor output) = 2.055 V; then IOUTm_OC_POS_FAST_TH =
130 mV (2.055V ~ 1.8 V ~ 125 mV) is the minimum valid threshold to get correct diagnosis operation.

Default values are:

IOUTm_OC_POS_SLOW_TH = 0x348 (210 mV, 42 A)
IOUTm_OC_POS_FAST_TH = 0x384 (225 mV, 45 A)
IOUTm_OC_NEG_SLOW_TH = 0x348 (210 mV, 42 A)

In case any of the above listed thresholds is 0, the related overcurrent monitor function is disabled and no
detection is performed.

The reference retry times for the IOUTn overcurrent monitor unit IOUTm_oc_pos_slow_retry,
IOUTm_oc_neg_slow_ retry and IOUTm_oc_pos_fast_retry can be separately configured for loop 1 and 2
through dedicated PMBus™ registers as follows:

= 21
IOUTmOCPOSSLOWRETRY IOUTMONOCTetT X XIOUTmOCPOSSLOWRETRy[g;O] (21)

Yisb
10UT = 10UT x I0UT 22
mOCPOSSFASTRETRy MONOCTEtTylsb mOCPOSFASTRETRY[glo] ( )
10UTM0Cy g oy = 10UTwoNg, X IOUTmOCNEGSLOWRETRY[ (23)

9:0]
Where:
IOUT_MON_OC_retry_Isb is the minimum step.

IOUTm_OC_POS_SLOW/FAST_RETRY and IOUTm_OC_NEG_SLOW_RETRY[7:0] are the dedicated PMBus™
configuration bits.

Default values are:
IOUTn_OC_POS_SLOW_RETRY = 0x80 (128)
IOUTm_OC_POS_FAST_RETRY = 0x01 (1)
IOUTn_OC_NEG_SLOW_RETRY = 0x80 (128)
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The correct operation of single phase overcurrent monitor stage is safety relevant and then a self-check

procedure is implemented.
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Figure 52. Single phase positive over-current monitor timing diagram
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Figure 53. Single phase positive over-current monitor timing diagram
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Figure 54. Single phase negative over-current monitor timing diagram - SLOW_RETRY =1
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Table 52. IOUT single phase overcurrent monitor electrical characteristics

st conion iy e | Nots

IOUT_MON_OC_th_Isb

IOUT_MON_OC _th_range

T_iout_oc_flt

T_iout_fast_oc_dly1

T_iout_fast_oc_dly2

T_iout_fast_oc_dly3

T_iout_fast_oc_dly4

IOUT OC
monitoring
threshold step

IO0UT OC
monitoring
threshold range

IOUT OC switch-
off reaction time

IOUT FAST OC
switch-off
reaction time1

IOUT FAST OC
switch-off
reaction time2

IOUT FAST OC
switch-off
reaction time3

IOUT FAST OC
switch-off
reaction time4

Single phase current overbalance

A dedicated monitor compares the single active phase current with the average current of the respective loop to
detect excessive unbalancing of phase current. Hysteresis on thresholds and filtering time are implemented.
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d(ISENn - VREF1/CFILT)/dt 2 0.5
V/us

IOUTm_oc_pos_fast_retr = 0x0
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V/us
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If the current read on a phase differs from the average of all phases current readings by more than a threshold
value, then a dedicated error flag is raised.

(24)

1
If .
J

(ISENl- - CFILTVRE“) -

™3

1(ISEN]~ - CFILTVREFl) > |OUTn_sharing_wr_th, the IOUTn_SHARING_WR flag

is set.

Where m is the number of active phases for the specific loop.

The reference thresholds for the IOUTn overbalance monitor unit IOUTn_sharing_wr_th can be separately
configured for loop 1 and 2 through a dedicated PMBus™ register as follows:

10UTnsparING y gy =1 OUTMONUMBthlsb X 10UTnsHaRIN CWRry[s. 0]

Where:

IOUT_MON_UMB_th_lIsb is the minimum voltage step [0.94 A].
IOUTn_SHARING_WR_TH [5:0] are the dedicated PMBus™ configuration bits.
The default value is IOUTn_SHARING_WR_TH = 0x03.

In case IOUTm_SHARING_WR_TH = 0x00, the related overcurrent monitor function is disabled and no detection
is performed.

The absolute value of the maximum input voltage slew rate detectable by IOUT monitor is given by
IOUT_adc_Isb/IOUT_adc_latency.

Figure 55. Phase current overbalance timing diagram
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Table 53. IOUT overbalancing monitor electrical characteristics

st conton i Ty e | oes

IOUT MON UMB th Isb IOUT UMB monitoring - 094 - A Appllcat!on
- - - = threshold step information
IOUT_MON_UMB._th_range 'OYT UMB monitoring 094 - 2914 A Application
threshold range information

T iout_umb_detect diy | 'OUT UMB monitoring CLK SSM EN=0 - 65 100 ps /pplication
detection delay information

Current sum overcurrent diagnosis

A dedicated OC monitoring on the phase current sum of each loop is performed. This diagnosis is based upon the
sum of converted current information of all phases referred to the specific loop.

m
If % (ISEN;— $5sr) 2 10UTn_oc_sum_th occurs IOUTm_sum_retry times, the IOUTn _OC_SUM flag is set. [n
j=1
=1, 2].
The reference thresholds for the IOUTn overcurrent monitor unit IOUTn_oc_sum_th can be separately configured
for loop 1 and 2 through a dedicated PMBus™ register as follows:

10UTnocgyy,. . = 10UT Moy X 10UTRocgyp 17,01 =)

UMthy g,

Where:

IOUT_MON_OC_SUM_th_lIsb is the minimum voltage step [0.94 A].

IOUTn _OC_FAULT_LIMIT[7:0] are the dedicated PMBus™ configuration bits. [0 ~ 239.7A].
Default value is IOUTn_OC_SUM_TH = 0xBF (180 A) for loop 1 and 0x35 (50 A) for loop 2.

In case IOUTn_OC_SUM_TH = 0x00 the related overcurrent monitor function is disabled and no detection is
performed.

The reference retry times for the IOUTn_SUM overcurrent monitor unit IOUTn_oc_sum_retry can be separately
configured for loop 1 and 2 through a dedicated PMBus™ register as follows:

IOUTmOCSUMRETRy = IOUTMONOCS x IOUTmOCSUMRETRY[7:0] (26)

retryisp
Where:

IOUT_MON_OC_SUM_retry_Isb is the minimum step.
IOUTm_OC_SUM_RETRY [7:0] are the dedicated PMBus™ configuration bits.
The default value is IOUTm_OC_SUM_RETRY = 0x05.

The absolute value of the maximum input voltage slew rate detectable by IOUT monitor is given by
IOUT_adc_Isb/IOUT_adc_latency.
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Figure 56. Current sum overcurrent timing diagram
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Table 54. IOUT sum overcurrent monitor electrical characteristics

s conon i - s | Nors

IOUT OC SUM Application
IOUT_MON_OC_SUM_th_retry Isb monitoring threshold - 0293 - A !bpicaio
information
step!”)
IOUT OC SUM Application
IOUT_MON_OC_SUM_th_range | monitoring threshold 0 - 2397 A Ippical
information
range
IOUT OC SUM _ L
T_iout_umb_detect_dly monitoring detection CLK_SSM_EN = - 65 100 | ps Appllcatllon
delay 0 information

1. 10UTn_oc_sum_th<7:0> LSB: is 0.9376 A considering DrMOS current gain 5 mV/A, it corresponds to 16 READ_IOUTm
LSB (0.293 mV * 16 = 4.688 mV, using 5 mV//A DrMOS current gain becomes 0.9376 A).

