8/7/6/5/4/3/2/1 Multi-Phase
Buck Controller with
PWM_VID and I2C Interface

NCP81610

Description

The NCP81610 is a multiphase synchronous controller optimized
for new generation computing and graphics processors. The device is
capable of driving up to 8 phases and incorporates differential voltage
and phase current sensing, adaptive voltage positioning and
PWM_VID interface to provide and accurately regulated power for
computer or graphic controllers. The integrated power saving
interface (PSI) allows for the processors to set the controller in one of
three modes, i.e. all phases on, dynamic phases shedding or fixed low
phase count mode, to obtain high efficiency in light-load conditions.
The dual edge PWM multiphase architecture ensures fast transient
response and good dynamic current balance.

ON Semiconductor®

www.onsemi.com

QFN40 5x5, 0.4P
CASE 485CR

MARKING DIAGRAM

1 [o
Features
e Compliant with NVIDIA OVR4i+ Specifications NCP81610
AWLYYWW

® Supports up to 8 Phases
® 2.8V to20 V Supply Voltage Range:
® 250 kHz to 1.2 MHz Switching Frequency (8 Phase) NCP81610 = Device Code
® Power Good Output A = Assembly Site
o Unde Volusge Protcton (UVP) W WL oo
® Over Voltage Protection (OVP) ww = Work Week Number
® Per Phase Over Current Limiting (OCL)
® System Over Current Protection (OCP) PIN CONNECTIONS
® Startup into Pre—Charged Loads while Avoiding False OVP £2
® Configurable Load Line ;‘ g § sz3589%%
® High Performance Operational Error Amplifier ® FFHAFHEATE AP
® True Differential Current Balancing Sense Amplifiers for Each Phase ”:;’: ﬁ —————— = ” :BOM"
® Phase—to—Phase Dynamic Current Balancing VRMP I3 ( | w1 DIFF
® Current Mode Dual Edge Modulation for Fast Initial Response to s 5 = NCP81610 I S

Transient Loading = (TOP VIEW) | &= our
® Power Saving Interface (PSI) PWMSALPC2 1T Tab: GROUND [

PWM4/PHTH1 |7 ] | CSCOMP

® Automatic Phase Shedding with User Settable Thresholds pwmzpTHz | | | =] cosum
e PWM_VID and I2C Control Interface Pzt (2 b — — —— — — o corer
® Compact 40 Pin QFN Package (5 x 5 mm Body, 0.4 mm Pitch) - QUZ w h w D v ; D -
® These Devices are Pb—Free and are RoHS Compliant Z E 228888800

Typical Applications
® GPU and CPU Power

ORDERING INFORMATION

® Graphic Cards Device Package Shipping’
® Desktop and Notebook Applications NCP81610MNTXG | QFN40 5000 / Tape
® Docking Stations (Pb-Free) | & Reel

® Power Banks

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:
NCP81610/D
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Downloaded from AFFOW.Com.


http://www.arrow.com

SSNOWL

SDNOWL
SENOWL

(PR
Codl
b ey

z

284
95H

“Vveﬁ>

seid
z
vZid
921y

NCP81610

AN

DISNSI
DDZSNSI
SPESNSI
DHPSNS
DDeSNS|
DDISNSI

DMSNSI
D)8SNsI

05UBS NS,

ircui

www.onsemi.com

Figure 1. Typical Controller Application C
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PIN DESCRIPTION

NCP81610

Pin No. Pin Name Pin Type Description

1 REFIN | Reference voltage input for output voltage regulation.

2 VREF (0] 2.0 V output reference voltage. A 10 nF ceramic capacitor is required to connect this pin to ground.

3 VRMP | Feed-forward input of VIN for the ramp slope compensation.

4 PWM8/SS 1/0 PWM 8 output / Soft Start setting. During startup it is used to program the soft start time with a
resistor to ground.

5 PWM7/12C 1/0 PWM 7 output / 12C address. During startup it is used to program 12C address with a resistor to
ground.

6 PWM®6/LPCH 1/0 PWM 6 output / Low phase count 1. During startup it is used to program the warm boot-up
power zone (PSI set low) with a resistor to ground.

7 PWM5/LPC2 /0 PWM 5 output / Low phase count 2. During startup it is used to program the cold boot-up power
zone (PSI set low) with a resistor to ground.

8 PWM4/PHTH1 1/0 PWM 4 output / Phase Shedding Threshold 1. During startup it is used to program the phase
shedding threshold 1 (PSI set to mid state) with a resistor to ground.

9 PWM3/PHTH2 1/0 PWM 3 output / Phase Shedding Threshold 2. During startup it is used to program the phase
shedding threshold 2 (PSI set to mid state) with a resistor to ground.

10 PWM2/PHTH3 1/0 PWM 2 output / Phase Shedding Threshold 3. During startup it is used to program the phase
shedding threshold 3 (PSI set to mid state) with a resistor to ground.

11 PWM1/PHTH4 1/0 PWM 1 output / Phase Shedding Threshold 4. During startup it is used to program the phase
shedding threshold 4 (PSI set to mid state) with a resistor to ground.

12 DRON 1/0 Bidirectional gate driver enable for external drivers.

13 CSP8 | Non-inverting input to current balance sense amplifier for phase 8. Pull-up to VCC with a 2 kQ
resistor to disable the PWM8 output.

14 CSP7 Non-inverting input to current balance sense amplifier for phase 7. Pull-up to VCC with a 2 kQ
resistor to disable the PWM?7 output.

15 CSP6 Non-inverting input to current balance sense amplifier for phase 6. Pull-up to VCC with a 2 kQ2
resistor to disable the PWM®6 output.

16 CSP5 Non-inverting input to current balance sense amplifier for phase 5. Pull-up to VCC with a 2 kQ2
resistor to disable the PWMS5 output.

