Single-Phase Voltage
Regulator with SVID
Interface for Computing
Applications

NCP81210A

The NCP81210A is a high-performance, low-bias current,
single-phase regulator with integrated power MOSFETs intended to
support a wide range of computing applications. The device is able to
deliver up to 18 A TDC output current on an adjustable output with
SVID interface. Operating in high switching frequency up to 1.2 MHz
allows employing small size inductor and capacitors. The controller
makes use of ON Semiconductor’s patented high performance RPM
operation. RPM control maximizes transient response while allowing
for smooth transitions between discontinuous-frequency-scaling
operation and continuous-mode full-power operation. The
NCP81210A has an ultra-low offset current monitor amplifier with
programmable offset compensation for high-accuracy current
monitoring.

Features

Auto DCM Operation in PSO/PS1

High Performance RPM Control System
IMVPS8 SVID Support

Ultra Low Offset IOUT Monitor
Dynamic VID Feed-Forward
Programmable Droop Gain

Zero Droop Capable

Supports IMVPS SVID Addresses

PSYS Input Monitor

Thermal Monitor

UltraSonic Operation

Digitally Controlled Operating Frequency
QFN40 5 mm x 5 mm Package

This Device is Pb-Free and is RoHS Compliant

Applications
® IMVPS IA, SA, and GTUS Rails
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NCP81210 = Specific Device Code
A = Assembly Location
WL =LotID
YY = Year
wWw = Work Week
Ll = Pb-Free Package

ORDERING INFORMATION

Device Package Shipping’
NCP81210AMNTXG QFN40 3,000/
(Pb-Free) | Tape & Reel

tFor information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specification
Brochure, BRD8011/D.

Publication Order Number:
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Figure 1. Block Diagram
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Figure 2. Simplified Application Schematic
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Figure 3. Pin Configuration

Table 1. NCP81206 PIN DESCRIPTIONS

Pin No. Symbol Description

1 VR_HOT# Thermal Logic Output for Over-Temperature Condition on either TSENSE

2 SDIO Serial VID Data Interface

3 ALERT# Serial VID ALERT#

4 SCLK Serial VID Clock

5 PGND Power Ground. Power Supply Ground Pins, Connected to Source of Internal LS FET

6 VR_RDY VR_RDY Indicates the Controller is Ready to Accept SVID Commands

7 VIN Input Voltage for HS FET Drain. 22 uF or More Ceramic Caps must Bypass this Input to Power
Ground. Place Close to Pins

BST Provides Bootstrap Voltage for the HS Gate Driver. A Cap is Required from this Pin to SW
GH Gate of HS FET

10 SW Switching Node. Provides a Return Path for the Integrated HS Driver. Internally Connected to the
Source of the HS FET

11 VIN Input Voltage for HS FET Drain. 22 uF or More Ceramic Caps must Bypass this Input to Power
Ground. Place Close to Pins

12 VIN Input Voltage for HS FET Drain. 22 uF or More Ceramic Caps must Bypass this Input to Power
Ground. Place Close to Pins

13 VIN Input Voltage for HS FET Drain. 22 uF or More Ceramic Caps must Bypass this Input to Power
Ground. Place Close to Pins

14 VIN Input Voltage for HS FET Drain. 22 uF or More Ceramic Caps must Bypass this Input to Power
Ground. Place Close to Pins

15 PGND Power Ground. Power Supply Ground Pins, Connected to Source of Internal LS FET

16 PGND Power Ground. Power Supply Ground Pins, Connected to Source of Internal LS FET

17 PGND Power Ground. Power Supply Ground Pins, Connected to Source of Internal LS FET

18 PGND Power Ground. Power Supply Ground Pins, Connected to Source of Internal LS FET

www.onsemi.com
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NCP81210A

Table 1. NCP81206 PIN DESCRIPTIONS (continued)

Pin No. Symbol Description

19 PGND Power Ground. Power Supply Ground Pins, Connected to Source of Internal LS FET

20 PGND Power Ground. Power Supply Ground Pins, Connected to Source of Internal LS FET

21 SW Switch Node. Pins to be Connected to an External Inductor. These Pins are Interconnection
between Internal HS and LS FETs

22 SW Switch Node. Pins to be Connected to an External Inductor. These Pins are Interconnection
between Internal HS and LS FETs

23 SW Switch Node. Pins to be Connected to an External Inductor. These Pins are Interconnection
between Internal HS and LS FETs

24 GL Gate of LS FET

25 GL Gate of LS FET

26 PGND Power Ground. Power Supply Ground Pins, Connected to Source of Internal LS FET

27 PVCC Voltage Supply of Gate Drivers. A 4.7 uF or Larger Ceramic Capacitor Bypasses this Input to GND,
Placed as Close to the Pin as Possible

28 ICCMAX ICCMAX Register Program

29 TSENSE External Temperature Sense Network is Connected to this Pin

30 DOSC/ADDR/ Programming for Fgy, SVID Address, and VgooT A Resistor to GND Programs these Values during

VBOOT Start-up, per Look-up Table

31 PSYS System Power Signal Input. A Resistor to Ground Scales this Signal

32 VSP Differential Output Voltage Sense Positive

33 VSN Differential Output Voltage Sense Negative

34 COMP Compensation

35 ILIM Current-Limit Program

36 CSN Differential Current Sense Negative

37 CSP Differential Current Sense Positive

38 I0UT IOUT Gain Program

39 VCC Power Supply Input Pin of Control Circuits. A 1 uF or Larger Ceramic Capacitor Bypasses this Input
to Ground, Placed Close to the Controller

40 EN Enable

41 GND Flag. Analog Ground. Ground of Internal Control Circuits

42 VIN Flag. Input Voltage for HS FET Drain. 22 uF or More Ceramic Caps must Bypass this Input to
Power Ground. Place Close to Pins

43 PGND Flag. Power Ground. Power Supply Ground Pins, Connected to Source of Internal LS FET.

44 GL Flag. Gate of LS FET

www.onsemi.com
5



http://www.onsemi.com/

Table 2. ABSOLUTE MAXIMUM RATINGS

NCP81210A

Rating Symbol Min Max Unit
Power Supply Voltage to PGND VvIN - 30 \%
Switch Node to PGND Vsw -0.5 35 \%

40 (< 50 ns)
Analog Supply Voltage to GND Vce, Veep -0.3 6.5 \%
BST to PGND BST_PGND -0.3 33 \Y,
38 (< 50 ns)
BST to SW BST_SW -0.3 6.5 \Y
GH to SW GH -0.3 BST + 0.3
-2 (< 200 ns)
GL to GND GL -0.3 Vcep + 0.3 \Y
-2 (< 200 ns)
VSN to GND VSN -0.3 0.3 \Y
10UT 10UT -0.3 25 \Y
PGND to GND PGND -0.3 0.3 \Y
Other Pins -0.3 Vec + 0.3 \
Latch Up Current: (Note 1) ILu mA
All Pins, Except Digital Pins -100 100
Digital Pins -10 10

Operating Junction Temperature Range Ty -10 125 °C
Operating Ambient Temperature Range Ta -10 100 °C
Storage Temperature Range TstG -40 150 °C
Thermal Resistance Junction to Board (Note 2) RoJs 8.2 °C/W
Thermal Resistance Junction to Ambient (Note 2) Roua 21.8 °C/W
Power Dissipation at Ta = 25°C (Note 3) Pp 4.59 w
Moisture Sensitivity Level (Note 4) MSL 3 -
ESD Human Body Model HBM 2,000 \%
ESD Machine Model MM 200 \'%
ESD Charged Device Model CDM 1,000 \'%

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

should not be assumed, damage may occur and reliability may be affected.
Latch up Current per JEDEC standard: JESD78 Class .