3.13 Feedback disconnection monitor (FDM)

STPMO098C implements a dedicated diagnosis at both voltage sensing terminals (VSENn, VRTNn) of each control
loop to detect feedback disconnection events before regulation startup. The FDM diagnosis unit is composed by a

force stage and a monitor stage. The force stage has the purpose of weakly pulling up the voltage of VSENN and
VRTNn terminals up to VCC.

If VSENn = VFB_DISC_TH occurs for an interval longer than T_vfb_disc_flt after a T_vfb_dics_blank, FB_DISC
flag is set and SAFE_HIZ is established. The error flag remains set until the failure condition is removed and a
rising edge on VRn_EN [n =1, 2] is detected.

If VRTNn = VFB_DISC_TH occurs for an interval longer than T_vfb_disc_flt after a T_vfb_dics_blank,
FB_DISC_RTN flag is set and SAFE_HIZ is established. The error flag remains set until the failure condition is
removed and a rising edge on VRn_EN [n = 1, 2] is detected.

The FDM is safety relevant and then a self-check procedure is implemented.
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Figure 57. Feedback disconnection simplified block diagram
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Table 55. FDM electrical characteristics

s conon i T o | Noes |

Feedback disconnection voltage Comparator output low

VFB_disc_th  ;ooCP%" 22 24 27 o
VFB_disc_ipu Feedback disconnection detection 10 90 -60 pA -

pull-up current
T vib_disc_fit | -eedback disconnection detection - gom EN=0 88 - 132 ps  Digital filter

filter time

Feedback disconnection blanking

T vfb_disc_blank ' ..
- = - time

CLK_SSM_EN=0 0.92 1 1.05 ms Digital filter
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Figure 58. FDM timing diagram
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3.14 Loop controller
STPMO098C implements two separated and fully configurable loop controllers for a multiphase buck regulator.

Figure 59. Loop controller simplified block diagram
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Regulated output voltage sensing is performed differentially through pins VSEN and VRTN in order to
compensate board and other components parasitic effects. The error between output voltage and the
programmable set point is computed and properly shifted to fit the cascaded ADC dynamic range. Voltage error
combined with drooping voltage from the load-line circuitry is digitized by a high-speed ADC and fed to the digital
controller. The compensator uses a PID with two additional poles to provide the digital equivalent of a type Ill
analog compensator.

The PWM modulator combines the outputs of the PID and the phase current balancing control to define the ON
time duration for the single phase. The PWM modulator has enough resolution to ensure that there are no limit
cycles.

3.141 Open Loop control (OLC)

STPMO098C optionally allows to bypass the closed control loop by properly setting a PMBus™ command as
follows:

Table 56. Open loop control configuration bits

OPEN_LOOP_CONFIG<0> Open loop control enable
OPEN_LOOP_CONFIG<4:1> Number of active phases
OPEN_LOOP_CONFIG<10:5> Fine ON time tuning. LSB = 25 ns /64

OPEN_LOOP_CONFIG<15:11> Coarse ON time tuning. LSB = 25 ns

Once enabled, the open loop control drives the programmed PWM outputs with the fixed programmed frequency
and ON time without any link with actual output voltage and load current.

3.14.2 Phase assignment programming (PSP)
STPMO098C controller supports up to 8 phases driving that can be distributed between loop 1 and loop 2 so that:
N+M<8
{ 27)
M<4
Where:

N is the number of phases assigned to the Loop 1.
M is the number of phases assigned to the Loop 2.
Unassigned phases have the related PWM set to HIZ state and ISEN monitor is disabled.

Phase assignment between Loop 1 and Loop 2 can be programmed by a dedicated PMBus™ command as
follows:

Table 57. Phase assignment bits

PHASE_CFG (0x) Loop 1 active phases Loop 2 active phases Loop 1 phase count Loop 2 phase count

0 (loop disabled) 0 (loop disabled) 0 (loop disabled) 0 (loop disabled)
1 1 0 1 0
2 1-2 0 2 0
3 1-3 0 3 0
4 1-4 0 4 0
5 1-5 0 5 0
6 1-6 0 6 0
7 1-7 0 7 0
8 1-8 0 8 0
9 1 8 1 1
A 1-2 8 2 1
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PHASE_CFG (0x) Loop 1 active phases Loop 2 active phases Loop 1 phase count Loop 2 phase count
B 1-3 8 3 1

C 1-4 8 4 1
D 1-5 8 5 1
E 1-6 8 6 1
F 1-7 8 7 1
10 1 7-8 1 2
1" 1-2 7-8 2 2
12 1-3 7-8 3 2
13 1-4 7-8 4 2
14 1-5 7-8 5 2
15 1-6 7-8 6 2
16 1 6-8 1 3
17 1-2 6-8 2 3
18 1-3 6-8 3 3
19 1-4 6-8 4 3
1A 1-5 6-8 5 3
1B 1 5-8 1 4
1C 1-2 5-8 2 4
1D 1-3 5-8 3 4
1E 1-4 5-8 4 4
1F 5-8 5-8 5-8 5-8

Actual active phase number is automatically adjusted by DPS function to optimize phase interleaving for minimum
output ripple. Phase interleaving results in a ripple frequency that is the product of the switching frequency and
the number of phases. A high ripple frequency results in reduced ripple voltage, thereby minimizing the output
filter capacitance requirements, resulting in significant total BOM cost reduction.

For a correct control loop functionality it is of the utmost importance that all assigned phases correspond to a
physical connection at system level (i.e. no assigned phase is unconnected/unused at system level).

3.14.3 Voltage sensing and error calculation

The output voltage sensed at VSENN - VTRNn is subtracted in the analog domain to the corresponding internal
references VID-VID_GND to compute the residual error.

The set-point VID is affected by several PMBus™ command as defined in PMBus™ standard:
. VOUT_COMMAND

. VOUT_TRIM

. VOUT_OFFSET

. VOUT_MAX

. VOUT_MARGIN_HIGH

. VOUT_MARGIN_LOW

The impact of each command can be depicted in the following simplified block diagram:
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Figure 60. Voltage setpoint definition simplified block diagram
VOUT_TRIM VOUT_OFFSET
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VOUT_MARGIN_LOW ——»

OPERATION VOUT_MAX

The reference voltage (VID_Ln-VID_GND) for the n-th loop is generated by means of a dedicated resistive string
DAC and can be programmed through a dedicated PMBus™ register as follows:

VID_Ln = VID_DAC_out_lsh x (VOUT_COMMAND [4:0] + 9) (28)
Where:
VID_DAC_out _Isb is the minimum voltage step [50 mV].
VOUT_COMMAND [4:0] are the dedicated PMBus™ configuration bits [0.5 V ~ 2 V].
The default value is VOUT_COMMAND = 0x06.
In case VOUT_COMMAND = 0x00, VID_Lnis 0 V.

Table 58. VOUT_COMMAND configuration bits

VOUT_COMMAND VID_Ln voltage value VOUT_COMMAND VID_Ln voltage value
1 0.5 1" 1.3

2 0.55 12 1.35
3 0.6 13 1.4
4 0.65 14 1.45
5 0.7 15 1.5
6 0.75 (default) 16 1.55
7 0.8 17 1.6
8 0.85 18 1.65
9 0.9 19 1.7
A 0.95 1A 1.75
B 1 1B 1.8
C 1.05 1C 1.85
D 1.1 1D 1.9
E 1.15 1E 1.95
F 1.2 1F 2

10 1.25 - -

Note: . VOUT_COMMAND is not supposed to be changed dynamically while regulation is working. Voltage

changes are intended to be performed when the related control loop is disabled.

