DC/DC Converter
KD12T-100A

MORNSUN"

Non-isolated & regulated T00A single output POL
Digital Regulators

\Warranty,
Patent Protection RoHS N /

@ Input UV and output UV/QV protection
@ Qutput OCP and Short-circuit Protection

® Over temperature protection

FEATURES

® Small Package 25.4x 12.7 x 14.5 mm

® Wide input voltage range: 7.5 to 14.4VDC

@ Wide output voltage range: 0.5 to 2.5VDC

® High output voltage deviation: +10mV

® Low output ripple and noise: 20mVp-p

@ High maximum output current, 100A per output for
single output

@ High efficiency, typ. 93%

® Fast load transient response: +50mV

® Wide operating temperature range -40°C to 85C

® Configuration and monitoring via PMBus

® Differential remote sense

The KD 12T-100A Digital modules are non-isolated DC-DC converters that can deliver up fo 100A of oufpout current. The modules operate

over a 7.5 fo 14.4VDC input range and provide an adjustable, precisely regulated oufput volfage from 0.5 fo 2.5VDC. Oufout volfage is

programmable via an external resistor divider or PMBus command. Features include the PMBus digital profocol, remote ENABLE, Power

Good, over-current, under-volfage, over-volfage and over-temperature protfection. It includes a real-time compensation loop for

opfimizing the dynamic response fo marfch the load. It is widely used in cornmunications, computer nefwork industries, and power

distributed architecture, workstations, servers, LANs/WANs, providing high current with fast fransient response for high-speed chips of FPGA,

DSP and ASIC.

Selection Guide

Input Voltage (VDC) Output
Output voltage
Voltage (VDC) Ripple & Noise

Certification Part No. Nominal Current (A) accuracy (mV)

Nominal (mVp-p) Typ.
(Range) Max. Max.
(Range)
12
- KD12T-100A 7.5-14.8) 0.5-2.5 100 +10 20
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Pin layout, bottom view.

Pin Designation Type Function
1.28 VIN Power | Input voltage.
2 GND Power | Power ground for input.
gggz VO Power | Output voltage.
24,27 GND Power | Power ground for output.
3 VR RDY o Power good open-drain output for the controller. This pin is typically pulled up to V3R3 pin
through a resistor with a value of 3-kQ or larger.
4 V5 (e} &-V power input. This pin is used to power dll internal analog circuits.
5 ENABLE | Logic level input which starts or stops.
6 TSEN /O Connect to the TAO pin of power stages to sense the highest temperature of the power stages.
7 PWM3 (@] PWM signals for phase 3, connect to the PWM pin of power stages.
8 PWM4 (@] PWM signals for phase 4, connect to the PWM pin of power stages.
9 ADDR_TRISE | Set address pin for PMBus device.
10 PMB_CLK | PMBus clock pin.
11 PMB_DIO /O PMBus data pin
12 PMB_ALERT# (@] PMBus alert pin.
13 AGND / AGND.
14 COMP O Output of the error ampilifier and connection node for loop feedback components.
5 VREF o 1.7-V, 500-pA, LDO reference voltage. Connect the VREF pin to the REFIN pin of power stages as
the current-sense reference voltage.
16 NC I NC
17 VSP | Positive input of the remote voltage sense amplifier. Connect this pin directly to the load.
18 VEN | Negative input of the remote voltage sense ampilifier. Connect this pin directly o the GND of the
load.
19 V3R3 / 3.3-V LDO output.
Positive current sense inputs. Connect to the IOUT pin of power stages. Tie CSP3 to the V3R3 pin
20 csPe I to disable the corresponding phase.
Positive current sense inputs. Connect to the IOUT pin of power stages. Tie CSP4 to the V3R3 pin
2 cspa I to disable the corresponding phase.
MORN SIJN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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Single module for 100A output
GND
T N
|25 T” _L »GND
1 Co2
\ zf,T > VO
=
vo 35
=i
GND| 57 -
= (VR_RbY L L
— T T a1
i Vo | 53
ENABLE >>5— [ENABLE L
1 [1sEn R
- N
= 7
-1 [AooRLTRISE 5
PMBus CLK )}$ [PMB_BLK 5
PMBus DIO >—— [puB_p1g 7 | [reBe
=
PMBus ALERT# >— [ ] EI = —
PMB_ALERT# RFBA
13 ||4 I15 Ilb
AGND
Cin: 3x470uF/10mQ OS-CON + 10 x 10uF Ceramic RFBA, RFBB: Used to adjust the output voltage
Col: 5x330uF/10mQ Polymer + 12 x 100uF Ceramic
Co2: 5x330uF/10mQ Polymer + 12 x 100uF Ceramic

Absolute Maximum Ratings

Min. Max. UNIT
Vin -0.3 19 \%
V5, TSEN, COMP -0.3 6 \'%
ADDR_TRISE, CSPx, ENABLE, PMB_CLK, PMB_DIO, PMB_ALERT#, V3R3,
Voltage -0.3 3.6 \%
VSP, PWMx, VR_RDY
GND, VSN -0.3 0.3 \%
VREF -0.3 1.8 \%
Operating temperature (see Thermal Consideration section) -40 85 C
Temperature
Storage temperature -85 125 T
Humidity Storage Humidity (Non-condensing) 5 95 %RH
Operating altitude - 2000 m
. Peak temperature <245C,
Reflow Soldering Temperature | IPC/JEDEC J-STD-020D.1. duration <60s max. over 217C
Moisture Sensitivity Level
IPC/JEDEC J-STD-020D.1 MSL 3
(MSL)
Pollution Degree PD 3
Vibration IEC/EN61373 - Category 1, Grade B
Note:
MORN SUN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, which do not imply

functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating Conditions. Exposure to

absolute-maximum-rated conditions for extended periods may affect device reliability.

Configuration File

This product is designed using a digital control circuit. The control circuit uses a configuration file which determines the functionality and
performance of the product. The Electrical Specification table shows parameter values of functiondlity and performance with the Standard
configuration, unless otherwise specified. The Standard configuration is designed to fit most application needs. Changes in Standard
configuration might be required to optimize performance in specific application.For other applications, if configuration files need to be

modified, the specifications in this technical manual are only recommended for use.

MORNSUN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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Product Electrical Specification
Operating temperature is -40 to +85 C, Vin=7.5to 14.4 V, unless otherwise specified under Conditions.
Typical values given at: Operating temperature is +25 C, Vin = 12.0 V, max lo, f=300 kHz, one output is enabled, unless otherwise
specified under Conditions.
Vo defined by pin strap. Standard configuration.
Tested with external Cn=3x470 v F/10mQ OS-CON + 10x 10 uF Ceramic, Cour=10x330 1 F/10 mQ Polymer + 24 x 100 uF Cemairic.
In the test set-up VSNS/GSNS lines are connected directly to load and all the output voltage measurements are made on output pins

except line and load regulation.

Characteristics

INPUT VOLTAGE
Input voltage 7.5 12 14.4 \%
INPUT CURRENT
Vo =0.85Vdc - 110 -
Vo=1.0 Vdc - 130 -
Input No Load Current Vo=12 Vdc - 170 - mA
Vo=1.8 Vdc - 300 -
Vo=25 Vdc - 490 -
OUTPUT VOLTAGE
Output voltage adjustment range 0.5 - 25 \%
Output voltage accuracy -10 0 10 mV
Line regulation - 0 -
mV
Load regulation -- 0 -
Output ripple & noise
(up to 20 MHz bandwidth) - 2 - mVeP
Transient Response Deviation Nominal input voltage, 50% load step change - 50 - mV
OUTPUT CURRENT
Output current 0 - 100 A
VREF
VREF reference voltage Ivrer = OA 1.685 1.700 1.717 \%
ENABLE
Input High Voltage 1.0 - 3.0 \%
Input Low Voltage 0 - 0.3 \%
Input standby power Turned off with ENABLE-pin -- - 1 mA
Efficiency
Vo=0.85V - 85 -
Vo=1.0V - 85 -
n Ffficlency Vo=12V - 87 - %
max lo
Vo=18V - 91 -
Vo=25V - 93 -
MTBF
MTBF - 6015801 - hours
Mechanical Specifications
Dimensions 2564x127x14.5 mm
Weight - 13.5 - g
M O RN S UN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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Typical Characteristic Curves
Vo=0.85V

Standard configuration unless otherwise specified, Operating temperature is+25°C

Efficiency Output Current Derating
Efficiency vs. load current at Vin= 12 V. Available load current vs. ambient air temperature and airflow at
Vin=12 V.

) (A)
100 110
90 [ e 100
80 | 90
20| 80 — 3m/s

60 |- 70
60
50
40 = Nat. Conv.
30
20

2m/s

50 —1m/s

w0
30 -
20

10 10 F
%10 % S w0 % % 0 % e 100 (A -40. .I. .‘I) 110 1|5 2|0 2|5 310 3|5 4|o 4]5 5|o 5|5 6I0 615 7|o 7|5 8]0 85 (°C)
Output Ripple and Noise Transient Response
Fundamental output voltage ripple at Vin=12 V. lo = 100 A, Output voltage response to load current step change (25%—75%—
Cour=10x330 vF/1I0mQ +24x 100 uF 25%) at Vin=12V,Cour=10x330 rF/10mQ +24x 100 uF di/dt=2
Scale: 5 mV/div, 2 us/div, 20 MHz bandwidth. A/us, Scale from top: 50 mV/div, 20 A/div, 2ms/div.
Heo.omv i« 4

-
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Typical Characteristic Curves
Vo=10V

Standard configuration unless otherwise specified, Operating temperature is+25C

Efficiency Output Current Derating
Efficiency vs. load current at Vin= 12 V. Available load current vs. ambient air temperature and airflow atf
Vin=12 V.
) (A
100 110
90 | — 100
80 90
ol 80 — 3m/s
60 - 70 2m/s
60
50 50 — 1m/s
or 40 = Nat. Conv.
30 | 30
20 | 20
10 b 10 -
%0 20 % r 50 % 70 P % 100 () ‘s .I. é 1Io 1'5 zlo 2.5 3|o 3|5 4'0 4|5 5|o 5|5 éo 6I5 7Io 7|5 slo 85 ('C)
Output Ripple and Noise Transient Response
Fundamental output voltage ripple at Vin =12V, lo = 100 A, Output voltage response to load current step change (25%—75%—
Cour=10x330 uF/10mQ +24x100 uF 25%) at Vin=12V, Cour=10x330 vF/10mQ +24x 100 uF, di/dt=2
Scale: 5 mV/div, 2 us/div, 20 MHz bandwidth. A/us, Scale from top: 50 mV/div, 20 A/div, 2ms/div.

Hio.onv v v
7

-
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Typical Characteristic Curves
Vo=12V

Standard configuration unless otherwise specified, Operating temperature is+25C

Efficiency Output Current Derating
Efficiency vs. load current at Vin= 12 V. Available load current vs. ambient air temperature and airflow atf
Vin=12 V.
(O] (A
100 110
90 [ 100
80 90
ol 80 | — 3m/s
60 | 70 2m/s
60
50 |- s | —1m/s
40 40 + = Nat. Conv.
30t 30 |
20t 20 |
10| 10
°1o 2'0 3'0 4'0 5'0 6'0 7'0 8'0 9'0 100 (A) 0—40. .I. é 1‘0 1|5 2|o 2|5 3|o 3|5 4I0 4I5 5|o 5|5 ()Io 6I5 7|0 7‘5 alo 85 C)
Output Ripple and Noise Transient Response
Fundamental output voltage ripple at Vin =12V, lo = 100 A, Output voltage response to load current step change (25%—75%—
Cour=10x330 vF/10mQ +24x 100 wF 25%) at Vin=12V, Cour=10x330 vF/10mQ +24x 100 uF, di/dt=2
Scale: 5 mV/div, 2 us/div, 20 MHz bandwidth. A/us, Scale from top: 50 mV/div, 20 A/div, 2ms/div.

Fio.an v v
i

g i |

v
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Typical Characteristic Curves
Vo=18V

Standard configuration unless otherwise specified, Operating temperature is+25°C

Efficiency Output Current Derating
Efficiency vs. load current at Vin= 12 V. Available load current vs. ambient air temperature and airflow at
Vin=12V.
O] (A)

100 100

90 / 90

80 [ 80 \ —3n/s

70 70

60 60 | 2m/s

50 | 50 — /s

“or 40 e Nat. Conv.

30 | 30

20 | 20

10 10

0 L ” L - . . 1 I | 1 1 | 1 1 | | 1 | | 1 1 | |
10 » 30 0 50 @ o g ® 0 40, 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 &5 cc)
Output Ripple and Noise Transient Response

Fundamental output voltage ripple at Vin=12 V. lo = 100 A, Output voltage response to load current step change (25%—75%—
Cour=10x330 vF/10mQ +24x 100 uF 25%) at Vin=12V,Cour=10x330 rF/10mQ +24x 100 uF di/dt=2

Scale: 5 mV/div, 2 us/div, 20 MHz bandwidth. A/us, Scale from top: 50 mV/div, 20 A/div, 2ms/div.

v

-
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Typical Characteristic Curves

Vo=25V

Standard configuration unless otherwise specified, Operating temperature is+25C

Efficiency

Efficiency vs. load current at Vin= 12 V.

(%)

Output Current Derating

Available load current vs. ambient air temperature and airflow atf

Vin=12 V.
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Output Ripple and Noise

Fundamental output voltage ripple at Vin= 12V, lo = 100 A,

Cour=10x330 vF/10mQ +24x 100 wF
Scale: 5 mV/div, 2 us/div, 20 MHz bandwidth.
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Transient Response

Output voltage response to load current step change (25%—75%—
25%) at Vin=12V,Cour=10x330 rF/10mQ +24x 100 uF di/dt=2
A/us, Scale from top: 50 mV/div, 20 A/div, 2 ms/div.

v
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Typical On/Off Characteristics
Vo=0.85V

Standard configuration, Operating temperature is +25 C .

Enable by input voltage Disable by input voltage
Output enabled by applying Vin. Vin= 12V, lo = 100 A. Output disabled by removing Vin. Vin=12V, lo = 100 A
Scale from top: 0.5V/div(Vo: blue), 10 V/div (Vin: purple), 20 ms/div.  Scale from top: 0.5V/div (Vo: blue), 10 V/div (Vin: purple), 20 ms/div.

» v

/
m__/ 3

>

—

Enable by CNIL pin Disable by CNTL pin
Output enabled by CNIL pin. Vin =12V, lo = 100 A. Output disabled by CNIL pin. Vin =12V, lo = 100 A.
Scale from top: 0.5V/div (Vo: blue), 2 V/div (ENABLE;purple) ,20 Scale from top: 0.5V/div (Vo: blue), 2 V/div (ENABLE;purple) , 20

ms/div. ms/div.

T i |

-
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Operating Information
Load Transitions Reduction (OSR & USR)

OSR: When the load is reduced dynamically, the output voltage will produce overshoot, when the overshoot exceeds the OSR value by

specified, the PWM pulses immediately become tri-state to turn off both the high-side and low-side FETs. When the low-side FETs are turned
OFF, the energy in the inductor is partially dissipated by the body diodes. This feature can reduce the overshoot when load transitions.