1.
2. The thermal resistance values are dependent on the internal losses split between devices and the PCB heat dissipation. This data is based
on a typical operation condition with a 4-layer FR-4 PCB board, which as two, 1-ounce copper internal power and ground planes and 2-ounce
copper traces on top and bottom layers with approximately 80% copper coverage. No airflow and no heat sink applied (reference
EIA/JEDEC 51.7). It also does not account for other heat sources that may be present on the PCB next to the device in question (such as

3.

4. Moisture Sensitivity Level (MSL): 3 per IPC/JEDEC Standard: J-STD-020D.1.

inductors, resistors, etc.)

The maximum power dissipation (PD) is dependent on input voltage, output voltage, output current, external components selected, and PCB

layout. The reference data is obtained based on T yyax = 125°C and Rgya = 21.8°C/W.

www.onsemi.com
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NCP81210A

Table 3. ELECTRICAL CHARACTERISTICS

(Unless otherwise stated: -10°C < Ta < 100°C; 4.75 V < VCC < 5.25 V; Cygg = 0.1 uF)

| Parameter Test Conditions | Min Typ Max Unit

BIAS SUPPLY

VCC Quiescent Current EN = High - 10 13 mA
EN = Low - 20 35 uA
PS3 (25° Only) - - 10 mA
PS4 (25° Only) - 165 - uA

VCC UVLO Threshold VCC Rising - - 45 \
VCC Falling 4 - - \Y

VCC UVLO Hysteresis - 275 - mV

VIN UVLO Threshold VIN Rising - - 4.25 \
VIN Falling 3.75 - - \

VIN UVLO Hysteresis - 680 - mV

ENABLE INPUT

Enable High Input Leakage Current Enable =0 -1.0 0 1.0 uA

Upper Threshold VUPPER 0.8 - - \Y

Lower Threshold ViLower - - 0.3 \%

Enable Hysteresis - 300 - mV

Enable Delay Time Measure Time from Enable Transitioning - - 2.5 ms
HI to VR_RDY High

DAC SLEW RATE

Soft Start Slew Rate - 1/2 SR - mv/us

Fast
Slew Rate Slow - 1/2 SR - mv/us
Fast

Slew Rate Fast - 30 - mv/us

OSCILLATOR

Switching Frequency Range 600 - 1,200 KHz

Switching Frequency Accuracy 600 KHz < Fgy < 1.2 MHz -10 - 10 %

ADC

Voltage Range 0 - 2 \Y

Total Unadjusted Error (TUE) -1 - +1 %

Differential Non-Linearity (DNL) 8-Bit - - 1 LSB

Power Supply Sensitivity - +1 - %

Conversion Time - 6 - us

Round Robin - 55 - us

IMVP8 DAC

System Voltage Accuracy 0.75V<DAC< 152V -0.5 - 0.5 %
0.5V<DAC < .745V -8 - 8 mV
0.25V < DAC < 0.495V -10 - 10 mV

PSYS

Input Current Max Rpsys = 20 kQ2 - - 100 uA

ADC Resolution 8-Bit - 0.4 - uA/bit

Register Update Rate - 55 - us

VR_HOT#

Output Low Voltage - - 0.3 \Y

Output Leakage Current High Impedance State -1.0 - 1.0 uA

www.onsemi.com
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NCP81210A

Table 3. ELECTRICAL CHARACTERISTICS (continued)

(Unless otherwise stated: —10°C < Ta < 100°C; 4.75 V < VCC < 5.25 V; Cygc = 0.1 uF)

| Parameter Test Conditions | Min Typ Max Unit |
TSENSE
Alert# Assert Threshold - 491 - mV
Alert# De-Assert Threshold - 513 - mV
VRHOT Assert Threshold - 472 - mV
VRHOT Rising Threshold - 494 - mV
TSENSE Bias Current 115 120 125 uA
VR_RDY_OUTPUT
Output Low Saturation Voltage lvrR_RDY =4 MA, - - 0.3 Vv
Rise Time External Pull-Up of 1 kQ2t0 3.3 V, - 150 - ns
Crot = 45 pF, AVo = 10% to 90%
Fall Time External Pull-Up of 1 kQ2t0 3.3 V, - 150 - ns
Crot = 45 pF, AVo = 90% to 10%
Output Voltage at Power-Up VRRDY Pulled Up to 5 V via 2 kQ - - 1.2 Vv
Output Leakage Current When High VRRDY =5.0V -1.0 - 1.0 uA
VRRDY Delay (Rising) DAC = TARGET to VRRDY - - 25 ms
VRRDY Delay (Falling) From OCP - 0.3 - us
VRRDY Delay (Falling) From OVP - 0.3 - us
Enable falling to VR_RDY Falling Td_Te - - 1.5 us
DIFFERENTIAL VOLTAGE SENSE AMPLIFIER
Input Bias Current -2 - 2 uA
VSP Input Voltage Range -0.3 - 3.0 \Y
VSN Input Voltage Range -0.3 - 0.3 \Y
gm VSP=1.2V 1.33 1.6 1.86 mS
Open loop Gain Load = 1 nF in Series with 1 kQ in Parallel - 73 - dB
with 10 pF to Ground
Source Current Input Differential -200 mV - 280 - uA
Sink Current Input Differential 200 mV - 280 - uA
-3dB Bandwidth Load = 1 nF in Series with 1 kQ in Parallel - 15 - MHz
with 10 pF to Ground
IoUT
Analog Gain Accuracy -4 - 4 %
gm 0.96 1.0 1.04 mS
IOUT Output Accuracy -140 - 140 nA
ADC Voltage Range 0 - 2.0 \Y
ADC Differential Nonlinearity (DNL) Highest 8-Bits - - 1 LSB
OUTPUT OVER VOLTAGE & UNDER VOLTAGE PROTECTION (OVP & UVP)
Over Voltage Threshold VSP-VSN-VID Setting 360 - 440 mV
Over Voltage Max Capability - 2 - Y
Over Voltage Delay VSP Rising to PWMx Low - 400 - ns
Over Voltage VR_RDY Delay VSP Rising to VR_RDY Low - 400 - ns
Under Voltage Threshold VSP-VSN Falling 225 290 375 mV
Under-Voltage Hysteresis VSP-VSN Falling/Rising - 25 - mV
Under-Voltage Blanking Delay VSP-VSN Falling to VR_RDY Falling - 5 - us

www.onsemi.com
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NCP81210A

Table 3. ELECTRICAL CHARACTERISTICS (continued)
(Unless otherwise stated: —10°C < Ta < 100°C; 4.75 V < VCC < 5.25 V; Cygc = 0.1 uF)

| Parameter Test Conditions | Min Typ Max | Unit |
DROOP
gm 0.96 1.0 1.04 mS
Offset Accuracy -1 - 1 uA
Common Mode Rejection CS1 Input Referred from 0.5 Vto 1.2V 60 80 - dB
OVERCURRENT PROTECTION
ILIMIT Threshold 1.275 1.3 1.325 \
ILIMIT Delay - 500 - ns
ILIMIT Gain liumiT/(CSP-CSN), CSP-CSN = 20 mV - 1.0 - mS
SWN ZCD COMPARATOR

| Offset Accuracy | | -15 | - | 1.5 | mV |
HIGH-SIDE MOSFET

| Drain-to-Source On Resistance | Vas=4.5V,Ip=10A, RoN H | - | 8.0 | - | mQ |
LOW-SIDE MOSFET