. VOUT_COMMAND LSB of 50 mV corresponds to 40-41*VID_DAC_out _Isb through an internal look-up
table.

The reference voltage (VID_Ln - VID_GND) for the n-th loop can be adjusted with respect to the programmed
value through a dedicated PMBus™ register as follows:

VID_OFFSET_Ln = VID_DAC_out_lsb x (VOUT_TRIM[5:0] + VOUT_OFFSET[5:0])
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Where:

VID_DAC_out _Isb is the minimum voltage step [1.22 mV].

VOUT_OFFSET [5:0], VOUT_TRIM [5:0] are the dedicated PMBus™ configuration bits (2's complement).
The default value is VOUT_OFFSET = VOUT_TRIM = 0x00.

This is intended especially for DDR memory applications where voltages required are higher than the standard
VID. VOUT_OFFSET and VOUT_TRIM have the same offset effect on the setpoint; thus, the resulting offset is
the sum of the two parameters.

The margin mode voltage (VOUT_MARGIN_HIGH/LOW - VOUT_COMMAND) for the n-th loop can be adjusted
with respect to programmed value through a dedicated PMBus™ register as follows:
VID1y = VOUT commann + VOUTmarGiNg gy = VOUT commann +VIDpacyy,, (29)

xVo UTMARGINH1GH[5: 0]

VIDyn = VOUT comman + VOUTmarGIN oy = VOUT commanp + VIDpacy,,, , X VOUTMARGIN, gy[s. o)

Where:
VID_DAC_out _Isb is the minimum voltage step [1.22 mV].

VOUT_MARGIN_HIGH [5:0], VOUT_MARGIN_LOW [5:0] are the dedicated PMBus™ configuration bits
(module).

The default value is VOUT_MARGIN_HIGH = VOUT_MARGIN_LOW = 0x00.

The reference voltage VID for the n-th loop can be safe-guarded against accidental excessive voltage
programming on previous commands through a dedicated PMBus™ register as follows:

VID_MAX = VID_MAX_lsb X VOUT_MAX][5:0] (30)

Where:
VID_MAX_Isb is the minimum voltage step [50 mV].
VOUT_MAX [5:0] are the dedicated PMBus™ configuration bits.
The default value is VOUT_MAX = 0x00.
If VOUT commann + VOUT gy + VOUT gppspr < VOUT y4x » then:

VIDy, = (VOUT commanp + 9) X VOUT_COMMAND_Isb + (VOUT gy + VOUT gppsgr) X VID_DAC_out_Lsb
If VOUT commanp + VOUT gy + VOUT gppspr = VOUT yax » then:

5
VIDy, = [2° X (VOUTy 5 + 1) — 1] x VIDpACy,, (31)

At loop controller startup the VID_Ln reference is linearly increased by control logic from 0V to the programmed
setpoint in order to develop a soft-start boot ramp on output voltage. The SS slew rate can be programmed
through a dedicated PMBus™ register as follows:

SSsr = SSsryg, X SSsRncpgy3.0]
Where:
SS_SR _Isb is the minimum slew rate step [1 V/ms].
SS_SRn_CFG [3:0] are the dedicated PMBus™ configuration bits [1 V/ms ~ 10 V/ms].
The default value is SS_SRn_CFG = 0x5 (5 V/ms).

To allow power state management at system level, STPM098C implements a procedure to runtime change the
regulation setpoint (VID). As an accidental runtime NVM configuration change must be avoided, a dedicated
PMBus™ unlock command key is made available.

MFR_UNLOCK [7:0] = 0x55
LOCK can be achieved by writing MFR_UNLOCK # 0x55
Note: The MFR_UNLOCK command is intended only to support dynamic setpoint variation and related diagnostics
that need tuning. MFR_UNLOCK usages different from what specified are not recommended or guaranteed.
The target setpoint for the VID transition is configured by programming the standard PMBus™ commands:
. VOUT_COMMAND
. VOUT_TRIM
. VOUT_OFFSET

To avoid diagnostic triggering during output voltage transition (ex. UV/OV) a monitoring threshold adjustment
should be applied along with the target VID configuration. This operation is supposed to be carried out by
application software: no automatic threshold changes or diagnosis masking is performed by STPM098C.
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Dynamic VID change can be configured and applied by means of the dedicated PMBus™ command
MFR_SVID_CTRL, which contains several parameters:

Table 59. Dynamic VID control configuration bits

VID_TRIGGER activation command
MFR_SVID_CTRL [18] 0 = No action
1 = VID setpoint change start
VID_MODE: VID slew rate mode
MFR_SVID_CTRL [17:16] 00 = DVID_SR_FAST
01=DVID_SR_SLOW

MFR_SVID_CTRL [15:12] SLEW_RATE_SELECTOR shift factor for DVID_SR_SLOW
MFR_SVID_CTRL [11:6] DVID_SR_SLOW
MFR_SVID_CTRL [5:0] DVID_SR_FAST

Note: . MFR_DVID _SR_SELECTOR only effective values are 0x1, 0x2, 0x4, 0x8.

. MFR_DVID SR _SELECTOR values 0x2 and 0x0 have equal effect.
VID transition (current to target) slew rate can be configured according to the following equation:

— VID_DAC out_lsb
DVIDgg = 4 X Tclk X DVID_SR_slow X MFR_DVID_SLOW_SR_SELECTOR (32)

Where:

VID_DAC_out _Isb is the minimum voltage step [1.22 mV].

Telk is the system clock period [25 ns].

DVID_SR_SLOW [11:6] are the dedicated PMBus™ configuration bits.
MFR_DVID_SLOW_SR_SELECTOR is a scaling factor.

Default values are: DVID_SR_SLOW = 0x00, MFR_DVID_SR_SELECTOR = 0x0.
In case VID_MODE = 0x01 the equation above becomes:

_ VID_DAC out_lsh
DVIDsg = 35 Teticx DVID_SR_FAST (33)

Where:

VID_DAC_out _Isb is the minimum voltage step [1.22 mV].

Tclk is the system clock period [25 ns].

DVID_SR_FAST [5:0] are the dedicated PMBus™ configuration bits.
The default value is DVID_SR_FAST [5:0] = 0x00

The loop controller applies the setpoint step up/down as soon as MFR_SVID_CTRL command is issued by
setting VID_TRIGGER field to ‘1’

Figure 61. DVID transition timing diagram
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Important: ~ DVID change is intended to be applied when regulation is in stationary conditions: no other system parameter is
changing during VID transition (VIN, lload, etc.).

Table 60. VID DAC electrical characteristics

VID DAC output

VID_DAC_out_range_max  VID DAC output range max 0 - 2.5 vV oo-
VID_DAC_out_dac_res VID DAC resolution - 11 - bits | -
VID_DAC_out _Isb VID DAC LSB - 122 - mV | -

VID DAC output accuracy

VID_DAC_total_err1 VID DAC total error1 0.5V<VID<15V -10 - 10 mv -
VID_DAC_total_err2 VID DAC total error2 1.5V<sVID<25V -1 - 1 % -
3.14.4 Load-line function (VDROOP)

For both control loops STPM098C implements a load-line function. This function introduces an intentional voltage
loss (VDROOP) proportional to the load current in order to increase the headroom and recovering part of ESR
during load transients.

Figure 62. Load-line functionality simplified behavior
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The load-line function can be enabled through a dedicated PMBus™ command as follows:
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Table 61. Load-Line enable command bit

oEew [ Emww ]
0
1

Load-line function disabled (default)

Load-line function enabled

The droop resistance RDROOP can be programmed through a dedicated PMBus™ register as follows:
VOUT_DROOP = VDROOP_DAC_out_lsb x (1 + VOUT_DROOPn_CFG) (34)

Where:

VDROOP_DAC_out _lIsb is the minimum drooping step [9.765 pQ].