17 CSP4 Non-inverting input to current balance sense amplifier for phase 4. Pull-up to VCC with a 2 kQ2
resistor to disable the PWM4 output.

18 CSP3 Non-inverting input to current balance sense amplifier for phase 3. Pull-up to VCC with a 2 kQ2
resistor to disable the PWMS3 output.

19 CSpP2 Non-inverting input to current balance sense amplifier for phase 2. Pull-up to VCC with a 2 kQ2
resistor to disable the PWM2 output.

20 CSP1 Non-inverting input to current balance sense amplifier for phase 1. Pull-up to VCC with a 2 kQ2
resistor to disable the PWM1 output.

21 CSREF | Total output current sense amplifier reference voltage input.

22 CSSUM | Inverting input of total current sense amplifier.

23 CSCOMP o} Output of total current sense amplifier.

24 ILIM 1/0 Over current limit (OCL) threshold setting input. The threshold is set by a shunt resistor to the
ground.

25 IOUT o} Total output current. A resistor to GND is required to provide a voltage drop of 2V at the
maximum output current.

26 TMON | DRMOS temperature monitoring.

27 FSW | Resistor to ground from this pin sets the operating frequency of the regulator.

28 DIFF (0] Output of the regulators differential remote sense amplifier.

29 FB | Error amplifier inverting (feedback) input.

30 COMP (0] Output of the error amplifier and the inverting input of the PWM comparator.
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NCP81610

PIN DESCRIPTION (continued)

Pin No.| Pin Name Pin Type Description
31 VSP | Differential Output Voltage Sense Positive terminal.
32 VSN | Differential Output Voltage Sense Negative terminal.
33 VCC | Power for the internal control circuits. A 1 uF decoupling capacitor is requires from this pin to
ground.
34 SDA 1/0 Serial Data bi-directional pin, requires pull-up resistor to VCC.
35 SCL | Serial Bus clock pin, requires pull-up resistor to VCC.
36 EN | Logic input. Logic high enables regulator output logic low disables regulator output.
37 PSI | Power Saving Interface control pin. This pin can be set low, high or left floating.
38 PGOOD o} Open Drain power good indicator.
39 PWM_VID | PWM_VID buffer input.
40 VID_BUFF (0] PWM_VID pulse output from internal buffer.
41 AGND GND Analog ground and thermal pad, connected to system ground.

MAXIMUM RATINGS

Pin Symbol Rating Min Typ Max Unit
VSN Pin Voltage Range (Note 1) GND-0.3 - GND+0.3 \%
VCC -0.3 - 6.5 \Y

VRMP -0.3 - 25 \Y
PWM_VID -0.3 (-2, <50 ns) - VCC+0.3 \Y,
All other pins -0.3 - VCC+0.3 \Y
COMP Pin Current range -2 - 2 mA
CSCOMP
DIFF
PGOOD
VSN -1 - 1 mA
MSL Moisture Sensitivity Level - 1 - -
TsLp Lead Temperature Soldering - 260 - °C
Reflow (SMD Styles Only), Pb-Free Versions (Note 2)

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.

1. All signals referenced to GND unless noted otherwise

2. For information, please refer to our Soldering and Mounting Techniques Reference Manual, SOLDERRM/D

THERMAL CHARACTERISTICS
Symbol Rating Min Typ Max Unit
Roua Thermal Characteristics, QFN40, 5 x 5 mm) - 68 - °C/W
Thermal Resistance, Junction-to-Air (Notel)
Ty Operating Junction Temperature Range (Note 2) -40 - 125 °C
Ta Operating Ambient Temperature Range -10 - 100 °C
TstG Maximum Storage Temperature Range -55 - 150 °C

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
4
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NCP81610

ELECTRICAL CHARACTERISTICS (-10°C < Tp < 100°C; 4.6 V < VCC < 5.4 V; Cycc = 0.1 uF unless otherwise noted)

Symbol Parameter | Test Conditions | min | Typ | Mmax [ unit
VCC SUPPLY
VCC Supply voltage range 4.6 - 5.4 \%
ICC VCC Quiescent current Enable low, 2nd time - - 100 uA
8 phase operation - 40 - mA
1 phase - DCM operation - 10 - mA
UVLORise |UVLO Threshold VCC Rising - - 45 \Y,
UVLOgy VCC Falling 4 - - \Y,
UVLOpyst | VCC UVLO Hysteresis - 200 - mV
SWITCHING FREQUENCY
Fsw Switching Frequency Range 8 phase configuration 250 - 1200 kHz
AFgw Switching Frequency Accuracy Fsw =810 kHz -4 - +4 %
ENABLE INPUT
I Input Leakage EN=0VorVCC -1.0 - 1.0 uA
ViH Upper Threshold 1.2 - - \%
VL Lower Threshold - - 0.6 \%
DRON
VoH Output High Voltage Sourcing 500 pA 3.0 - - \%
VoL Output Low Voltage Sinking 500 pA - - 0.1 \%
tr, tF Rise time (Note 3) Cl (PCB) = 20 pF, AVo = 10% to 90% - 160 - ns
Fall time (Note 3) Cl (PCB) = 20 pF, AVo = 10% to 90% - 3 - ns
RpyuLL_up | Internal Pull-up Resistance (Note 3) - 2.0 - kQ
RpuLL_pown | Internal Pull Down Resistance (Note 3) Vec=0V - 12 - kQ
PGOOD
VoL Output low voltage Ipgoop = 10 mA (sink) - - 0.4 \%
I Leakage Current Pcoop=5V - - 0.2 uA
T_init Output voltage initialization time From EN to ramp starts, 2nd ENABLE - - 0.5 ms
T_total Total Soft Startup Period T Ramp <0101, RT_Ramp <41.2 kQ; - - 2.0 ms
From EN to PGOOD
VRMP
VRMP Supply Range 2.8 - 20 \%
VRMPrise UVLO VRMP rising - - 2.8 \Y
VRMPfall VRMP falling 25 - - \Y
Vemphyst | VRMP UVLO Hysteresis - 150 - mV
PROTECTION FEATURES: OVP, UVP, TMON, ILIM, CLIM, TSD
UVvP Under Voltage Protection (UVP) Threshold | Relative to REFIN Voltage - - -400 mV
Tuvp Under Voltage Protection (UVP) Delay - 5 - us
(Note 3)
OVP Over Voltage Protection (OVP) Threshold | Relative to REFIN Voltage 500 - - mV
Tovp Over Voltage Protection (OVP) Delay - 5 - us
(Note 3)
TMON External Temperature Monitoring (TMON) 0.6 - 1.9 \%
Linear Range
TMONLT TMON Latch Threshold Default 1.9 2.0 2.1 \%
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NCP81610