USR: When the load is increase dynamically, the output voltage will produce undershoot, when the undershoot exceeds the USR value by
specified, the PWM pulses immediately increase to provide more load energy.

MFR_SPEC_09(2:0) is used to set the OSR value, MFR_SPEC_09(6:4) is used to set the USR value, shown in the following table :

OVERSHOOT AND UNDERSHOOT REDUCTION THRESHOLD SETTING Min. Typ. Max. Unit.

MFR_SPEC_09(2:0)=000b 20 30 40
MFR_SPEC_09(2:0)=001b 30 40 50
MFR_SPEC_09(2:0)=010b 50 60 70

Vou OSR voltage sefting MFR_SPEC_09(2:0)=011b 70 80 90 mV
MFR_SPEC_09(2:0)=100b 90 100 110
MFR_SPEC_09(2:0)=101b 110 120 130
MFR_SPEC_09(2:0)=110b 130 140 150
MFR_SPEC_09(2:0)=111b OFF
MFR_SPEC_09(6:4)=000b 10 20 30
MFR_SPEC_09(6:4)=001b 20 30 40
MFR_SPEC_09(6:4)=010b 50 60 70

Ve USR voltage seffing MFR_SPEC_09(6:4)=011b 70 80 90 mV
MFR_SPEC_09(6:4)=100b 90 100 110
MFR_SPEC_09(6:4)=101b 110 120 130
MFR_SPEC_09(6:4)=110b 130 140 150
MFR_SPEC_09(6:4)=111b OFF

Vosrrvs OSR voltage hysteresis -- 10 - mV

VusrHys USR voltage hysteresis - 10 - mV

Auto Balance Current Sharing

The basic mechanism for current sharing is to sense the average phase current, then adjust the pulse width of each phase to equalize the
current in each phase.

The circuit operates in the following fashion. First assume that the 5-us averaged value from each phase current are equal. In this case,
the PWM modulator terminates at VDAC, and the normal pulse width is delivered to the system. If instead, 11 > IAVG, then an offset is
subtracted from VDAC, and the pulse width for Phase 1 is shortened o reduce the phase current in Phase 1 for balancing. If I1 < IAVG, then
alonger pulse is generated to increase the phase current in Phase 1 to achieve current balancing.

Phase Overlap

During steady state operation, the on-pulses of each phase cannot overlap. Overlapping limits the duty cycle of the application. The
duty cycle of the converter cannot exceed 1/n (where n is the phase number). The device adllows phase overlapping during a fransient
period, during the USR trigger period.

Output voltage regulation

Output voltage regulation can be done in two ways:

VID digital adjustment of output voltage: The DAC voltage VDAC can be changed according to the following Table. VID has two modes
( VR 12.0 and VR 12.5 ), which can be set by MFR_SPECIFIC_13:(7). In addition, the output voltage can dlso be trimmed by
MFR_SPECIFIC_05.
| VID digital adjustment | Min. | Typ. | Max. | Unit. |

MORNSIJN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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VR12.5 - 10 -
Vvipste VID Step size mv

VR12.0 - 5 -

BOOT voltage set Rapprrise=24k Q /39K Q /75k @ - 1 -

(BO) Rapor-TRse <20k Q - 0 -

MFR_SPEC_11(3:1)=000b 000
MFR_SPEC_11(3:1)=001b 001
MFR_SPEC_11(3:1)=010b 010

BOOT voltage
MFR_SPEC_11(3:1)=011b 011

sefting
MFR_SPEC_11(3:1)=100b 100

(B3B2B1)
MFR_SPEC_11(3:1)=101b 101
MFR_SPEC_11(3:1)=110b 110
MFR_SPEC_11(3:1)=111b 111
MFR_SPEC_11(7:4)=0000b 0000
MFR_SPEC_11(7:4)=0001b 0001
MFR_SPEC_11(7:4)=0010b 0010

VBOOT

MFR_SPEC_11(7:4)=0011b 0011
MFR_SPEC_11(7:4)=0100b 0100
MFR_SPEC_11(7:4)=0101b 0101
MFR_SPEC_11(7:4)=0110b 0110

BOOT voltage
MFR_SPEC_11(7:4)=0111b 0111

sefting
MFR_SPEC_11(7:4)=1000b 1000

(B7B6B5B4)
MFR_SPEC_11(7:4)=1001b 1001
MFR_SPEC_11(7:4)=1010b 1010
MFR_SPEC_11(7:4)=1011b 1011
MFR_SPEC_11(7:4)=1100b 1100
MFR_SPEC_11(7:4)=1101b 1101
MFR_SPEC_11(7:4)=1110b 1110
MFR_SPEC_11(7:4)=1111b 111

MORN SUN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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VID Hex VALUE VR12.0 VR12.5 VID Hex VALUE VR12.0 VR12.5
VOLTAGE(V) VOLTAGE(V) VOLTAGE(V) VOLTAGE(V)
00 0 0 22 0.415 0.83
01 0.25 0.50 23 0.42 0.84
02 0.255 0.51 24 0.425 0.85
03 0.26 0.52 26 0.43 0.86
04 0.265 0.53 56 0.435 0.87
05 0.27 0.54 27 0.44 0.88
06 0.2756 0.5 28 0.445 0.89
07 0.28 0.56 29 0.45 0.90
08 0.285 0.57 2A 0.455 0.91
09 0.29 0.58 2B 0.46 0.92
0A 0.295 0.59 2C 0.465 0.93
0B 0.30 0.60 2D 0.47 0.94
oc 0.305 0.61 2E 0.475 0.95
oD 0.31 0.62 2F 0.48 0.96
OE 0.315 0.63 30 0.485 0.97
OF 0.32 0.64 31 0.49 0.98
10 0.325 0.65 32 0.495 0.99
1 0.33 0.66 33 0.50 1.00
12 0.335 0.67 34 0.505 1.01
13 0.34 0.68 35 0.51 1.02
14 0.345 0.69 36 0.5156 1.03
15 0.35 0.70 37 0.52 1.04
16 0.355 0.71 38 0.525 1.05
17 0.36 0.72 39 0.53 1.06
18 0.365 0.73 3A 0.535 1.07
19 0.37 0.74 3B 0.54 1.08
1A 0.375 0.75 3C 0.545 1.09
1B 0.38 0.76 3D 0.56 1.10
1C 0.385 0.77 3E 0.555 1.11
1D 0.39 0.78 3F 0.56 1.12
1E 0.395 0.79 40 0.565 1.13
1F 0.40 0.80 4] 0.57 1.14
20 0.405 0.81 42 0.575 1.1
21 0.41 0.82 43 0.58 1.16
MORN SUN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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VID Hex VALUE VR120 VRI2S VID Hex VALUE VRI20 VRI25
VOLTAGE(V) VOLTAGE(V) VOLTAGE(V) VOLTAGE(V)
a4 0.585 117 66 0.755 1.51
45 0.59 1.18 67 0.76 1.52
46 0.595 1.19 68 0.765 1.53
47 0.60 1.20 69 0.77 1.54
48 0.605 1.21 6A 0.775 1.55
49 0.61 1.22 6B 0.78 1.56
aA 0.615 1.23 6C 0.785 1.57
4B 0.62 1.24 6D 0.79 1.58
ac 0.625 1.25 6E 0.795 1.59
4D 0.63 1.26 6F 0.80 1.60
4E 0.635 1.27 70 0.805 1.61
aF 0.64 1.28 71 0.81 1.62
50 0.645 1.29 72 0.815 1.63
51 0.65 1.30 73 0.82 1.64
52 0.655 1.31 74 0.825 1.65
53 0.66 1.32 75 0.83 1.66
54 0.665 1.33 76 0.835 1.67
55 0.67 1.34 77 0.84 1.68
56 0.675 1.35 78 0.845 1.69
57 0.68 1.36 79 0.85 1.70
58 0.685 1.37 7A 0.855 1.71
59 0.69 1.38 7B 0.86 1.72
5A 0.695 1.39 7C 0.865 1.73
58 0.70 1.40 7D 0.87 1.74
5C 0.705 1.41 7E 0.875 1.75
5D 0.71 1.42 7F 0.88 1.76
5E 0.715 1.43 80 0.885 1.77
5F 0.72 1.44 81 0.89 1.78
60 0.725 1.45 82 0.895 1.79
61 073 1.46 83 0.90 1.80
62 0.735 1.47 84 0.905 1.81
63 0.74 1.48 85 091 1.82
64 0.745 1.49 86 0915 1.83
65 0.75 1.50 87 092 1.84
MORN SUN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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VID Hex VALUE VR12.0 VR12.5 VID Hex VALUE VR12.0 VR12.5
VOLTAGE(V) VOLTAGE(V) VOLTAGE(V) VOLTAGE(V)
88 0.925 1.85 AA 1.095 2.19
89 0.93 1.86 AB 1.10 220
8A 0.935 1.87 AC 1.105 2.21
8B 0.94 1.88 AD 1.11 222
8C 0.945 1.89 AE 1.115 223
8D 0.95 1.90 AF 1.12 224
8E 0.955 1.91 BO 1.125 225
8F 0.96 1.92 B1 1.13 226
90 0.965 1.93 B2 1.135 227
91 0.97 1.94 B3 1.14 2.28
92 0.975 1.95 B4 1.145 229
93 0.98 1.96 BS 1.15 2.30
94 0.985 1.97 B6 1.155 231
95 0.99 1.98 B7 1.16 2,32
96 0.995 1.99 B8 1.165 233
97 1.00 2.00 B9 1.17 2,34
98 1.005 2.01 BA 1.175 235
99 1.01 2.02 BB 1.18 236
9A 1.015 2.03 BC 1.185 237
9B 1.02 2.04 BD 1.19 2.38
9C 1.025 2.05 BE 1.195 2.39
9D 1.03 2.06 BF 1.20 240
9E 1.035 2.07 Co 1.205 241
9F 1.04 2.08 C1 1.21 242
A0 1.045 2.09 c2 1.215 243
Al 1.05 2.10 C3 1.22 244
A2 1.085 211 C4 1.225 245
A3 1.06 2.12 C5 1.23 2.46
Ad 1.065 2.13 Cé6 1.235 247
A5 1.07 2.14 Cc7 1.24 2.48
A6 1.075 2.15 Cc8 1.245 2.49
A7 1.08 2.16 c9o 1.25 2.50
A8 1.085 2.17 CA 1.255 N/A
A9 1.09 2.18 CB 1.26 N/A
MORN SUN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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VID Hex VALUE VR120 VRI2S VID Hex VALUE VRI20 VRI25
VOLTAGE(V) VOLTAGE(V) VOLTAGE(V) VOLTAGE(V)
cc 1.265 N/A EE 1.435 N/A
cD 1.27 N/A EF 1.44 N/A
CE 1.275 N/A FO 1.445 N/A
CF 1.28 N/A F1 1.45 N/A
DO 1.285 N/A F2 1.455 N/A
D1 1.29 N/A F3 1.46 N/A
D2 1.295 N/A F4 1.465 N/A
D3 1.30 N/A F5 1.47 N/A
D4 1.305 N/A F6 1.475 N/A
D5 1.31 N/A F7 1.48 N/A
D6 1.315 N/A F8 1.485 N/A
D7 1.32 N/A Fo 1.49 N/A
D8 1.325 N/A FA 1.495 N/A
D9 1.33 N/A FB 1.50 N/A
DA 1.335 N/A FC 1.505 N/A
DB 1.34 N/A FD 1.51 N/A
DC 1.345 N/A FE 1515 N/A
DD 1.35 N/A FF 1.52 N/A
DE 1.355 N/A
DF 1.36 N/A
EO 1.365 N/A
El 1.37 N/A
E2 1.375 N/A
E3 1.38 N/A
E4 1.385 N/A
E5 1.39 N/A
E6 1.395 N/A
E7 1.40 N/A
E8 1.405 N/A
E9 1.41 N/A
EA 1.415 N/A
EB 1.42 N/A
EC 1.425 N/A
ED 1.43 N/A
MORNSUN?® MORNSUN Guangzhou Science & Technology Co., Ltd.
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The slew rate for voltage change is set by the MFR_SPEC_13(2:0) and MFR_SPEC_07(2), according to the following Table

SLEW RATES Min. Typ. Max. Unit.
MFR_SPEC_13(2:0)=000b and MFR_SPEC_07(2)=0b 0.28 0.34 -
MFR_SPEC_13(2:0)=001b and MFR_SPEC_07(2)=0b 0.60 0.68 -
MFR_SPEC_13(2:0)=010b and MFR_SPEC_07(2)=0b 0.91 1.02 -
MFR_SPEC_13(2:0)=011b and MFR_SPEC_07(2)=0b 1.22 1.36 -
MFR_SPEC_13(2:0)=100b and MFR_SPEC_07(2)=0b 1.53 1.70 -
MFR_SPEC_13(2:0)=101b and MFR_SPEC_07(2)=0b 1.85 2.04 -
MFR_SPEC_13(2:0)=110b and MFR_SPEC_07(2)=0b 2.16 2,38 -
MFR_SPEC_13(2:0)=111b and MFR_SPEC_07(2)=0b 2.48 2.74 -
Slser Slew rate sefting mV/us
MFR_SPEC_13(2:0)=000b and MFR_SPEC_07(2)=1b 1.53 1.70 -
MFR_SPEC_13(2:0)=001b and MFR_SPEC_07(2)=1b 1.85 2.04 -
MFR_SPEC_13(2:0)=010b and MFR_SPEC_07(2)=1b 2.16 2,38 -
MFR_SPEC_13(2:0)=011b and MFR_SPEC_07(2)=1b 248 2.74 -
MFR_SPEC_13(2:0)=100b and MFR_SPEC_07(2)=1b 2.79 3.08 -
MFR_SPEC_13(2:0)=101b and MFR_SPEC_07(2)=1b 3.10 3.43 -
MFR_SPEC_13(2:0)=110b and MFR_SPEC_07(2)=1b 341 3.76 -
MFR_SPEC_13(2:0)=111b and MFR_SPEC_07(2)=1b 3.73 4,13 -

VSP analog adjustment of output voltage:

VSP and VSN pin of the module are used for remote compensation. The module will make the voltage between VSP and VSN stable at

the output voltage set by VID code. The output voltage can be adjusted through the divider resistance as shown below:

VO
7
RFBA
VSP 7
VSN 5 RFBB
N
GND
Rrea and Rrss can be selected by the following formula:
v _ VVID X (RFBA + RFBB)
our — R

FBB
Note:

1. When using VSP analog adjustment of output voltage, Rrsa and Rz need to be connected at the remote end for remote
compensation.
2. The output voltage read by the KD12T-100A is the voltage between VSP and VSN . When the VSP voltage analog adjustment regulation

is used, the read value is inconsistent with the actual output voltage.

MORNSIJN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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Input UVLO

The module continuously monitors the input voltage through the VIN pin. If the input voltage is lower than the UVLO low threshold, the
module turns off. If VIN rises higher than the UVLO high threshold, the module turns on again (if both V5 and ENABLE are high). The hysteresis is

approximately 1.05 V.