| Drain-to-Source On Resistance | Vs =4.5V,Ip=10A, Ron L | - | 4.0 | - | mQ |
HIGH-SIDE GATE DRIVE
Pull-High Drive On Resistance VBsT— Vsw =5V, Rbrv_HH - 1.2 25 Q
Pull-Low Drive On Resistance VesT—Vsw =5V, Rprv_HL - 0.8 2.0 Q
GH Propagation Delay Time From GL Falling to GH Rising, TgH_d - 23 35 ns
GH Rise Time TGH_R - 9 20 ns
GH Fall Time TGH_F - 9 20 ns
GH Pull-Down Resistance VesT—Vsw =0V - 292 - kQ
LOW-SIDE GATE DRIVE
Pull-High Drive On Resistance Veep —Veanp =5V, Rpry_LH - 0.9 2.5 Q
Pull-Low Drive On Resistance Veep —Veanp =5V, Rprv_LL - 0.4 1.25 Q
GL Propagation Delay Time From GH Falling to GL Rising, TgL 4 - 11 35 ns
GL Rise Time TGL_R - 9 20 ns
GL Fall Time TGL_F - 11 20 ns
SW TO PGND RESISTANCE

| SW to PGND Pull-Down Resistance | Rsw (Note 1) | - e | - | ko |
BOOTSTRAP RECTIFIER SWITCH

| Output Low Resistance | EN=LorEN=HandDRVL=H,Ron st | 5 | 18 [ 21 | o |
SCLK, SDIO
VL Input Low Voltage - - 0.45 \Y
VIH Input High Voltage 0.65 - - \
VoH Output High Voltage - 1.05 - \Y
Ron Buffer on Resistance SDA, ALERT#, and - 4 13 Q

VRHOT

Leakage Current -100 - 100 uA
VR Clock to Data Delay (Tgp) 2 - 12 ns
Setup Time (Tgy) 7 - - ns
Hold Time (THLp) 14 - - ns
Pad Capacitance @ 25° Only - 4.0 - pF
P Pin Capacitance @ 25° Only - 5.0 - pF

1. Guaranteed by design, not tested in production.

2. Ty=25°C

www.onsemi.com
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NCP81210A
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Figure 4. Driver Timing Diagram
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NCP81210A

Table 4. IMVP8 VID CODES

VID7 VID6 VID5 VID4 VID3 VID2 VID1 VIDO Voltage (V) Hex
0 0 0 0 0 0 OFF 00
0 0 0 0 0 0 0 1 0.25000 01
0 0 0 0 0 0 1 0 0.25500 02
0 0 0 0 0 0 1 1 0.26000 03
0 0 0 0 0 1 0 0 0.26500 04
0 0 0 0 0 1 0 1 0.27000 05
0 0 0 0 0 1 1 0 0.27500 06
0 0 0 0 0 1 1 1 0.28000 07
0 0 0 0 1 0 0 0 0.28500 08
0 0 0 0 1 0 0 1 0.29000 09
0 0 0 0 1 0 1 0 0.29500 0A
0 0 0 0 1 0 1 1 0.30000 0B
0 0 0 0 1 1 0 0 0.30500 0C
0 0 0 0 1 1 0 1 0.31000 oD
0 0 0 0 1 1 1 0 0.31500 OE
0 0 0 0 1 1 1 1 0.32000 OF
0 0 0 1 0 0 0 0 0.32500 10
0 0 0 1 0 0 0 1 0.33000 11
0 0 0 1 0 0 1 0 0.33500 12
0 0 0 1 0 0 1 1 0.34000 13
0 0 0 1 0 1 0 0 0.34500 14
0 0 0 1 0 1 0 1 0.35000 15
0 0 0 1 0 1 1 0 0.35500 16
0 0 0 1 0 1 1 1 0.36000 17
0 0 0 1 1 0 0 0 0.36500 18
0 0 0 1 1 0 0 1 0.37000 19
0 0 0 1 1 0 1 0 0.37500 1A
0 0 0 1 1 0 1 1 0.38000 1B
0 0 0 1 1 1 0 0 0.38500 1C
0 0 0 1 1 1 0 1 0.39000 1D
0 0 0 1 1 1 1 0 0.39500 1E
0 0 0 1 1 1 1 1 0.40000 1F
0 0 1 0 0 0 0 0 0.40500 20
0 0 1 0 0 0 0 1 0.41000 21
0 0 1 0 0 0 1 0 0.41500 22
0 0 1 0 0 0 1 1 0.42000 23
0 0 1 0 0 1 0 0 0.42500 24
0 0 1 0 0 1 0 1 0.43000 25
0 0 1 0 0 1 1 0 0.43500 26
0 0 1 0 0 1 1 1 0.44000 27
0 0 1 0 1 0 0 0 0.44500 28
0 0 1 0 1 0 0 1 0.45000 29
0 0 1 0 1 0 1 0 0.45500 2A
0 0 1 0 1 0 1 1 0.46000 2B
0 0 1 0 1 1 0 0 0.46500 2C
0 0 1 0 1 1 0 1 0.47000 2D
0 0 1 0 1 1 1 0 0.47500 2E
0 0 1 0 1 1 1 1 0.48000 2F
0 0 1 1 0 0 0 0 0.48500 30
0 0 1 1 0 0 0 1 0.49000 31
0 0 1 1 0 0 1 0 0.49500 32
0 0 1 1 0 0 1 1 0.50000 33

www.onsemi.com
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NCP81210A

Table 4. IMVP8 VID CODES (continued)

VID7 VID6 VID5 VID4 VID3 VID2 VID1 VIDO Voltage (V) Hex
0 0 1 1 0 1 0 0 0.50500 34
0 0 1 1 0 1 0 1 0.51000 35
0 0 1 1 0 1 1 0 0.51500 36
0 0 1 1 0 1 1 1 0.52000 37
0 0 1 1 1 0 0 0 0.52500 38
0 0 1 1 1 0 0 1 0.53000 39
0 0 1 1 1 0 1 0 0.53500 3A
0 0 1 1 1 0 1 1 0.54000 3B
0 0 1 1 1 1 0 0 0.54500 3C
0 0 1 1 1 1 0 1 0.55000 3D
0 0 1 1 1 1 1 0 0.55500 3E
0 0 1 1 1 1 1 1 0.56000 3F
0 1 0 0 0 0 0 0 0.56500 40
0 1 0 0 0 0 0 1 0.57000 41
0 1 0 0 0 0 1 0 0.57500 42
0 1 0 0 0 0 1 1 0.58000 43
0 1 0 0 0 1 0 0 0.58500 44
0 1 0 0 0 1 0 1 0.59000 45
0 1 0 0 0 1 1 0 0.59500 46
0 1 0 0 0 1 1 1 0.60000 47
0 1 0 0 1 0 0 0 0.60500 48
0 1 0 0 1 0 0 1 0.61000 49
0 1 0 0 1 0 1 0 0.61500 4A
0 1 0 0 1 0 1 1 0.62000 4B
0 1 0 0 1 1 0 0 0.62500 4C
0 1 0 0 1 1 0 1 0.63000 4D
0 1 0 0 1 1 1 0 0.63500 4E
0 1 0 0 1 1 1 1 0.64000 4F
0 1 0 1 0 0 0 0 0.64500 50
0 1 0 1 0 0 0 1 0.65000 51
0 1 0 1 0 0 1 0 0.65500 52
0 1 0 1 0 0 1 1 0.66000 53
0 1 0 1 0 1 0 0 0.66500 54
0 1 0 1 0 1 0 1 0.67000 55
0 1 0 1 0 1 1 0 0.67500 56
0 1 0 1 0 1 1 1 0.68000 57
0 1 0 1 1 0 0 0 0.68500 58
0 1 0 1 1 0 0 1 0.69000 59
0 1 0 1 1 0 1 0 0.69500 5A
0 1 0 1 1 0 1 1 0.70000 5B
0 1 0 1 1 1 0 0 0.70500 5C
0 1 0 1 1 1 0 1 0.71000 5D
0 1 0 1 1 1 1 0 0.71500 5E
0 1 0 1 1 1 1 1 0.72000 5F
0 1 1 0 0 0 0 0 0.72500 60
0 1 1 0 0 0 0 1 0.73000 61
0 1 1 0 0 0 1 0 0.73500 62
0 1 1 0 0 0 1 1 0.74000 63
0 1 1 0 0 1 0 0 0.74500 64
0 1 1 0 0 1 0 1 0.75000 65
0 1 1 0 0 1 1 0 0.75500 66
0 1 1 0 0 1 1 1 0.76000 67