ELECTRICAL CHARACTERISTICS (-10°C < Tp < 100°C; 4.6 V < VCC < 5.4 V; Cycc = 0.1 uF unless otherwise noted) (continued)

Symbol Parameter | Test Conditions | Min | Typ | Max | Unit |
PROTECTION FEATURES: OVP, UVP, TMON, ILIM, CLIM, TSD
TMONLN TMON Linear Range 0 - 2.0 \%
Tmon_apc | TMON Input to ADC Accuracy - 5 - %
Tsp Chip Thermal Shutdown Temperature Temperature Rising 145 155 - C
(Note 3)
Tsp_Hvs Chip Thermal Shutdown Hysteresis - 15 - C
(Note 3)
CLIMga L | CLIM Overall Current Limit Entering CSCOMP Falling - 225 - mV
ILim ILIM Sourcing Current 9 10 1 uA
ViLm ILIM range 0 - 2 \%
RiLm RILIM range 0 - 200 kQ
PWM OUTPUTS
Vou Output High Voltage Sourcing 500 pA VCC-0.2 - - \%
VMiD Output Mid Voltage 1.4 1.5 1.6 \%
VoL Output Low Voltage Sinking 500 uA - - 0.6 \Y
tr, tF Rise and Fall Time (Note 3) CL(PCB) = 50 pF, AVo = 10% to 90% of - 10 - ns
VCC
I Tri-State Output Leakage Gx=2.0V,x=1-8,EN=Low -1.0 - 1.0 uA
Ton Minimum On Time (Note 3) FSW=600 kHz - 12 - ns
VCOMPgo, |0% Duty Cycle Comp voltage when PWM = Low - 1.3 - \%
VCOMP1gg% | 100% Duty Cycle Comp voltage when PWM = High - 2.5 - \%
16} PWM Phase Angle Error Between Adjacent phases - +15 - °
PHASE DETECTION
VPHDET Phase Detection Threshold Voltage CSP2 to CSP8 - - VCC-0.1| V
TPHDET Phase Detect Timer (Note 3) CSP2 to CSP8 - 1.1 - ms
ERROR AMPIFIER
IBlAS Input Bias Current -400 - 400 nA
GoL Open Loop DC Gain (Note 3) CL =20 pF to GND, R = 10 k2 to GND - 80 - dB
GBW é))pen Loop Unity Gain Bandwidth (Note CL =20 pF to GND, R = 10 kQ to GND - 20 - MHz
SR Slew Rate (Note 3) AVin =100 mV, G = -10 V/V, - 5 - V/us
AVout=0.75V —1.52V,
CL =20 pF to GND, R = 10 kQ to GND
Vout Maximum Output Voltage IsouRrce = 2mA 3.5 - - \
Vout Minimum Output Voltage ISINK = 2mA - - 1 \%
DIFFERENTIAL SUMMING AMPLIFIER
IBiAS Input bias current -400 - 400 nA
VIN VSP input voltage 0 - 2 \%
VIN VSN input voltage -0.3 - 0.3 \%
BW -3 dB Bandwidth (Note 3) CL =20 pF to GND, R = 10 k2 to GND - 12 - MHz
G Closed loop DC gain (VSP-VSN to DIFF) |VSPto VSN=0.5t0 1.3V - 1 - VIV
Vout Maximum output voltage ISOURCE = 2 mA 3 - - \%
Vout Minimum output voltage ISINK =2 MA - - 0.8 \%
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NCP81610

ELECTRICAL CHARACTERISTICS (-10°C < Tp < 100°C; 4.6 V < VCC < 5.4 V; Cycc = 0.1 uF unless otherwise noted) (continued)