VIN UVLO SETTING TURN-ON VOLTAGE (V) TURN-OFF VOLTAGE (V)
MFR_SPEC_16(1:0)=00 4.5 3.5
MFR_SPEC_16(1:0)=01 7.25 6.25
MFR_SPEC_16(1:0)=10 9.0 8.0
MFR_SPEC_16(1:0)=11 10.3 9.3

V5 Pin Unde rvoltage Lockout

The module also monitors V5 pin voltage. If the voltage is lower than Vvsuvior (4.05 V typical), the module turns off. If V5 voltage comes
back to be higher than Vvsuvion (4.25 V typical ), the module turns back on ( if both VIN and ENABLE are high ).

Output undervoltage Protection (UVP)

The output undervoltage protection in the module is called fracking UVP. When the output voltage drops below (Vvio—VrovL ), the module
drives the PWM into a tri-state condition so that both high-side and low-side MOSFETs turn off. After a hiccup delay (22-ms typical), the

module attempts to restart. If the UVP condition continues, the UVP occurs again and the process repeats.
The output undervoltage threshold Vrov. can be set using MFR_SPECIFIC_22.
Note: UVP protection detects the voltage between VSP and VSN.

VOUT_UV_FAULT_threshold VRDYL(MV)
MFR_SPEC_22(2:0)=000 50
MFR_SPEC_22(2:0)=001 100
MFR_SPEC_22(2:0)=010 150
MFR_SPEC_22(2:0)=011 200
MFR_SPEC_22(2:0)=100 250
MFR_SPEC_22(2:0)=101 300
MFR_SPEC_22(2:0)=110 325
MFR_SPEC_22(2:0)=111 400

Overvoltage Protection (OVP)
The KD12T-100A has triple output overvoltage protection:

Output overvoltage tracking value: When the output voltage is greater than Vvip+Voveis(VR12.5) or Vvip+Voveo(VR12.0), the output
overvoltage protection is friggered. This protection threshold does not take effect when the VID voltage changes or when the ENABLE
voltage is low. After friggering this threshold, the module pulls VR_RDY down and sends all PWMx outputs to a low level, thus turning on the
low side MOS to discharge the output voltage until the ENABLE/VIN switch.

Output overvoltage Fixed value: When the output voltage is greater than Vovers (VR12.5) or Vovero (VR12.0), the output overvoltage
protection is triggered. This protection threshold continues to take effect when the VID voltage changes, but does not take effect when the
ENABLE is af low power. After triggering this threshold, the module pulls VR_RDY down and sends all PWMx outputs to a low level, thus turning
on the low MOS to discharge the output voltage until the ENABLE/VIN switch.

Output overvoltage prebias: When the output voltage is greater than Vovere, the output overvoltage protection is triggered. The protection
threshold takes effect even when the ENABLE value is low power. After triggering this threshold, the module pulls VR_RDY down and lowers all

PWMx outputs to a low level, thus turning on the low side MOS to discharge the output voltage until the VIN switches.

Note: OVP protection detects the voltage between VSP and VSN.

| Overvoitage Protection (OVP) | Mn | o | Max | unt |

MORNSUN*
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Voverr | Pre-bias OVP voltage threshold | ENABLE is low and Vvsp > Voverr, PWM — LO - 2.75 - \%
ENABLE is high and (Vvs—Vvsn) > Voveus for 1 s, 0o v
PWM — LO, Vourmaxy < 1.8V .
Fixed OVP voltage threshold
Vovrrs 1.8V< VOUT(max) < 20V - 2.4 - \Y
(VR.12.5)
2.0V <Vouiman < 2.2V - 2.6 - \%
Voutman > 2.2 V - 2.8 - \
Fixed OVP voltage threshold ENABLE is high and (Vvs—Vvsn) > Vovens for T s,
Vovrro 1.7 1.75 1.8 \%
(VR12.0) PWM — LO
Measured at the VSP pin w/r/t VID code, device
Vovers | Tracking OVP offset (VR12.5) 340 375 405 mV
latches OFF
Measured at the VSP pin w/r/t VID code, device
Vovero | Tracking OVP offset (VR12.0) 200 225 250 mV
latches OFF

Overcurrent Limit (OCL) and Overcurrent Protection (OCP)

The KD12T-100A can set the output overcurrent threshold per phase via MFR_SPEC_00(3:0). When the output overcurrent threshold is
triggered, the module will delay the generation of the next ON pulse until the current drops below the output overcurrent threshold. At this

time, the output voltage will continue to drop until the UVP is triggered because there is no ON pulse.

MFR_SPEC_00(3:0) To set the output overcurrent threshold for each phase, refer to the following table :

Overcurrent Limit (OCL) and Overcurrent Protection (OCP) Min. Typ. Max. Unit.
MFR_SPEC_00(3:0)=0000b 21 24 27
MFR_SPEC_00(3:0)=0001b 25 27 30
MFR_SPEC_00(3:0)=0010b 28 30 33
MFR_SPEC_00(3:0)=0011b 31 33 36
MFR_SPEC_00(3:0)=0100b 34 36 39
MFR_SPEC_00(3:0)=0101b 37 39 42
MFR_SPEC_00(3:0)=0110b 40 42 45
Phase OCL level
MFR_SPEC_00(3:0)=0111b 43 45 48
locix (CSPx-VREF) A
MFR_SPEC_00(3:0)=1000b 46 48 51
(valley current-limit)
MFR_SPEC_00(3:0)=1001b 49 51 54
MFR_SPEC_00(3:0)=1010b 52 54 57
MFR_SPEC_00(3:0)=1011b 55 57 60
MFR_SPEC_00(3:0)=1100b 58 60 63
MFR_SPEC_00(3:0)=1101b 61 63 66
MFR_SPEC_00(3:0)=1110b 64 66 69
MFR_SPEC_00(3:0)=1111b 67 69 72

In addition, the KD12T-100A can also set the overcurrent limit threshold of the total current (the sum of all phase currents). When the total
current is higher than the overcurrent limit threshold, the module will turn off the high and high-side and low-side MOSFETS and enter the burp

mode until the overcurrent state is eliminated. The overcurrent limit threshold can be set by OC_FAULT_LIMIT, the default is 125% IMAX.

Over Temperature Protection (OTP)

When the sensed temperature through TSEN pin is higher than the over temperature fault threshold OTPrip, the module turns off high-side

and low-side MOSFETS. When the sensed temperature is 15° C (OTPxys) lower than the over temperature fault threshold, the module restarts.

MOI}NSIJN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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Operating frequency

The operating frequency of KD12T-100A module can be set by MFR_SPEC_12(7:4), which can be referred to the following table:

Note: The KD12T-100A operates at a fixed frequency, and its ON fime s fixed according to the input voltage (the voltage collected by the

VIN pin) and the output voltage (Vvip). The OFF time varies according o various factors such as load and Power Stage.

FREQUENCY Min. Typ. Max. Unit.
MFR_SPEC_12(7:4)=0000b 270 300 330
MFR_SPEC_12(7:4)=0001b 360 400
MFR_SPEC_12(7:4)=0010b 450 500 550
MFR_SPEC_12(7:4)=0011b 540 600
MFR_SPEC_12(7:4)=0100b 630 700 770
MFR_SPEC_12(7:4)=0101b 720 800 880
MFR_SPEC_12(7:4)=0110b 810 900 990

o Switching frequency MFR_SPEC_12(7:4)=0111b 900 1000 1100 iz
MFR_SPEC_12(7:4)=1000b 315 350 385
MFR_SPEC_12(7:4)=1001b 405 450 495
MFR_SPEC_12(7:4)=1010b 495 550 605
MFR_SPEC_12(7:4)=1011b 585 650 716
MFR_SPEC_12(7:4)=1100b 675 750 825
MFR_SPEC_12(7:4)=1101b 765 850 935
MFR_SPEC_12(7:4)=1110b 855 950 1045
MFR_SPEC_12(7:4)=1111b 900 1000 1100
Soft Start Time

The soft start time of the KD12T-100A module can be set by MFR_SPEC_12(1:0). For details, refer to the following table:

Note: Raporrise also affects the setting of VID voltage and the setting of address bits, see VID Digital regulated output voltage and PMBus
address bits for details.

Soft Start Time Min. Typ. Max. Unit,
Rapprrise=24K @ OF Rapprrise <20k Q@ or

Soft start rise slew rate | MFR_SPEC_12(1:0)=00b

tss in terms of VOUT Raoorrise=39k @ or MFR_SPEC_12(1:0)=01b - 1/2 -
slew rate RADDR-TRISE=75k Q or MFR_SPEC_] 2(1 :0]= 10b - 1 / 4 -
MFR_SPEC_12(1:0)=11b - 1/8 -

The soft start time can also be adjusted with MFR_SPECIFIC_07:

MFR_SPECIFIC_07(2)SLEW_FAST: When the data is 0, the soft boot ramp is set by MFR_SPEC_13(2:0). If the value is 1, the soft boot rise slope
increases by 1.36mV/us based on the value set by MFR_SPEC_13(2:0).

MFR_SPECIFIC_07(0)SST_TIME: When the data is 0, the soft boot ramp is set by MFR_SPEC_12(1:0). If the value is 1, the slope is changed to
1/16.

MORNSIJN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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Ramp Selection

The internal ramp of the KD12T-100A module can be set by MFR_SPEC_14(2:0), as shown in the following table :

Ramp Selection Min. Typ. Max. Unit.
MFR_SPEC_14(2:0)=001b 30 40 50
MFR_SPEC_14(2:0)=011b 70 80 90
Vramp Ramp Selection mVp p
MFR_SPEC_14(2:0)=110b 135 145 165
MFR_SPEC_14(2:0)=111b 180 190 205
Mode Selections

The VR12 of KD12T-100A module are set by MFR_SPECIFIC_13, which can be referred to the following table :

Mode Selections

0:VR12.5

MFR_SPEC_13(7
B -180) 1:VR12.0

PMBus Addresses
The address bit of the KD12T-100A module can be set by the ADDR_TRISE pin, which can be referred to the following table:

Note: Raoormwise also affects the setting of VID voltage and soft start time. For details, see VID Digital Regulated Output voltage and soft start

time.
PMBus Addresses
Rapprrse<0.21k @ 1100000
0.62k Q@ <Rapprrise<0.78k @ 1100001
1.17k @ <Rapprrise<1.35k @ 1100010
1.80k Q <Rapprrise<2.00k @ 1100011
2.54k Q <RappRRISES2.77k Q 1100100
3.41k Q <RapDRTRISES3.69K Q 1100101
4.48k Q <RapprRise<4.82k Q 1100110
PMBus Addresses
PADDR PRSP Po) 5.79k @ <RappRRSES6.21K Q 1100111
7.43k Q@ <Rapprrse<7.98k @ 1110000
9.56k @ <Rapprmrise<10.31k Q 1110001
12,47k Q <Rapprrise<13.54k Q 1110010
16.58k Q <Rapprrise< 18.24k Q 1110011
22.92k Q <Rapprrise<256.77k Q 1110100
33.96k Q <Rapprrise<39.77k @ 1110101
58.36k Q <Rapprrise<75.59k @ 1110110
NVM default setting

The following table lists the default Settings in all NVMS:

DEFAULT VALUES
REGISTER FUNCTION
Bit7 | Bité6 | Bit | Bit4 | Bit3 | Bit2 | Bit1 | BitO
MORNSUN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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MFR_SPECIFIC_13:(2:0) Slew Rate 0 0 0
MFR_SPECIFIC_13:(7:3) Mode 1 0 0 0 1
MFR_SPECIFIC_09:(2:0) OSR 1 1 1
MFR_SPECIFIC_09:(6:4) USR 1 1 1
MFR_SPECIFIC_11:(7:0) VBOOT 1 0 0 1 0 1 1 1
MFR_SPECIFIC_12:(1:0) TRISE 0 0
MFR_SPECIFIC_12:(7:4) Frequency 0 0 0 0
MFR_SPECIFIC_10:(7:0) IMAX 1 1 1 0 1 0 0 1
MFR_SPECIFIC_00:(3:0) OCL 1 1 1 1
MFR_SPECIFIC_14:(2:0) RAMP 0
MFR_SPECIFIC_07:(0) Soft-start slew rate 1
MFR_SPECIFIC_07:(1) OSR_TRISTATE 1
MFR_SPECIFIC_07:(2) SLEW_FAST 0
MFR_SPECIFIC_16:(1:0) VIN_UVLO 0 0
MFR_SPECIFIC_15:(3) DPS_TH_LOW 0
MFR_SPECIFIC_15:(2:0) DPS_TH_HIGH 0 0 1
MFR_SPECIFIC_22:(2:0) UV OFFSET 0 1 1
MFR_SPECIFIC_05:(7:0) VOUT OFFSET 0 0 0 0 0 0 0 0
MFR_ID 0 1 0 1 0 1 0 0
MFR_MODEL 0 1 0 0 0 1 1 1
MFR_REVISION:(3:0) ) 0 0 0 0
MFR_DATA 0 0 0 0 0 0 0 0

Thermal design

The product can operate in different thermal environments, but sufficient heat dissipation must be provided to ensure reliable module
operation. Heat dissipation is mainly achieved through the heat conduction of the module pins to the motherboard, and the convective
wind speed flowing through the module. The temperature derating curve provides the output current at a specific Vin in relation to ambient

temperature and wind speed.

The module is tested on a 254 x 254 mm, 8-layer test board and installed in a wind tunnel with a section of 608 x 203 mm. Also note that the

low impedance of the connection between the module and the motherboard effectively reduces the additional power loss.

MORNSUN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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Dimensions and Recommended Layout

THIRD ANGLE PROJECTION «@ g
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Note: Grid 2.54*2.54mm

Front View

Unit: mm[inch]

Pin section tolerances : + 0.10[ + 0.004]
General tolerances: +0.25[ +0.010]
The layout of the device is for reference
only, please refer to the actual product
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Packaging

I B A R

i R i A
-{ P71~ 0

—= *AQ

# Quadrant assignments for PIN 1 orientation in tape
=

[ o &b e e PP o ¢ = Sprocket holes

|
a1 @2 Q1.Q2
I Q3Q4 Q31Q4
User Direction of Feed ‘ \ i
soclohodelose

Pocket Quadrants

Reel Reel
; Package . . e A0 BO KO0 P1 W Pin1
Device Pin SPQ |Diameter| Width
Type fmm A o) (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
KD12T-100A SMD 28 160 330.0 44 4 14.08 | 2658 | 14.26 24 44 a1
MORNSUN® MORNSUN Guangzhou Science & Technology Co., Ltd.




DC/DC Converter ®
KD12T-100A MORNSUN
[PMBus ]

Commands Summary

DEFAULT
VALUE

CODE COMMAND NAME TYPE DESCRIPTION

Turn the unit on and off in conjunction with the input from the ENABLE
Olh OPERATION R/W Byte 00h
pin. Set the output voltage to the upper or lower MARGIN voltages.

Configures the combination of CONTROL pin input and serial bus
02h ON_OFF_CONFIG R/W Byte | commands needed to turn the unit on and off. This includes how the 17h

unit responds when power is applied.

Clears any faults bits that have been set if the fault is no longer
03h CLEAR_FAULTS Send Byte | present. At the same time, simultaneously clears all bits in all status NONE
registers and negates the PMB_ALERT signal output if it is asserted.

Used to control writing to the PMBus device. Can be used to prevent

10h | WRITE_PROTECT R/W Byte 00h
unwanted writes to the device.