www.onsemi.com
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NCP81210A

Table 4. IMVP8 VID CODES (continued)

VID7 VID6 VID5 VID4 VID3 VID2 VID1 VIDO Voltage (V) Hex
0 1 1 0 1 0 0 0 0.76500 68
0 1 1 0 1 0 0 1 0.77000 69
0 1 1 0 1 0 1 0 0.77500 6A
0 1 1 0 1 0 1 1 0.78000 6B
0 1 1 0 1 1 0 0 0.78500 6C
0 1 1 0 1 1 0 1 0.79000 6D
0 1 1 0 1 1 1 0 0.79500 6E
0 1 1 0 1 1 1 1 0.80000 6F
0 1 1 1 0 0 0 0 0.80500 70
0 1 1 1 0 0 0 1 0.81000 71
0 1 1 1 0 0 1 0 0.81500 72
0 1 1 1 0 0 1 1 0.82000 73
0 1 1 1 0 1 0 0 0.82500 74
0 1 1 1 0 1 0 1 0.83000 75
0 1 1 1 0 1 1 0 0.83500 76
0 1 1 1 0 1 1 1 0.84000 77
0 1 1 1 1 0 0 0 0.84500 78
0 1 1 1 1 0 0 1 0.85000 79
0 1 1 1 1 0 1 0 0.85500 7A
0 1 1 1 1 0 1 1 0.86000 7B
0 1 1 1 1 1 0 0 0.86500 7C
0 1 1 1 1 1 0 1 0.87000 7D
0 1 1 1 1 1 1 0 0.87500 7E
0 1 1 1 1 1 1 1 0.88000 7F
1 0 0 0 0 0 0 0 0.88500 80
1 0 0 0 0 0 0 1 0.89000 81
1 0 0 0 0 0 1 0 0.89500 82
1 0 0 0 0 0 1 1 0.90000 83
1 0 0 0 0 1 0 0 0.90500 84
1 0 0 0 0 1 0 1 0.91000 85
1 0 0 0 0 1 1 0 0.91500 86
1 0 0 0 0 1 1 1 0.92000 87
1 0 0 0 1 0 0 0 0.92500 88
1 0 0 0 1 0 0 1 0.93000 89
1 0 0 0 1 0 1 0 0.93500 8A
1 0 0 0 1 0 1 1 0.94000 8B
1 0 0 0 1 1 0 0 0.94500 8C
1 0 0 0 1 1 0 1 0.95000 8D
1 0 0 0 1 1 1 0 0.95500 8E
1 0 0 0 1 1 1 1 0.96000 8F
1 0 0 1 0 0 0 0 0.96500 90
1 0 0 1 0 0 0 1 0.97000 91
1 0 0 1 0 0 1 0 0.97500 92
1 0 0 1 0 0 1 1 0.98000 93
1 0 0 1 0 1 0 0 0.98500 94
1 0 0 1 0 1 0 1 0.99000 95
1 0 0 1 0 1 1 0 0.99500 96
1 0 0 1 0 1 1 1 1.00000 97
1 0 0 1 1 0 0 0 1.00500 98
1 0 0 1 1 0 0 1 1.01000 99
1 0 0 1 1 0 1 0 1.01500 9A
1 0 0 1 1 0 1 1 1.02000 9B
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Table 4. IMVP8 VID CODES (continued)

VID7 VID6 VID5 VID4 VID3 VID2 VID1 VIDO Voltage (V) Hex
1 0 0 1 1 1 0 0 1.02500 9C
1 0 0 1 1 1 0 1 1.03000 9D
1 0 0 1 1 1 1 0 1.03500 9E
1 0 0 1 1 1 1 1 1.04000 9F
1 0 1 0 0 0 0 0 1.04500 A0
1 0 1 0 0 0 0 1 1.05000 Al
1 0 1 0 0 0 1 0 1.05500 A2
1 0 1 0 0 0 1 1 1.06000 A3
1 0 1 0 0 1 0 0 1.06500 A4
1 0 1 0 0 1 0 1 1.07000 A5
1 0 1 0 0 1 1 0 1.07500 AB
1 0 1 0 0 1 1 1 1.08000 A7
1 0 1 0 1 0 0 0 1.08500 A8
1 0 1 0 1 0 0 1 1.09000 A9
1 0 1 0 1 0 1 0 1.09500 AA
1 0 1 0 1 0 1 1 1.10000 AB
1 0 1 0 1 1 0 0 1.10500 AC
1 0 1 0 1 1 0 1 1.11000 AD
1 0 1 0 1 1 1 0 1.11500 AE
1 0 1 0 1 1 1 1 1.12000 AF
1 0 1 1 0 0 0 0 1.12500 BO
1 0 1 1 0 0 0 1 1.13000 B1
1 0 1 1 0 0 1 0 1.13500 B2
1 0 1 1 0 0 1 1 1.14000 B3
1 0 1 1 0 1 0 0 1.14500 B4
1 0 1 1 0 1 0 1 1.15000 B5
1 0 1 1 0 1 1 0 1.15500 B6
1 0 1 1 0 1 1 1 1.16000 B7
1 0 1 1 1 0 0 0 1.16500 B8
1 0 1 1 1 0 0 1 1.17000 B9
1 0 1 1 1 0 1 0 1.17500 BA
1 0 1 1 1 0 1 1 1.18000 BB
1 0 1 1 1 1 0 0 1.18500 BC
1 0 1 1 1 1 0 1 1.19000 BD
1 0 1 1 1 1 1 0 1.19500 BE
1 0 1 1 1 1 1 1 1.20000 BF
1 1 0 0 0 0 0 0 1.20500 Co
1 1 0 0 0 0 0 1 1.21000 C1
1 1 0 0 0 0 1 0 1.21500 c2
1 1 0 0 0 0 1 1 1.22000 C3
1 1 0 0 0 1 0 0 1.22500 C4
1 1 0 0 0 1 0 1 1.23000 C5
1 1 0 0 0 1 1 0 1.23500 Cé6
1 1 0 0 0 1 1 1 1.24000 Cc7
1 1 0 0 1 0 0 0 1.24500 C8
1 1 0 0 1 0 0 1 1.25000 C9
1 1 0 0 1 0 1 0 1.25500 CA
1 1 0 0 1 0 1 1 1.26000 CB
1 1 0 0 1 1 0 0 1.26500 cC
1 1 0 0 1 1 0 1 1.27000 CD
1 1 0 0 1 1 1 0 1.27500 CE
1 1 0 0 1 1 1 1 1.28000 CF
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Table 4. IMVP8 VID CODES (continued)

