NCP81236P

Three=Rail Controller
with SVID Interface for
IMVP8 CPU Applications

The NCP81236P contains a two—phase, and two single—phase buck
regulators optimized for Intel IMVP8 compatible CPUs.

The two-phase controller combines true differential voltage
sensing, differential inductor DCR current sensing, input voltage
feed—forward, and adaptive voltage positioning to provide accurately
regulated power for IMVP8 VCCVCGI rails.

Each of the two single—phase controllers can be used for VNN
depending on the part configuration. Both make use of
ON Semiconductor’s patented enhanced RPM operation. RPM
control maximizes transient response while allowing for smooth
transitions between discontinuous frequency scaling operation and
continuous mode full power operation. The single—phase rails have an
ultralow offset current monitor amplifier with programmable offset
compensation for ultra high accuracy current monitoring.

The NCP81236P offers three internal MOSFET drivers with a
single external PWM signal.

Two-Phase Rail Features

® Dual Edge Modulation for Fastest Initial Response to Transient
Loading

High Performance Operational Error Amplifier

Digital Soft Start Ramp

Dynamic Reference Injection® (Patent #US7057381)

Accurate Total Summing Current Amplifier(Patent #US6683441)
Dual High Impedance Differential Voltage and Total Current Sense
Amplifiers

Phase-to-Phase Dynamic Current Balancing

Adaptive Voltage Positioning (AVP)

Switching Frequency Range of 300 kHz — 750 kHz
Vinrange 4.5 Vto 25V

Start-Up into Pre-Charged Loads While Avoiding False OVP
UltraSonic Operation

Single-Phase Rail Features
® Enhanced RPM Control System

True Differential Current Balancing Sense Amplifiers for Each Phase

ON Semiconductor®

www.onsemi.com
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ORDERING INFORMATION

Device Package Shipping’
NCP81236PMNTXG| QFN52 2500/ Tape &
(Pb-Free) 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.

® Ultra Low Offset IOUT Monitor ® Thermal Monitor

® Dynamic VID Feed-Forward

® UltraSonic Operation

® Programmable Droop Gain ® Adjustable Vboot

® Zero Droop Capable

© Semiconductor Components Industries, LLC, 2019 1
February, 2019 - Rev. 0

® Digitally Controlled Operating Frequency

Publication Order Number:

NCP81236P/D



 http://www.onsemi.com/

NCP81236P

SKT_SNS+

[7)]

A

[72]

4

7]
|

Sl

Vpu

-

<
)
c

Vpu

i

AA
VWV

>
>

<
<
<

\A%

]

INTCI

SKT_SNS+

lq.

SKT_SNS

==

I

SKT_SNS+  —f}— I
Lw— T

SKT_SNS — |_| |_| T
LI

|_
|_

g

vee
vsp
GND
VSN PVCC
comp
ILIM
1ouT BST
HG
SW
TSENSE
LG
csP
CSN
VRHOT
SDIO
ALERT
SCLK
PSYS
BST
TSENSE
HG
NCP81236P
sw
LG
louT
CsP1
BST
vsP
VSN HG
sw
DIFFOUT
LG
FB
csP2
CSREF
comp
CSSUM
EN ILIM
VRRDY
CSCOMP
VRMP
vsP
Al PWM
comp DRON
louT
ILIM

CSP
CSN

BV +5V
ViN
—wW—i— T
= Vnn2
i |
1 = NTC }:
1 { i
A I — Vi
l VCCvcgi
G |
—} MRS l
L
_% @ Fvw—]
IF—]_
J_ —
II
VRDV ViN
:
b3 BST
PWM HG l Vnn1
EN SW LYY YN\
% T vee | o 4@ $ l
= I NCP81253 = NTC I
il { i

Figure 1. Application Schematic
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Figure 2. 2-Phase Rail Block Diagram
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Figure 4. Pin Configuration

Table 1. NCP81236P PIN DESCRIPTIONS

Pin No. Symbol Description
1 IOUT_2ph A resistor to ground programs IOUT gain for the two-phase regulator.
2 DIFFOUT_2ph/ Output of the two-phase regulator’s differential remote sense amplifier.
ICCMAX_2ph During start-up, the two-phase regulator’'s ICCMAX is programmed with a pull-down on this pin.
FB_2ph Error amplifier voltage feedback for two-phase regulator.
COMP_2ph Output of the error amplifier and the non-inverting inputs of the PWM comparators for two-phase

regulator.

5 ILIM_2ph Over-current threshold setting — programmed with a resistor to CSCOMP_2ph for two-phase
regulator.

6 CSCOMP_2ph Output of total-current-sense amplifier for two-phase regulator.

7 CSSUM_2ph Inverting input of total-current-sense amplifier for two-phase regulator.

8 CSREF_2ph Total-current-sense amplifier reference voltage input for two-phase regulator.

9 CSP2_2ph Non-inverting input to current-balance amplifier for Phase 2 of the two-phase regulator.

10 CSP1_2ph Non-inverting input to current-balance amplifier for Phase 1 of the two-phase regulator.

11 TSENSE_2ph Temperature sense input for the two-phase regulator.

12 VRMP Feed-forward input of Vin for the ramp-slope compensation. The current fed into this pin is used to
control the ramp of the PWM slopes.

13 VCC Power for the internal control circuits. A decoupling capacitor is connected from this pin to ground.

14 BST1 High-side bootstrap supply for Phase 1 of the two-phase regulator.

15 HG1 High-side FET gate driver output for Phase 1 of the two-phase regulator.

www.onsemi.com
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Table 1. NCP81236P PIN DESCRIPTIONS (continued)

Pin No. Symbol Description

16 SWi1 Current return for high-side FET gate driver for Phase 1 of the two-phase regulator.

17 LG1/ROSC Low-side FET gate driver output for Phase 1 of the two-phase regulator.
During start-up ROSC is programmed with a pull-down resistor on this line.

18 PVCC Power supply for all three internal FET gate drivers.

19 LG2/ICCMAX_1a Low-side FET gate driver output for Phase 2 of the two-phase regulator, or output of single-phase
rDeL?rliJI!lagt%rt;rttJ-up, regulator 1a’s ICCMAX is programmed with a pull-down on this pin.

20 Sw2 Current return for high-side FET gate driver for Phase 2 of the two-phase regulator, or for
single-phase regulator 1b.

21 HG2 High-side FET gate driver output for Phase 2 of the two-phase regulator, or for single-phase
regulator 1b.

22 BST2 High-side bootstrap supply for Phase 2 of the two-phase regulator, or for single-phase regulator 1b.

23 LG3/ICCMAX_1b Low-side FET gate driver output for single-phase regulator 1a.
During start-up, regulator 1b’s ICCMAX is programmed with a pull-down on this pin.

24 SW3 Current return for high-side FET gate driver for single-phase regulator 1a.

25 HG3 High-side FET gate driver output for single-phase regulator 1a.

26 BST3 High-side bootstrap supply for single-phase regulator 1a.

27 TSENSE_1a Temperature sense input for the single-phase regulators.

28 VSP_1a Differential Output Voltage Sense Positive for single-phase regulator 1a.

29 VSN_1a Differential Output Voltage Sense Negative for single-phase regulator 1a.

30 COMP_1a Compensation for single-phase regulator 1a.

31 ILIM_1a A resistor to ground programs the current-limit for single-phase regulator 1a.

32 CSN_1a Differential current sense negative for single-phase regulator 1a.

33 CSP_1a Differential current sense positive for single-phase regulator 1a.

34 IOUT_1a A resistor to ground programs IOUT gain for single-phase regulator 1a.

35 VR_HOT# Thermal logic output for over temperature.

36 SDIO Serial VID data interface

37 ALERT# Serial VID ALERT#

38 SCLK Serial VID clock

39 DRON Bi-directional FET driver enable

40 PWM/ PWM output for phase 2 of the two-phase regulator or single-phase regulator 1b.

ADDR_VBOOT During start-up, a resistor to ground programs SVID address and VBOOT options for all three rails.