11h STORE_DEFAULT_ALL Send Byte | Store the settings to the NVM. NONE

12h RESTORE_DEFAULT_ALL Send Byte | Restore the settings from the NVM. NONE
Provides a way for the host to determine the capabilities of the PMBus

19h CAPABILITY Read Byte BOh
device.

20h VOUT_MODE Read Byte | Read-Only VOUT Mode Indicator. 21h
Causes the device to set its output voltage to the commanded

21h | VOUT_COMMAND R/W Word VBOOT

value.

Sets the upper limit on the output voltage the unit can command
regardless of any other commands or combinations. Provides a
24h | VOUT_MAX R/W Word OOFFh
safeguard against a user accidentally setting the output voltage to a

possibly destructive level.

Loads the unit with the voltage to which the output is to be changed
25h | VOUT_MARGIN_HIGH R/W Word 0000h
when the OPERATION command is set to "Margin High".

Loads the unit with the voltage to which the output is to be changed

26h | VOUT_MARGIN_LOW R/W Word 0000h
when the OPERATION command is set to "Margin Low."

3%h IOUT_CAL_OFFSET R/W Word | compensate for offset errors in READ_VOUT command. 0000h
Instructs the device on what action to take in response to an output

41h | VOUT_OV_FAULT_RESPONSE | Read Byte 80h
overvoltage fault.
Instructs fault. the device on what action to take in response to an

45h | VOUT_UV_FAULT_RESPONSE | Read Byte BAh
output undervoltage
Setfs the value of the output current, in amperes, that causes the 125%

46h IOUT_OC_FAULT_LIMIT R/W Word
overcurrent detector to indicate an overcurrent fault condition. IMAX
Instructs the device on what action to take in response to an output

47h IOUT_OC_FAULT_RESPONSE Read Byte FAh
overcurrent fault.

Sets the value of the output current that causes an output
4Ah IOUT_OC_WARN_LIMIT R/W Word | overcurrent warning IMAX

condition.

Sets the temperature, in degree Celsius, that causes an
4Fh | OT_FAULT_LIMIT R/W Word 007Dh
over-temperature fault condition.
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Instructs fault. the device on what action to take in response to an
50h OT_FAULT_RESPONSE Read Byte F8h
output over-temperature
Sets the temperature, in degrees Celsius, that causes an
51h OT_WARN_LIMIT R/W Word 005Fh
over-temperature warning condition.
Sets the input voltage, in volts, that causes an overvoltage fault
55h VIN_OV_FAULT_LIMIT R/W Word 00OFh
condition.
Sefts the input current, in amperes, that causes an overcurrent fault
5Bh IIN_OC_FAULT_LIMIT R/W Word OOFFh
condition.
Instructs the device on what action to take in response to an input
5Ch | IIN_OC_FAULT_RESPONSE Read Byte COh
overcurrent fault,
Sets the input current, in amperes, that causes an overcurrent
5Dh | IIN_OC_WARN_LIMIT R/W Word 0019h
warning condition.
78h STATUS_BYTE Read Byte | Single byte status indicator
79h STATUS_WORD Read Word | Full 2-byte status indicator
7Ah STATUS_VOUT Read Byte | Output voltage fault status detail Depende
7Bh STATUS_IOUT Read Byte | Output current fault status detail nt on the
7Ch | STATUS_INPUT Read Byte | Input voltage and current fault status detail Startup
7Dh | STATUS_TEMPERATURE Read Byte | Temperature fault status detail Condition
7Eh STATUS_CML Read Byte | Communication, memory, and logic fault status detail
80h STATUS_MFR_SPECIFIC Read Byte | Manufacturer specific fault status detail
88h READ_VIN Read Word | Read input voltage, in volts.
8%h READ_IIN Read Word | Read input current, in amperes.
8Bh READ_VOUT Read Word | Read output voltage, in volts.
8Ch READ_IOUT Read Word | Read output current, in amperes.
8Dh READ_TEMPERATURE_1 Read Word | Read temperature, in degrees Celsius.
96h READ_POUT Read Word | Read output power, in watts.
97h READ_PIN Read Word | Read input power, in watts.
98h PMBUS_REVISION Read Byte | PMBus Revision Information 11h
Loads the unit with the text character that contains the
9%h MFR_ID Read Block 5401h
manufacturer’s ID.
Loads the unit with the text character that contains the model
9Ah | MFR_MODEL Read Block 4701h
number of the manufacturer.
Loads the unit with the text character that contains the revision
9Bh MFR_REVISION Read Block
number of the manufacturer.
Loads the unit with the text character that contains the device’s date
9Dh | MFR_DATE Read Block
of manufacture.
Sefts a low limit on the output voltage that the device can command
Adh MFR_VOUT_MIN R/W Word | regardiess of any other commands or combinations. (VID data 000h
format)
Selects the threshold for the per-phase current limit. (Fixed at PMBus
DOh | MFR_SPECIFIC_00 R/W Byte OFh
control)
D1h MFR_SPECIFIC_O1 R/W Byte | Selects the averaging time for telemetry reporting. 50h
D4h MFR_SPECIFIC_04 Read Word | Returns the actual, measured output voltage in volts.
D5h MFR_SPECIFIC_05 R/W Byte | Used to trim the output voltage. 00h
MOI}NSIJN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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D7h MFR_SPECIFIC_07 R/W Byte | Additional functional bits setting. 03h
D8h MFR_SPECIFIC_08 R/W Byte | Setsthe droop as a percentage of the loadline. 04h
D%h | MFR_SPECIFIC_09 R/W Byte | Sefs the threshold for OSR and USR control. 77h
DAh | MFR_SPECIFIC_10 R/W Byte | Setsthe maximum operating current, IMAX. E9h
DBh | MFR_SPECIFIC_11 R/WByte | Sefs the boot voltage, VBOOT. 97h
DCh | MFR_SPECIFIC_12 R/W Byte | Setsthe switching frequency and the rise time (iRISE) settings. 00h
DDh | MFR_SPECIFIC_13 R/W Byte | Sets the slew rate and other operation modes. 88h
DEh MFR_SPECIFIC_14 R/W Byte | Sets the ramp amplitude in mV. 06h
DFh MFR_SPECIFIC. 15 RIW Byfe Sefts the threshold for dynamic phase shedding as a percentage of o1h
the OCL.
EOh MFR_SPECIFIC_16 R/W Byte | Setsthe threshold for the input voltage UVLO. 00h
Hardware

E4h MFR_SPECIFIC_20 R/W Byte | Sets the maximum number of operational phase numbers on the fly. specific
FCh | MFR_SPECIFIC_44 Read Word | Returns DEVICE_CODE information 01FOh
PMBus General

Timing and electrical characteristics of the PMBus can be found in the PMB Power Management Protocol Specification, Part 1, revision 1.1
available at http://PMBus.org. The KD12T-100A device supports both the 100-kHz and 400-kHz bus fiming requirements. The KD12T-100A
device does not stretch pulses on the PMBus when communicating with the master device.

Communication over the KD12T-100A device PMBus interface can support the packet error checking (PEC) scheme if desired. If the
master supplies CLK pulses for the PEC byte, PEC is used. If the CLK pulses are not present before a STOP, the PEC is not used.

The KD12T-100A device supports a subset of the commands in the PMBus 1.1 specification. Most of the controller parameters can be
programmed using the PMBus and stored as defaults for later use. All commands that require data input or output use the literal format. The
exponent of the data words is fixed at a reasonable value for the commmand and altering the exponent is not supported. Direct format data
input or output is not supported by the KD12T-100A device. See the Supported PMBus Cormmands section for specific details.

The KD12T-100A device also supports the SMBALERT response protocol. The SMBALERT response protocol is a mechanism by which a slave
(the KD12T-100A device) can alert the bus master that it wants to talk. The master processes this event and simultaneously accesses all
slaves on the bus (that support the protocol) through the alert response address. Only the slave that caused the alert acknowledges this
request. The host performs a modified receive byte operation to get the slave’s address. At this point, the master can use the PMBus status
commands to query the slave that caused the dlert. For more information on the SMBus alert response protocol, see the System
Management Bus (SMBus) specification.

The KD12T-100A device contains non-volatile memory that is used to store configuration settings and scale factors. The settings
programmed into the device are not automatically saved into this non-volatile memory though. The STORE_DEFAULT_ALL command must
be used to commit the current seftings to non-volatile memory as device defaults. The settings that are capable of being stored in

non-volatile memory are noted in their detailed descriptions.
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PMBus Connections

The KD12T-100A device can operate in either standard mode (100kbit/s) or fast mode (400kbit/s). Connection for the PMBus interface
should follow the High Power DC specifications given in Section 3.1.3 of the Systemn Management Bus (SMBus) Specification V2.0 for the
400-kHz bus speed or the Low Power DC specifications in Section 3.1.2. The complete SMBus specification is available from the SMBus
website, smbus.org.

Supported Data Formats

The KD12T-100A device supports both linear and VID data formats. The linear data format is used for all telemetry reporting data, and VID
formatting for certain other commands. (see the Supported PMBus Commands section for more details on which cormmand supports each
data type). Examples of commands that support VID formatting include VOUT_MODE (Read-only Byte) and VOUT_COMMAND (Read/Write

Word). An example of each can be seen in below Figure.

l|«——VOUT_MODE Data Byte —» |<7 Data Byte High ———p1¢————— Data Byte Low 4>|

7|6 |5|4]|3]|2 1 0 716514 |3|2|1|]0]|]7(|6]|]5|4]|3[2]1]0

2| Mode = 0015 |4—VID Code Type —»| [ VID (Right Justified) »

The Linear Data Format is a two byte value with:
e An 11-bit, two’s complement mantissa, and
o A 5-bit, two’s complement exponent (scaling factor).

The format of the two bytes is shown in below Figure.

|<7 Data Byte High Data Byte Low 4"
716

51413211076 |5[4]|3]2|1]0

MSB MSB
|47 N ";I# Y "r‘l

The relation between Y, N, and the real world value is as shown in below Equation.

X =Yx2"
where
o Xis the real world value
e Yis an 11-bit, two’s complement integer
o Nis a 5-bit, two’s complement intfeger

Note that devices that use the Linear format must accept and be able to process any value of N.
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PMBus Command Format

The KD12T-100A device is a PMBus-compliant device. Below Figure show the major communication protocols used. For full details on the
PMBus communication protocols, please visit http://pmbus.org.

1 7 1 1 8 1
S | Slave Address |W | A

Command Code | A

Data Byte Alp

Write Byte Protocol
1 7 1 8 1 B8 1 8 1 4
S | Slave Address |W | A | Command Code | A Data Byte A PEC AlP
Write Byte Protocol with PEC
1 7 1 1 8 1 1 7 1 B 1
S | Slave Address | W | A | Command Code | A | S | Slave Address Al DataBytelow |A | =«
a8 1 1
Data Byte High | A | P
Write Word Protocol
1 7 1 8 1 B B 1
S | Slave Address | W Command Code | A | Data Byte Low Data Byte High | A .
8 1
PEC Alr|
Write Word Protocol with PEC
1 7 1 B s 7 1 8 1 1
S | Slave Address | W Command Code |A| S Slave Address A Data Byte A P
Read Byte Protocol
1 7 1 8 1 4 7 8
S | Slave Address | W Command Code | A | S | Slave Address Data Byte L)
a 1
PEC AP

MORNSUN*
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7 1 1 a 1. 1 7 1 8
Slave Address | W | A | Command Code | A | S | Slave Address | R Data Byte Low ..
8 1 1
Data Byte High | A | P
Read Word Protocol
7 i 3 8 1 1 7 1 8
Slave Address | W | A | Command Code | A | S | Slave Address | R Data Byte Low e
8 1 8
Data Byte High | A PEC P
Read Word Protocol with PEC
1 7 1 1 8 1 8 8
S | Slave Address | W | A | Command Code | A | Byte Count=n Data Byte 1 A .
a8 1 8 1
Data Byte 2 Alwsse Data Byte n AlP
Block Write Protocol
1 7 1 1 a8 1 8 1 8 1

Command Code | A | Byte Count=n | A

S | Slave Address | W | A

8 1 8 1 8 1
Data Byte 2 Alees Data Byte n A PEC AP
Block Write Protocol with PEC
1 T 1 1 8 i 1 T : 8 1

Byte Count=n [A | =+ »

Slave Address | R | A

S | Slave Address | W | A | Command Code | A | Sr

8 1 8 1 1
DataByten |A |P

8 1
Data Byte 1 A

Data Byte 2 Alese

Block Read Protocol

1 7 Y 4 8 Y 4 7 ¥ 4 8 1
S | Slave Address | W | A | Command Code | A | Sr|Slave Address | R | A | Byte Count=n |A | = e«
8 1 8 1 8 1 8 1

Data Byte 2 Al essw Data Byte n A PEC AP

Data Byte 1 A

Block Read Protocol with PEC
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PMBus REGISTER
OPERATION (01h)
Format N/A
Description The OPERATION command is used to turn the device output on or off in conjunction with the input from the ENABLE pin. It is
also used to set the output voltage to the upper or lower MARGIN levels.
Default 00h
7 6 5 | 4 | 3 2 1 | 0
ON_OFF SOFT_OFF OPMARGIN IIN_OC_VRHOT
R/W R-0 R/W R/W
Bits Field Type | Reset| NVM | Description
The On/Off bit is used to enable the IC via PMBus. The necessary condition for
this bit to be effective is that the CMD bit in the ON_OFF CONFIG register is set
high. However, the CMD bit being high is not a sufficient condition to enable the
IC via the On bit, as specified below:
_ 0: (Default) The device output is not enabled via PMBus.
7 | ON_OFF RIW 0 1: The device output is enabled if:
a. The supply voltage VIN is greater than the VIN_UVLO threshold, the cmd bit is
high, and
b. The bit CP in the ON_OFF CONFIG register is low, or
c¢. The bit CP is high and the ENABLE pin is asserted.
This bit is not supported and always set to 0 on this device.
6 | SOFT_OFF R 0 -- 0: No Soft off
1: Not Supported.
If Margin Low is enabled, load the value from the VOUT_MARGIN_LOW register. If
Margin High is enabled, load the value from the VOUT_MARGIN_HIGH register.
00xx: Turn off VOUT margin function
5:2 | OPMARGIN R/W 0 -- 0101: Turn on VOUT margin low and ignore fault
0110: Turn on VOUT margin low and act on fault
1001: Turn on VOUT margin high and ignore fault
1010: Turn on VOUT margin high and act on fault
This bit sets the option of asserting VRHOT when IIN_OC_WARN_LIMIT is detected.
1:0 | IN_OC_VRHOT R/W 00 - 01: VRHOT assertion ON with IN_OC_WARN_LIMIT detection
others: VRHOT assertion OFF with IN_OC_WARN_LIMIT detection

ON_OFF_CONFIG (02h)

Format N/A
Descriofi The ON_OFF_CONFIG command configures the combination of CONTROL pin input and serial bus commands needed to
escription
turn the unit on and off. This includes how the unit responds when power is applied.
Default 17h
7 | 6 | 5 4 3 2 1 0
Reserved PU CMD CP PL SP
R-000 R-1 R/W R/W R-1 R-1
Bits Field Type | Reset| NVM | Description
7:5 | RESERVED R 000 - Always set 1o 0.
This bit is not supported and always set to 1 on this device.
4 | PU R 1 - 0: Not supported.
1: Device will act on ENABLE pin assertion and/or ON_OFF bit (OPERATION<7>).
The CMD bit controls how the device responds to the OPERATION<7> bit.
3 | CMD R/W 0 -- 0: (Default) Device ignores the ON_OFF OPERATION<7> bit.
1: Device responds to the ON_OFF OPERATION<7> bit.
The CP bit controls how the device responds to the ENABLE pin
o | cp RIW 1 _ 0: Device ignores the ENABLE pin, and ON/OFF is controlled only by the
OPERATION command
1: Device responds to the ENABLE pin.
MORN SIJN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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This bit is not supported and always set to 1 on this device.
1 | PL R 1 - 0: Not supported.
1: ENABLE pin has active high polarity.
This bit is not supported and always set to 1 on this device.
0 | SP R 1 -- 0: Not supported.
1: Turn off output as fast as possible.