VID7 VID6 VID5 VID4 VID3 VID2 VID1 VIDO Voltage (V) Hex
1 1 0 1 0 0 0 0 1.28500 DO
1 1 0 1 0 0 0 1 1.29000 D1
1 1 0 1 0 0 1 0 1.29500 D2
1 1 0 1 0 0 1 1 1.30000 D3
1 1 0 1 0 1 0 0 1.30500 D4
1 1 0 1 0 1 0 1 1.31000 D5
1 1 0 1 0 1 1 0 1.31500 D6
1 1 0 1 0 1 1 1 1.32000 D7
1 1 0 1 1 0 0 0 1.32500 D8
1 1 0 1 1 0 0 1 1.33000 D9
1 1 0 1 1 0 1 0 1.33500 DA
1 1 0 1 1 0 1 1 1.34000 DB
1 1 0 1 1 1 0 0 1.34500 DC
1 1 0 1 1 1 0 1 1.35000 DD
1 1 0 1 1 1 1 0 1.35500 DE
1 1 0 1 1 1 1 1 1.36000 DF
1 1 1 0 0 0 0 0 1.36500 EO
1 1 1 0 0 0 0 1 1.37000 E1
1 1 1 0 0 0 1 0 1.37500 E2
1 1 1 0 0 0 1 1 1.38000 E3
1 1 1 0 0 1 0 0 1.38500 E4
1 1 1 0 0 1 0 1 1.39000 E5
1 1 1 0 0 1 1 0 1.39500 E6
1 1 1 0 0 1 1 1 1.40000 E7
1 1 1 0 1 0 0 0 1.40500 E8
1 1 1 0 1 0 0 1 1.41000 E9
1 1 1 0 1 0 1 0 1.41500 EA
1 1 1 0 1 0 1 1 1.42000 EB
1 1 1 0 1 1 0 0 1.42500 EC
1 1 1 0 1 1 0 1 1.43000 ED
1 1 1 0 1 1 1 0 1.43500 EE
1 1 1 0 1 1 1 1 1.44000 EF
1 1 1 1 0 0 0 0 1.44500 FO
1 1 1 1 0 0 0 1 1.45000 F1
1 1 1 1 0 0 1 0 1.45500 F2
1 1 1 1 0 0 1 1 1.46000 F3
1 1 1 1 0 1 0 0 1.46500 F4
1 1 1 1 0 1 0 1 1.47000 F5
1 1 1 1 0 1 1 0 1.47500 F6
1 1 1 1 0 1 1 1 1.48000 F7
1 1 1 1 1 0 0 0 1.48500 F8
1 1 1 1 1 0 0 1 1.49000 F9
1 1 1 1 1 0 1 0 1.49500 FA
1 1 1 1 1 0 1 1 1.50000 FB
1 1 1 1 1 1 0 0 1.50500 FC
1 1 1 1 1 1 0 1 1.51000 FD
1 1 1 1 1 1 1 0 1.51500 FE
1 1 1 1 1 1 1 1 1.52000 FF
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VCC TA
I<—>‘

IMVP8 EN  —

+ T8 ' vBoot

VSP - ;
)

VR_RDY | :

SVID ALERT |

SVID

'_ ______________
VR_EN
(at the Pin) | !
. . S ———— - RESET
T ' '
— T R
VR_EN :
(Internal) !
L TE
I<—D|
VR_READY
(Open Drain)
Figure 5. Start-Up Timing
Table 5. START-UP TIMING
Minimum Typical Maximum
TA - - 2.5ms
B - - VID/Slow
TD Ous - 1us
TE - 500 ns -
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SCLK

NCP81210A

CPU Driving, Single Data Rate

CRU Send

SCLK

Tco_cpu = Clock to Data Delay in CPU
tsy=05-T-Tco_cru

VR Latch
'V typ=0.5-T+Tco cpu

>

TCO_CPU-" -—rla—>! "—TCO_CPU

tsu  tHLD

VR Driving, Single Data Rate

|

Tco_vr = Clock to Data Delay in VR

tsu=T-2-Try - Tco VR
thip =2 Trry + Teo VR
TrLy - Propagation Time on Serial VID Bus

> >

Figure 6. SVID Timing Diagram

Table 6. STATE TRUTH TABLE

Error AMP Method
State VR_RDY Pin Comp Pin OVP & UVP of Reset
POR N/A N/A N/A
0 <VCC < UVLO
Disabled Low Low Disabled
EN < Threshold
UVLO > Threshold
Start-Up Delay & Calibration Low Low Disabled
EN > Threshold
UVLO > Threshold
Soft Start Low Operational Active/No Latch
EN > Threshold
UVLO > Threshold
Normal Operation High Operational Active/Latching N/A
EN > Threshold
UVLO > Threshold
Over Voltage Low N/A DAC + 150 mV
Over Current Low Operational Last DAC Code
VID Code = 00h Low: if Reg34h: bit 0 = 0; Clamped at 0.9 V Disabled
High: if Reg34h: bit 0 = 1;
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Table 7. SUPPORTED SVID REGISTERS AND DEFAULT VALUES

Index | Name Description Access Default
VOLTAGE RAIL REGISTER SET
00h Vendor ID Uniquely identifies the VR vendor. The vendor ID assigned by Intel to R 1Ah
ON Semiconductor is 0x1Ah
01h Product ID Uniquely identifies the VR product. The VR vendor assigns this number. R 2Ah
2Ah = NCP81210A
02h Product Uniquely identifies the revision or stepping of the VR control IC. R
Revision The VR vendor assigns this data.
05h Protocol ID Identifies the SVID Protocol the controller supports. 05h = IMVP8 R 05h
06h Capability Informs the Master of the controller’s Capabilities R D1h
Bit 0 = lout ADC (15h) = 1
Bit 1 = Vout ADC (16h) =0
Bit 2 = Pout ADC (18h) =0
Bit 3 = | input ADC (19h) =0
Bit 4 = V input ADC (1Ah) =1
Bit 5 = P input ADC (1Bh) =0
Bit 6 = temperature ADC (17h) =1
Bit 7 = 1 if (15h) is lout = 1
10h Status_1 Data register read after the ALERT# signal is asserted. R 00h
Conveying the status of the VR.
11h Status_2 Data register showing optional status_2 data. R 00h
12h Temp Zone Data register showing temperature zones the system is operating in R 00h
15h I_out 8 bit binary word ADC of current. This register reads OxFF when the R
output current is at lcc_Max
16h V_out 8 bit binary word ADC of output voltage, measured between VSP and R
VSN. LSB size is 15.625 mV
17h VR_Temp 8 bit binary word ADC of voltage. Binary format in deg C, IE 100C = 64h. R
A value of 00h indicates this function is not supported
18h P_out 8 bit binary word representative of output power. The output voltage is R 01h
multiplied by the output current value and the result is stored in this
register. A value of 00h indicates this function is not supported
1Ch Status 2 Last When the status 2 register is read its contents are copied into this register. R 00h
Read The format is the same as the Status 2 Register.
21h lcc_Max Data register containing the ICC_Max the platform supports. The value is R 00h
measured on the ICCMAX pin on power up and placed in this register.
From that point on the register is read only.
22h Temp_Max Data register containing the max temperature the platform supports and R/W 64h
the level VR_hot asserts. This value defaults to 100°C and programmable
over the SVID Interface
24h SR_Fast Slew Rate for SetVID_fast commands. Binary format in mV/us. R OAh
25h SR_Slow Slew Rate for SetVID_slow commands. Binary format in mV/us. R
26h VBOOT The VBOOQOT is resistor programmed at start-up. The controller will ramp to R 00h
VBOOT and hold at VBOOT until it receives a new SVID SetVID
command to move to a different voltage.
2A Slow Slew 01 = Fast/2; 02 = Fast/4; 04 = Fast/8; 08 = Fast/16 RW 0t1h
Rate Selector Default is Fast/2
2B PS4 Exit Time in us from ACK of SetVID until voltage begins to ramp R
Latency
2C PS3 Exit Time in us from Ack of SetVID/SetPS until VR is capable of supplying max R
Latency current of commanded PS state. X/16 * 2"Y; X = lower nibble, Y = upper
nibble
2D EN to SVID Latency from EN assertion to VR ready to accept SVID command R
Ready
30h Vout_Max Programmed by master and sets the maximum VID the VR will support. If RW B5h

a higher VID code is received, the VR should respond with “not supported”
acknowledge. IMVP8 VID format.
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Table 7. SUPPORTED SVID REGISTERS AND DEFAULT VALUES (continued)