VOUT_DROOPN_CFG [9:0] are the dedicated PMBus™ configuration bits [9.76 5uQ ~ 9.99 mQ)].

The default value is VOUT_DROOPN_CFG = 0x00.

In case VOUT_DROOPN_CFG = 0x00 the related load-line function is disabled and no voltage drooping is

performed.

Note: The droop resistance shall be chosen so that, at the maximum output current, the output voltage is the minimum
acceptable. On the other hand, when the output current is close to zero, the output voltage shall be near to the
maximum.

Table 62. VDROOP DAC electrical characteristics

Testcondon | M| T Ui s

VDROOP DAC output

VDROOP_DAC_out_range_max | VDROOP DAC output range max 9.765 - 9999  uQ -
VDROOP_DAC_out_dac_res  VDROOP DAC resolution - 10 - bits | -
VDROOP_DAC_out _Isb VDROOP DAC LSB - 9.765 - puQ |-
VDROOP_DAC_gain_err VDROOP DAC gain error -6 - 6 % -
VDROOP_DAC_offset VDROOP DAC offset -10 - 10 mV -
VDROOP_DAC _total_err VDROOP DAC total error - - - mV | -

VRDOOP total error can be calculated as follows:

R
VDROOPpscpyyy, = + (VDROOPDACO oo X N % “DEOOP 1 0.4 mv) + (VDROOPD ACgain,,, X RoROOP X Iload)

Where:

. Rdroop is the selected droop resistance (that is, 9.765 pQ to 9999 uQ).
. ILoad is the load current.

. A is the DrMOS current sense gain (that is, 5 mV/A).

Example:

. A=5mQ

. lload = 170 A

. Rdroop = 0.3 mQ

. N=5

Target Vdroop = 51 mV
Total error = (10 mV * 5 * 0.3 mQ/5mQ + 0.4 mV) + (6% * 51 mV) = 3.4 mV + 3.06 mV = 6.46 mV
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3.14.5 Loop compensator

The converter block diagram can be simplified as illustrated in the Figure 63, where an equivalent single-phase
converter is considered along with only first order parasitics (inductance DCR and output capacitance ESR).

Figure 63. Converted simplified block diagram
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The small-signal average model of the control loop can be represented as follows:

Figure 64. Closed loop transfer function
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In order to guarantee a good closed-loop stability along with a full set of power stages, the converted error signal
is fed to a cascade of a first single-pole LP filter followed by the PID (proportional integral derivative) compensator
and an additional single-pole LP filter.
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Figure 65. Digital compensator simplified block diagram
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The PID LP filter 1 and filter 2 can be programmed through a dedicated PMBus™ register as follows:

_ Tck 8
MFRFILTERPREPOST[14:7] = Tt (35)
_ Tek 7
MFRFILTERPREPOST[ﬁ:O] = Tt ) (36)
The PID Kn parameters for the n-th loop can be programmed through a dedicated PMBus™ register as follows:
K
MFRpip11a:0) = 8(K, + 72) (37)
MFRpipa[15:0] = 2'°K T ek (38)
K
MFRpip3[15:0] = T_ci (39)

Where:
Tck is the system clock period.
MFR_FILT_PRE_POST [6:0] are the dedicated PMBus™ configuration bits.
In order to prevent compensator persistent integration after a heavy to light load transition, a digital error clamp
limit can be set through a dedicated PMBus™ command as follows:
VERRcpamp = Arsp X (63 — VERRcpaMP(5:0]) (40)
Where:
ALSB is the minimum slew rate step [2 mV].
VERR_CLAMP [5:0] is the dedicated PMBus™ configuration bits [0 ~ 126 mV].
The default value is VERR_CLAMP = 0x00.

To enhance control loop dynamic performances during load transients, STPM098C implements a function that
doubles the controller proportional gain factor when digital error exceeds a programmable threshold.

Transient gain boost function can be configured by means of TGB_CONFIG register as follows:
TGBry = TGBryyy, X TGBconFig7:2] (41)

Where:
TGB_TH_Isb is the minimum drooping step [2 mV].
TGB_CONFIG [7:2] are the dedicated PMBus™ configuration bits [0 mV ~ 126 mV].
The default value is TGB_CONFIG [7:2] = Ox3F.
TGBgy = TGBconFig[7:2] (42)
Where:
TGB_CONFIG [1:0] are the dedicated PMBus™ configuration bits:
00, TGB disabled.
01, TGB is enabled only when N = 2 (N is the number of active phases).
10, TGB always enabled.
10, TGB always enabled. TBG threshold = 2x TGB_TH

For further details concerning loop compensator and deeper details on mathematical aspects, refer to the
Application note: “STPM098C_AN_PID_setting”.
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3.14.6 PWM modulator

PWM modulator macrosection is a halfway analog/digital section responsible for generating the PWMn signal
aligned to the compensated voltage according to the COT scheme.

3.14.6.1 Digitally-controlled oscillator (DCO) and interleaver

The PWM modulator core is based on a digitally controlled oscillator (DCO). The oscillator output is used as a
time-base to trigger the PWM ON-pulses of each phase. This triggering pulse is then multiplexed to each phase
by means of a shift register thus accomplishing the phase interleaving.

The carrier frequency can be programmed through a dedicated PMBus™ register as follows:

Table 63. PWM period selection bits

TSWITCH | PWM period [ps] PWM frequency [MHz] TSWITCH | PWM period [ps] PWM frequency [MHz]
0 5 10

0.200 1.675 0.597
1 4.45 0.225 1 1.6 0.625
2 4 0.250 12 1.55 0.645
3 3.625 0.276 13 1.475 0.678
4 3.325 0.301 14 1.425 0.702
5 3.075 0.325 15 1.375 0.727
6 2.85 0.351 16 1.325 0.755
7 2.675 0.374 17 1.3 0.769
8 25 0.400 18 1.25 0.800
9 2.35 0.426 19 1.1 0.909
A 2.225 0.449 1A 1 1.000
B 2.1 0.476 1B 0.9 1.1
C 2 (default) 0.500 (default) 1C 0.825 1.212
D 1.9 0.526 1D 0.775 1.290
E 1.825 0.548 1E 0.725 1.379
F 1.75 0.571 1F 0.675 1.481

3.14.6.2 ON time generator

PWM signals to be delivered to each phase are composed starting from the DCO signal on which the computed
ON time is applied.

To safeguard the external power stage from wrong operation due to PWM marginality, STPM098C allows to
introduce a limitation over the minimum ON and OFF time applied on PWM pins.

The minimum ON/OFF time limitation can be programmed by means of the dedicated PMBus™ command
MFR_T_MIN [7:0].
Torryy = Tving,"MF Rrping7:41 (43)

Tonyy = Tming, "MF RTMIN[3:0] (44)
Where:
T_MIN _lIsb is the minimum timing step [25 ns].
Default values are:
T_OFF_MIN = 0x02 (50 ns)
T_ON_MIN = 0x03 (75 ns)

No internal limitation is applied to programmed MFR_T_MIN: this means that if the configured value is zero, then
no MIN TON/TOFF is applied.

STPMO098C allows two possible methods for the controller to compute the nominal PWM ON time:
. Feedforward;
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. Fixed ON time
Feedforward
The feedforward method can be enabled through a dedicated PMBus™ register as follows:

Table 64. Closed-loop feedforward enable bit

0 Closed-loop feedforward disabled (default)

1 Closed-loop feedforward enabled

With this method, the control loop automatically computes the PWM nominal ON time based on direct
measurement of input voltage through the VIN ADC conversion.