41 EN Enable. High enables all three rails.

42 VR_RDY VR_RDY indicates all three rails are ready to accept SVID commands.

43 IOUT_1b A resistor to ground programs IOUT gain for single-phase regulator 1b.

44 CSP_1b Differential current sense positive for single-phase regulator 1b.

45 CSN_1b Differential current sense negative for single-phase regulator 1b.

46 ILIM_1b A resistor to ground programs the current-limit for single-phase regulator 1b.

47 COMP_1b Compensation for single-phase regulator 1b.

48 VSN_1b Differential Output Voltage Sense Negative for single-phase regulator 1b.

49 VSP_1b Differential Output Voltage Sense Positive for single-phase regulator 1b.

50 PSYS/TSENSE_1b System power signal input. Resistor to ground for scaling /
Temperature sense input for the single-phase regulators.

51 VSP_2ph Differential Output Voltage Sense Positive for the two-phase regulator.

52 VSN-2ph Differential Output Voltage Sense Negative for the two-phase regulator.

www.onsemi.com
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Table 2. ABSOLUTE MAXIMUM RATINGS

Pin Symbol Vmax VmiN Isource Isink
COMP_2ph VCC + 0.3V -0.3V 2mA 2mA
CSCOMP_2ph VCC + 0.3V -0.3V 2mA 2mA
VSN_2ph GND + 0.3V GND -0.3V 1mA 1mA
DIFFOUT_2ph/ VCC +0.3V -0.3V 2 mA 2 mA
lccMax_2ph
VCC 6.5V -0.3V 100 mA 100 mA
PVCC 6.5V -0.3V 100 mA 100 mA
VRMP 25V -0.3V 100 mA 100 mA
SW_x 35V -5V 100 mA 100 mA
40V <50 ns
BST_x 35V wrt/ GND -0.3Vwrt/SW 100 mA 100 mA
40 V <50 ns wrt / GND
6.5V wrt/ SW
7.7V <50 ns wrt/ SW
LG_x/ICCMAX_x VCC +0.3V -0.3V 100 mA 100 mA
-2V <200 ns
HG_x BST + 0.3V -0.3Vwrt/SW 100 mA 100 mA
-2V <200 ns wrt /SW
All Other Pins VCC + 0.3V -0.3V 100 mA 100 mA

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.
*All signals referenced to GND unless noted otherwise.

Table 3. THERMAL INFORMATION

Description Symbol Value Unit
Thermal Characteristic QFN Package (Note 1) Roua 68 °C/W
Operating Junction Temperature Range (Note 2) Ty -10to 125 °C
Operating Ambient Temperature Range -10to 100 °C
Maximum Storage Temperature Range Tsta - 40to +150 °C
Moisture Sensitivity Level QFN Package MSL 1

*The maximum package power dissipation must be observed.
1. JESD 51-5 (1S2P Direct-Attach Method) with 0 LFM
2. JESD 51-7 (1S2P Direct-Attach Method) with 0 LFM

www.onsemi.com
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Table 4. ELECTRICAL CHARACTERISTICS - GENERAL

(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 Voltage Range 4.75 - 5.25 \Y
VCC Quiescent Current EN = High PS0, PS1, PS2 - 26 - mA
PS3 - 23 - mA
PS4 - 145 - uA
EN = Low - 20 - uA
VCC UVLO VCC Rising - - 45 Vv
VCC Falling 4 - - \
PVCC Voltage Range 4.75 - 5.25 \Y
PVCC Quiescent Current EN = Low (Shutdown) - - 1 uA
EN = High, No Switching - - 1.3 mA
VRAMP Voltage Range 5 - 20 \Y
VRAMP UVLO VRAMP Rising - - 4.25 Vv
VRAMP Falling 3 - - \
ENABLE INPUT
Upper Threshold 0.8 - - Vv
Lower Threshold - - 0.3 \Y
Enable Delay Time - - 2.5 ms
Enable High Input Leakage Current - - 0.5 uA
PHASE DETECTION
CSP Pin Threshold Voltage - - 4.5 \Y
Phase Detect Timer - 1.75 - ms
IMVP8 DAC
System Voltage Accuracy 0.75V<DAC<1.52V -0.5 - 0.5 %
0.5V <DAC<0.745V -8 - mV
0.25V<DAC<0.495V -10 - 10 mV
DAC SLEW RATE
Soft Start Slew Rate - 15 - mV/us
Slew Rate Slow - 15 - mV/us
Slew Rate Fast - 30 - mV/us
DRVON
Output High Voltage 3 - - \Y
Output Low Voltage - - 0.1 \Y
Rise Time C. (PCB) = 20 pF - 100 - ns
Fall Time AVo = 10% to 90% - 2.5 - ns
Internal Pull-Down Resistance EN = Low - 69.5 - k€2
TseNSE
Bias Current -10°C to 100°C 115 120 125 uA
Alert# Assert Threshold - 485 - mV
Alert# De-Assert Threshold - 513 - mV
VR_Hot Assert Threshold - 466 - mV
VR_Hot De-Assert Threshold - 490 - mV

www.onsemi.com
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Table 4. ELECTRICAL CHARACTERISTICS - GENERAL (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 |
VR_Rdy OUTPUT
Output Low Saturation Voltage IVR_RDY = -4 mA - - 0.3 \Y
Output Leakage Current When High VR_RDY =5V -1 - 1 uA
Rise Time 1 kQ Pull-Up to AVo = 10% to 90% - 110 - ns
Fall Time %So\i =45 pF AVo = 90% to 10% - 20 - ns
VR_Rdy Delay Rising EN rising to VR_RDY rising - - 25 ms
VR_Rdy Delay Falling Due to OVP - 0.3 - us
Due to OCP - 50 - us
EN falling to VR_RDY falling (TD+TE) - - 1.5 us
VR_Hot#
Output Low Saturation Voltage IVR_HOT = -4 mA - - 0.3 \%
Output Leakage Current When High VR _HOT =5V -1 - 1 uA
ADC
Linear Input Voltage Range 0 - 2 \Y
Differential Non-Linearity (DNL) 8-Bits - - 1 LSB
Total Unadjusted Error (TUE) -1 - 1 %
Conversion Time - 10 - us
Conversion Rate - 33 - kHz
Power Supply Sensitivity - +1 - %
Round Robin - 90 - us
lccMax
Bias Current 9.7 10 10.3 uA
Full scale input voltage - 2.0 - \Y
SCLK, SDIO
VIL - - 0.45 \
VIH 0.65 - - \
VOH - 1.05 - \
Output Leakage Current When High -0.5 - 0.5 uA
Pin Capacitance @ 25°C Only - 9 - pF
Clock to Data Delay (Tco) (Note 3) - - 12 ns
Setup Time (Tsu) (Note 3) 7 - - ns
Hold Time (Thid) (Note 3) 14 - - ns
Alert#
VOL - - 0.3 \
VOH - 1.05 - \
Output Leakage Current When High -1 - 1 uA
Pin Capacitance @ 25°C Only - 9 - pF
OVP and UVP
Absolute Over Voltage Threshold During Soft Start - 2.0 - \
Over Voltage Threshold Above DAC VSP-VSN-VID Rising 360 400 440 mV
Over Voltage Delay VSP-VSN Rising to PWM Low - 25 - ns
Under Voltage Threshold Below VSP-VSN-VID Falling - 300 - mV
DAC
Under Voltage Delay - 5 - us

www.onsemi.com
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Table 4. ELECTRICAL CHARACTERISTICS - GENERAL (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 |