Symbol Parameter | Test Conditions | Min | Typ | Max | Unit |
CURRENT SUMMING AMPLIFIER
Vos Offset Voltage -500 - 500 uv
I Input Bias Current CSSUM = CSREF =1V -7.5 - 7.5 uA
G Open Loop Gain (Note 3) - 80 - dB
GBW Current sense Unity Gain Bandwidth CL =20 pF to GND, R = 10 k2 to GND - 10 - MHz
(Note 3)
Vout Maximum CSCOMP Output Voltage ISOURCE = 2 mA 3.5 - - \%
Vourt Minimum CSCOMP Output Voltage Isink =1 MmA - - 0.3 \Y
PHASE CURRENT AMPLIFIER
IBlAS Input Bias Current CSPX-CSPX+1=12V -50 - 50 nA
Vem Common Mode Input Voltage Range CSPx = CSREF 0 - 2 \%
(Note 3)
VDIEE Differential Mode Input Voltage Range CSREF=1.2V -250 - 250 mV
Closed loop Input Offset Voltage Matching | CSPx = 2 V, Measured from the average| -1.5 - 1.5 mV
G Current Sense Amplifier Gain -250 mV < CSPx - CSREF < 250 mV 5.5 6.0 6.5 VIV
BW -3dB Bandwidth (Note 3) - 8 - MHz
Vzcp Single Phase ZCD comparator threshold | PSI = 0, Single Phase, By Default - 0 - mV
CSP1 - CSREF
Tzcp ZCD Comparator Delay (Note 3) - 150 - ns
Vzep uniT | ZCD User Trim Resolution (Note 3) - 1.2 - mV
IoUT
Vos Input Reference Offset Voltage CSCOMP to CSREF -10 - 10 mV
louT Output Current Max 10 uA on Rcur - 100 - uA
Gioutr IOUT Current Gain lout / Igeyr - 10 - A/A
Viout rGg |IOUT Linear Range 0 - 3 \Y
Viout_apc | IOUT Input to ADC Accuracy 0<Vipur<2V - 5 - %
VOLTAGE REFERENCE
VREF VREF Reference Voltage IRep =1 mA 1.98 2 2.02 \%
AVREF VREF Reference accuracy Over Temp - 1 15 %
PWM_VID BUFFER
VIH Upper threshold 1.4 - - \%
VL Lower threshold - - 0.5 \%
Fpwm vip | PWM_VID switching frequency 400 - 5000 kHz
tR Output Rise Time (Note 3) - 3 - ns
tF Output Fall Time (Note 3) - 3 - ns
At Rising and falling edge delay (Note 3) At=tg-tf - 0.5 - ns
tpD Propagation Delay (Note 3) tpp = tPDHL = tPDLH - 8 - ns
Atpp Propagation Delay Error (Note 3) Atpp = tppHL - tPDLH - 0.5 - ns
VOCL_min
VOCL_min | VOCL_min voltage range 0.2 - 1.3 \Y
VOCL_min_var| VOCL_min accuracy VOCL_min=1V - 2 - %
PSI
Vin PSI high Threshold | 145 | - - Vv
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NCP81610

ELECTRICAL CHARACTERISTICS (-10°C < Tp < 100°C; 4.6 V < VCC < 5.4 V; Cycc = 0.1 uF unless otherwise noted) (continued)

Symbol Parameter | Test Conditions | Min | Typ | Max | Unit |
PSI
VMiD PSI mid threshold Auto Phase Shedding Enabled 0.8 - 1 \%
VL PSI low threshold - - 0.575 \%
I PSI input leakage current Vpg =0V oVCC -1 - 1 uA
VMON
VMONLN VMON Linear Range 0 - 2.0 \%
Vmon_apc | VMON Input to ADC Accuracy - 5 - %
REFIN
RpiscH REFIN Discharge Switch ON- Resistance | Ireerin (siNk) = 2 MA - 10 - Q
(Note 3)
VorpvREFIN | Ratio of Output voltage ripple transferred | Fpyym vip = 400 kHz, Fgy < 600 kHz - 10 - %
from REFIN / REFIN Voltage ripple —
Vorp/VREFIN | (Note 3) Fpwm_vip = 1000 kHz, Fgy < 600 kHz - 30 -
12C (Note 3)
ViH Logic High Input Voltage 1.4 - 5 \Y
VL Logic Low Input Voltage 0 - 0.5 \%
Hysteresis - 80 - mV
VoL Output Low Voltage Ispa = -6 MA - - 0.4 \%
I Input Current -1 - 1 uA
Cspas CscL | Input Capacitance - 5 - pF
fsoL Clock Frequency see Figure 2 - - 400 kHz
tLow SCL Low period 1.3 - - us
tHIGH SCL High period 0.6 - - us
tR SCL/SDA rise time - - 300 ns
te SCL/SDA fall time - - 300 ns
tsu:sTA Start condition setup time 600 - - ns
tHD:STA Start condition hold time (Note 4) 600 - - ns
tsu.DAT Data setup time (Note 5) 100 - - ns
tHD:DAT Data hold time (Note 5) 300 - - ns
tsu:sTO Stop condition setup time (Note 6) 600 - - ns
tBuF Bus free time between stop and start 1.3 - - us
3. Guaranteed by design, not production tested.
4. Time from 10% of SDA to 90% of SCL
5. Time from 10% or 90%o0f SDA to 10% of SCL
6. Time from 90% of SCL to 10% of SDA
te > == — - tn:sTA T

SCLK

-~ typ.sTa

thp:0AT --‘ |-q—

— |t -—

tsu.par —F‘ ‘4—

.
| (1 tsyera

SDATA

[ X

K/

L B [ <
STOP START

[ <
START

Figure 2. I2C Timing Diagram
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NCP81610

Applications Information

The NCP81610 is a multi-phase buck converter
controller optimized for the next generation computing and
graphic processor applications. It contains eight PWM
channels which can be individually configured to operate
from one to eight phases.

The output voltage is set by applying a PWM signal to the
PWM_VID input of the device. The controller converts the
PWM_VID signal (400 kHz ~ 5 MHz) with variable high
and low levels into a 2 V PWM signal which is then being
filtered and averaged, and applied to the REFIN pin for
internal regulation reference.

The remote output voltage and ground are differentially
sensed and the REFIN value is subtracted from sensed
voltage. The result is biased ,combined with loadline input
and applied to the error amplifier. If the loadline is disabled,
any difference between the sensed output voltage and the

VID_BUFF  VREF VC
O) O)

REFIN pin average voltage will change the PWM outputs
duty cycle until the two voltages are identical. The load
current is current is continuously monitored on each phase
and the PWM outputs are adjusted to ensure adjusted to
ensure even distribution of the load current across all phases.
Per phase current is monitored cycle by cycle with current
limiting.

The device incorporates different fault protections
including per phase overcurrent limiting (OCL), on chip
over temperature (TSD), external power stage over
temperature monitoring (TMON), output under voltage
(UVP) and output overvoltage (OVP) protections.

The communication between the NCP81610 and the user
is handled with two interfaces, PWM_VID to set the output
voltage and I2C to configure or monitor the status of the
controller. The operation of the internal blocks of the device
is described in more details in the following sections.