%
Ton = 1?1[17 Tpwm (45)

Where:

Vout is the programmed output voltage.

VIN is the input voltage measured on POWERIN_P.

Tpwwm is the programmed PWM period.

Fixed ON time

The fixed method is active if feedforward is disabled. With this method the nominal ON time is fixed and defined
by means of a dedicated PMBus™ register as follows:

19
_ 1.22mVx2
FEEDFORWARDCONST[9:0] = T viN(TYP) (46)

Where:
FEED_FORWARD_CONST [9:0] are the dedicated PMBus™ configuration bits [0 ~ 1024].
The default value is FEED_FORWARD_CONST = 0x000 (corresponds to nominal on time of 3Tck).

As a COT-based architecture the PWM frequency variation is used to compensate for the load current variation so
that it is not inherently a constant frequency scheme.

To overcome this drawback the nominal ON time defined by the main control loop is adjusted by a second loop in
order to lock the steady state frequency of the PWM signal to the programmed value (frequency locked loop).

The FLL compares the difference between DCO period and the period programmed in TSWITCH divided by N
(number of active phases), and proportionally changes the delay line control thus adjusting ON time to lock the
PWM frequency in steady conditions.

The FLL control gain can be configured by means of a dedicate PMBus™ command as follows:
FLLcogrr = Apsp X FLLcoEF[9: 0] (47)
Where:
ALSB is the minimum slew rate step [1].
FLL_COEFF [9:0] is the dedicated PMBus™ configuration bits [0 ~ 1024].

In case FLL_COEFF = 0x000, the frequency locked loop function is disabled and, as a consequence, the PWM
frequency may deviate from the programmed one.

The default value is FLL_COEFF = 0x002.
The FF maximum correction can be configured as well by means of a dedicated PMBus™ command as follows:

Table 65. FLL limit configuration bits

0 0 Maximum ON time correction = +100% TON (default)
0 1 Maximum ON time correction = +0% TON

1 0 Maximum ON time correction = +25% TON

1 1 NO maximum ON time correction
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3.14.6.3 PWM spread spectrum modulation

STPM098C PWM modulator implements a frequency modulation (spread spectrum modulation) feature to reduce
the power stages emissions around the main frequency by spreading the power spectrum over a larger frequency
range. PWM SSM can be enabled by a dedicated PMBus™ bit as follows:

Table 66. PWM SSM enable bit

0 PWM SSM disabled (default)
1 PWM SSM enabled

The implemented mechanism makes use of FLL to introduce a linear variation on the ON time to be converted as
a period modulation by the main control loop.

Figure 66. PWM SSM modulation operation
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The PWM SSM parameter can be programmed by means of the dedicated PMBus™ commands:

SSpwMppmpr, = SSMisb X SSPWMAMPL[lS:O] (48)

SSpwMgrgp = SSMisb X SSpwMgrgp[14: 0] (49)

Where:
SSM_lIsb is the minimum timing step [25 ns/128].
Default values are SS_PWM_AMPL = 0x0000 and SS_PWM_STEP = 0x0000

PWM SSM operation makes use of FLL structure; as a consequence, to enable buck SSM, FFL shall be enabled
as well. PWM SSM is effective in steady state conditions. During transients events (load, VIN, VID etc.) frequency
is determined by the main control loop. PWM SSM varies the steady state frequency periodically, as a
consequence an enhanced voltage ripple on output node shall be expected.
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3.14.6.4 Phase current balancing (PCB)

STPMO098C integrates an in-loop current balancing architecture in order to control the phase current balancing.
This feature is accomplished by converting cycle by cycle the difference between the single phase current and the
loop average phase current. The converted value optionally multiplied by a factor A, is used to fine-tune the single
phase ON time to equalize all phase currents.

Figure 67. Phase current balancing simplified block diagram
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The current balancing gain can be programmed by means of a dedicated PMBus™ command as follows:
A = CScoprr[7:0] X 27¢ (50)
Where:

CS_COEFF [7:0] is the dedicated PMBus™ configuration register [1 ~ 256].
The default value is CS_COEFF = 0x80.
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3.14.6.5 Pulse merging (MULTIPULSE)

In steady state condition the period imposed by the DCO for the single phase is always higher than the nominal
ON time.

Figure 68. T_on time, steady state
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A 4
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In case the DCO output period is forced to be reduced below the nominal ON time, STPM098C allows to select
four different strategies for generating the ON/OFF timing through the MULTI_PULSE_STRAT register
configuration.

MULTI_PULSE_STRAT = 0x00

Pulse merger multiplies the ON time duration by the number of the DCO pulses received during the nominal ON
time. If a DCO pulse is received during the minimum TOFF window the next ON time is generated after a
minimum TOFF interval.

Figure 69. T_on time with MULTI_PULSE_STRAT = 0x00

Behavior during TON generation Behavior during TOFF generation
DVCO Pulse I_I\j_lk [ Q
1 :l MIN
PWM I | TOFF
Additional DVCO pulses generate New TON generated after
new TON at the end of previous one minimum TOFF

MULTI_PULSE_STRAT = 0x01

Pulse merger restarts the nominal ON time generation each time a DCO pulse is received during the nominal ON
time itself. If a DCO pulse is received during the minimum TOFF window the next ON time is generated after a
minimum TOFF interval.

Figure 70. T_on time with MULTI_PULSE_STRAT = 0x01

Behavior during TON generation Behavior during TOFF generation
DVCO Pulse I\jl \I_I‘ [ I_I\
; I MIN
PWM | | TOFF
Additional DVCO pulses New TON generated after
immediately reset TON generation minimum TOFF

MULTI_PULSE_STRAT= 0x02

Pulse merger skips DCO pulses received during the nominal ON time itself. If a DCO pulse is received during the
minimum TOFF window the next ON time is generated after a minimum TOFF interval.
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Figure 71. T_on time with MULTI_PULSE_STRAT = 0x02

Behavior during TON generation Behavior during TOFF generation
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MULTI_PULSE_STRAT= 0x03

Pulse merger skips DCO pulses received during the nominal ON time itself as well as DCO pulses received
during the minimum TOFF window.

Figure 72. T_on time with MULTI_PULSE_STRAT = 0x03
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3.14.7 Efficiency enhancement

3.14.7.1 Dynamic phase shedding (DPS)

In order to maximize conversion efficiency over the whole load range, the STPM098C loop controller allows the
possibility to automatically adjust the number of active phases among the available subset defined by phase
assignment programming.

Active phases are added/dropped basing on the comparison between the converted load current level
measurement and a programmable threshold thus optimizing efficiency over the whole load range.

m
If = (ISEN;— f5sr) 2 PHASEn_ADD_TH occurs for an interval longer than IOUT ADC conversion latency, the
j=1
n-th phase contribution is added to the control loop (n-th PWM enabled, ISENn monitor enabled).

m
If © (ISEN;— H#) < PHASEn_DROP_TH occurs for an interval longer than IOUT ADC conversion latency
j=1
plus the configured DROP_DELAY, the n-th phase contribution is dropped from the control loop (n-th PWM
disabled (HIZ), ISENn monitor disabled).