CLEAR_FAULTS (03h)

Format N/A
Clears any faults bits that have been set. At the same time, simultaneously clears all bits in all status registers and negates
the PMB_ALERT signal output if it is asserted.
Description
The CLEAR_FAULTS command does not cause a unit that has latched off for a condition to restart. If the fault remains
present when the bit is cleared, the fault bit is reset and the host notified by the usual means.
Default NONE
7 6 5 4 3 2 1 0
N/A N/A N/A N/A N/A N/A N/A N/A
Bits Field Type | Reset| NVM | Description
7.0 | N/A - - - No data bytes are sent, only the command code is sent.

WRITE_PROTECT (10h)

Format N/A
The WRITE_PROTECT command is used to control writing to the PMBus device.
The intent of this commmand is to provide protection against accidental changes.
This command has one data byte as described below.
Description
NOTE: Invalid data written to WRITE_PROTECT(7:5) causes the ‘CML’ bit in the STATUS_BYTE and the ‘US_DATA’ bit in the
STATUS_CML registers to be set.
Invalid data also results in no write protection.
Default NONE
7 6 5 4 | 3 | 2 | 1 | 0
Bit7 Bit6 Bit5 Reserved
R/W R/W R/W R-0 0000
Bits Field Type | Reset | NVM | Description
0: (Default) See Table 12.
7 | Bit7 R/W 0 - 1: Disable all writes except for the WRITE_PROTECT command (bits and bité must
be 0 to be valid).
0: (Default) See Table 12.
6 | Bité R/W 0 - 1: Disable all writes except for the WRITE_PROTECT and OPERATION commands
(bits and bit7 must be 0 to be valid).
0: (Default) See Table 12.
5 | BitS R/W 0 - 1: Disable all writes except for the WRITE_PROTECT, OPERATION, and
ON_OFF_CONFIG commands (bité6 and bit7 must be 0 to be valid).
4.0 | Reserved R 00000 - Always set to 0.
MORN SIJN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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Data Byte Value Action
1000 0000 Disables all writes except to the WRITE_PROTECT command.
0100 0000 Disables all writes except to the WRITE_PROTECT and OPERATION commands.
0010 0000 Disables all writes to the WRITE_PROTECT, OPERATION, ON_OFF_CONFIG and
VOUT_COMMAND commands.
0000 0000 Enable writes to all commands
Others Invalid data.

STORE_DEFAULT_ALL (11h)
Format N/A

The STORE_DEFAULT_ALL command instructs the PMBus device to copy the entire contents of the Operating Memory to
the matching locations in the nonvolatile Default Store memory. Any items in the Operating Memory that do not have
matching locations in the Default Store are ignored.

Following a STORE_DEFAULT_ALL command, the following registers return to the default values regardless of the values in
Description the Operating Memory:

o OC_FAULT_LIMIT returns to 125%xIMAX,
o OC_WARN_LIMIT returns to IMAX,

o VOUT_COMMAND returns to VBOOT,

e VVOUT_MAX returns to 00FFh (1.52V in VR12.0 mode and 3.04 V in VR12.5 mode)

Default NONE

7 6 5 4 3 2 1 0
N/A N/A N/A N/A N/A N/A N/A N/A
Bits Field Type | Reset| NVM | Description
7:0 | N/A - - - No data bytes are sent, only the command code is sent.

RESTORE_DEFAULT_ALL (12h)
Format N/A

The RESTORE_DEFAULT_ALL command instructs the PMBus device to copy the entire contents of the non-volatile Default

b o Store memory to the matching locations in the Operating Memory. The values in the Operating Memory are overwritten
escription

by the value retrieved from the Default Store. Any items in Default Store that do not have matching locations in the

Operating Memory are ignored.

Default NONE

7 6 5 4 3 2 1 0
N/A N/A N/A N/A N/A N/A N/A N/A
Bits Field Type | Reset| NVM | Description
7:0 | N/A - - - No data bytes are sent, only the command code is sent.
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CAPABILITY (19h)

Format N/A
Description | This command provides a way for a host system to determine some key capabilities of this PMBus device.
Default BOh
7 6 | 5 4 3 | 2 | 1 0
PEC SPD PMBALERT Reserved
R-1 R-01 R-1 R-0000
Bits Field Type | Reset| NVM | Description
7 | pEc R 1 _ Packet Error Checking is supported.
1: Default
65 | SPD R o1 _ Maximum supported bus speed is 400 kHz.
01: Default
This device does have a PMBALERT pin and does support the SMBus Alert
4 | PMBALERT R 1 - Response Protocol.
1: Default
3:0 | Reserved R 0000 -- Always set 1o 0.

VOUT_MODE (20h)

Format VID

The PMBus specification dictates that the data word for the VOUT_MODE command is one byte that consists of a 3-bit

Mode and 5-bit parameter, as shown below.
Description
This command is read-only. If the host sends a VOUT_MODE command for writing, the device will reject the command and

declare a communication fault for invalid data and respond as described in PMBus specification Il section 10.2.2.

Default 21h
7 | 6 | 5 4 | 3 | 2 | 1 | 0
DATA_MODE DATA_PARAMETER
R-001 R-0 0001

Bits Field Type Reset | NVM | Description

7:5 | DATA_MODE R 001 - 001: VID mode.
00010: For VR12.5 Mode

4.0 | DATA_PARAMETER R 00001 - 00001: For VR12.0 Mode

VOUT_COMMAND (21h)
Format VID

VOUT_COMMAND causes the device to set its output voltage to the commanded value with two data bytes. These data

bytes consist of a right-justified VID code with VIDO in bit 0 of the lower data byte, VID1 in bit 1 of the lower byte and so
Description

forth. The VID table mapping is determined by the selected VID protocols (VR12.0 or VR12.5) from SLEW_MODE pin or
MFR_SPECIFIC_13.

Default VBOOT

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
R-0000 0000
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DC/DC Converter ®
KD12T-100A MORNSUN

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
VOUT
R/W
Bits Field Type Reset NVM | Description
156:8 | Reserved R 0000 0000 - Always set 1o 0.
Used to set the commanded VOUT. Cannot be set to a level above the
7:0 | vOuTt R/W VBOOT — | value set by VOUT_MAX,

VOUT_MAX (24h)
Format VID

The VOUT_MAX command sets an upper limit on the output voltage that the unit can command regardless of any other

commands or combinations. The intent of this command is fo provide a safeguard against a user accidentally setting the
output voltage to a possibly destructive level.

The device detects that an attempt has been made to program the output to a voltage greater than the value set by
the VOUT_MAX command. This will then be freated as a warning condition and not a fault condition. If an attempt is

made to program the output voltage higher than the limit set by this commmand, the device responds as follows:
Description | ® The commanded oufput voltage is set to VOUT_MAX,

o The OTHER bit is set in the STATUS_BYTE,

e The VOUT bit is set in the STATUS_WORD,

o The VOUT_MAX warning bit is set in the STATUS_VOUT register, and

¢ The device notifies the host (asserts PMBUS_ALERT).

The data bytes are two bytes, which are in right-justified VID format. The VID table mapping determined by the selected
VID protocols (VR12.0 or VR12.5) from the SLEW_MODE pin or MFR_SPECIFIC_13.

Default OO0FFh

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
R-0000 0000
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
VOUT_MAX
R/W
Bits Field Type Reset NVM | Description
156:8 | Reserved R 0000 0000 -- Always set to 0.
Used to set the maximum VOUT of the device.
7:0 | VOUT_MAX R/W 11111 -
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VOUT_MARGIN_HIGH (25h)
Format VID

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

OPERATION command is set fo Margin High.
Description
The data bytes are two bytes, which are in right-justified VID format. The VID table mapping determined by the selected

VID protocols from the SLEW_MODE pin or MFR_SPECIFIC_13.

Default 0000h

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
R-0000 0000
7 | 6 | 5 | 4 | 3 | 2 | 1 0
VOUT_MARGIN_HIGH
R/W

Bits Field Type Reset NVM | Description
156:8 | Reserved R 0000 0000 -- Always set to 0.

Used to set the value for the VOUT Margin High.
7:0 | VOUT_MARGIN_HIGH R/W 0000 0000 -

VOUT_MARGIN_LOW (26h)
Format VID

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

OPERATION command is set fo Margin Low.
Description
The data bytes are two bytes, which are in right-justified VID format. The VID table mapping determined by the selected

VID protocols from the SLEW_MODE pin or MFR_SPECIFIC_13.

Default 0000h

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Reserved
R-0000 0000
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
VOUT_MARGIN_LOW
R/W
Bits Field Type Reset NVM | Description
15:8 | Reserved R 0000 0000 - Always set to 0.

Used to set the value for the VOUT Margin Low.
7:0 | VOUT_MARGIN_LOW R/W 0000 0000 -

IOUT_CAL_OFFSET (39h)

Format Linear

Description | The IOUT_CAL_OFFSET command sets the value of compensation for offset errors in the READ_IOUT command, in amperes.

Default 0000h
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15 | 14 | 13 | 12 | 11 10 | 9 | 8
IOCAL_OFS_EXPONENT IOCAL_OFS_MANTISSA
R/W R/W
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
IOCAL_OFS_MANTISSA
R/W
Bits Field Type | Reset | NVM | Description
156:11 | IOCAL_OFS_EXPONENT R/W - -- 5-bit, two’s complement exponent (scaling factorn).
5-bit, two’s complement exponent (scaling factor).
10:0 | IOCAL_OFS_MANTISSA R/W - -

VOUT_OV_FAULT_RESPONSE (41h)
Format N/A

The VOUT_OV_FAULT_RESPONSE command instructs the device on what action to take in response to an output

overvoltage fault. Upon triggering the overvoltage fault, the controller is latched off, and the following actions are taken:
o Set the VOUT_OV_FAULT bit in the STATUS_BYTE,

Description
o Set the VOUT bit in the STATUS_WORD,

o Set the VOUT_OV_FAULT bit in the STATUS_VOUT register, and

o The device notfifies the host (asserts PMB_ALERT).

Default 80h
7 | 6 | 5 | 4 | 3 | 2 | 1 0
VOUT_OV_FAULT_RESPONSE
R-1000 0000

Bits Field Type Reset NVM | Description
Upon triggering the overvoltage fault, the controller will shut the

7:0 | VOUT_OV_FAULT_RESPONSE R 1000 0000 - device down immediately and will not attempt to restart. The output
remains disabled until the fault is cleared.

VOUT_UV_FAULT_RESPONSE (45h)
Format N/A

The VOUT_UV_FAULT_RESPONSE instructs the device on what action to take in response to an output undervoltage fault.

Upon triggering the undervotlage fault,

the following actions are taken:

Description | © Set the OTHER bit in the STATUS_BYTE,

o Set the VOUT bit in the STATUS_WORD,

o Set the VOUT_UV_FAULT bit in the STATUS_VOUT register, and

o The device nofifies the host (asserts PMB_ALERT).

Default BAh
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7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
VOUT_UV_FAULT_RESPONSE
R-1011 1010
Bits Field Type Reset NVM | Description
Upon triggering the undervoltage fault, the controller will shut the
7:0 | VOUT_UV_FAULT_RESPONSE R 1011 1010 - device down immediately and will attempt fo restart after a 22 ms
delay.

IOUT_OC_FAULT_LIMIT (46h)

Format Linear

The IOUT_OC_FAULT_LIMIT command sets the value of the output current, in amperes, that causes an overcurrent fault
condition. Upon triggering the overcurrent fault, the following actions are taken:

o Set the IOUT_OC_FAULT bit in the STATUS_BYTE,

Description
o Set the IOUT bit in the STATUS_WORD,

o Set the IOUT_OC_FAULT bit in the STATUS_IOUT register, and

o The device nofifies the host (asserts PMB_ALERT)

Default 125% IMAX

15 | 14 | 13 | 12 | 11 10 | 9 | 8
OCF_LIMIT_EXPONENT OCF_LIMIT_MANTISSA
R/W R/W
7 | 6 | 5 | 4 | 3 | 2 [ 1 | 0
OCF_LIMIT_MANTISSA
R/W
Bits Field Type | Reset | NVM | Description
16:11 | OCF_LIMIT_EXPONENT R/W - -- 5-bit, two’s complement exponent (scaling factorn).
10:0 | OCF_LIMIT_MANTISSA R/W - - 11-bit, two’s complement mantissa.

IOUT_OC_FAULT_LIMIT (47h)

Format N/A

The IOUT_OC_FAULT_RESPONSE instructs the device on what action to take in response to an output overcurrent fault.

Upon triggering the overcurrent fault, the controller is latched off, and the following actions are taken:
o Set the IOUT_OC_FAULT bit in the STATUS_BYTE,

Description
o Set the IOUT bit in the STATUS_WORD,

o Set the IOUT_OC_FAULT bit in the STATUS_IOUT register, and

o The device nofifies the host (asserts PMB_ALERT).

Default FAh

7 | 6 | 5 | 4 | 3 | 2 | 1 0
IOUT_OC_FAULT_RESPONSE
R-1111 1010
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Bits Field Type Reset NVM | Description
Upon triggering the overcurrent fault, the controller immediately
7:0 | IOUT_OC_FAULT_RESPONSE R 11111010 - shuts down the device and attempts to restart after a 22 ms
delay.

IOUT_OC_WARN_LIMIT (4Ah)

Format Linear

The IOUT_OC_WARN_LIMIT command sets the value of the output current, in amperes, that causes an output overcurrent

warning condition. Upon triggering the overcurrent warning. the following actions are taken:
o Set the OTHER bit in the STATUS_BYTE,

Description
o Set the IOUT bit in the STATUS_WORD,

o Set the IOUT OC Warning bit in the STATUS_IOUT register, and

o The device notfifies the host (asserts PMB_ALERT).

Default IMAX

15 | 14 | 13 | 12 | 11 10 | 9 | 8
OCW_LIMIT_EXPONENT OCW_LIMIT_MANTISSA
R/W R/W
7 | 6 | 5 | 4 | 3 | 2 [ 1 [ 0
OCW_LIMIT_MANTISSA
R/W
Bits Field Type | Reset | NVM | Description
15:11 | OCW_LIMIT_EXPONENT R/W - - 5-bit, two’s complement exponent (scaling factorn).
10:0 | OCW_LIMIT_MANTISSA R/W - - 11-bit, two’s complement mantissa.