OSCILLATOR

Switching Frequency Range 300 - 750 kHz

Switching Frequency Accuracy - +10 - %

PWM OUTPUT

Output High Voltage Sourcing 500 pA Vcc-0.2 - - \

Output Mid Voltage No Load, Power State 2 1.7 1.8 1.9 \Y

Output Low Voltage Sinking 500 puA - - 0.7 \Y

Rise Time C_ (PCB) = 50 pF AVo = 10% to 90% - 5 - ns

Fall Time AVo = 90% to 10% - - ns

HIGH-SIDE MOSFET DRIVER

Pull-Up Resistance, Sourcing BST = PVCC - 1.4 25 Q

Current

Pull-Down Resistance, Sinking BST = PVCC - 0.9 2 Q

Current

HG Rise Time PVCC=5V,C_=3nF,BST-SW=5V 12 27 ns

HG Fall Time PVCC =5V, C_=3nF,BST-SW=5V 11 15 ns

HG Turn ON Propagation Delay C_L=3nF 9 13 17 ns

tpdhDRVH

SW Pull-Down Resistance SW to GND - 2 - kQ

HG Pull-Down Resistance HGto SW,BST-SW=0V - 292 - kQ

LOW-SIDE MOSFET DRIVER

Pull-Up Resistance, Sourcing - 1.6 3.5 Q

Current

Pull-Down Resistance, Sinking - 0.5 1.5 Q

Current

LGx Rise Time 3 nF Load 18 27 ns

LGx Fall Time 3 nF Load 6 12 25 ns

LGx Turn-On Propagation Delay CrLoap =3 nF - 14 20 ns

tpdhDRVL

BOOST RECTIFIER

RON EN = Low or EN = High and DRVL = HIGH 5 13 2 | o |

Psys

Input Current Rsys = 20 kQ - - 100 uA

ADC Resolution 8-Bit - 0.39 - uA/
LSB

- 7.81 - mV/L

SB

Register Update Rate - 500 - us

Disable Threshold VCC =5V - - 4.5 \Y

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product

performance may not be indicated by the Electrical Characteristics if operated under different conditions.

3. Based on design or characterisation data, not in production test.

www.onsemi.com
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Table 5. ELECTRICAL CHARACTERISTICS - 2-PHASE RAIL SPECIFIC
(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
DIFFERENTIAL SUMMING AMP
Input Bias Current VSP=VSN=13V -25 - 25 nA
VSP Input Voltage Range -0.3 - 3 \Y
VSN Input Voltage Range -0.3 - 0.3 \Y
-3dB Bandwidth CL =20 pF, RL=10kQ - 225 - MHz
Closed Loop DC Gain VSP-VSN=05Vt013V - 1 - VIV
ERROR AMPLIFIER
Input Bias Current @1.3V -400 - 400 nA
Open Loop DC Gain CL=20pF, R_.=10kQ - 80 - dB
Open Loop Unity Gain Bandwidth CL =20 pF, RL=10kQ - 20 - MHz
Slew Rate AViN=100mV, G = -10 V)V - 5 - V/us
AVoutr=1.5Vto25V, C=20pF,
RL = 10 kQ
Maximum Output Voltage Isource = 2.0 mA 4 - - \
Minimum Output Voltage Isink = 2.0 mA - - 0.9 \Y
CURRENT SUMMING AMPLIFIER
Input Bias Current CSSUM = CSREF =1.0V -8 - 8 uA
Offset Voltage (Vos) (Note 4) -2.5 - 25 mV
Open Loop Gain - 80 - dB
Open Loop Unity Gain Bandwidth CL=20pF R_.=10kQ - 10 - MHz
Maximum Output Voltage ISouRcE = 2.0 mMA 3.5 - - \
Minimum Output Voltage Isink = 0.5 mA - - 0.1 \Y
CURRENT BALANCE AMPLIFIERS
Input Bias Current CSP1/2=CSREF=1.2V -50 - 50 nA
Common Mode Input Voltage Range | CSP1/2 = CSREF 0 - 23 \Y
Differential Mode Input Voltage CSREF=1.2V -100 - 100 mV
Range
Input Offset Voltage Matching CSP1/2=CSREF=1.2V -15 - 1.5 mV
Measured from Average.
Current Sense Amplifier Gain 0V <CSP1/2 - CSREF < 0.1V 5.7 6 6.3 VIV
Multiphase Current Sense Gain CSP1/2 = CSREF = 10 mV to 30 mV -3 - 3 %
Matching
-3dB Bandwidth - 6 - MHz
OVER-CURRENT PROTECTION
ILm Threshold Current PS0O 9 10 11 A
(Delayed OCP Shutdown) PS1, PS2, PS3 ~ 6.67 - A
ILm Thr_eshold Current PS0O 13.5 15 16.5 A
(Immediate OCP Shutdown) PS1, PS2, PS3 ~ 10 - A
Shutdown Delay Immediate - 300 - ns
Shutdown Delay Delayed - 50 - us
ILim Output Voltage Offset I_m sourcing 15 uA -1.5 - 1.5 mV

www.onsemi.com
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Table 5. ELECTRICAL CHARACTERISTICS - 2-PHASE RAIL SPECIFIC (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 |

lout OUTPUT

Output Offset Current Vium=5V - - 0.25 uA

Output Source Current ILjm Source Current = 20 pA - 200 - uA

Current Gain liout / iums Rium = 20 kQ Rioyt = 5 kQ 9.5 10 10.5 A/A
DAC=0.8V,1.25V,1.52V

MODULATORS

0% Duty Cycle Comp Voltage for PWM Held Low - 1.3 - \Y
Comp Voltage for PWM Held High

100% Duty Cycle VRAMP =12V - 2.6 - \

PWM Ramp Duty Cycle Matching Comp =2V, PWM Tgn Matching - +3 - %

PWM Phase Angle Error - +15 - °

Ramp Feed Forward Voltage Range 5 - 20 Vv

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product

performance may not be indicated by the Electrical Characteristics if operated under different conditions.