The DPS add/drop thresholds can be programmed through a dedicated PMBus™ register as follows:

PHASEZADDTH = A;gg X MFRPHASEZADDCFG[7:Q] (81)
PHASE2pRropry = ALsp X MFRPHASEZDROPCFG[7_O] (52)
PHASE3ADDTH =A;gp X MFRPHASE3ADDCFG[7;0] (93)
PHASE3pRropry = ALsp X MFRPHASEBDROPCFGW:O] (54)
PHASE4ADDTH = ALSB X MFRPHASE4ADDCFG[7'O] (55)
PHASE4pRropyy = DLsp X MFRPHASE4DROPCFG[7:O] (56)
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PHASESADDTH =Agp % MFRPHASESADD5FG[7;0] o
PHASE 5DR0PTH =Apsp X MF RPHASESDRDPCFG[m] o
PHASE6ADDTH = ALSB X MFRPHASE6ADDCFG[7:O] (59)
PHASE6DRngH =A5p % MFRPHASE6DROPCp(;[7;o] o
PHASE7ADDTH = ALSB X MFRPHASE7ADDCpg[7:0] (61)
PHASE7 propyy = DLsp X MFRPHASE7DR0PCpG[7-o] o
PHASEBADDTH = ALSB X MFRPHASEBADDCFG[7;0] (63)
PHASEngopTH =Apsp X MFRPHASESDROPCF(;[7;0] o

Where:
A| gg is the minimum slew rate step [0.94 A].

MFR_PHASEn_ADD_CFG [7:0], MFR_PHASEn_DROP_CFG [7:0] are the dedicated PMBus™ configuration bits
[0 A ~239.7A].

Default values are:
PHASE2 ADD TH=14 A
PHASE2 DROP_TH=10A
PHASE3 ADD TH=25A
PHASE3 DROP_TH=21A
PHASE4 ADD_TH=33 A
PHASE4 DROP_TH =29 A
PHASE5 ADD_TH =46 A
PHASES5 DROP_TH =42 A
PHASE6_ADD_TH =60 A
PHASE6_DROP_TH =56 A
PHASE7_ADD_TH=72A
PHASE7_DROP_TH =68 A
PHASE8 ADD_TH=85A
PHASE8 DROP_TH =81A

In case PHASEn_ADD_TH = 0x00 the dynamic phase shedding function is disabled, and no phase adds drop
whit respect to phase assignment configuration is performed.

DPS DROP_DELAY value can be programmed through a dedicated PMBus™ register as follows:

Table 67. DPS drop delay configuration bit

0 0 DROP DELAY =8 PWM periods (default)
0 1 DROP DELAY = 16 PWM periods
1 0 DROP DELAY = 24 PWM periods
1 1 DROP DELAY = 32 PWM periods
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Figure 73. DPS timing diagram
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When DPS is active, a minimum number of active phases can be configured through a dedicated PMBus™
command as follows:

Table 68. DPS minimum phase drop limit configuration bits

0 At least 1 active phase (default)
0 0 1 At least 1 active phase

0 1 0 At least 2 active phases

0 1 1 At least 3 active phases

1 0 0 At least 4 active phases

1 0 1 At least 5 active phases

1 1 0 At least 6 active phases

1 1 1 At least 7 active phases

DPS minimum phase number (NPH_PS) should be always lower than or equal to the phase number assigned to
the loop (PHASE_CFG).

In case DPS minimum phase number is set higher than the assigned phase number, the NPH_PS configuration
has the higher priority in defining the number of active phases.

Example: if NPH_PS = 0x4 for loop 1 while PHASE_CFG = 0x2, then loop 1 will have 4 active phases instead of
2.

During fast load increase DPS control is overridden to quickly support the current change. The DCO output period
is monitored and if it falls below an adaptive threshold the controller instantly increases the number of active
phases.

If Tpco < 75 1TN0M1NAL occurs, the active phase number of the loop is increased by 1, independently of the DPS
assertion.
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Where:

N is the number of active phases.

TNnoMmINAL is the switching period programmed in TSWITCH.

Phase boost can be disabled by a dedicated PMBus™ bit as follows:

Table 69. Phase boosting enable bit

0 Phase boosting enabled (default)
1 Phase boosting disabled
Note: . DPS disabling can be achieved by setting PHASEn_ADD_TH = 0x00 only while DPS enabling need to

properly set both PHASEn_ADD_TH and PHASEn-DROP.
. For Loop 1:

— PHASE2 ADD_TH is the current threshold above which phase 2 is added to phase 1

— PHASE3 _ADD_TH is the current threshold above which phase 3 is added to phase 1/2

- PHASE4 _ADD_TH is the current threshold above which phase 4 is added to phase 1/2/3

- PHASE5 _ADD_TH is the current threshold above which phase 5 is added to phase 1/2/3/4

- PHASE6_ADD_TH is the current threshold above which phase 6 is added to phase 1/2/3/4/5

- PHASE7 _ADD_TH is the current threshold above which phase 7 is added to phase 1/2/3/4/5/6

- PHASE8 ADD TH is the current threshold above which phase 8 is added to phase 1/2/3/4/5/6/7
. For Loop 2:

- PHASES8_ADD _TH is the current threshold above which phase 7 is added to phase 8

- PHASE7_ADD_TH is the current threshold above which phase 6 is added to phase 8/7

- PHASEG6_ADD_TH is the current threshold above which phase 5 is added to phase 8/7/6

. PHASEn_DROP _TH is the current threshold below which a phase is dropped following the reverse
scheme depicted above for the two loops.

. Unused phases shall be configured with PHASEn_ADD_TH = OxFF.

. Unused loops or used loops with no DPM requirements shall be configured with PHASEn_ADD_TH =
0x00 on all assigned phases.

Example 1:
PHASE_CFG=0x15

Loop 1 uses phases 1:5 (phase 6 unused)
Loop 2 uses phase 1_L2:2_L2
DPM is active on both loops
PHASE2_ADD_TH = lload1
PHASE3_ADD_TH = lload2
PHASE4_ADD_TH = lload3
PHASE5_ADD_TH = lload4
PHASE6_ADD_TH = OxFF
PHASE7_ADD_TH = OxFF
PHASE8_ADD_TH = Oxlload5
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Figure 74. DPM configuration efficiency-load current - Example 1
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Example 2:

PHASE_CFG = 0x15

Loop 1 uses phases 1:5 (phase 6 unused)
Loop 2 uses phase 1_L2:2 |2

DPM active on loop 2 disabled on Loop 1
PHASE2_ADD_TH = 0x00
PHASE3_ADD_TH = 0x00
PHASE4_ADD_TH = 0x00
PHASE5_ADD_TH = 0x00
PHASE6_ADD_TH = 0x00
PHASE7_ADD_TH = OxFF
PHASE8_ADD_TH = Oxlload5
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Figure 75. DPM configuration efficiency-load current - Example 2
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3.14.7.2 Active diode emulation (ADE)
When operating in a single phase configuration under very light load condition, STPMO098C allows a further
efficiency boosting by forcing the controller to work in DCM (discontinuous current mode) and consequently
reducing DrMOS conduction losses.
The n-th loop ADE activation can be disabled separately by means of a dedicated PMBus™ command as follows:

Table 70. ADE disable bit

0 ADE enabled (default)
1 ADE disabled

If ADE is disabled, when DPS reduces the number of active phases to 1, the controller will still works in CCM.
CCM/DCM boundary condition is sensed by a dedicated zero-current comparator on ISENn which constantly
monitors the current level.

If ISENn — CFILT/VREF1 < ZC_OFFSET occurs for an interval longer than ZC_MASK_DELAY, the related PWM
output is overridden to HIZ. PWM masking is removed at the next switching cycle.