OT_FAULT_LIMIT (4Fh)

Format Linear

The OT_FAULT_LIMIT command sets the value of the temperature limit, in degrees Celsius, that causes an over-temperature

fault condition. The default value is 125C° . Upon triggering the over-temperature fault, the following actions are taken:
Description | © Set the TEMPERATURE bit in the STATUS_BYTE,
o Set the OT_FAULT bit in the STATUS_TEMPERATURE register, and

o The device nofifies the host (asserts PMB_ALERT and VR_FAULT).

Default 007Dh

15 | 14 | 13 | 12 | 11 10 | 9 | 8
OT_LIMIT_EXPONENT OT_LIMIT_MANTISSA
R/W R/W
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
OT_LIMIT_MANTISSA
R/W
Bits Field Type Reset NVM | Description

15:11 | OT_LIMIT_EXPONENT R/W 00000 - 5-bit, two’s complement exponent (scaling factorn).

10:0 | OT_LIMIT_MANTISSA R/W 0000111 1101 - 11-bit, two’s complement mantissa.
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OT_FAULT_RESPONSE (50h)
Format N/A

The OT_FAULT_RESPONSE instructs the device on what action to take in response to an over-temperature fault. Upon

triggering the over-temperature fault, the controller shuts off and attempts to restart when the temperature reduces by
15C° , and the following actions are taken:

Description
o Set the TEMPERATURE bit in the STATUS_BYTE,

o Set the OT_FAULT bit in the STATUS_TEMPERATURE register, and

o The device notifies the host (asserts PMB_ALERT and VR_FAULT).

Default F8h
7 | 6 | 5 | 4 | 3 | 2 | 1 0
OT_FAULT_RESPONSE
R-1111 1000

Bits Field Type Reset NVM | Description
Upon triggering the over-temperature fault, the device will shut down

7:0 | OT_FAULT_RESPONSE R 1111 1000 - immediately (disables the output), and will restart when the temperature
goes 15 degree Celsius below OT _FAULT_LIMIT.

OT_WARN_LIMIT (51h)

Format Linear

The OT_WARN_LIMIT command sets the temperature, in degrees Celsius, at which it should indicate an over-temperature
warning condition. The default value is 95C. Upon triggering the over-temperature warning, the following actions are

taken:

Description
P o Sets the TEMPERATURE bit in the STATUS_BYTE,

o Sets the OT Warning bit in the STATUS_TEMPERATURE register, and

o The device nofifies the host (asserts PMB_ALERT).

Default 005Fh

15 | 14 | 13 | 12 | 11 10 | 9 | 8
OTW_WARN_EXPONENT OTW_WARN_MANTISSA
R/W R/W
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
OTW_WARN_MANTISSA
R/W
Bits Field Type Reset NVM | Description
16:11 | OTW_WARN_EXPONENT R/W 00000 - 5-bit, two’s complement exponent (scaling facton).
10:0 | OTW_WARN_MANTISSA R/W 0000101 1111 - 11-bit, two’s complement mantissa.
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VIN_OV_FAULT_LIMIT (65h)

Format Linear

The VIN_OV_FAULT_LIMIT command sets the value of the input voltage that causes an input overvoltage fault condition.
The default value is 17 V in NVM mode and 14 V in pinstrap mode. Upon triggering an input voltage fault, the following

actions are taken:

Description | ¢ Sets the OTHER bit in the STATUS_BYTE,

o Sets the INPUT bit in the upper byte of the STATUS_WORD,

o Sets the VIN_OV_FAULT bit in the STATUS_INPUT register, and

o The device notfifies the host (asserts PMB_ALERT).

Default 000Fh

15 | 14 | 13 | 12 | 11 10 | 9 | 8
VIN_OVF_EXPONENT VIN_OVF_MANTISSA
R/W R/W
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
VIN_OVF_MANTISSA
R/W
Bits Field Type Reset NVM | Description
15:11 | VIN_OVF_EXPONENT R/W 00000 - 5-bit, two’s complement exponent (scaling factorn).
10:0 | VIN_OVF_MANTISSA R/W 000 0001 0001 - 11-bit, two’s complement mantissa.

After a STORE_DEFAULT_ALL command, the controller reads the last two LSB of VIN_OV_FAULT_LIMIT and convert to decimal, and then
adds 14 and converts to save into the VIN_OV_FAULT_LIMIT register. For example, when the two LSB are 01b, after STORE_DEFAULT_ALL

command, the VIN_OV_FAULT_LIMIT reads 000Fh (15 V).

[IN_OC_FAULT_LIMIT (5Bh)

Format Linear

The IIN_OC_FAULT_LIMIT commmand sets the value of the input current, in amperes, that the causes an input overcurrent

fault condition. Upon triggering the overcurrent fault, the following actions are taken:
o Sets the OTHER bit in the STATUS_BYTE,

Description
o Sets the INPUT bit in the STATUS_WORD,

o Sets the IIN_OC_FAULT bit in the STATUS_INPUT register, and

o The device notfifies the host (asserts PMB_ALERT).

Default OOFFh

15 | 14 | 13 | 12 | 11 10 | 9 | 8
INOCF_LIMIT_EXPONENT INOCF_LIMIT_MANTISSA
R/W R/W
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7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
INOCF_LIMIT_MANTISSA
R/W
Bits Field Type Reset NVM | Description
16:11 | INOCF_LIMIT_EXPONENT R/W 00000 - 5-bit, two’s complement exponent (scaling factorn).
10:0 | INOCF_LIMIT_MANTISSA R/W 000 11111111 - 11-bit, two’s complement mantissa.

IIN_OC_FAULT_RESPONSE (5Ch)
Format N/A

The IIN_OC_FAULT_RESPONSE instructs the device on what action to take in response to an input overcurrent fault. Upon

triggering the input overcurrent fault, the controller is latched off, and the following actions are taken:
o Sets the OTHER bit in the STATUS_BYTE,

Description
e Sets the INPUT bit in the STATUS_WORD,

o Sets the IIN_OC_FAULT bit in the STATUS_INPUT register, and

o The device nofifies the host (asserts PMB_ALERT and VR_FAULT).

Default COh

7 | 6 | 5 | 4 | 3 | 2 | 1 0
IIN_OC_FAULT_RESPONSE
R-1100 0000
Bits Field Type Reset NVM | Description

Upon triggering the input overcurrent fault, the device will shut
down immediately (disables the output), and will not attempt
to restart. The output then remains disabled until the fault is
cleared.

7:0 | IN_OC_FAULT_RESPONSE R 1100 0000 -

[IN_OC_WARN_LIMIT (6Dh)

Format Linear

The IIN_OC_WARN_LIMIT command sets the value of the input current, in amperes, that causes the input overcurrent

warning condition. The default setting is 26A. Upon triggering the overcurrent warning. the following actions are taken:
o Sets the OTHER bit in the STATUS_BYTE,

Description
o Sets the INPUT bit in the STATUS_WORD,

o Sets the IIN OC Warning bit in the STATUS_INPUT register, and

o The device notfifies the host (asserts PMB_ALERT).

Default 001%h

15 | 14 | 13 | 12 | 11 10 | 9 | 8
INOCW_LIMIT_EXPONENT INOCW_LIMIT_MANTISSA
R/W R/W
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
INOCW_LIMIT_MANTISSA
R/W
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Bits Field Type Reset NVM | Description
16:11 | INOCW_LIMIT_EXPONENT R/W 00000 - | 5-bit, two’s complement exponent (scaling facton).
10:0 | INOCW_LIMIT_MANTISSA R/W | 0000001 1001 - 11-bit, two’s complement mantissa.

STATUS_BYTE (78h)

Format

N/A

Description

The STATUS_BYTE command returns a single byte of information with the a summary of critical faults. The STATUS_BYTE

command is the same register as the low byte of the STATUS_WORD command. It should be noted that all faults and

warnings trigger the assertion of PMB_ALERT.

Default

00h

5

4

BUSY

OFF

VOUT_OV

IOUT_OC

VIN_UV

TEMP

CML

OTHER

R-0

R

R

Bits

Field

Type

Reset

Description

7 BUSY

R 0 - Not supported and always set to 0

6 | OFF

This bit is asserted if the unit is not providing power to the
output, regardless of the reason, including simply not being
enabled.

0: Raw status indicating the IC is providing power to VOUT.

1: Raw status indicating the IC is not providing power to VOUT.

5 | VOUT_OV R - -

Output Over-Voltage Fault Condition
0: Latched flag indicating no VOUT OV fault has occurred.
1: Latched flag indicating a VOUT OV fault occurred

4 | IOUT_OC

Output Over-Current Fault Condition
0: Latched flag indicating no IOUT OC fault has occurred.
1: Latched flag indicating an IOUT OC fault has occurred.

3 | VIN_UV

Input Under-Voltage Fault Condition
0: Latched flag indicating VIN is above the UVLO threshold.
1: Latched flag indicating VIN is below the UVLO threshold.

2 | TEMP

Over-Temperature Fault/Warning

0: Latched flag indicating no OT fault or warning has
occurred.

1: Latched flag indicating an OT fault or warning has
occurred.

1 CML

Communications, Memory or Logic Fault

0: Latched flag indicating no communication, memory, or
logic fault has occurred.

1: Latched flag indicating a communication, memory, or logic
fault has occurred.

0 | OTHER

Other Fault

This bit is used to flag faults not covered with the other bit
faults. In this case, UVF or OCW faults are examples of other
faults not covered by the bits (6:1) in this register.

0: No fault has occurred

1: A fault or warning not listed in bits (6:1) has occurred.

STATUS_WORD (79h)

Format N/A
The STATUS_WORD command returns two bytes of information with a summary of critical faults, such as over-voltage,
overcurrent, over-temperature, etc. It should be noted that all faults and warnings except VIN_UV trigger the assertion of
Description
PMB_ALERT.
NOTE: The STATUS_WORD low byte is the STATUS_BYTE.
Default 0000h
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15 14 13 12 11 10 9 8
VOUT IOUT INPUT MFR PGOOD FANS OTHER UNKNOWN
R R R R R R-0 R-0 R-0
7 6 5 4 3 2 1 0
BUSY OFF VOUT_OV IOUT_OC VIN_UV TEMP CML OTHER
R-0 R R R R R R
Bits Field Type Reset NVM | Description
Output Voltage Fault/Warning
0: Latched flag indicating no VOUT fault or warning has
15 | VOUT R -- - occurred.
1: Latched flag indicating a VOUT fault or warning has
occurred.
Output Current Fault/Warning
0: Latched flag indicating no IOUT fault or warning has
14 | 10UT R - - occurred.
1: Latched flag indicating an IOUT fault or warning has
occurred.
Input Voltage/Current Fault/Warning
0: Latched flag indicating no VIN or lIN fault or warning has
13 | INPUT R -- - occurred.
1: Latched flag indicating a VIN or IIN fault or warning has
occurred.
MFR_SPECIFIC Fault
12 | MER R _ __ | 0:Latched flag indicating no MFR_SPECIFIC fault has
occurred.
1: Latched flag indicating a MFR_SPECIFIC fault has occurred.
Power Good Status
11 | PGOOD R -- - 0: Raw status indicating VRRDY pin is at logic high.
1: Raw status indicating VRRDY pin is at logic low.
10 | FANS R 0 - Not supported and always set to 0.
9 OTHER R 0 - Not supported and always set 1o 0.
8 UNKNOWN R 0 - Not supported and always set to 0.
7 BUSY R 0 - Not supported and always set to 0
This bit is asserted if the unit is not providing power to the
output, regardless of the reason, including simply not being
6 OFF R - - enabled.
0: Raw status indicating the IC is providing power to VOUT.
1: Raw status indicating the IC is not providing power to VOUT.
Output Over-Voltage Fault Condition
5 VOUT_OV R -- - 0: Latched flag indicating no VOUT OV fault has occurred.
1: Latched flag indicating a VOUT OV fault occurred
Output Over-Current Fault Condition
4 IOUT_OC R -- - 0: Latched flag indicating no IOUT OC fault has occurred.
1: Latched flag indicating an IOUT OC fault has occurred.
Input Under-Voltage Fault Condition
3 VIN_UV R - - 0: Latched flag indicating VIN is above the UVLO threshold.
1: Latched flag indicating VIN is below the UVLO threshold.
Over-Temperature Fault/Warning
0: Latched flag indicating no OT fault or warning has
2 TEMP R -- - occurred.
1: Latched flag indicating an OT fault or warning has
occurred.
Communications, Memory or Logic Fault
0: Latched flag indicating no communication, memory, or
1 CML R -- - logic fault has occurred.
1: Latched flag indicating a communication, memory, or logic
fault has occurred.
Other Fault
This bit is used to flag faults not covered with the other bit
0 | OTHER R _ __ | faults. In this case, UVF or OCW faults are examples of other
faults not covered by the bits (6:1) in this register.
0: No fault has occurred
1: A fault or warning not listed in bits (6:1) has occurred.
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STATUS_VOUT (7Ah)

Format N/A
Descrinfi The STATUS_VOUT command returns one byte of information relating to the status of the converter’s output voltage
escription
P related faults.
Default 00h
7 6 5 4 3 2 1 0
VOUT_OVF VOUT_OVW VOUT_UVW VOUT_UVF VOUT_MAXW TON_MAX TOFF_MAX VOUT_TRACK
R R-0 R-0 R R R-0 R-0 R-0
Bits Field Type Reset NVM | Description
Output Over-Voltage Fault
7 VOUT_OVF R -- - 0: Latched flag indicating no VOUT OV fault has occurred.
1: Latched flag indicating a VOUT OV fault has occurred.
6 VOUT_OVW R 0 — | Not supported and always set to 0.
5 VOUT_UVW R 0 -- | Not supported and always set to 0.
Output Under-Voltage Fault
4 VOUT_UVF R - -- | 0: Latched flag indicating no VOUT UV fault has occurred.
1: Latched flag indicating a VOUT UV fault has occurred.
VOUT Max Warning
0: Latched flag indicating that no VOUT Max warning has
AXW occurred
8 VOULM R B - 1: Latched flag indicating that an attempt has been made to
set the output voltage to a value higher than allowed by the
VOUT_MAX command.
2 TON_MAX R 0 — | Not supported and always set to 0.
1 TOFF_MAX R -- | Not supported and always set to 0.
0 VOUT_TRACK R 0 — | Not supported and always set to 0.

STATUS_IOUT (7Bh)

Format N/A
Descrinfi The STATUS_IOUT command returns one byte of information relating to the status of the converter’s output current related
escription
faults.
Default 00h
7 6 5 4 3 2 1 0
IOUT_OCF IOUT_OCUVF IOUT_OCW IOUT_UCF CUR_SHAREF POW_LIMIT POUT_OPF POUT_OPW
R R-0 R R-0 R-0 R-0 R-0 R-0
Bits Field Type Reset NVM | Description

Output Over-Voltage Fault

7 IOUT_OCF R -- - 0: Latched flag indicating no VOUT OV fault has occurred.
1: Latched flag indicating a VOUT OV fault has occurred.