4. Based on design or characterisation data, not in production test.

Table 6. ELECTRICAL CHARACTERISTICS - SINGLE PHASE RAIL SPECIFIC

(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 |
ERROR AMPLIFIER
Input Bias Current -25 - 25 nA
VSP Input Voltage Range -0.3 - 3 \
VSN Input Voltage Range -0.3 - 0.3 \Y
gm 1.3 1.6 1.9 mS
Output Offset -15 - 15 uA
Open Loop Gain ZL = (1 nF +1 kQ) || 10 pF - 73 - dB
Source Current AV)y = -200 mV - 200 - uA
Sink Current AV)y =200 mV - 200 - uA
-3dB Bandwidth ZL = (1 nF +1 kQ) || 10 pF - 20 - MHz
CURRENT SENSE AMPLIFIER
Input Bias Current CSP=CSN=1.2V -50 - 50 nA
Common Mode Input Voltage Range | CSP = CSN 0 - 23 \Y
Common Mode Rejection CSP=CSN=05Vto1.2V 60 80 - dB
Differential Mode Input Voltage CSN=12V -100 - 100 mV
Range
Gain IgyT Output 0V<CSP-CSN<0.1V 0.96 1 1.04 mS
Gain VSP and Iy Outputs OV<CSP-CSN<0.1V 0.96 1 1.04 mS
-3dB Bandwidth - 6 - MHz
OVER-CURRENT PROTECTION
Output Offset Current Vium=13V -1.5 - 1.5 uA
Maximum Output Current ovsVyms13Vv - 130 - uA
Maximum Output Voltage lim = 100 nA 1.4 - - \Y
Activation Threshold Voltage 1.287 1.3 1.313 Vv
Activation Delay - 250 - ns
lout
Output Offset Current 0V <Viour<2.0V 250 - 250 | nA |

www.onsemi.com
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Table 6. ELECTRICAL CHARACTERISTICS - SINGLE PHASE RAIL SPECIFIC (continued)

NCP81236P

(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 |
lout
Maximum Output Current 0V<Vigur£20V - 130 - uA
Maximum Output Voltage lioyt = 100 A 21 - - \Y
DROOP
Output Offset Current 0V <Vproop<18V -900 - 900 nA
Maximum Output Current 0V <Vproop<18V - 130 - uA
Maximum Output Voltage IbrRoOP = 100 HA 1.8 - - \
ZCD COMPARATOR
Offset Accuracy Referred to CSP - CSN - +1.5 - | mV |

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product

performance may not be indicated by the Electrical Characteristics if operated under different conditions.

 fDRVL,
-
DRVL :
) R
1
' tpthRVHI tDRVH tDRVH
:<—>;<—>. :<—>:
' ' 0 ' '
DRVH-SW ! o
v o4~ VT MU
! 2 :
swW I
[ 1 V -\ -

NOTE: Timing is referenced to the 10% and the 90% points, unless otherwise stated.

Figure 5. Driver Timing Diagram
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NCP81236P

Table 7. IMVP8 VID CODES

Hex
00
01

02
03
04

05
06
07

08
09
0A
0B
0C
oD
OE
OF

10

11

12
13
14
15
16
17
18
19
1A
1B
1C
1D
1E
1F
20
21

22
23
24
25
26
27
28
29
2A
2B
2C
2D
2E
2F
30
31

32
33

Voltage

Off

0.25
0.255

0.26
0.265
0.27
0.275

0.28
0.285
0.29
0.295
0.3
0.305
0.31

0.315

0.32
0.325

0.33
0.335
0.34
0.345
0.35
0.355

0.36
0.365
0.37
0.375

0.38
0.385

0.39
0.395
0.4
0.405
0.41

0.415

0.42
0.425
0.43
0.435
0.44
0.445
0.45
0.455
0.46
0.465
0.47
0.475

0.48
0.485
0.49
0.495
0.5

VIDO

VID1

VID2

VID3

www.onsemi.com
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NCP81236P

Table 7. IMVP8 VID CODES (continued)
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NCP81236P

Table 7. IMVP8 VID CODES (continued)
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NCP81236P

Table 7. IMVP8 VID CODES (continued)
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NCP81236P

Table 7. IMVP8 VID CODES (continued)
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NCP81236P

VCC TA
I<—>‘

IMVP8 EN  —

+ T8 ' vBoot

VSP - ;
)

VR_RDY | :

SVID ALERT |

SVID

'_ ______________
VR_EN
(at the Pin) | !
. . S ———— - RESET
T ' '
:<—>| 3 TF R
VR_EN :
(Internal) '
L TE
I<—D|
VR_READY
(Open Drain)
Figure 6. Start-Up Timing
Table 8. START-UP TIMING
Minimum Typical Maximum
TA - - 2.5ms
B - - VID/Slow
TD O us - 1us
TE _ - 500 ns

www.onsemi.com
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NCP81236P

CPU Driving, Single Data Rate

SCLK

Tco_cpu = Clock to Data Delay in CPU
tsu=0.5-T-Tco cpu
typ=0.5-T+Tco cpu

CRU Send

VR Latch

tsu

>

TCO_CPU-" -—rla—>! "—TCO_CPU

tHLD

VR Driving, Single Data Rate

SCLK .
Tco_vr = Clock to Data Delay in VR
tsu=T-2-Try - Tco_vr
tio =2 Trry + Tco_vm
TrLy - Propagation Time on Serial VID Bus
SDIO >< >

Figure 7. SVID Timing Diagram

Table 9. STATE TRUTH TABLE

Error AMP Method
State VR_RDY Pin Comp Pin OVP & UVP DRON Pin of Reset
POR N/A N/A N/A Resistive Pull
0<VCC < UVLO Down
Disabled Low Low Disabled Low
EN < Threshold
UVLO > Threshold
Start-Up Delay & Low Low Disabled Low
Calibration
EN > Threshold
UVLO > Threshold
DRON Fault Low Low Disabled Resistive Pull Driver Must
EN > Threshold Up Release
UVLO > Threshold DRON
DRON < Threshold to High
Soft Start High Operational Active/No Latch High
EN > Threshold
UVLO > Threshold
DRON > High
Normal Operation High Operational Active/Latching High N/A
EN > Threshold
UVLO > Threshold
DRON > High
Over Voltage Low N/A DAC+OVP High
Over Current Low Operational Last DAC Code Low
VID Code = 00h Low: if Reg34h: bit 0 = 0; Clamped at Disabled High, PWM
High: if Reg34h: bit 0 = 1; o9V Outputs in Low
State

www.onsemi.com
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NCP81236P

Controller V€€ >UVLO

POR

Disable

VCC < UVLO

Calibrate

2.5 ms and CAL DONE

ocP
Condition

VCCP > UVLO and DRON HIGH

Non-0 VBOOT

Soft Start
Ramp

Soft Start
Ramp

DAC = VID DAC = Vgoot

VS > OVP

Normal
VR_RDY

Figure 8. State Diagram
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NCP81236P

GENERAL

Configuration

Table 10 shows the available configurations, and the

The NCP81236P is a three—rail IMVPS8 controller, with pull-down resistor required on Pin 40 (PWM/
three internal drivers, intended to provide VCCVCGI ADDR_VBOOT) to configure them.
(Address 00h) and VNN (Address 02h). The NCP81236P is
configured with the two-phase, dualedge controller
providing VCCVCGI.
Table 10. CONFIGURATIONS
2ph Ph1 Ph2 1ph A 1ph B
R VBoot VBoot VBoot
(kQ) Addr DRrv1 Dry2 | PWM | Tsense | Addr ) Drvas | Tsense | Addr Dry2 | PWM | Tsense
10 0 0 X X 2ph 1 0 X 1a 2 1 X N/A
(Psvs))
16.2 0 1.2 X X 2ph 1 1.2 X 1a 2 1 X N/A
(Psys)
22.1 0 0 X X 2ph 1 0 X 1a 2 1.05 X N/A
(Psys)
28.7 0 0 X X 2ph 1 0 X 1a 2 0.95 X N/A
(Psys)
35.7 0 0 X X 2ph 1 0 X 1a 2 1 X N/A
(Psys)
43.2 0 1.2 X X 2ph 1 1.2 X 1a 2 1 X N/A
(Psys)
51.1 0 0 X X 2ph 1 0 X 1a 2 1.05 X N/A
(Psys)
61.9 0 0 X X 2ph 1 0 X 1a 2 0.95 X N/A
(Psys)
715 0 0 X X 2ph 2 1 X N/A 1 0 X 1a
(Psys)
82,5 0 1.2 X X 2ph 2 1 X N/A 1 1.2 X 1a
(Psys)
95.3 0 0 X X 2ph 2 1.05 X N/A 1 0 X 1a
(Psys)
110 0 0 X X 2ph 2 0.95 X N/A 1 0 X 1a
(Psys)
Switching Frequency Fsw
Fsw is programmed on start-up with a pull-down on the LG1 pin.
Table 11. SWITCHING FREQUENCY
Resistor Core/GT SA
6.81 kQ 750 kHz 750 kHz
14 kQ 600 kHz 600 kHz
21.5 kQ 450 kHz 600 kHz
28.7 kQ 300 kHz 450 kHz