Zero current detection threshold ZC_OFFSET can be offset with respect to zero level by means of two dedicated
PMBus™ commands OFSZC<1:0> and GAINZC<3:0> as follows:

ZC_OFFSET = ZC_OFFSET (OFSZC) + ZC_OFFSET (GAINZC)

Table 71. ZC offset1 configuration bit

0 0 ZC_OFFSET = 0 mV (default)
0 1 ZC_OFFSET =8 mV

1 0 ZC_OFFSET = 16 mV

1 1 ZC_OFFSET = 24 mV
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Table 72. ZC offset2 configuration bit

ZC_OFFSET =-3.2 mV (default)

0 0 1 ZC_OFFSET =-9.6 mV
0 1 0 ZC_OFFSET =-16 mV
0 1 1 ZC_OFFSET =-22.4 mV
1 0 0 ZC_OFFSET =224 mV
1 0 1 ZC_OFFSET =16 mV

1 1 0 ZC_OFFSET =9.6 mV

1 1 1 ZC_OFFSET =3.2mV

Figure 76. Zero-current detection simplified block diagram
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Zero current detection masking time in terms of successive PWM periods can be configured by a dedicated
PMBus™ bit ZC_MASK_DELAY<2:0>.

ZCMaskpgLay =2 CMASKDELAYlsb x ZCMASKDELAY[Z:O] (65)

Where:

ZC_MASK_DELAY_Isb is the minimum masking step [25 ns].

ZC_MASK_DELAY [2:0] are the dedicated PMBus™ configuration bits [0 ~ 175 ns].
The default value is ZC_MASK_DELAY = 0x0.

This nonlinear control forces the DrMOS state according to control loop assertion while switch DrMOS to tristate
as soon as phase current crosses the zero level, thus emulating an asynchronous rectification.

As a consequence of this behavior the loop controller reacts by linearly reducing the equivalent switching
frequency that effectively results in lowered switching losses.
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Figure 77. ADE activation timing diagram
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Figure 78. ADE timing diagram with masking delay
A

VOUTn
VID

ISEN1
ZC_TH>0mA
ov

IPH1
ZC_TH>0A
0A

SwWi1

N
0
3
o

sk_delay

PWM1 ’» I’_l_\

v

ZC NEGATIVE OFFSET and MASK DELAY t

In order to prevent pulse skipping frequency reduction to enter the audible band, switching frequency clamp to 30
kHz can be applied by means of a dedicated PMBus™ command as follows:

Table 73. ADE frequency clamp enable bit

0 ADE frequency clamp disabled (default)
1 ADE frequency clamp enabled
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3.15 Power system management bus interface (PMBus™)
STPMO098C implements a standard 2-pin PMBus™ interface to access both IC configuration and status registers
up to 400 kHz baud rate (up/down-stream).

3.15.1 Protocol description

3.15.1.1 Physical layer

Figure 79. PMBus™ AC characteristics timing diagram

tuian
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Table 74. PMBus™ 100 kHz class AC characteristics

Test

PMBus™ fpmb  PMBus™ operating frequency 100 kHz -
PMBus™ _tbuf Bus frge time between STOP and START 47 - ) us |-
condition

Hold time after (REPEATED) START After this period the

e 40 - - us  first clock is
condition
generated
PMBus™ tsusta | REPEATED START condition setup time 47 - - us -
PMBus™ tsusto | STOP condition setup time 40 - - us -
PMBus™ _thddat | Data hold time 0 - - ns -
PMBus™_tsudat @ Data setup time 250 | - - ns -

PMBus™ _timeout | Detect clock low timeout 25 | - 35 ms -
PMBus™_tlow Clock low period 47 - - us -
PMBus™ _thigh  Clock high period 40 - 50 us -

PMBus™ tlowsext Cumulatlve clock low extend time (target ) ) 25 ms -

device)
PMBus™_tlowmext Cumulatwe clock low extend time (controller ) ) 10  ms -
device)
PMBus™ _tf Clock/data fall time - - 1300 ns -
PMBus™ tr Clock/data rise time - - /1000 ns -

Table 75. PMBus™ 400 kHz class AC characteristics

Test

PMBus™ fpmb  PMBus™ operating frequency - 400 kHz -
PMBus™ _tbuf Bus f_rfee time between STOP and START 13 - ) us |-
condition
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Test

Hold time after (REPEATED) START After this period the

PMBus™ _thdsta condition 06 - - us  first clock is
generated.

REPEATED START condition setup time 06 - - s -
PMBus™_tsusto | STOP condition setup time 06 - - hs | -
PMBus™_thddat @ Data hold time 300 - - ns |-
PMBus™_tsudat @ Data setup time 100 | - - ns -
PMBus™_timeout | Detect clock low timeout 25 - 35 ms |-
PMBus™ _tlow Clock low period 1.3 - - s -
PMBus™_thigh  Clock high period 06 - 50 | ps |-

PMBus™ tlowsext g:\:?cﬂ?tive clock low extend time (target } - 25 ms -

PMBus™ _tlowmext c(’):\;'?Cueliltive clock low extend time (controller } - 10 ms -
PMBus™_tf Clock/data fall time 20 - 300 ns |-
PMBus™_tr Clock/data rise time 20 - 300 ns |-

PMBus™ _tspike  Noise spike suppression time - - - ns -

3.15.1.2 Network layer
Target address assignment
STPMO098C PMBus™ target address assignment can be defined through pin SM_ADDR by applying a defined

voltage. SM_ADDR input voltage is digitized by a dedicated ADC and encoded in a 7-bit word among 8 possible
addresses.

Note: SM_ADDR voltage is supposed to be programmed by means of a resistive partition from the VCC reference line.
According to this concept target Address programming resistances can be retrieved by solving the following
equations in sequence:

Vee
lycc MAX
Where Ivcc_max is the maximum current allowed to be sunk from VCC by resistive partition.

1. Total resistance — RTOT = RADDRH + RADDRL =

RapprH _ _Vec 4
RapDRL ~— SMADDR
Where SM_ADDR is the desired voltage at SM_ADDR pin.

N

Partition factor — a =

Table 76. SM_ADDR voltage ADC electrical characteristics

Testcondon | i Ty ox Uit toos

ADC input
ADDR_adc_range ADDR ADC voltage input range 0 - 5 A
ADDR_adc_ic ADDR ADC input current SM_ADDR =5V 20 | 30 40  pA -

ADC input resolution
ADDR _adc_resolution ADDR ADC resolution - 10 - bits = Application information
ADDR_adc_lIsb ADDR ADC LSB - 53 - mV | Application information

ADC input accuracy
ADDR_adc_total_err A ADDR ADC total error -60 - 60 mvVvV -

ADC input dynamic characteristics

ADDR_adc_in_sr ADDR ADC sample rate CLK_SSM_EN=0| - 10 - MHz Application information
ADDR_adc_latency ' ADDR ADC conversion latency - 65 100 ps | Application information
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Input voltage at SM_ADDR pin is encoded according to the following table:

Table 77. Target Address versus SM_ADD voltage

SM_ADDR PMBus™ address [bin] PMBus™ address [dec]

0.4739 x40 mV 1011000 88
0.9017 70 mV 1011001 89
1.3123 £100 mV 1011010 90
1.6611 £130 mV 1011011 91
2.2883 +170 mV 1011100 92
3.1153 +220 mV 1011101 93
3.7523 +250 mV 1011110 94
4.4464 +280 mV 1011111 95
Note: SM_ADDR voltage ranges are not overlapping. Should the pin voltage fall between two adjacent ranges, the

address the device is going to use cannot be predicted nor guaranteed in advance; however, once determined, it
will not be changing until the next device power cycle, as expected.

Supported protocols

To access STPM098C’s configuration and monitoring units, the PMBus™ interface supports the following list of
command protocols:

. Send byte with PEC
. Read byte with PEC
. Write byte with PEC
. Read word with PEC
. Write word with PEC
. Read 32 with PEC

. Write 32 with PEC

3.16 Functional safety

3.16.1 Safe state
To reach the safety requirements of the system, the following safe state is supported by STPM098C:
SAFE-HIZ

When SAFE-HIZ is active the controller unit is disabled by forcing the PWM outputs in a tristate mode so that
PWMn=HIZ[n=1,2,3,4,5,6,7,8].