Index | Name | Description Access Default
VOLTAGE RAIL REGISTER SET
31h VID Setting Data register containing currently programmed VID voltage. VID data RW 00h
format.
32h Pwr State Register containing the current programmed power state. RW 00h
33h Offset Sets offset in VID steps added to the VID setting for voltage margining. RwW 00h
Bit 7 is sign bit, 0 = positive margin, 1 = negative margin. Remaining
7 BITS are # VID steps for margin 2 s complement.
00h = No margin
01h = +1 VID step
02h = +2 VID steps
FFh = -1 VID step
FEh = -2 VID steps
34h MultivVR RwW
Config
42h IVID1-VID Eventually CPU programmed RW 00
43h IVID1-1 VR’s max single-phase current capability RW
44h IVID2-VID Eventually CPU programmed RwW 00
45h IVID2-I Threshold current for adding/removing 2"d phase RwW
46h IVID3-VID Eventually CPU programmed RwW 00
47h IVID3-| CCM/DCM threshold current RW
DOMAIN 0Dh REQUIRED REGISTERS
00h Vendor ID Uniquely identifies the VR vendor. The vendor ID assigned by Intel to R 1Ah
ON Semiconductor is 0x1Ah
01h Product ID Uniquely identifies the VR product. The VR vendor assigns this number. R 2Ah
2Ah = NCP81210A
02h Product Uniquely identifies the revision or stepping of the VR control IC. R
Revision The VR vendor assigns this data.
03h Product Date R
Code ID
05h Protocol ID Identifies the SVID Protocol the controller supports. 05h = IMVP8 R 05h
10h Status_1 Data register read after the ALERT# signal is asserted. R 00h
Conveying the status of the VR.
11h Status_2 Data register showing optional status_2 data. R 00h
1Bh Input Power Required for Input Power Domain SVID Address 0Dh R
2Eh Pin Max Input Power Sensor Scaling RW FFh
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GENERAL

The NCP81210A is a single phase IMVP8 SVID
controller with a built in gate driver. The controller makes
use of a digitally enhanced high performance current mode
RPM control method that provides excellent transient
response while minimizing transient aliasing. The average
operating frequency is digitally stabilized to remove
frequency drift under all continuous mode operating
conditions. At light load the NCP81210A automatically
transitions into DCM operation to save power.

Serial VID Interface (SVID)
The Serial VID Interface (SVID Interface) is a 3 wire
digital interface used to transfer power management

Table 8. VID CODE CHANGE

information between the CPU (Master) and the
NCP81210A (Slave). The 3 wires are clock (SCLK), data
(SDIO) and ALERT#. The SCLK is unidirectional and
generated by the master. The SDIO is bi-directional, used for
transferring data from the CPU to the NCP81210A and from
the NCP81210A to the CPU. The ALERT# is an open drain
output from the NCP81210A to signal to the master that the
Status Register should be read.

SCLK, SDIO and ALERT# should be terminated per
SVID Specification requirement. The SVID bus can operate
up to a max frequency of 43 MHz.

VID code change is supported by SVID interface with
three options as below:

Register Address
(Indicating the Slew Rate of
Option SVID Command Code Feature Description VID Code Change)
SetVID_Fast 01h Selectable Slew Rate 24h
SetVID_Slow 02h Fast_SR/2: Default 25h
Fast_SR/4
Fast_SR/8
Fast_SR/16
SetVID_Decay 03h No Control, VID Code Down N/A

Switching Frequency, SVID Address, and Boot Voltage
Programming

Fsw, address, and VBOOT are during power up on
a single pin. A 10 uA current is sourced from the pin and the
resulting voltage is measured. This is compared with the

Table 9. SWITCHING FREQUENCY

thresholds and the corresponding values for Fgw, VBOOT,
and SVID address are configured. These values are
programmed on power up and cannot be changed after the
initial power up sequence is complete.

Resistor Fsw Address VBOOT
1 10 kQ 1.2 MHz 0 oV
2 13 kQ 1.1 MHz 0 oV
3 16 kQ 1.0 MHz 0 oV
4 19.2 kQ 900 kHz 0 oV
5 22.5kQ 800 kHz 0 oV
6 26 kQ 700 kHz 0 oV
7 29.6 kQ 600 kHz 0 ov
8 33.5 kQ 1.2 MHz 1 oV
9 37.4 kQ 1.1 MHz 1 oV
10 41.5kQ 1.0 MHz 1 oV
11 45.8 kQ 900 kHz 1 ov
12 50.2 kQ 800 kHz 1 ov
13 54.8 kQ 700 kHz 1 oV
14 59.5 kQ 600 kHz 1 ov
15 64.5 kQ 1.2 MHz 2 1.05V
16 69.6 kQ 1.1 MHz 2 1.05V
17 75 kQ 1.0 MHz 2 1.05V
18 80.6 kQ 900 kHz 2 1.05V
19 86.5 kQ 800 kHz 2 1.05V
20 92.6 kQ 700 kHz 2 1.05V
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Table 9. SWITCHING FREQUENCY (continued)

NCP81210A

Resistor Fsw Address VBOOT
21 99 kQ 600 kHz 2 1.05V
22 105.5 kQ 1.2 MHz 3 oV
23 112.5 kQ 1.1 MHz 3 oV
24 119.6 kQ 1.0 MHz 3 oV
25 127 kQ 900 kHz 3 oV
26 134.8 kQ 800 kHz 3 oV
27 143 kQ 700 kHz 3 oV
28 151.4 kQ 600 kHz 3 oV
29 160.3 kQ 700kHz 0 1.05V
30 169.5 kQ 700kHz 1 1.05V
31 180 kQ 700 kHz 2 oV
32 210 kQ 700 kHz 3 1.05V

Remote Sense Error Amplifier

A high performance, high input impedance, true
differential transconductance amplifier is provided to
accurately sense the regulator output voltage and provide
high bandwidth transient performance. The VSP and VSN
inputs should be connected to the regulator’s output voltage
sense points through filter networks describe in the Droop
Compensation and DAC Feed-Forward Compensation
sections. The remote sense error amplifier outputs a current
proportional to the difference between the output voltage
and the DAC voltage:

DAC

gm |

lcomp = gm - (VDAC - (VVSP - VVSN)) (eq. 1)

This current is applied to a standard Type II compensation
network.

Single-Phase Rail Voltage Compensation

The Remote Sense Amplifier outputs a current that is
applied to a Type Il compensation network formed by
external tuning components CLF, RZ and CHF

VSN

VSP

COMP

CLF

1
!