Serial VID interface (SVID)

The Serial VID Interface (SVID Interface) is a 3 wire
digital interface used to transfer power management
information between the CPU (Master) and the NCP81236P
(Slave). The 3 wires are clock (SCLK), data (SDIO) and
ALERT#. The SCLK is unidirectional and generated by the
master. The SDIO is bidirectional, used for transferring data
from the CPU to the NCP81236P and from the NCP81236P

to the CPU. The ALERT# is an open drain output from the
NCP81236P to signal to the master that the Status Register
should be read.

Refer to the relevant Intel document for SVID routing and
pull-up topologies.

The SVID bus will operate at a max frequency of 43 MHz.

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

www.onsemi.com
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NCP81236P

Table 12. VID CODE CHANGE

Register Address
(Indicating the Slew Rate of
Option SVID Command Code Feature Description VID Code Change)
SetVID_Fast 0t1h 30 mV/us VID Code Change 24h
Slew Rate
SetVID_Slow 02h =1/2 of SetVID_Fast VID Code 25h
Change Slew Rate
SetVID_Decay 03h No Control, VID Code Down N/A
Serial VID registers for Domains 00h, 01h, and 02/03h is shown below.
The NCP81236P supports the Intel serial VID interface. The SVID register set for Domain ODh is smaller and
It communicates with the microprocessor through three contains the following registers: 00h, 01h, 02h, 05h, 10h,

wires (SCLK, SDIO, ALERT#). The table of supported 11h, and 1Bh.

Table 13. SERIAL VID

Index Name Description Access IA/GT/SA PSYS 0Dh

00h Vendor ID Uniquely identifies the VR vendor. The vendor ID assigned R 1Ah 1Ah
by Intel to ON Semiconductor is Ox1Ah.

01h Product ID Uniquely identifies the VR product. The VR vendor assigns R 36h 36h
this number.

02h Product Uniquely identifies the revision or stepping of the VR R

Revision control IC. The VR vendor assigns this data.
03h Product R
Date Code ID
05h Protocol ID Identifies the SVID Protocol the controller supports. R 05h 05h
06h Capability Informs the Master of the controller’s Capabilities, R D1h N/A

1 = Supported, 0 = Not Supported

Bit 7: lout_format
0: lout reported as 1A/LSB of Reg 15h
1: lout reported relative to IccMax,
where FFh = IccMax

Bit 6: ADC Measurement of Temp Supported
Bit 5: ADC Measurement of Pin Supported
Bit 4: ADC Measurement of Vin Supported
Bit 3: ADC Measurement of lin Supported
Bit 2: ADC Measurement of Pout Supported
Bit 1: ADC Measurement of Vout Supported
Bit 0: ADC Measurement of lout Supported

10h Status_1 Data register read after the ALERT# signal is asserted. R 00h 00h
Conveying the status of the VR.

11h Status_2 Data register showing optional status_2 data. R 00h 00h

12h Temp Zone Data register showing temperature zones the system is R 00h N/A
operating in.

15h |_out 8 bit binary word ADC of current. This register reads OxFF R N/A
when the output current is at lcc_Max.

16h V_out 8 bit binary word ADC of output voltage, measured R N/A
between VSP and VSN. LSB size is 8 mV.

17h VR_Temp 8 bit binary word ADC of voltage. Binary format in deg C, R N/A
IE 100C = 64h. A value of 00h indicates this function is not
supported.

18h P_out 8 bit binary word representative of output power. The R 01h N/A

output voltage is 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 Status2_Last When the status 2 register is read its contents are copied R 00h
Read into this register. The format is the same as the Status 2
Register.
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Table 13. SERIAL VID (continued)

Index Name Description Access IA/GT/SA PSYS 0Dh
1Bh Input Power Required for Input Power Domain Address ODh. R
21h lcc_Max Data register containing the Icc_Max the platform supports. R 00h N/A
The value is measured on the ICCMAX pin on power up
and placed in this register.
22h Temp_Max Data register containing the max temperature the platform R/W 64h N/A
supports and 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 R 1Eh N/A
mV/us.
25h SR_Slow Slew Rate for SetVID_slow commands. It is 16, 8, 4 or 2 R 02h N/A
times slower than the SR_fast rate. Binary format in
mV/us. FAST/2 is default for IMVP8
26h Vboot Vboot is resistor programmed at startup. The controller will R 00h N/A
ramp to Vboot and hold at Vboot until it receives a new
SetVID command to move to a different voltage.
2Ah SR_Slow Fast_SR/2 - Default R/W 0t1h N/A
Selector Fast_SR/4
Fast_SR/8
Fast SR/16
2Bh PS4 Exit Reflects the latency of exiting PS4 state. The exit latency is R 8Ch N/A
Latency defined as the time duration, in us, from the ACK of the
SETVID Slow/Fast command to the output voltage
beginning to ramp
2Ch PS3 Exit Reflects the latency of exiting PS3 state. The exit latency is R 55h N/A
Latency defined as the time duration, in us, from the ACK of the
SETVID/SetPS command until the controller is capable of
supplying max current of the command PS state.
2Dh EN to Ready Reflects the latency from enable assertion to the VR R CAh N/A
for SVID controller being ready to accept SVID commands.
Command
(TA)
2Eh PWR_IN_MA Input power sensor scaling for input power (1Bh) register RW N/A FFh
X programmed by platform designer to the rating of the input
power sensor. Programming as 2W/LSB
30h Vout_Max Programmed by master and sets the maximum VID the VR RW FBh N/A
will support. If a higher VID code is received, the VR
should respond with “not supported” acknowledge. IMVP8
VID format.
31h VID Setting Data register containing currently programmed VID RwW 00h N/A
voltage. VID data format.
32h Pwr State Register containing the current programmed power state. RwW 00h N/A
33h Offset Sets offset in VID steps added to the VID setting for RW 00h N/A
voltage margining. 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 MultiVR 01h N/A
Config
42h IVID1-VID RW 00h N/A
43h IVID1-1 Maximum instantaneous current for single phase RW N/A
operation.
44h IVID2-VID RW 00h N/A
45h IVID2-I Maximum instantaneous current for IVID 2 state. RwW N/A
46h IVID3-VID RwW 00h N/A
47h IVID3-I Maximum instantaneous current for DCM/CCM decision RW N/A

threshold.
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The NCP81236P is optimized to meet Intel’s IMVP8
specifications and implements PS0O, PS1, PS2, PS3 and PS4
power-states.