SAFE-HIZ is activated by default if the following conditions are verified:
. Latched fault detection
. Configurable fault with related FRC set to 1
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3.16.2 Safe state activation
The safe state activation is established through two separate paths.

Figure 80. Safe states activation paths

Main Logic
Fault
VRn_EN » Management
- Unit
ZN
PWMn
SAFE_SW_ECHO CLK1_TIME_OUT >
PWMn
HV HY v
HV
Safe | -
Switch-off
PWMn

. Logic Activation Path . Damage Protected Activation Path

Logic activation path: safe state activation is carried out entirely by the main logic. This path is used to enter
SAFE-HIZ state except if it is determined by CLK1_TIME_OUT and VREF1_UV/OV.

Damage protected activation path: in case of device failure where the internal main logic integrity is compromised,
STPMO098C implements an isolated safe switch off structure which allows it to activate through a separated path.
This path is used to generate:

- VREF1 OV
- VREF1_UV
. CLK1_TIME_OUT

The safe state activation through the damage protected path is signaled by setting to ‘1’ the dedicated PMBus™
read only register SAFE_HIZ_ECHO.
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Figure 81. Damage protected activation simplified structure
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4 Current consumption

Table 78. Mean current consumptions in loop operating mode

i o e U

VCC=5V
Current consumption on VCC.
ISTBY_VCCH1 -40°C<T;<25°C 50 70 100 mA
No PWM switching.
Default configuration and VR_EN1 =VR_EN2=0V
VCC=5V
Current consumption on VCC.
ISTBY_VCC2 25°C=<Tj<150°C 50 70 100 mA

No PWM switching.
Default configuration and VR_EN1 =VR_EN2 =0V

Note: . Current consumption on VCC when PWM are switching can be estimated by incrementing the STBY
consumption by the extra current needed by the n-th switching PWM buffer to drive the external
capacitive load.

I _ CLoqdfswVREF2
PWMn — CFILT

Where fsw is the phase's switching frequency and Cload is the input capacitance of DrMOS PWM pin.

. Indicated current consumptions include only STPMO098C related contribution strictly needed to its
functional operation. As a consequence, they do not include consumption due to additional applicative
elements connected to the device (example DrMOS REFIN loading, PMBus™ interface pull-up
resistances, external resistive partitioning etc.)
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5 Application circuit

The following schematic is a reference application circuit for the STPM098C multiphase regulator; it shows the
minimum required components for the device to operate. Power section details (DrMOS and its related
components, output inductor and capacitors), are strongly dependent on the customer’s system choice, as well as
the number of phases assigned to each loop, so the proposed part numbers and values suggested are intended
to be only indicative.

Figure 82. Reference application circuit

VBATP Rsense

5VDRMOS

[] vee POWERIN_P
POWERIN_N vce VIN L
-PHASEN VOUTm
STPMO098C rwwn PWM sw L1V I
[ ] sm_ADDR CFILT/VREF1 REFIN
OUTm
ICvaem DrMOSn
[] Aux_SENSE = =
ISENn I0UT
TSENm TouT
CFILT/VREF2
vseNm [}
n SM_CLK
SM_DATA
SM_ALERT VRTNm | ]
to/from VRRDYm
MCU (1R ror
n = phase number
POWERIN_ALERT m = loop number
[] VR_ENm

VBATP is the battery line protected against battery reverse events, as well as any other possible damaging
disturbances that might occur, according to specific standards requirements. Methods for battery line protection
are in charge of the system design. From the STPM098C point of view, VBATP line must not exceed
POWERIN_P and POWERIN_N absolute maximum ratings.

5V goes to VCC, which is the main supply line for STPM098C; in the proposed schematic it is separated from
DrMOS main supply line but they could be possibly shared, according to system design needs. STPM098C’s
AUX_SENSE input can be used to monitor DrMOS dedicated supply line for diagnostic and safety purposes.
STPMO098C fault lines, VR_EN and PMBus™ lines are to be connected to an automotive grade MCU. For safety
architecture implementation, the same MCU could be used to also acquire other feedback signals coming from
DrMQOS, as instance, for temperature check or output voltage monitoring.

5.1 Bill of material

Table 79. Reference bill of material

=S s BN ERSEa———

Cvce 6.3V To be placed close to the VCC pin
CvREF1 - 4.7 - uF 6.3V To be placed close to the VREF1 pin
CvFRrE2 - 4.7 - uF 6.3V To be placed close to the VFREZ2 pin
Cvoutm - - - - - According to the customer's configuration
DrMOSn - - - - - STSHB50
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BB T

LpHASEN 160 IrRms_min = 30 A Shielded high current power inductor
RADDRH - 47 - kQ 0.01W -
RADDRL - 47 - kQ 0.01 W -
RauxH - 47 - kQ 0.01W -
RAUXL - 47 - kQ 0.01W -

Rpu_FAULT - 47 - kQ 0.01W -

Reu pmBUS =~ - | 47 - kQ 0.01W -
Rsense - 1 - mQ 1%,2 W -

511 Output capacitors configuration example

As a reference example, next table shows output capacitors bill of material for a customer’s application with the
following characteristics:

Loop 1

. N. of phases: 6 (with dynamic phase shedding enabled)
. Qutput inductors: 160 nH

. Vout: 0.75 V

. lLoaD_max: 180 A
. PWM frequency: 500 kHz
Loop 2

. N. of phases: 2 (with dynamic phase shedding enabled)
. Output inductors: 160 nH

. Vout: 0.75 V

. lLoaD_max: 45 A

. PWM frequency: 500 kHz

For each control loop, capacitors are grouped in 2 banks to be placed, namely, close to output inductors and
close to load.

Table 80. Output capacitors example BOM

6.3V, 10% 1206
Cvouti_1 15 1 10V, 10% 0402 4.745
20 220 4V, 20% 1210
Loop 1
40 220 4V, 20% 1210
Cvouti 2 1 10 4V, 20% 0603 8.839
29 1 10V, 10% 0402
CvouT2_1 8 220 4V, 20% 1206 1.76
4 10 4V, 20% 0603
Loop 2
Cvourz_ 2 2 220 4V, 20% 1210 0.503
23 1 10V, 10% 0402
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6 Package information

In order to meet environmental requirements, ST offers these devices in different grades of ECOPACK packages,
depending on their level of environmental compliance. ECOPACK specifications, grade definitions and product
status are available at: www.st.com. ECOPACK is an ST trademark.

6.1 VFQFN48+4L (7x7x0.9 mm exp. pad down) package information

Figure 83. VFQFN48+4L (7x7x0.9 mm exp. pad down) package outline
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Table 81. VFQFN48+4L (7x7x0.9 mm exp. pad down) package mechanical data

Dimensions in mm

symbol [ Chesbwbaew ]
] i B ]

A 0.80 0.90 1.00
A1 0.00 0.02 0.05
A2 0.2 REF
A3 0.10 - -
0.20 0.25 0.3
D - 7.00 -
D2 5.30 5.40 5.50
e - 05 -
E - 7.00 -
E2 5.30 5.40 5.50
L 0.45 0.50 0.55
Lc 0.22 0.27 0.32
L1 0.35 - -
k 0.25 - -
k1 - 0.115 -
R - 0.05 -
48+1

Tolerance of form and position

aaa 0.15
bbb 0.10
cce 0.08
ddd 0.05
eee 0.10
fff 0.10
REF -
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Table 82. Document revision history

16-Jan-2024 1 Initial release.
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IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgment.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2024 STMicroelectronics — All rights reserved
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