Figure 7.
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Differential Current Feedback Amplifier

The NCP81210A controller has a low offset, differential
amplifier to sense output inductor current. An external
low-pass filter can be used to superimpose a reconstruction
of the AC inductor current onto the DC current signal sensed
across the inductor. The low-pass filter time constant should
match the inductor L/DCR time constant by setting the filter
pole frequency equal to the zero of the output inductor. This
makes the filter AC output mimic the product of AC inductor
current and DCR, with the same gain as the filter DC output.
It is best to perform fine tuning of the filter pole during

transient testing.
DCR @ 25°C
F,= —— (eq.2)
2-n-L

1

Rpuse (Rth+Rosse)
2 m- " Cosse

Fp= (eq. 3)

Rpngpe + R+ Ressp

Forming the low-pass filter with an NTC thermistor (Rryy)
placed near the output inductor, compensates both the DC

based on the effect of temperature on both the thermistor and
inductor. The CSP and CSN pins are high impedance inputs,
but it is recommended that the low-pass filter resistance not
exceed 10 k€2 in order to avoid offset due to leakage current.
It is also recommended that the voltage sense element
(inductor DCR) be no less than 0.5 m€ for sufficient current
accuracy. Recommended values for the external filter
components are:

Rpusp = 7.68 kQ
Rcssp = 14.3kQ
Rt =100 k<, Beta = 4300

I‘PHASE (eq 4)

Cessp =
Rense (Rth+Rosse)

Rensp + Rt Rossp PeR
Using 2 parallel capacitors in the low-pass filter allows
fine tuning of the pole frequency using commonly available
capacitor values.
The DC gain equation for the current sense amplifier
output is:

gain and the filter time constant for the inductor DCR change Y _ Rty + Ressp I~ .DCR (€q.5)
with temperature. The values of Rpyggp and Rcsgp are set CURR " Rouse + Ry + Rosgp 00T
' CSP RpHsp
1 Py AAN >
Current -
Sense AMP 1 CSN Rcssp
COMPl i Ccssp t To Inductor
1 T RtH
PWM ! ’ >
1
Generator CURR .
TRAMP | PWM

Figure 8.

The amplifier output signal is combined with the COMP
and RAMP signals at the PWM comparator inputs to
produce the Ramp Pulse Modulation (RPM) PWM signal.

PSYS

The PSYS pin is an analog input to the NCP81210A. It is
a system input power monitor that facilitates the monitoring
of the total platform system power. The system power is

sensed at the platform charging device, the NCP81210A
facilitates reporting back current and through the SVID
interface at address ODh. A 20K pull down resistance must
be used for scaling of the PSYS information.

To disable the PSYS function the pin should be pulled to
5 V through a resistor, once disabled the NCP81210A will
no longer respond to address ODh.

www.onsemi.com
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Load-line Programming (DROOP)

An output load-line is a power supply characteristic
wherein the regulated (DC) output voltage decreases by
avoltage Vproop, proportional to load current. This
characteristic can reduce the output capacitance required to
maintain output voltage within limits during load transients
faster than those to which the regulation loop can respond.

In the NCP81210A, a load-line is produced by adding a
signal proportional to output load current (Vproop) to the
output voltage feedback signal — thereby satisfying the
voltage regulator at an output voltage reduced proportional
to load current. Vproop is developed across a resistance
between the VSP pin and the output voltage sense point.

VSN J_
Csnssp
VSP
R
DRPSP To VCC_SENSE
gm
Rorpsp  Cprpsp
o> ,
' CSP RpHsp
™ . o AAA >
Current -
Sense AMP . CSN Rcssp
":" Ccssp t To Inductor
: T Rt
Figure 9.
Rry + Ressp
Voroop = Rpresp * 9M - - loyr - DCR (eq. 6)

The loadl-ine is programmed by choosing Rprpsp such
that the ratio of voltage produced across Rprpsp to output
current is equal to the desired load-line.

Loadline

Rpuse + Rt + Rossp
Rorpsp = gm - DCR ’

(eqa.7)
Rr + Resse

|cc Max
The SVID interface provides the platform ICC_MAX
value at register 21h for. A resistor to ground on the IMAX

Rprsp + Ru + Ressp

pin programs these registers at the time the part is enabled.
10 pA is sourced from these pins to generate a voltage on the
program resistor. The value of the register is 1 A per LSB
and is set by the equation below. The resistor value should
be no less than 10 k€.

R-10uA - 255 A

ICC_MAXy,, = v

(e9. 8)
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Programming IOUT scaled with an external resistor to ground such that a load
The IOUT pin sources a current in proportion to the equal to ICC_MAX generates a 2V signal on IOUT.
ILIMIT sink current. The voltage on the IOUT pin is A pull-up resistor from 5 V VCC can be used to offset the

monitored by the internal A/D converter and should be IOUT signal positive if needed.
. CSP RpHsp
" ° AANA >
Current -
Sense AMP . CSN Rcssp
- Ccssp —— t To Inductor
: RrH
gm '
' IouUT
> > ] *
Current . L
Monitor | Rioutsp
IOUT =— :
Figure 10.
R 2V
= eq. 9
IOUTSP Ron+ Rosse (eq. 9)
gm - - lccMax - DCR
Rensp + Ryt Rossp
Programming the DAC Feed-Forward Filter
The NCP81210A outputs a pulse of current from the VSN in order to compensate for the response of the Droop
pin upon each increment of the internal DAC following function to the inductor current flowing into the charging
a DVID UP command. A parallel RC network inserted into output capacitors. RFFSP sets the gain of the DAC
the path from VSN to the output voltage return sense point, feed-forward and CFFSP provides the time constant to
VSS SENSE, causes these current pulses to temporarily cancel the time constant of the system per the following
decrease the voltage between VSP and VSN. This causes the equations. Coyr is the total output capacitance of the
output voltage during DVID to be regulated slightly higher, system.
DAC DAC Feed-Forward Current
Feed-Forward S5
From SVID ||
Interface [DAG DAC ' 1
—] - c
! ven FRSP To VCC_SENSE
{1 ANN—
' Rrrsp Csnssp
VsP T
Figure 11.
Loadline - Cqp 200
R = C =—-— (F) (eq. 10)
FFSP 135 10-9 ) PP T R
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Programming the Current Limit

The current limit threshold is programmed with a resistor
(RiLim) from the ILIM pin to ground. The current limit
latches the single-phase rail off immediately if the ILIM pin
voltage exceeds the ILIM Threshold. Set the value of the

current limit resistor based on the equation shown below.
A capacitor can be placed in parallel with the programming
resistor to slightly delay activation of the latch if some
tolerance of short over-current events is desired.

. CSP RpHsp
Imm! N o
Current a VVV >
Sense AMP ' CSN Rcssp
'T' Ccssp t To Inductor
: T Rrh
gm Over-Current |
Programming + ILIM
Over-Current . RiLimsp
Comparators :
OCP REF :
Figure 12.
R 1.3V
ILMSP = R +R (eq. 11)
gm - TH+ Pcssp DCR

TSENSE

A temperature sense input is provided. A precision current
is sourced out the TSENSE pin to generate voltage on the
temperature sense network. The voltage on the temperature

Rprse + R+ Regsp

OUT it

sense input is sampled by the internal A/D converter.
A 100k NTC similar to the VISHAY ERT-J1VS104JA
should be used. See the specification table for the thermal
sensing voltage thresholds and source current.