Table 14. POWER STATES

SVID Power State Typical Operating Mode
PSO Two-Phase Dual Edge
One-Phase CCM RPM (1-Phase A/B Only)
PS1 One-Phase CCM RPM
PS2 One-Phase DCM RPM
PS3 One-Phase DCM RPM
PS4 Standby

Ultra-Sonic Mode
Ultra-Sonic Mode forces a minimum switching frequency
above audible range when a rail is in DCM mode.

Two-Phase Rail Voltage Compensation

The remote Sense Amplifier output is applied to a Type III
compensation network formed by the error amplifier and
external tuning components. The non-inverting input of the
error amplifier is connected to the same reference voltage
used to bias the Remote sense amplifier output.

Two-Phase Rail Remote Sense Amplifier

A high performance high input impedance true
differential amplifier is provided to accurately sense the
output voltage of the regulator. The VSP and VSN inputs
should be connected to the regulator’s output voltage sense
points. The remote sense amplifier takes the difference of
the output voltage with the DAC voltage and adds the droop
voltage to

Voirrout = (Vvsp - VVSN) + (1-3 \ VDAC) +
(eq. 1)

+ (VDROOP - VCSREF)

This signal then goes through a standard error
compensation network and into the inverting input of the
error amplifier. The non-inverting input of the error
amplifier is connected to the same 1.3 V reference used for
the differential sense amplifier output bias.

Two-Phase Rail High Performance Voltage Error
Amplifier

A high performance error amplifier is provided for high
bandwidth transient performance. A standard type III
compensation circuit is normally used to compensate the
system.

Rint
AN ||
Cr
Rr
AN |F—o
Cr1
Cin Rinz2
1
1 VWV - COMP
VBias
ERROR AMP

Figure 9. Standard Type lll Compensation Circuit
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Differential Current Feedback Amplifiers

Each phase of the two-phase rail has a low offset
differential amplifier to sense that phase current for current
balance and per phase OCP protection during soft-start.
The inputs to the CSNx and CSPx pins are high impedance
inputs. It is recommended that any external filter resistor

sense element be no less than 0.5 mQ for accurate current
balance. Fine tuning of this time constant is generally not
required. The individual phase current is summed into the
PWM comparator feedback this way current is balanced via
a current mode control approach.

I‘PHASE

RCSN does not exceed 10 kQ to avoid offset issues with Rosy = ————— (eq.2)
. Cosn - DCR
leakage current. It is also recommended that the voltage
X X
& &
RCSN O| CCSN &)
AMN—s | —
SWNXx VOUT
4 *——
DCR LPHASE
AAA 1T~~~ 2
Figure 10.
Two-Phase Rail Total Current Sense Amplifier low impedance virtual ground. The amplifier actively filters
The NCP81236P uses a patented approach to sum the and gains up the voltage applied across the inductors to
phase currents into a single temperature compensated total recover the voltage drop across the inductor series resistance
current signal. This signal is then used to generate the output (DCR). Rth is placed near an inductor to sense the
voltage droop, total current limit, and the output current temperature of the inductor. This allows the filter time
monitoring functions. The total current signal is floating constant and gain to be a function of the Rth NTC resistor
with respect to CSREF. The current signal is the difference and compensate for the change in the DCR with
between CSCOMP and CSREF. The Rref(n) resistors sum temperature.
the signals from the output side of the inductors to create a
csny__ Frer Crer
11
10Q 1nF +
CSN2 RReF2
NV
10 Q
CSREF
R - CSCOMP
PH1
SWN1 AN, CSSUM .
a Cest
PH2 ||
SWN2 AN, 11
Ccs2
[l
1
Rcs2 Rest
A% ANN——
165 kQ 75 kQ
Rty
. 220 kQ
Figure 11.
The DC gain equation for the current sensing:
Rcst R
Fosz * Rest+ R
Vescomp-csRrer = ~ Rey ( OUT o DCR) (eq. 3)
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Set the gain by adjusting the value of the Rpy resistors.
The DC gain should be set to the output voltage droop. If the
voltage from CSCOMP to CSREF is less than 100 mV at
ICCMAX then it is recommend increasing the gain of the
CSCOMP amp. This is required to provide a good current
signal to offset voltage ratio for the ILIMIT pin. When no
droop is needed, the gain of the amplifier should be set to
provide ~100 mV across the current limit programming
resistor at full load. The NTC should be placed near the
closest inductor. The output voltage droop should be set with
the droop filter divider.

The pole frequency in the CSCOMP filter should be set
equal to the zero from the output inductor. This allows the
circuit to recover the inductor DCR voltage drop current
signal. Ccs1 and Ccsp are in parallel to allow for fine tuning
of the time constant using commonly available values. It is
best to fine tune this filter during transient testing.

DCR @ 25°C

= (eq. 4)
Z 2.m-L

Phase

Two-Phase Rail Programming the Current Limit

The current limit thresholds are programmed with
aresistor between the ILIMIT and CSCOMP pins.
The ILIMIT pin mirrors the voltage at the CSREF pin and
mirrors the sink current internally to IOUT (reduced by the
IOUT Current Gain) and the current limit comparators.
The 100% current limit trips if the ILIMIT sink current
exceeds 10 wA for 50 us. The 150% current limit trips with
minimal delay if the ILIMIT sink current exceeds 15 nA. Set
the value of the current limit resistor based on the
CSCOMP-CSREF voltage as shown below.

If the 2—phase rail is configured in 2—phase mode, the
ILIMIT sink current thresholds are reduced when the rail
transitions to single—phase operation (PS1/2/3). In these
lower power states, the trip currents are 2/3 of the thresholds
in PSO0. This helps to prevent power stage damage should an
over current event occur during single—phase operation. If
the multi-phase rail is configured in 1-phase mode, the
ILIMIT threshold current remain the same (10 uA delayed,
15 pA immediate) regardless of the power state.

Reg; R
R 4 tcs1"NTH
€2 "Rt + R | DOR
RPH OUTTotaI
Rimr = 101 (eq. 5)
or
V CSCOMP—CSREF @ ILIMIT 5
Rumr = 10 (eq. 6)

Two-Phase Rail Programming DAC Feed-Forward
Filter

The DAC feed-forward implementation is realized by
having a filter on the VSN pin. Programming Rysgy sets the

gain of the DAC feed-forward and Cygn provides the time
constant to cancel the time constant of the system per the
following equations. Coyr is the total output capacitance
and Royr is the output impedance of the system.

—>> VSN

3V 8V
R68 L ce7
2.1kQ 510 pF
vSs_SENSE << .
Figure 12.
Rysn = Cour - Rour - 453.6 - 108 (e9.7)
Rout - C
ouT ouT
Cysn = ——=—— (eq. 8)
l:‘VSN

Two-Phase Rail Programming DROOP

The signals CSCOMP and CSREF are differentially
summed with the output voltage feedback to add precision
voltage droop to the output voltage.

o
S
CSREF 5 o
- 7 CSCOMP e
CSSUM 6
oo W O f.,
Figure 13.
R
Droop = DCR - R—CS (eq.9)

PH

Two-Phase Rail Programming IOUT

The IOUT pin sources a current in proportion to the
ILIMIT sink current. The voltage on the IOUT pin is
monitored by the internal A/D converter and should be
scaled with an external resistor to ground such that a load
equal to ICC_MAX generates a 2V signal on Ipyt
A pull-up resistor from 5 V VCC can be used to offset the
Iourt signal positive if needed.