C EN

0O

PWM_VID

TMON TMON | TMONLT

Comparator]

DIFFOUT

€<— EN
PGOOD {€&— VSP

=

REF | |UVLO&
v
EN

EN |
f 1.3V

VSP

VSN

PGOOD
Comparator jg¢— VSN
REFIN 1
FB l QO CSCOMP
OVP/UVP [€—vsp CSREF
¢— VSN
CoVP & CSSuUM
OVP /UVP
ILIM
Total Output Current
<—PsSI Measurement, OCL
10UT
OCLfTHi
IPH1 CcsPi
IPH2 CSP2
Current Balancq
IPHSH ™ mplifiers CSP3
Data IPH4 and CSP4
Redist IPH5 CSP5
egisters 1PHG| Per Phase OCH CSP6
e \pH7| Comparators CSP7
SDA Control IPH8 CSP8
SCL Interface
L b OCL_CTL I
Ramp1
Ramp2 —> PWM1/PHTH4
—> PWM2/PHTH3
FSW Ramp3
R o —> Power Stat PWMB3/PHTH2
VRMP Ramp | o2tbe — Power State PWM4/PHTH1
Generators R p6 Generators > Stage PWMS5/LPC2
am|
psl A —> PWM6/LPC1
amp7
Ramp8 —> PWM7/I
—> PWM8/SS
[N .
SED T DRON
Z 9o =z o
o S W (&)
N ) )
[©]

O
U U

GND

Figure 3. NCP81610 Functional Block Diagram
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NCP81610

Soft Start

Soft start is defined as the transition from Enable assertion
high to the assertion of Power good as shown in Figures 4, 5.

The output is set to the desired voltage in two steps: T_init
is a fixed initialization step of less than 1 ms followed by a
ramp—up step T_ramp where the output voltage is ramped to
the final value set by the PWM_ VID interface and REFIN.
During the soft start phase, PGOOD pin is initially set low
and will be set high when the output voltage is within
regulation and the soft start is complete. The PGOOD signal

only de-asserts (pull low) when the controller shuts down
due to a fault condition (UVLO, OVP or UVP event).

The output voltage ramp-up time is user settable by
connecting a resistor between pin PWMS/SS and GND. The
controller will measure the resistance value at power—up by
sourcing a 10 pA current through this resistor and set the
ramp time (T_ramp) as shown in Table 11. To prevent false
over current claim, CSREF signal of the current summing
amplifier needs to be ready before the soft start is complete.

EN=0V

VSP - VSN =0V

PGOOD = Low !

<250 pA -/

\ Standby current <250 pA

|
— 1 2ms ——————————»

Internal States

Figure 4. VCC across UVLO with EN =0

VCC=5V

'
1

EN :
!
: ~ REFIN
i G T T s T
| ' '

VOuT ! ! !

1 ' 1
| 1 1
T '
I g ‘I‘ ‘I
o O “
v T_init<1 ms ! T_ramp
Il 1
|

PGOOD < T_total R
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Figure 5. Soft Start by Toggling EN
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NCP81610

PWM_VID Interface

PWM-VID is a single wire dynamic voltage control
interface where the regulated voltage is set by the duty cycle
of the PWM signal applied to the controller.

The device controller converts the variable amplitude
PWM signal into a constant 2 V amplitude PWM signal
while preserving the duty cycle information of the input
signal. In addition, if the PWM_VID input is left floating,
the VID_BUFF output is tri-stated (floating).

The constant amplitude PWM signal is then connected to
the REFIN pin through a scaling and filtering network (see
Figure 6). This network allows the user to set the minimum
and maximum REFIN voltages corresponding to 0% and
100% duty cycle values.

7. VCC
T 0.1 uF |
Internal
precision A VREF E;
reference T
Vref =2V,

PWM_VID

VID_BUFF
O—

Controller

Figure 6. PWM VID Interface

The minimum (0% duty cycle), maximum (100% duty
cycle) and boot (PWM_VID input floating) voltages can be
calculated with the following formula:

1
Vvax = Vrer

R, ‘R eq. 1
14 1 Rg (eq. 1)

Ry - (Ry + Ry)

V = V . ;
MIN — YREF R1 . (RZ + RS) (eq 2)

1+ L2 <

R2 . R3
_ 1
Veoor = VRer TR, (eq. 3)
1+ "

Remote Voltage Sense

A high performance true differential amplifier allows the
controller to measure the output voltage directly at the load
using the VSP (VOUT) and VSN (GND) pins. This keeps
the ground potential differences between the local controller
ground and the load ground reference point from affecting
regulation of the load. The output voltage of the differential
amplifier is set by the following equation:

\ \

csRer)
(eq. 4)

piFouT = Mysp = Vysn) + (18 V = Vgegy) + (Vproop —

where,

Vprrour is the output voltage of the differential
amplifier

Vysp—Vvysn is the regulated output voltage sensed at
the load

VRErIN is the voltage at the output pin set by the
PWM_VID interface

VpRroor-VcsREF is the expected drop in the
regulated voltage as a function of the load
current (load-line)

1.3 V is an internal reference voltage used to bias the
amplifier inputs to allow both positive and
negative output voltage for VprrouTt

Error Amplifier

A high performance wide bandwidth error amplifier is
provided for fast response to transient load events. Its
inverting input is biased internally with the same 1.3 V
reference voltage as the one used by the differential sense
amplifier to ensure that both positive and negative error
voltages are correctly handled.

An external compensation circuit should be used (usually
type III) to ensure that the control loop is stable and has
adequate response.

Ramp Feed-Forward Circuit

The ramp generator circuit provides the ramp used to
generate the PWM signals using internal comparators (see
Figure 7) The ramp generator provides voltage
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 rising threshold is 2.8 V, only active after the EN is
toggled high. The VRMP pin is a high impedance input
when the controller is disabled.