6 IOUT_OCUVF R 0 — | Not supported and always set to 0.

5 IOUT_OCW R 0 -- | Not supported and always set to 0.
Output Under-Voltage Fault

4 IOUT_UCF R - -- | 0: Latched flag indicating no VOUT UV fault has occurred.
1: Latched flag indicating a VOUT UV fault has occurred.
VOUT Max Warning
0: Latched flag indicating that no VOUT Max warning has
occurred

8 CUR_SHAREF R B - 1: Latched flag indicating that an attempt has been made to
set the output voltage to a value higher than allowed by the
VOUT_MAX command.
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2 POW_LIMIT R 0 -- | Not supported and always set to 0.
] POUT_OPF R 0 - | Noft supported and always set to 0.
0 POUT_OPW R 0 -- | Not supported and always set to 0.

STATUS_INPUT (7Ch)

Format N/A
b o The STATUS_INPUT command returns one byte of information relating to the status of the converter’s input voltage and
escription
current related faults.
Default 00h
7 6 5 4 3 2 1 0
VIN_OVF VIN_OVW VIN_UVW VIN_UVF VIN_OFF IIN_OCF IIN_OCW PIN_OPW
R R-0 R-0 R R-0 R R R-0
Bits Field Type Reset NVM | Description
Input Over-Voltage Fault
7 VIN_OVF R -- - 0: Latched flag indicating no VIN OV fault has occurred.
1: Latched flag indicating a VIN OV fault has occurred.
6 VIN_OVW R 0 -- | Not supported and always set to 0.
5 VIN_UVW R 0 - Not supported and always set to 0.
Input Under-Voltage Fault
4 VIN_UVF R -- -- | 0: Latched flag indicating no VIN UV fault has occurred.
1: Latched flag indicating a VIN UV fault has occurred.
3 VIN_OFF R - —- | Not supported and always set to 0.
Input Over-Current Fault
2 IIN_OCF R 0 -- | 0: Latched flag indicating no IIN OC fault has occurred.
1: Latched flag indicating a IIN OC fault has occurred.
Input Over-Current Warning
1 IIN_OCW R 0 -- | 0: Latched flag indicating no IIN OC warning has occurred.
1: Latched flag indicating a IIN OC warning has occurred.
0 | PIN.OPW R 0 -- | Noft supported and always set to 0.

STATUS_TEMPERATURE (7Dh)

Format N/A
b o The STATUS_INPUT command returns one byte of information relating to the status of the converter’s input voltage and
escription
current related faults.
Default 00h
7 6 5 4 3 | 2 | 1 | 0
OTF oW UTW UTF Reserved
R R R-0 R-0 R-0000
Bits Field Type Reset NVM | Description
Over-Temperature Fault
7 OTF R - - 0: Latched flag indicating no temperature fault has occurred.
1: Latched flag indicating a temperature fault has occurred.
Over-Temperature Warning
0: Latched flag indicating no temperature warning has
6 oW R - -- | occurred.
1: Latched flag indicating a temperature warning has
occurred.
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5 Utw R 0 -- | Not supported and always set to 0.
4 UTF R 0 —- | Not supported and always set to 0.
3.0 | Reserved R 0000 -- | Alwaysset to 0.

STATUS_CML (7Eh)

Format N/A
Description | The STATUS_ CML command returns one byte with contents regarding communication, logic, or memory conditions.
Default 00h
7 6 5 4 3 2 1 0
US_CMD US_DATA PEC_FAIL MEM_FAULT PRO_FAULT Reserved COM_FAIL CML_OTHER
R R R R R-0 R-0 R R-0
Bits Field Type Reset NVM | Description
Invalid or Unsupported Command Received
0: Latched flag indicating no invalid or unsupported

7 US_CMD R -- - command has received.

1: Latched flag indicating an invalid or unsupported
command has received.

Invalid or Unsupported Data Received

0: Latched flag indicating no invalid or unsupported data has

6 US_DATA R - -- | received.

1: Latched flag indicating an invalid or unsupported data has
received.
Packet Error Check Failed

5 PEC_FAIL R - -- | 0: Latched flag indicating no packet error check has failed
1: Latched flag indicating a packet error check has failed
Memory Error
0: Latched flag indicating that there is no memory error.

4 MEM_FAULT R - - 1: Latched flag indicating that a memory error, i.e. PMBus
controller is trying to write into registers when NVM memory is
being programmed.

3 PRO_FAULT R 0 -- | Not supported and always set to 0.

2 Reserved R 0 - | Always set to 0.

Other Communication Faults
0: Latched flag indicating no communication fault other than

1 COM_FAIL R - -- | the ones listed in this table has occurred.

1: Latched flag indicating a communication fault other than
the ones listed in this table has occurred.

0 CML_OTHER R 0 -- | Not supported and always set to 0.

STATUS_MFR_SPECIFIC (80h)

Format N/A
Description | The STATUS_ MFR_SPECIFIC command returns one byte containing manufacturer-specific faults or warnings.
Default 00h
7 6 5 | 4 | 3 2 1 0
MFR_FAULT_PS MFR_PBF CUR_SH_WARN RST_VOUT VOUT_MIN PHFLT
R R R R R R
M O RN S IJN® MORNSUN Guangzhou Science & Technology Co., Ltd.
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Bits

Field

Type

Reset

NVM

Description

MFR_FAULT_PS R

Power State Fault

0: Latched flag indicating no fault from Tl power stage has
occurred.

1: Latched flag indicating a fault from Tl power stage has
occurred.

MFR_PBF R

Pre-Bias Fault

0: Latched flag indicating no pre-bias fault (VOUT >2.75V at
startup) has occurred.

1: Latched flag indicating a pre-bias fault (VOUT >2.75V at
startup) has occurred.

5:3

CUR_SH_WARN R

not supported and alwats set to 0

RST_VOUT R

RST_VOUT Fault
0: Latched flag indicating no RST_VOUT fault has occurred.
1: Latched flag indicating a RST_VOUT fault has occurred.

VOUT_MIN R

VOUT_MIN Fault
0: Latched flag indicating no VOUT_MIN fault has occurred.
1: Latched flag indicating a VOUT_MIN fault has occurred.

PHFLT R

Phase Fault

0: Latched flag indicating no phase fault (no phase pulse
detected) has occurred.

1: Latched flag indicating a phase fault (no phase pulse
detected) has occurred.

READ_VIN (88h)

Format Linear
The READ_VIN command returns the input voltage in volts, shown in below equation.
X=Yx2"
o Xis the real world value
Description
e Yis an 11-bit, two’s complement integer
¢ Nis a 5-bit, two’s complement integer
Note that devices that use the Linear format must accept and be able to process any value of N.
Default N/A
15 | 14 | 13 | 12 | 11 10 | 9 | 8
READ_VIN_EXPONENT READ_VIN_MANTISSA
R R
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
READ_VIN_MANTISSA
R
Bits Field Type Reset NVM | Description
15:11 | READ_VIN_EXPONENT R - - 5-bit, two’s complement exponent (scaling facton).
10:0 | READ_VIN_MANTISSA R - - 11-bit, two’s complement mantissa.
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READ_IIN (89h)
Format Linear

The READ_IIN command returns the input current in amperes, shown in below equation.
X =Yx2"
o Xis the real world value

Description
e Yis an 11-bit, two’s complement integer
e Nis a 5-bit, two’s complement integer
Note that devices that use the Linear format must accept and be able to process any value of N.

Default N/A
15 | 14 | 13 | 12 | 11 10 | 9 |
READ_IIN_EXPONENT READ_IIN_MANTISSA
R R
7 [ 6 [ 5 [ 4 [ 3 [ 2 | 1 |
READ_IIN_MANTISSA
R
Bits Field Type Reset NVM | Description
15:11 | READ_IIN_EXPONENT R - - 5-bit, two’s complement exponent (scaling factorn).
10:0 | READ_IIN_MANTISSA R -- - 11-bit, two’s complement mantissa.

READ_VOUT (8Bh)

Format VID
Description | The READ_VOUT command returns the actual, measured output voltage.
Default N/A
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
READ_VOUT_VID
R
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
READ_VOUT_VID
R
Bits Field Type Reset NVM | Description
15:0 | READ_VOUT_VID R - - 16-bit, VID format
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READ_IOUT (8Ch)

Format Linear

The READ_IOUT command returns the output current in amperes, shown in below equation.

X =Yx2"

o Xis the real world value
Description
e Yis an 11-bit, two’s complement integer
e Nis a 5-bit, two’s complement integer

Note that devices that use the Linear format must accept and be able to process any value of N.

Default N/A
15 | 14 | 13 | 12 | 11 10 | 9 | 8
READ_IOUT_EXPONENT READ_IOUT_MANTISSA
R R
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
READ_IOUT_MANTISSA
R
Bits Field Type Reset NVM | Description
15:11 | READ_IOUT_EXPONENT R - - 5-bit, two’s complement exponent (scaling factorn).
10:0 | READ_IOUT_MANTISSA R - - 11-bit, two’s complement mantissa.

READ_TEMPERATURE_1 (8Dh)

Format Linear

The READ_TEMPERATURE_1 command returns the temperature in degrees Celsius, shown in below equation.

X =yx2"

e Xisthe real world value
Description
e Yis an 11-bit, two’s complement integer
¢ Nis a 5-bit, two’s complement integer

Note that devices that use the Linear format must accept and be able to process any value of N.

Default N/A

15 | 14 | 13 | 12 | 11 10 | 9 | 8
READ_TEMP_1_EXPONENT READ_TEMP_1_MANTISSA
R R
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
READ_TEMP_1_MANTISSA
R

Bits Field Type Reset NVM | Description
156:11 | READ_TEMP_1_EXPONENT R -- - 5-bit, two’s complement exponent (scaling facton).
10:0 | READ_TEMP_1_MANTISSA R - - 11-bit, two’s complement mantissa.
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READ_TEMPERATURE_1 (8Dh)

Format Linear

The READ_TEMPERATURE_1 command returns the temperature in degrees Celsius, shown in below equation.

X =Yx2"

o Xis the real world value
Description
e Yis an 11-bit, two’s complement integer
e Nis a 5-bit, two’s complement integer

Note that devices that use the Linear format must accept and be able to process any value of N.

Default N/A
15 | 14 | 13 | 12 | 11 10 | 9 | 8
READ_TEMP_1_EXPONENT READ_TEMP_1_MANTISSA
R R
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
READ_TEMP_1_MANTISSA
R
Bits Field Type Reset NVM | Description
15:11 | READ_TEMP_1_EXPONENT R - - 5-bit, two’s complement exponent (scaling factorn).
10:0 | READ_TEMP_1_MANTISSA R - - 11-bit, two’s complement mantissa.

READ_POUT (96h)

Format Linear

The READ_POUT command returns the output power in watts, shown in below equation.

X =yx2"

e Xisthe real world value
Description
e Yis an 11-bit, two’s complement integer
¢ Nis a 5-bit, two’s complement integer

Note that devices that use the Linear format must accept and be able to process any value of N.

Default N/A

15 | 14 | 13 | 12 | 11 10 | 9 | 8
READ_POUT_EXPONENT READ_POUT_MANTISSA
R R
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
READ_POUT_MANTISSA
R

Bits Field Type Reset NVM | Description
156:11 | READ_POUT_EXPONENT R -- - 5-bit, two’s complement exponent (scaling facton).
10:0 | READ_POUT_MANTISSA R - - 11-bit, two’s complement mantissa.
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READ_PIN (97h)
Format Linear
Description | The READ_PIN command returns the input power in watts, Refer to READ_PIN (97h) to get the real world value.
Default N/A
15 | 14 | 13 | 12 | 11 10 | 9 | 8
READ_PIN_EXPONENT READ_PIN_MANTISSA
R R
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
READ_PIN_MANTISSA
R
Bits Field Type Reset NVM | Description
156:11 | READ_PIN_EXPONENT R -- - | 5-bit, two’s complement exponent (scaling factor).
10:0 | READ_PIN_MANTISSA R - - 11-bit, two’s complement mantissa.

PMBus_REVISION (98h)

Format N/A
Description | The PMBus_REVISION command returns the revision of the PMBus to which the device is compliant.
Default 11h
7 | 6 | 5 4 | 3 | 2 | 1 0
PMBUS_REV
R-0001 0001
Bits Field Type Reset NVM | Description
7:.0 | PMBUS_REV R 0001 0001 - Compliant to revision 1.1 of the PMBus specification.
MFR_ID (99h)
Format N/A
Description | The MFR_ID command loads the unit with the text character that contains the manufacturer’s ID.
Default 5401h
15 | 14 | 13 12 | 11 | 10 | 9 | 8
MFR_ID_BW
R/W
7 | 6 | 5 | 4 | 3 | 2 [ 1 0
MFR_ID_HC
R-0000 0001
Bits Field Type Reset NVM | Description
15:8 | MFR_ID_BW R/W - Yes | PMBus Block Write
7.0 | MFR_ID_HC R 0000 0001 - Hard Coded to O1h
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MFR_MODEL (9Ah)
Format N/A

Description | The MFR_MODEL command loads the unit with the text character that contains the model number of the manufacturer.

Default 4701h

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
MFR_MODEL_BW
R/W
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
MFR_MODEL_HC
R-0000 0001
Bits Field Type Reset NVM | Description
15:8 | MFR_MODEL_BW R/W - Yes | PMBus Block Write
7:0 | MFR_MODEL_HC R 0000 0001 — | Hard Coded to 01h

MFR_REVISION (9Bh)

Format N/A
Descrinfi The MFR_REVISION command loads the unit with the text character that contains the revision number of the
escription
manufacturer. This is typically done once at the time of manufacture.
Default N/A
15 | 14 | 13 | 12 11 | 10 | 9 | 8
MFR_REVISION_HCI1 MFR_REVISION_BW
R-0000 R/W
7 | 6 | 5 | 4 | 3 | 2 | 1 0
MFR_REVISION_HC2
R-0000 0001
Bits Field Type Reset NVM | Description
16:12 | MFR_REVISION_HCI1 R 0000 — | Hard Coded to Oh
11:8 | MFR_REVISION_BW R/W -- Yes | PMBus Block Write
7:0 | MFR_REVISION_HC2 R 0000 0001 — | Hard Coded to O1h

MFR_DATE (9Dh)
Format N/A

Descrinfi The MFR_DATE command loads the unit with the text character that identifies the device’s date of manufacture. This is
escription
typically done once at the time of manufacture.

Default N/A

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
MFR_DATE_BW

R/W
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7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
MFR_DATE_HC
R-0000 0001
Bits Field Type Reset NVM | Description
16:8 | MFR_DATE_BW R/W - Yes | PMBus Block Write
7:0 | MFR_DATE_HC R 0000 0001 - Hard Coded to OTh

MFR_VOUT_MIN (A4h)

Format VID

The MFR_VOUT_MIN command sets an lower limit on the output voltage that the unit can command regardless of any
other commands or combinations. The intent of this command is to provide a safeguard against a user accidentally
setting the output voltage to a possibly non-operational level.
The device detects that an attempt has been made to program the output to a voltage lower than the value set by the
MFR_VOUT_MIN command. The device tfreats this detection as a warning condition and not a fault condition. If an
attempt is made to program the output voltage lower than the limit set by this command,
the device responds as follows:

Description o The commanded output voltage is set to MFR_VOUT_MIN,
o The OTHER bit is set in the STATUS_BYTE,
o The VOUT bit is set in the STATUS_WORD,
o The MFR_VOUT_MIN warning bit is set in the STATUS_VOUT register, and
* The device notifies the host (asserts PMBUS_ALERT).
The data bytes are two bytes, which are in right-justified VID format. The VID table mapping determined by the selected
VID protocols (VR12.0 or VR12.5) from the SLEW_MODE pin or MFR_SPECIFIC_13.