(eq. 10)
R _ 20V - Rumir
o R Rost R
o Rost TR, DCR
Rpy OUTicc_max
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Programming ICC_MAX ICC_MAX programming. Source current and maximum
The SVID interface provides the platform ICC_MAX resistor value must not produce a voltage at the FET gate that

value at register 21h. A resistor to ground on the IMAX pin will turn it on. Keeping the voltage less than 400 mV should

programs these registers at the time the part is enabled. be safe.

10 pA is sourced from these pins to generate a voltage on the IccMax_2ph:

program resistor. The value of the register is 1A per LSB and -

. . . . lccMax,,,, + 32

is set according to the table/equation below. The resistor R _ P . 200 KQ (eq. 11)

IccMax2ph .
value should be no less than 2 kQ. 127

Design Note: Since ICC_MAX is multi-functioned with IceMax_1ph: See Table 15 below.
LG, it is crucial that the LS FET is not turned on during -

Table 15. ICCMAX_1PH

Resistor 01h Resistor 02h
6.8 kQ2 23 5 kQ 3
11 kQ 24 7.8 kQ 4

14.1 kQ 25 11 kQ 5

17.2kQ 28 14.1 kQ 6

22.6 kQ 29 17.2kQ 7

26.5 kQ 30 20.3 kQ 8

29.5 kQ 34 23.4 kQ 9

32.8 kQ 35
36 kQ 36

AW —
lccMax_2ph AAN % _|
DIFFOUT FB COMP
--------- r-------------------[1---------

+ : :

, VSP B ! |

: Detect '

: ' on Rosc :

' ' °<} Detect !

'+ VSN : !
L -7 T~ ~

Figure 14.
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Programming TSENSE

Temperature sense inputs are provided. A precision
current is sourced out the output of the TSENSE pin to
generate a voltage on the temperature sense network.
The voltage on the temperature sense input is sampled by the

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

TSENSE
Rcompi

0.0Q

Crter L
0.1 uF )

Rcompz Rtne

8.2 kQ 100 kQ
q
AGND AGND
Figure 15.

Precision Oscillator

A programmable precision oscillator is provided.
The clock oscillator serves as the master clock to the ramp
generator circuit. This oscillator is programmed during
start-up by a resistor to ground on the LG1/ROSC pin.

The oscillator generates triangle ramps that are 0.5~2.5 V
in amplitude depending on the VRMP pin voltage to provide
input voltage feed forward compensation.

Programming the Ramp Feed-Forward Circuit
The ramp generator circuit provides the ramp used by the
PWM comparators. The ramp generator provides voltage

VIN

feed-forward control by varying the ramp magnitude with
respect to the VRMP pin voltage. The VRMP pin also has
a UVLO function. The VRMP UVLO is only active after the
controller is enabled. The VRMP pin is high impedance
input when the controller is disabled.

The PWM ramp is changed according to the following,

VRAMPpk:pkpp = 0.1 Vypyp (eq. 12)

VRAMP_PP

Comp_IL

Duty

Figure 16.

Two-Phase Rail PWM Comparators

The non-inverting input of the comparator for each phase
is connected to the summed output of the error amplifier
(COMP) and each phase current (I, - DCR - Phase Balance

Gain Factor). The inverting input is connected to the
oscillator ramp voltage with a 1.3 V offset. The operating
input voltage range of the comparators is from 0 V to 3.0 V
and the output of the comparator generates the PWM output.
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During steady state operation, the duty cycle is centered
on the valley of the sawtooth ramp waveform. The steady
state duty cycle is still calculated by approximately
Vour/VIN:

Two-Phase Rail Phase Detection Sequence

During start-up, the number of operational phases and
their phase relationship is determined by the internal
circuitry monitoring the CSP outputs. Normally, this rail
operates as a two-phase VCCycgr PWM controller. If
CSP2 2ph is pulled high to VCC, the two-phase rail
operates as a single-phase rail.

Disable Single-Phase Rail

If the NCP81236P is to provide fewer than three rails, one
or both of the single-phase rails can be disabled by pulling
up their respective CSP pin. The main rail cannot be
disabled.

Single-Phase Rails

The architecture of the two single-phase rails 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

DAC

gm |

frequency drift under all continuous mode operating
conditions. At light load the single-phase rails automatically
transition into DCM operation to save power.

Single-Phase Rail 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 Feedforward Compensation
sections. The remote sense error amplifier outputs a current
proportional to the difference between the output voltage

and the DAC voltage:
lcomp = gm - (VDAC - (VVSP - VVSN)) (eq. 13)

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

Rz

CLF

I
!

Figure 17.

Single-Phase Rail — Differential Current Feedback
Amplifier

Each single-phase controller has a low offset, differential
amplifier to sense output inductor current. An external
lowpass filter can be used to superimpose a reconstruction
of the AC inductor current onto the DC current signal sensed
across the inductor. The lowpass 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

= (eq. 14)
2 2.m-L

Phase

1

Rense " (Rrh+Rosse)
2 m- " Cosse

(eq. 15)

Rpnsp + R+ Regsp

Forming the lowpass filter with an NTC thermistor (Rry)
placed near the output inductor, compensates both the DC
gain and the filter time constant for the inductor DCR change
with temperature. The values of Rpygp and Rcgsp are set
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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 lowpass 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€2 for sufficient current
accuracy. Recommended values for the external filter
components are:

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

LPHASE (eq 1 6)

Cessp =
Rense (Rn+Rosse) . DCR

Rpusp + Ryt Rossp

Using 2 parallel capacitors in the lowpass filter allows fine
tuning of the pole frequency using commonly available
capacitor values.

The DC gain equation for the current sense amplifier
output is:

Ry + Resse

Vourm = 5 “loyr - DCR (eq.17)

pusp + Rrn + Rossp

To improve the noise immunity of the current feedback
amplifier, it is recommended to use an RC low pass filter (Rp
and Cp in Figure 18) on the CSN pin of the amplifier placed
as close as possible to the controller. The bandwidth of this
filter should be ~5 MHz with Ry < 20 Q. To mitigate against
noise due to excessive ringing that may be present on the
inductor side of Rpygp, it is recommended to use a capacitor
in parallel with the inductor. The value of the capacitor
should be chosen such that:

JLxC < < 1

2 x ©t X Ringing Frequency

(eq. 18)

' CSP RpHsp
{1 * — NVW—>
I CSN l Rcssp

COMpl ; Ccssp t To Inductor

PWM ]
1
Generator CURR X
TRAMP | PWM

Figure 18.

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.

Single-Phase Rail — Loadline Programming (DROOP)
An output loadline 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 NCP81236P, a loadline 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
' Csnssp L
ﬁ VSP
: Rorpsp To VCC_SENSE
gm
RN ! Rorpsp  Cprpsp
E CSsP RPHspP
Current ; 1 VN
Sense AMP .+ CSN l Rcssp
i Ccssp i To Inductor
E T Rt
Figure 19. i i -
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Ry + Resse

Voroop = Rprpsp * 9M -

The loadline is programmed by choosing Rprpsp such
that the ratio of voltage produced across Rprpsp to output
current is equal to the desired loadline.