AL oo

I
ow L

Figure 7. Ramp Feed-Forward Circuit

Vin

Comp-IL

PWM Output Configuration

By default the controller operates in 8 phase mode,
however the phases can be disabled by connecting the
corresponding CSP pins to VCC. At power—up the
NCP81610 measures the voltage present at each CSP pin
and compares it with the phase detection threshold. If the
voltage exceeds the threshold, the phase is disabled. The
phase configurations that can be achieved by the device are
listed in Table 2. The active phase (PWMY) information is
also available to the user in the phase status register.
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NCP81610

PSI, LPCx, PHTHy

The NCP81610 incorporates a power saving interface
(PSI) to maximize the efficiency of the regulator under
various loading conditions. The device supports up to five
distinct operation modes, called power zones using the PSI,
LPCx and PHTHx pins (see Table 3). At power—up the
controller reads the PSI pin logic state and sources a 10 uA
current through the resistors connected to the LPCx and
PHTHx pins, measures the voltage at these pins and
configures the device accordingly.

The configuration can be changed by the user by writing
to the LPCx and PHTHy configuration registers.

After EN is set high, the NCP81610 ignores any change
in the PSI pin logic state until the output voltage reaches the
nominal regulated voltage

When PSI = High, the controller operates with all active
phases enabled regardless of the load current. If PSI = Mid,
the NCP81610 operates in dynamic phase shedding mode
where the voltage present at the IOUT pin (the total load
current) is measured every 10 us and compared to the
PHTHx thresholds to determine the appropriate power
zone.

The resistors connected between the PHTHx and GND
should be picked to ensure that with a 10 WA source current
the voltage reading will match the voltage drop at the IOUT
pin at the desired load current. Please note that the maximum
allowable voltage at the IOUT pin at the maximum load
current is 2 V. Any PHTHy threshold can be disabled if the
voltage drop across the PHTHx resistor is 22 V for a 10 uA

UVLO, EN is set high) while the LPC1 configuration sets
the power zone in the consecutive soft startup by toggling
EN only (soft boot—up).

NCP81610 has the internal zero current detection
function (ZCD) enabled by default; if PSI = Low and the
system is configured to single phase mode (Power Zone = 4),
the single phase switching circuit operates in diode
emulation mode. The NCP81610 controller will sense the
current information from CSP1-CSREF differential voltage
in the internal ZCD mode with PWM1 toggling between
High, Mid and Low voltage levels accordingly. The
controller ZCD threshold can be adjusted by I2C command
to accommodate different power stages and the propagation
delay.

The ZCD function within the NCP81610 can be disabled
through the 12C command. While internal ZCD function is
disabled, PWM1 can be configured to either toggle between
High and Low or High and Mid-level depending on type of
the power stage devices; In this case the power stage current
sensing circuit will be used for zero current detection
function if necessary.

NCP81610 I°C Address

On power up, a 10 uA current is sourced from PWM7/12C
pin to the shunt resistor to configure the I2C slave address
of the NCP81610. There are four I2C addresses available for
this chip associated with different shunt resistor values.

Table 1. 12C ADDRESS SETTING

current, the pin is left floating or OxFF is written to the Resistance (kQ) 12C Address

appropriate PHTHx configuration register. The automatic 10 0x20

phase shedding mode is only enabled after the output voltage 1o 030

reaches the nominal regulated voltage. .

When PSI = low, the controller is set to a fixed power zone 100 0x40

regardless of the load current, programmable through user 249 0x50

register 0x34 and 0x36. The LPC2 setting controls the power

zone used during cold boot-up (After power on VCC

Table 2. PWM OUTPUT CONFIGURATION
CSP Pin Configuration (~* = Normal Connection, X = Tied to VCC) Enabled PWM
Phase Outputs
Configuration | Configuration | CSP1 | CSP2 | CSP3 | CSP4 | CSP5 | CSP6 | CSP7 | CSP8 (PWMy Pins)

1 8 phase I I I I I I I » 1,2,3,4,5,6,7,8
2 7 phase I - I ¥ I 4 X 1,2,3,4,5,6,7
3 6 phase v I I V I I X X 1,2,3,4,5,6
4 5 phase v I I V I X X X 1,2,8,4,5
5 4 phase v I I V X X X X 1,2,3,4
6 3 phase I - I X X X X X 1,2,3
7 2 phase I - X X X X X X 1,2
8 1 phase I X X X X X X X 1
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Table 3. PSI, LPCy, PHTHx CONFIGURATION

NCP81610

PSI LPC1, LPC2 Power Zone
Logic Resistor IOUT vs. PHTHy 8 7 6 5 4 3 2 1
State (k) Comparison Phase | Phase | Phase | Phase | Phase | Phase | Phase | Phase
High Disabled Function Disabled 0 0 0 0 0 0 0 0
Low 10 0 0 0 0 0 0 0 0
23.2 1 1 0 0 0 0 0 0
37.4 2 2 2 0 2 0 0 0
54.9 3 3 3 3 3 3 3 0
78.7 4 4 4 4 4 4 4 4
Mid Function IOUT > PHTH4 0 0 0 0 0 0 0 0
Disabled PTHT4 > IOUT > PHTH3 1 1 0 0 0 0 0 0
PHTH3 > IOUT > PHTH2 2 2 2 0 2 0 0 0
PHTH2 > IOUT > PHTHA1 3 3 3 3 3 3 3 0
IOUT < PHTHA1 4* 4 4 4 4 4 4 4
NOTES: Power zone 4 is usually DCM, while zones 0 to 3 are CCM.
Table 4. PSI, LPCyx, PHTHx CONFIGURATION
PWM Output PWM Output Status (»~ = Enabled, X = Disabled)
Power Zone Configuration PWM1 PWM2 PWM3 PWM4 PWM5 PWMé6 PWM7 PWMS8
0 8 phase - v » - I - 4 4
1 X X I X
2 v X X X I X X X
3 I X X X X X X X
4 V X X X X X X X
0 7 phase 4 v v 4 v 4 4 X
1 - X I v I X I X
2 P X X - X X v X
3 I X X X X X X X
4 I X X X X X X X
0 6 phase I I I V- I I X X
2 I X v X I X X X
3 e X X X X X X X
4 e X X X X X X X
0 5 phase I I I V- I X X X
3 v X X X X X X X
4 v X X X X X X X
0 4 phase v I I v X X X X
2 I X I X X X X X
3 V X X X X X X X
4 I X X X X X X X
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NCP81610