Default 0000h
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
RESERVED
R-0000 0000
7 | 6 | 5 [ 4 [ 3 [ 2 [ 1 0
MFR_VOUT_MIN
R/W

Bits Field Type Reset NVM | Description

15:8 | RESERVED R 0000 0000 - | Hard coded to 00h

7:0 | MFR_VOUT_MIN R/W 0000 0000 - Minimum value for VID

MFR_SPECIFIC_00 (Per-Phase Overcurrent Limit) (DOh)

Format N/A
Description | The MFR_SPECIFIC_00 command sets the valley-current threshold for the perphase overcurrent limit.
Default OFh
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7 | 6 | 5 | 4 3 | 2 | 1 | 0
Reserved OCL

R-0000 R/W

Bits Field Type Reset NVM | Description
7:4 | Reserved R R-0000 - Always set to 0.
0000: 24A
0001: 27A
0010: 30A
0011: 33A
0100: 36A
0101: 39A
0110: 42A
0111: 45A
1000: 48A
1001: 51A
1010: 54A
1011: 57A
1100: 60A
1101: 63A
1110: 66A
1111:69A

3.0 | OCL R/W - Yes

MFR_SPECIFIC_O1 (Telemetry Averaging Time) (D1h)

Format N/A
Description | The MFR_SPECIFIC_01 command sets the averaging time for telemetry reporting.
Default 50h
7 6 5 4 3 | 2 1 | 0
Reserved FILTER_PIN Reserved FILTER_IV
R-0 R/W R-00 R/W
Bits Field Type Reset NVM | Description
7 Reserved R 0 - | Alwayssetf 1o 0.

Averaging Time for Input Power Reporting
000: Bypass.
001:2ms
010: 55 m

6:4 | FILTER_PIN R/W 101 - | 011:11.5m
100: 19 ms
101: 50 ms
110: 100 ms
111: 225 ms

3:2 | Reserved R 00 - Always set to 0.
Averaging Time for Current and Voltage Reporting
00: Bypass.

1:0 | FILTER_IV R/W 00 - | 01:.5ms
10: 1 ms
11: 2.5 ms
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MFR_SPECIFIC_04 (Read VOUN) (D4h)

Format Linear
The MFR_SPECIFIC_04 command returns the actual, measured output voltage in volts, shown in below equation.
X =Yx2"
e Xisthe real world value
Description
e Yis an 11-bit, two’s complement integer
e Nis-9
Note that devices that use the Linear format must accept and be able to process any value of N.
Default N/A
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
MFR_SPEC_04_MANTISSA
R
7 | 6 | 5 | 4 | 3 | 2 [ 1 0
MFR_SPEC_04_MANTISSA
R
Bits Field Type Reset NVM | Description
15:0 | MFR_SPEC_04_MANTISSA R -- - Unsigned 16-bit mantissa with an exponent value of n=-9.

MFR_SPECIFIC_05 (VOUT Trim) (DSh)

Format Signed Two’s Complement
Descrinfi The MFR_SPECIFIC_05 command is used fo trim the VR output voltage in volts. LSB resolution is 5 mV/10 mV based on the
escription
selected VR12.0/VR12.5.
Default 00h
7 | 6 | 5 | 4 | 3 | 2 | 1 0
VOUT_VID_OFFSET
R/W
Bits Field Type Reset NVM | Description
Sefts the VR output trim voltage.
01111111:0.635 Vin VR12.0 and 1.27V in VR12.5
01111110: 0.630 Vin VR12.0 and 1.26 V in VR12.5
00000001: 0.005 V in VR12.0 and 0.01 V in VR12.5
7:0 | VOUT_VID_OFFSET R/W - Yes 00000000: 0 V
11111111: -0.005 Vin VR12.0 and -0.01 Vin VR12.5
10000001: -0.635 Vin VR12.0 and -1.27 Vin VR12.5
10000000: —0.640 Vin VR12.0 and -1.28 Vin VR12.5
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MFR_SPECIFIC_07 (Additional Function Bits) (D7h)

Format N/A
Description | The MFR_SPECIFIC_07 command sets the additional function bits.
Default 03h
7 | 6 | 5 [ 4 [ 3 2 1 0
Reserved SLEW_FAST OSR_TRISTATE SST_TIME
R-00000 R/W
Bits Field Type Reset NVM | Description
7:3 | Reserved R 000 00 - | Alwayssetf 1o 0.
Fast Slew Mode Enable/Disable
2 SLEW_FAST R/W - Yes | O: Default slew rate selected by MFR_SPECIFIC_13(2:0)
1: Add 1.36 mV/us to the selected slew rate
Body Braking Enable/Disable
1 OSR_TRISTATE R/W - Yes | O: Enable OSR pulse truncation without body braking
1: Enable OSR pulse truncation with body braking
Soft Slew Rate Selection
0 SST_TIME R/W - Yes | O:soft start slew rate dependent on TRISE
1: 1/16 of the selected slew rate for soft-start

MFR_SPECIFIC_08 (Droop) (D8h)
Format N/A

The MFR_SPECIFIC_08 command sets the load line as percentage of the default one. For exampile, if slope is set as Tmohm

Description
= 100%, then 0.5mohm = 50%

Default 04h

DROOP
R/W

Bits Field Type Reset NVM | Description
0000 0000: 0%
0000 0001: 25%
0000 0010: 50%
00000011: 75%
0000 0100: 100%
0001 0000: 80%
0010 0000: 85%
0011 0000: 90%
7:0 | DROOP R/W 0000 0100 - 0100 0000: 95%
0101 0000: 105%
01100000: 110%
0111 0000: 115%
1000 0000: 120%
1001 0000: 125%
1010 0000: 150%
1011 0000: 175%
Others: 100%
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MFR_SPECIFIC_09 (OSR/USR) (D%h)
N/A

Format

Description | The MFR_SPECIFIC_09 command sets the threshold for OSR and USR control.

Default 77h

7 6 | 5 | 4 3 2 | 1 | 0
Reserved USR Reserved OSR

R-0 R/W R-0 R/W

Bits Field Reset NVM
7 Reserved R 0 -

Description
Always set to 0.
Undershoot Reduction
000: 20 mV
001: 30 mV
010: 60 mV
011: 80 mV

100: 100 mV
101: 120 mV
110: 140 mV
111: USR off
Always set to 0.
Overshoot Reduction
000: 30 mV
001: 40 mV
010: 60 mV
011: 80 mV

100: 100 mV
101: 120 mV
110: 140 mV
111: OSR off

6:4 | USR Yes

3 Reserved R 0 -

2:0 | OSR R/W - Yes

MFR_SPECIFIC_10 (Maximum Operating Current) (DAh)

Format N/A
Description | The MFR_SPECIFIC_10 command sets the maximum operating current IMAX, unit: A) of the converter.
Default E%h
7 | 6 | 5 | 4 | 3 | 2 | 1 0
IMAX
R/W
Bits Field Type Reset NVM | Description
7:0 | IMAX R/W -- Yes | Set maximum operating current.

MFR_SPECIFIC_11 (VBOOT) (DBh)

Format VID
Description | The MFR_SPECIFIC_11 commmand sets the boot voltage in 8-bit VID format.
Default 97h
7 | 6 | 5 | 4 | 3 | 2 | 1 0
VBOOT
R/W
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Bits Field Type Reset NVM | Description
7:0 | VBOOT R/W - Yes | Set the boot voltage according to the selected VID table.

MFR_SPECIFIC_12 (Switching Frequency and TRISE) (DCh)

Format

VID

Description

The MFR_SPECIFIC_12 command sets the switching frequency and the soft start rise slew rate.

Default

00h

3 | 2 1 | 0

FSW

Reserved TRISE

R/W

R-0 R/W

Bits

Field

Type

Reset

NVM

Description

7:4 | FSW

R/W

Yes

Switching Frequency
0000: 300 kHz
0001: 400 kHz
0010: 500 kHz
0011: 600 kHz
0100: 700 kHz
0101: 800 kHz
0110: 900 kHz
0111: 1000 kHz
1000: 350 kHz
1001: 450 kHz
1010: 550 kHz
1011: 650 kHz
1100: 750 kHz
1101: 850 kHz
1110: 950 kHz
1111: 1000 kHz

3:2

Reserved

Always set to 0.

1:0 | TRISE

R/W

Yes

Soft start rise slew rate in terms of VOUT slew rate
00: 1

01:1/2

10: 1/4

11: 1/8

MFR_SPECIFIC_13 (Slew Rate and Other Operation Modes) (DDh)

Format N/A
Description | The MFR_SPECIFIC_13 command sets the slew rates and the operation modes.
Default 88h
7 6 5 4 3 2 | 1 | 0
VR12_MODE PI_SET Reserved DPS_EN ZLL_SET SLEW
R/W R/W R/W R/W R/W R/W
Bits Field Type Reset NVM | Description
VR12 Mode
7 VR12_MODE R/W -- Yes | 0:VRI12.5.
1: VR12.0.
Phase Interleaving
6 PI_SET R/W - Yes | 0O:4 phase interleaving individually.
1: 1/3 and 2/4 two phase interleaving
5 Reserved R/W - Yes | Not used, write or read has no effect
Dynamic Phase Shedding Enable
4 DPS_EN R/W - Yes | 0O:Disable dynamic phase shedding.
1: Enable dynamic phase shedding.
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Yes

MORNSUN"

0: Non-zero load line
1: Zero load line

2.0 | SLEW R/W -

Yes

Slew Rate

000: 0.34 mV/us
001: 0.68 mV/us
010: 1.02 mV/us
011: 1.36 mV/us
100: 1.7 mV/pus
101: 2.04 mV/us
110: 2.38 mV/us
111: 2.74 mV/us

MFR_SPECIFIC_14 (Ramp Height) (DEh)

Format N/A
Description | The MFR_SPECIFIC_14 command sets the ramp amplitude for compensations.
Default 06h
7 | 6 | 5 | 4 | 3 2 | 1 | 0
Reserved RAMP
R-00000 R/W
Bits Field Type Reset NVM | Description
7:3 | VR12_MODE R 0 - | Alwayssetfto 0.
Ramp Amplitude
000: 20 mVepe
001: 40 mVee
010: 60 mVee
2.0 | PI_SET R/W - Yes | 011: 80 mVpe
100: 100 mVep
101: 120 mVpP
110: 150 mVee
111: 200 mVee

MFR_SPECIFIC_15 (Dynamic Phase Shedding Thresholds) (DFh)

Format N/A
Descrinfi The MFR_SPECIFIC_15 command sets the threshold for the dynamic phase shedding. Use 4 x overcurrent limit (OCL) as
escription
P 100% load condition
Default 01h
7 | 6 | 5 | 4 3 2 | 1 | 0
Reserved DPS_TH_LOW DPS_TH_HIGH
R-0000 R/W R/W
Bits Field Type Reset NVM | Description
7:4 | Reserved R 0000 - Always set to 0.
Switch from 2 Phase to 1 Phase Operation
3 DPS_TH_LOW R/W -- Yes | O:Disable decreasing to 1 phase operation.
1: 10% load.
Switch from 4 Phase to 2 Phase Operation
000: 15% load.
. 001: 20% load.
2:0 | DPS_TH_HIGH R/W - Yes 010: 25% load.
011: 30% load.
Others: 35% load.
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MFR_SPECIFIC_16 (VIN UVLO) (EOh)

Format N/A
Description | The MFR_SPECIFIC_16 command sets the threshold for the VIN Undervoltage Lockout (UVLO).
Default 00h
7 | 6 | 5 [ 4 | 3 | 2 1 | 0
Reserved VIN_UVLO
R-00 0000 R/W
Bits Field Type Reset NVM | Description
7:2 | Reserved R 00 0000 - Always set to 0.
Input Voltage UVLO
00:45V
1:0 | VIN_UVLO R/W 01 Yes | 01: 725V
10: 9.0V
11: 103V

MFR_SPECIFIC_20 (Maximum Operational Phase Number) (E4h)

Format N/A

The MFR_SPECIFIC_20 command sets the maximum operational phase numbers on-the-fly. If the maximum operational

Description | Phase number is set higher than the available phase numbers specified by hardware, then the operational phase

number remains unchanged, and the STAUTS_MFR_SPECIFIC<3> is set while asserting PMB_ALERT.

Default Hardware Specific

7 | 6 | 5 | 4 | 3 2 | 1 | 0
Reserved PHASE_NUM
R-0 0000 R/W
Bits Field Type Reset NVM | Description
7:3 | Reserved R 00000 - Always set to 0.
Phase Number

000: 1-phase operation.
001: 2-phase operation.
010: 3-phase operation.
011: 4-phase operation.
100: 5-phase operation.
101: 6-phase operation.
Others: N/A

2:0 | PHASE_LNUM R/W - -

MFR_SPECIFIC_22 ( VOUT_UV_FAULT_threshold) (E6h)

Format N/A

The MFR_SPECIFIC_22 command sets the value of VOUT undervoltage threshold.
Description
UVP threshold = VOUT_COMMAND - VOUT_UVF_OFFSET

Default 03h
7 | 6 | 5 | 4 | 3 2 | 1 | 0
Reserved VOUT_UVF_THRESHOLD
R-0 0000 R/W
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Bits Field Type Reset NVM | Description

7:3 | Reserved R 00000 - | Alwayssetfto 0.
VOUT UVF threshold
000: 50 mV
001: 100 mV
010: 150 mV
2.0 | VOUT_UVF_THRESHOLD R/W - Yes | 011:200 mV
100: 250 mV
101: 300 mV
110: 325 mV
111: 400 mV

MFR_SPECIFIC_44 (DEVICE_CODE) (FCh)

Format N/A
Description | The MFR_SPECIFIC_44 command reads back the DEVICE_CODE information.
Default 01FOh
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
DEVICE_CODE
R-0000 0001
7 | 6 | 5 | 4 | 3 | 2 [ 1 0
DEVICE_CODE
R-1111 0000
Bits Field Type Reset NVM | Description
. 0000 0001 Device Code
15:0 | DEVICE_CODE R 1111 0000 -

Note:
1. For additional information on Product Packaging please refer to www.mornsun-power.com. Packaging bag number: 58210321;
2. The maximum capacitive load offered were tested at nominal input voltage and full load:;

3. Unless otherwise specified, parameters in this datasheet were measured under the conditions of Ta=25°C , humidity<75%RH with nominal
input voltage and rated output load;

4. Allindex testing methods in this datasheet are based on our company corporate standards;
5. We can provide product customization service, please contact our technicians directly for specific information;
6. Products are related to laws and regulations: see “Features"” ;

7. Our products shall be classified according to ISO14001 and related environmental laws and regulations, and shall be handled by
qualified units.

Mornsun Guangzhou Science & Technology Co., Ltd.

Address: No. 8 Nanyun 4th Road, Huangpu District, Guangzhou, China
Tel: 86-20-38601850 Fax: 86-20-38601272 E-mail: info@mornsun.cn WWW.MOrNsun-power.com
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