Loadline Rpuse + Ry + Regep

Rpresp = gm - DCR ’

(eq. 20)
Rri + Resse

Single-Phase Rail - Programming the DAC
Feed-Forward Filter

The DAC feed-forward implementation for the
single-phase rail is the same as for the 2-phase rail.
The NCP81236P outputs a pulse of current from the VSN

Rense + Ry + Resse

- - DCR (eq. 19)
pin upon each increment of the internal DAC following a
DVID UP command. A parallel RC network inserted into
the path from VSN to the output voltage return sense point,
VSS_SENSE, causes these current pulses to temporarily
decrease the voltage between VSP and VSN. This causes the
output voltage during DVID to be regulated slightly higher,
in order to compensate for the response of the Droop
function to the inductor current flowing into the charging
output capacitors. Rppsp sets the gain of the DAC
feed-forward and Cppsp provides the time constant to cancel
the time constant of the system per the following equations.
Cour is the total output capacitance of the system.

DAC DAC Feed-Forward Current
Feed-Forward
From SVID .
Interface [DAG DAC ! 11
o : Crrsp
) To VCC_SENSE
0 VSN ANA—
' RrFsp Csnssp
VSP T
Figure 20.
Loadline - COUT 200
R =0 @ C = (nF) (eq. 21)
FFSP 13510, () PRSP T R

Single-Phase Rail — Programming the Current Limit
The current limit threshold is programmed with a resistor
(RLimsp) 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 must be placed in parallel with the
programming resistor to avoid false trips due to the effect of
the output ripple current.

. CSP ReHsp
™ o ° AAA >
Current o
Sense AMP ' CSN Rcssp
IT' Ccssp t To Inductor
: T Rrh
Over-Current |
Programming ILIM
: 1
Over-Current RiLimsp
Comparators !
OCP REF :
Figure 21.
R 1.3V
= (eq. 22)
ILMSP Rry+Reosse

DCR

gm -

“lourt, ’
Rpusp T Brh+ Ressp LIMIT
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Single-Phase Rail — Programming IOUT

The IOUT pin sources a current in proportion to the
ILIMIT sink current. The voltage on the IOUT pin is
monitored by the internal A/D converter and should be

. CSP

scaled with an external resistor to ground such that a load
equal to ICCMAX generates a 2V signal on IOUT.
A pull-up resistor from 5 V VCC can be used to offset the
IOUT signal positive if needed.

RpHsp

{1

Current

-1

Sense AMP CSN

NN—

Rcssp
To Inductor

gm !
' 1OUT
o> ——————> 1
Current

Monitor ' Rioutsp
IOUT =— :
Figure 22.
R 2V
IOUTSP = R.+R (eq. 23)
gm - ™ CSsP - lccMax - DCR

Single-Phase Rail PWM Comparators

The non-inverting input of each comparator (one for each
phase) is connected to the summation of the output of the
error amplifier (COMP) and each phase current
(IL - DCR - Phase Current Gain Factor). The inverting input
is connected to the triangle ramp voltage of that phase.
The output of the comparator generates the PWM output.

A PWM pulse starts when the error amp signal (COMP
voltage) rises above the trigger threshold plus gained-up

Rpnse + R+ Ressp

inductor current, and stops when the artificial ramp plus
gained-up inductor current crosses the COMP voltage. Both
edges of the PWM signals are modulated. During a transient
event, the duty cycle can increase rapidly as the COMP
voltage increases with respect to the ramps, to provide
a highly linear and proportional response to the step load.
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PROTECTION FEATURES

Under Voltage Lockouts

There are several under voltage monitors in the system.
Hysteresis is incorporated within the comparators.
The NCP81236P monitors the 5 V VCC supply as well as
the VRMP pin. The gate drivers monitor both the gate driver
VCC and the BST voltage. When the voltage on the gate

driver is insufficient it will pull DRON low and prevents the
controller from being enabled. The gate driver will hold
DRON low for a minimum period of time to allow the
controller to hold off it’s start-up sequence. In this case the
PWM is set to the MID state to begin soft start.

/

DAC
If DRON is Pulled Low
the Controller will Hold

Off its Start-Up

Gate Driver Pulls DRON Low during
Driver UVLO and Calibration

Figure 23. Gate Driver UVLO Restart

Soft Start

Soft start is implemented internally. A digital counter
steps the DAC up from zero to the target voltage based on the
predetermined SetVID_SLOW rate in the spec table.
The PWM signal will start out open with a test current to
collect data on SVID address and Vpoor. After the
configuration data is collected, if the controller is enabled,

PWM Driver Disabled
Internal Test

the internal and external PWMs will be set to 2.0 V MID
state to indicate that the drivers should be in diode mode.
DRON will then be asserted. As the DAC ramps the PWM
outputs will begin to fire. Each phase will move out of the
MID state when the first PWM pulse is produced. When
a controller is disabled the PWM signal will return to the
MID state.

Current Applied MID State
until First PWM Pulse PWM Returns to MID State
l or DAC Reaches Target when Controller is Disabled

e [O—— 1 U L——

DRON

vee /

Figure 24. Soft Start
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Over Current Latch-Off Protection

Each of the NCP81236P rails compares a programmable
current-limit set point to the voltage from the output of its
current-summing amplifier. The level of current limit is set
with the resistor from the ILIM pin to CSCOMP (two-phase)
or to ground (single-phase rails).

Two-Phase Rail Over Current

The current through the external resistor connected
between ILIM and CSCOMP is then compared to the
internal current-limit threshold. If the current generated
through this resistor into the ILIM pin (IL ) exceeds the
internal current-limit threshold, an internal latch-off counter
starts, and the controller shuts down if the fault is not
removed after 50 us (immediately shut down for 150% of
current-limit threshold) after which the outputs will remain
disabled until the V¢ voltage or EN is toggled.

The voltage swing of CSCOMP cannot go below ground.
This limits the voltage drop across the DCR through the
current balance circuitry. An inherent per-phase current
limit protects individual phases if one or more phases stop
functioning  because of a faulty component.
The over-current limit is programmed by a resistor on the
ILIM pin. The resistor value can be calculated by the
following equations.

Equation related to the NCP81236P:

CSSUM
RpH

Ren  ¢—{—s

—{] CSCOMP
i Rum
ILIM
CSREF
Figure 25.

Under Voltage Monitor

The output voltage is monitored at the output of the
differential amplifier for UVLO. If the output falls more
than 300 mV below the DAC-DROOP voltage the UVLO
comparator will trip sending the VR_RDY signal low.

Over Voltage Protection

The output voltage is also monitored at the output of the
differential amplifier for OVP. During normal operation, if
the output voltage exceeds the DAC voltage by 400 mV, the
VR _RDY flag goes low, and the output voltage will be
ramped down to 0 V. At the same time, the high side gate

R . . .
Ium - DCR - R—CS drivers are all turned off and the low side gate drivers are all
Ry = PH (eq. 24) turned on. The part will stay in this mode until the Ve
loL voltage or EN is toggled.
Where Ic;, =10 pA
Vee
UVLO Rising - -4~ -
: OVP Threshold
20V ! DAC + ~400 mV
. DAC / \
DRON

Figure 26. OVP Threshold Behavior
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OVP Threshold 2.0V

Vout

DAC

Figure 27. OVP Behavior at Start-Up

QOVP Threshold

DAC
VSP_VSN

OVP
Triggered

Latch Off

PWM ,

Figure 28. OVP during Normal Operation Mode

During start-up, the OVP threshold is set to 2.0 V. This allows the controller to start up without false triggering the OVP.
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