Table 4. PSI, LPCy, PHTHy CONFIGURATION

PWM Output PWM Output Status (»© = Enabled, X = Disabled)
Power Zone Configuration PWM1 PWM2 PWM3 PWM4 PWM5 PWM6 PWM7 PWM8
0 3 phase I I I X X X X X
3 I X X X X X
4 I X X X X X X X
0 2 phase I I X X X X X X
3 I X X X X X X X
4 I X X X X X X X
0 1 phase I X X X X X X X
4 v X X X X X X X

Power Zone Transition | Phase Shedding

The power zones supported by the NCP81610 are set by
the resistors connected to the LPCx pins (PSI = Low) or
PHTH pins (PSI = Mid).

When PST is set to the Mid-state, the NCP81610 employs
a phase shedding scheme where the power zone is
automatically adjusted for optimal efficiency by
continuously measuring the total output current (voltage at
the IOUT pin) and compare it with the PHTH thresholds.
When the comparison result indicates that a lower power
zone number is required (an increase in the IOUT value), the
controller jumps to the required power zone immediately.

A decrease in IOUT that indicates that the controller needs
to switch into a higher power zone number, the transition
will be executed with a delay of 200 us set by the phase shed
delay configuration register. The value of the delay can be
adjusted by the user in steps of 10 us if required.

To avoid excessive ripple on the output voltage, all power
zone changes are gradual and include all intermediate power
zones between the current zone and the target zone set by the
comparison of the output current with the PHTHx
thresholds, each transition introducing a programmable
200 ps delay.

To avoid false changes from one power zone to another
caused by noise or short IOUT transients, the comparison
between IOUT and PHTHY threshold uses hysteresis. The
switch to a lower power zone is executed if IOUT exceeds
the PHTHx threshold values while a transition to a higher
power zone number is only executed if IOUT is below
PHTHx-Hysteresis value. The hysteresis value is set to
0x44h and can be changed by the user by writing to the phase
shedding configuration register. If a power zone/PHTHx
threshold is disabled, the controller will skip it during the
power zone transition process.

When PSI = Low and the user requires to change the
power zone, the transition to the new power zone is identical
to the transition process used when PSI is set to the
Mid-state. The only exception is when the target power zone
is disabled in automatic phase shedding mode. In this case,
the controller will automatically enable the target power

zone and allow the transition. When the controller is set to
automatic phase shedding, the power zone will be
automatically disabled.

VID Down Operation in Single Phase Mode

When VID Down change bit (0x31) is enabled and there
is a fast VID down transition (REFIN down) detected in
single phase operation power zone (Zone 3 or Zone 4), the
controller will force all phases to turn on for 2 ms to protect
the external power stage against damage from large
discharging current and achieve fast and smooth VID down
transition in the meantime.

Switching Frequency

A programmable precision oscillator is provided for the
switching frequency. The clock oscillator serves as the
master clock to the ramp generator circuit. This oscillator is
programmed by a resistor to ground on the FSW pin. The
FSW pin provides approximately 2 V out and the source
current is mirrored into the internal ramp oscillator. The
oscillator frequency is approximately proportional to the
current flowing in the resistor. Table 14 lists the switching
frequencies that can be set using discrete resistor values for
each phase configuration. Also, the switching frequency
information is available in the FSW configuration register
and it can be changed by the user by writing to the FSW
configuration register.

Total Current Summing: IMON Sensing Method

The controller sums the phase currents from each current
sense power stage device into a single total current signal
(Figure 8). This signal is then used to generate the output
voltage droop, total current limit, and the current monitoring
output. The total current signal is the difference between
CSCOMP and CSREF with CSREF connected to an
external voltage bias as required by the power stage current
sense output.

The DC gain equation for the current sensing is given by
the following equation:

CSREF — CSCOMP = lout - Aips - Rcssum
(eq. 5)

Where Aips is the current sense gain of the power stage.
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NCP81610

Programming Load Line

The signals CSCOMP and CSREF are differentially
summed with the output voltage feedback to add precision
voltage droop to the output voltage if the load line is enabled.

Vproop = LLTH - (CSREF — CSCOMP) €q.6)

The load line Coefficient LLTH can be configured by I12C
register 0x39 to 0% (default), 25%, 50%, 100%.

Programming IOUT

The IOUT pin sources a current in proportion to the total
output current summed up through the current summing
amplifier. The voltage on the IOUT pin is monitored by the

lout_max - Aips - Rcssum = CSSUM — CSCOMP = GSREF — GSCOMP
(eq.7)

As an example, if CSREF bias voltage is 1.3 V and the
minimum summing amplifier output voltage is set to 0.3V,
the Aips x Rcssum has to be chosen to ensure Iout x Aips x
Rcssum = CSREF — CSCOM always less than 1 V in all the
normal operating conditions. Since the internal resistor Rcur
is 100 k€, that means a less than 10 uA pulling through Recur
in the normal operating conditions. For a 2 V maximum
output voltage of IOUT pin, the shunt resistor Riout can be
calculated by the following equation:

. 2V
internal A/D converter and should be scaled with an external Riout = & WA - 10 20 ke 6
. eq.
resistor to ground such that a load equal to system max (69 8)
current generates a 2 V signal on IOUT. A pull-up resistor
to VCC can be used to offset the IOUT signal if needed.
csp1l]
csp2l}
csp3l}
csPall
cspPslt
cspel J;‘\SIT
1:10
csp7l} L »
4
“
cspsl} Q2 Q3
1oUT
RIOUT
o
b
CSREFL! Q1
1.3
Jj“}i ook
_LVCSREF
CSP1 Rsns1 3
DRMOS;% ? DNP R1 <!> {Jcscomp
1(|)10u csp2 Rsns2
DRMOSZL@—F—JE:D”P Rz —
1pors R Ho
DRMOS3-(1») ONP B3 =
16%u csp4 Rsns4
DRMOS4-(1D) ONP R L {lcssum
4 ‘bucspg, Rsns5
DRMOS5-(1)) DNP RS
1000 CFF® Rgns6 R1~R8=Rph
DRMOS6-CD M
16%u CSP7 Rsns7
DRMOS7-(1D) DNP U
1&)“ csps  Rsns8
?ﬁ DNP R
DRMOS8 |,

Figure 8. Total Current Summing Amplifier, DRMOS IMON Sensing
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NCP81610
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Figure 9. Total Current Summing Amplifier, DCR Sensing Example
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Figure 10. Total Current Summing Amplifier, Pseudo DCR Sensing Example

Downloaded from AFFOW.Com.

www.onsemi.com
16



http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

NCP81610

Total Current Summing: DCR or Pseudo DCR Methods
Two current summing methods in Figure 9, 10 are similar,
they both convert the current signals drop across inductor
DCR or DRMOS IMON current signal across a low value
resistor to low impedance voltage signals and then sums
them up with the current summing amplifier.
For DCR method,

CSREF — CSCOMP = lout - DCRL - Rcssum/Rph (eq. 9)

Where Ressum = Res2 + Resl // NTC, and the pole
frequency of CSCOMP filter needs to be selected to be equal
to the zero frequency from the inductor DCRL, or
Ressum * C1 = L/ DCRL to recover the inductor DCR drop
current signal.

For Pseudo DCR method,

CSREF — CSCOMP = lout - Aips - Rsns - Rcssum/Rph

(eq. 10)

Where Aips is the current sense gain of the power stage,
and Aips * Rsns = DCRps is the equivalent DCR.

The selection of IOUT resistor, and DROOP
configuration are similar to the IMON sensing method in
previous sections.

Programming the Current Limit ILIM

By default, per phase current limit threshold is
programmed through an external shunt resistor of the ILIM
pin on the fly.

perphase_CLIM - DCRps - 6
10 pA (eq. 11)
Where DCRps is the equivalent DCR of the power stage,
it can be inductor current sensing (DCRL) or DRMOS

IMON sensing (Aips * Rpu) or DRMOS pseudo DCR
sensing (Aips* Rsns).

RILIM =

CSP1

K1=6
CSREF U2
RTN
L OCL_PH
— u3
10u(\‘
'9?‘% ILIM
— 1 Mux_1
Rlim "
L bAc 1 One bit for EXT/INT ILIM
0x2E, 5bit ILIM

Figure 11. External / Internal ILIM Setting

During power on, a 10 A current is sourced from ILIM
pin to generate ILIM voltage, it is sampled and stored into
register 0x2D on the fly. As an option, the ILIM threshold
can also be configured through an internal register 0x2E.
The external ILIM voltage ranges from 0 V to 2 V. Internal
ILIM value controlled by a 5 bit register (0x2E) has a range
from 0.2 V to 1.75 V. One ILIM configuration bit in register

0x46 and 0x47 determines whether the external resistor
value or internal register value is selected.

Protections

TMON Monitoring

External power stages can send signals with its own
temperature information or other fault information through
TMON pin. The TMON signal proportional to the
corresponding power stage temperature usually ranges from
0 V to 2 V. When the power stage device is over heated or
under other fault conditions, the signal will be pulled high to
across TMON trigger threshold (0x4A, 2.0 V by default),
NCP81610 will be able to detect this fault and force the
system into two different subsequent states based on the
TMON configuration register setting: latch up(by default),
or timer based hiccup mode. The TMON fault can also be
masked through register 0x22. Once masked, the controller
will ignore TMON warning from the power stages.

Overcurrent Limiting (OCL) and
Undervoltage Protection (UVP)

The device incorporates a per phase overcurrent limiting
(OCL) mechanism to limit per phase current and the energy
transferred from input to the output to protect against
damage due to an over current event. The current limit
threshold can be programmed with a shunt resistor on ILIM
pin, as shown in the Programming the Current Limit ILIM
section.

By default, OCL will always be functional, a large
overcurrent event will pull the output below the Under
Voltage Protection threshold (UVP) or 400 mV below
REFIN to enforce a system latch up. Once latched up, the
system will remain disabled until the EN pin is toggled.

VOCL _min is a threshold level to allow the OCL function
to be temporarily disabled when the output voltage is below
the threshold; by default VOCL_min function is disabled. If
the VOCL_min function is enabled during a current limiting
event, the output will droop to the VOCL_min threshold if
UVP is disabled or VOCL_min is set to above UVP
threshold, OCL function will be disabled for a 2ms period to
allow the system to go back to output voltage regulation. It
is recommended that the system designer be aware of this
over load condition to avoid per phase current exceeding the
inductor saturation current.

VOCL_min threshold can be configured through the I>C
interface with a range of 0.2 V to 1.3 V and a 35 mV step
resolution.

Latched Mode Over—Current Protection (OCP)

To prevent catastrophic system failure, NCP81610 is able
to detect the total output current exceeding the overall
current limit and force the chip to latch up. When current
summing amplifier has its output CSCOMP voltage droop
to less than 225 mV (CLIM), the system is considered as
total current OCP and enter latched mode protection
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