TSENSE
Rcomp1

0.0Q

Crter L
01uF T s

Rcomp2 Rtne

8.2 kQ 100 kQ
L
AGND AGND
Figure 13.
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Ultrasonic Mode

The switching frequency of a rail in DCM will decrease
at very light loads. Ultrasonic Mode forces the switching
frequency to stay above the audible range.

Input Under-Voltage Protection
The controller is protected against under-voltage on the
VCC, VCCP, and VFF pins.

Under-Voltage Protection

Under-voltage protection will shut off the output similar
to OCP to protect against short circuits. The threshold is
specified in the parametric spec tables and is not adjustable.

Over-Current Protection (OCP)

A programmable current limit is programmed with
a resistor between the ILIM pin and ground. to this resistor
is compared to the ILIM Threshold Voltage (Vcr). If the
ILIM pin voltage exceeds the lower Threshold Voltage, an
internal latch-off timer starts. When the timer expires, the
controller shuts down if the fault is not removed. If the
voltage at the ILIM pin exceeds the higher Threshold
Voltage, the controller shuts down immediately. To recover
from an OCP fault, the EN pin or Vcc voltage must be
cycled low.

Layout Notes

The NCP81210A has differential voltage and current
monitoring. This improves signal integrity and reduces
noise issues related to layout for easy design use. To insure
proper function there are some general rules to follow.
Always place the inductor current sense RC filters as close
to the CSN and CSP pins on the controller as possible. Place
the VCC decoupling caps as close as possible to the
controller VCC pin.

Electrical Layout Considerations
Good electrical layout is a key to make sure proper

operation, high efficiency, and noise reduction. Electrical

layout guidelines are:

® Power Paths: Use wide and short traces for power
paths (such as VIN, VOUT, SW, and PGND) to reduce
parasitic inductance and high-frequency loop area. It is
also good for efficiency improvement.

® Power Supply Decoupling: The device should be well
decoupled by input capacitors and input loop area
should be a small as possible to reduce parasitic
inductance, input voltage spike, and noise emission.
Usually, a small low-ESL MLCC is placed very close
to VIN and PGND pins.

® VCC Decoupling: Place decoupling caps as close as
possible to the controller VCC and VCCP pins.
The filter resistor at VCC pin should be not higher than
2.2 Q to prevent large voltage drop.

® Switching Node: SW node should be a copper pour, but
compact because it is also a noise source.

® Bootstrap: The bootstrap cap and an optional resistor
need to be very close and directly connected between
BST and SW pins. No need to externally connect pin 10
to SW node because it has been internally connected to
other SW pins.

® Ground: It would be good to have separated ground
planes for PGND and GND and connect the two planes
at one point. Directly connect GND pin to the exposed
panda then connect to GND ground plane through vias.

® Voltage Sense: Use Kelvin sense pair and arrange
a “quiet” path for the differential output voltage sense.

® Current sense: Careful layout for current sensing is
critical for jitter minimization, accurate current
limiting, and IOUT reporting. The temperature
compensating thermistor should be placed as close as
possible to the inductor. The wiring path should be kept
as short as possible and well away from the switch
node.

® SVID Bus: The Serial VID bus is a high-speed data bus
and the bus routing should be done to limit noise
coupling from the switching node. The signals should
be routed with the Alert# line in between the SVID
clock and SVID data lines. The SVID lines must be
ground referenced and each line’s width and spacing
should be such that they have nominal 50 € impedance
with the board stack-up.

Thermal Layout Considerations
Good thermal layout helps high power dissipation from

a small package with reduced temperature rise. Thermal

layout guidelines are:

® The exposed pads must be well soldered on the board.

® A four or more layers PCB board with solid ground
planes is preferred for better heat dissipation.

® More free vias are welcome to be around IC and
underneath the exposed pads to connect the inner
ground layers to reduce thermal impedance.

® Use large area copper pour to help thermal conduction
and radiation.

® Do not put the inductor to be too close to the IC, thus
the heat sources are distributed.
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PACKAGE DIMENSIONS

QFN40 5x5, 0.4P
CASE 485DY
ISSUE A

>4l NOTES! MILLIMETERS
PIN 1 I—@—l , 1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M, 1994. T T
REFERENCE 2, CONTROLLING DIMENSION: MILLIMETERS a 80 1 1o
3, DIMENSION b APPLIES TO THE PLATED TERMINAL AND IS o | — o005
MEASURED BETWEEN 015 AND 030 MM FROM THE .
TERMINAL TIP. A3 0.20 REF
o 015 | 025
4, COPLANARITY APPLIES TO THE EXPOSED PAD AS WELL
[o.0]c AS THE TERMINALS. D 5.00 BSC
S. POSITIONAL TOLERANCE APPLIES TO ALL OF THE 2 3.70 BSC
[&]o.10]C] EXPOSED PADS IN BOTH THE X AND Y AXIS. D3 175 BSC
TOP VIEW D4 | 200 | 210
'—1—‘| '—" DS | 115 1.25
D6 | 065 | 075
MOLD D7 0.57 REF
EXPOSED — 72 COMPOUND
COPPER —m—/ 18 0,63 REF
SEATING E S5.00 BSC
PLANE DETAIL A DETAIL C E2 3,75 3.85
A CENSTRUCTIINS CONSTRUCTEON E3 185 BSC
E4 | 195 | 205
E5 | 140 | 150
E6 | 150 | 160
E7 0.89 REF
E8 0.96 REF
1 e 0.40 BSC
\“ DETAIL B L 025 045
e oo 21 o v
1 | -—— | 015
(N
£s = ) L2 | 035 | 055
E6— B g EE L3 | 010 | 030
l 1 5 | g l R RO.10 REF
Fononffionnn | o, DETAIL B R1 R0.30 REF
31
” R2 R0.55 REF
40X '- El “—_‘ 40X IBE] R3 R0.75 REF
BeaaE
BOTTOM VIEW NOTE 3
067 |—
R0.72
30X 0,58— — 008 -~
o |00 | e -
) —0.87
—0.26 _‘l I— .
1 i DETAIL E [ ]
Tl
| N O / — |
3 B =] ] 2.00
390 = . = < / / —
DETALL F \ \ A NO EXPOSED l
| |, N { METAL ALLOWED 106
_EME Q-QQITJ DETAIL D \ | ' l
| 180 R0.25 N—
10X 0,53 2'15 0.86—
1.30 i
070 0.62
RECOMMENDED
MOUNTING FOOTPRINT DETAIL D
s L] 7
1.90 / L] 181 | I\'
o0 ! —J 195 [ i
' '\‘ — 165 \j /
N ' \ /
d < T - L
R ‘G_D_D’
DETAIL E DETAIL F

www.onsemi.com
27



http://www.onsemi.com/

NCP81210A

Intel is a registered trademark of Intel Corporation in the U.S. and/or other countries.

ON Semiconductor and are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent
coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. ON Semiconductor reserves the right to make changes without further notice to any products herein.
ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
Buyer is responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or standards,
regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not
designed, intended, or authorized for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification
in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. American Technical Support: 800-282-9855 Toll Free  ON Semiconductor Website: www.onsemi.com
Literature Distribution Center for ON Semiconductor USA/Canada
19521 E. 32nd Pkwy, Aurora, Colorado 80011 USA Europe, Middle East and Africa Technical Support: Order Literature: http://www.onsemi.com/orderlit
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Phone: 421 33 790 2910 " . .
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada Japan Customer Focus Center For additional information, please contact your local

Email: orderlit@onsemi.com Phone: 81-3-5817-1050 Sales Representative

0 NCP81210A/D


http://www.onsemi.com/
www.onsemi.com/site/pdf/Patent-Marking.pdf

