RICHTEK

RT8885A

Dual Output 3-Phase + 2-Phase PWM Controller For CPU

and GPU Core Power Supply

General Description

The RT8885A is a dual output 3-phase + 2-phase PWM
controller with 3 integrated MOSFET gate drivers and a
single SVID interface for CPU and GPU core power supply.
This part complies with Intel VR12/IMVP7 Pulse Width
Modulation Specification. The RT8885A adopts G-NAVP™
(Green-Native AVP), which is a Richtek proprietary topology
derived from finite DC gain compensator in constant on-
time control mode. G-NAVP™ makes this part an easy-
setting PWM controller to meet all Intel mobile CPU/GPU
AVP (Active Voltage Positioning) requirements. The
RT8885A uses SVID interface to control an internal 8-bit
DAC for output voltage programming. The built-in high
accuracy DAC converts the VID code to a reference voltage
ranging from 0V to 1.52V with 5mV step voltage. The
system accuracy of the controller reaches 0.8%. Each
output channel of the RT8885A can operate in multi-phase
continuous conduction mode or in single-phase diode
emulation mode to reach a maximum of 90% efficiency in
different load conditions. The droop function (load line) is
selectable and the load line is easily programmed by setting
the DC gain of the error amplifier. With proper
compensation, the load transient response can achieve
optimized AVP performance. The output voltage transition
slew rate is programmed via the SVID interface. The
RT8885A supports inductor DCR and sense-resistor
current sensing. This device provides power good
indication, current monitor, thermal monitor and thermal
throttling output signals for IMVP7 CPU and GPU core.
This part also provides complete fault protection functions
including over voltage, under voltage, negative voltage, over
current, thermal shutdown and under voltage lockout.

Features

e Dual Output : 3-Phase (CORE) + 2-Phase (GFX)
o Integrated MOSFET Drivers : 2 (CORE) + 1 (GFX)
¢ VR12/IMVP7 PWM Specification Compliant

e Serial VID Interface

o G-NAVP™ Topology

e Fast Line/Load Transient Response

e Quick Response for Load Transient

e 0.5% DAC Accuracy

e 0.8% System Accuracy

e Accurate Current Balance

e Selectable Droop Function

e Selectable Forced DEM Operation

e Built-in ADC for Platform Programming

e Power Good Indicator

e Current Monitor Output

e Thermal Monitor

e Thermal Throttling Indicator VRHOT

e Phase Shedding in PS1

e Phase Shedding and Diode Emulation in PS2
o Differential Remote Output Voltage Sense

e Lossless Inductor DCR Current Sense

e Switching Frequency up to 1MHz per Phase
e OVP, UVP, NVP, OCP, OTP, UVLO

e 56-Lead WQFN Package

¢ RoHS Compliant and Halogen Free

Applications

¢ IMVP7 Intel CPU/CPU Core Power Supply
o Laptop Computer
o AVP Step-Down Converter

Simplified Application Circuit

Buck A1 Driver Bus #A1

VGFx©

Buck A2 PWMA2

From CPU —%— SVID Bus

RT8885A

Driver Bus #1

Driver Bus #2

PWM3
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RICHTEK

Ordering Information Marking Information
RT8885A Ii RT8885AZQW : Product Number
Package Type RT8885A YMDNN : Date Code
QW : WQFN-56L 7x7 (W-Type) zaw
Lead Plating System YMDNN
Z : ECO (Ecological Element with [ )

Halogen Free and Pb free)
Note :
Richtek products are :
» RoHS compliant and compatible with the current require-
ments of IPC/JEDEC J-STD-020.

» Suitable for use in SnPb or Pb-free soldering processes.
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RICHTEK

RT8885A

Functional Pin Description

Pin No.

Pin Name

Pin Function

1

PWMA2

GFX VR Channel 2 PWM Signal Output. Connect this pin to the PWM input
of external MOSFET driver for channel 2 of GFX VR.

2

TONSETA

GFX VR PWM On-Time Setting Pin. Connect this pin to input voltage VIN via
a resistor to set the ripple size of GFX VR output in CCM.

3,5

ISENA[2:1]P

Positive Current Sense Input for Channel 2 and Channel 1 of GFX VR.

4,6

ISENA[2:1]N

Negative Current Sense Input Pin for Channel 2 and Channel 1 of GFX VR.
ISENA2N can be pulled high to VCC to disable GFX VR channel 2. Connect
to this pin with a sense resistor of 680Q.

COMPA

GFX VR Compensation Pin. This pin is the output of the error amplifier.

FBA

GFX VR Output Voltage Feedback Pin. Connect this pin to the CPU voltage
remote sense pin with a resistor. This pin is the inverting input node of the
error amplifier.

RGNDA

Return Ground for GFX VR. This pin is the inverting input node for differential
remote voltage sensing.

10

IMONA

GFX VR Current Monitor Output. Connect a thermally compensated resistor
network from this pin to VREF/QRTH pin. IMONA pin output voltage VimoNA
is proportional to the total output current of GFX VR.

11

VSENA

GFX VR Output Voltage Sensing Pin. Voltage on this pin is monitored for
voltage-related protections.

12

VDIO

Data Transmission Line of SVID Interface. This pin has an open drain
structure. Pull high this pin to platform VCCIO rail with a resistor placed close
to controller.

13

ALERT

Alert Line of the SVID Interface (Active Low). This pin has an open drain
structure. Pull high this pin to platform VCCIO rail with a resistor placed close
to controller.

14

VCLK

Clock Signal Line of SVID Interface. This pin has an open drain structure. Pull
high VCLK to platform VCCIO rail with a resistor placed close to controller.

15

VRA_READY

GFX VR Power Good Indicator Output. This pin has an open drain structure.
Pull high this pin to platform VCCIO rail with a resistor.

16

VR_READY

CORE VR Power Good Indicator Output. This pin has an open drain
structure. Pull high this pin to platform VCCIO rail with a resistor.

17

VRHOT

Thermal Throttling Output (Active Low). This pin has an open drain structure.
Pull high this pin to platform VCCIO rail with a resistor.

18

IBIAS

Internal Bias Current Setting Pin. Connect this pin to GND only with a 53.6kQ
resistor placed close to the controller.

19

TSENA/ZLLA

This Pin Provides Two Functions for GFX VR : Thermal Monitor Input, and
Droop Enable/Disable Setting. Connect a thermally compensated resistive
voltage divider from VCC to GND and connect the joint of the voltage divider
to this pin.

20

OCSET

CORE VR and GFX VR Over Current Protection Threshold Setting Pin.
Connect a resistive voltage divider from VCC to GND and connect the joint of
the voltage divider to this pin to set summed total over current protection
threshold and per phase over current protection threshold for CORE VR and
GFX VR individually.

21

AGND

Analog Ground Pin.

22

TSEN/ZLL

This Pin Provides Two Functions for CORE VR : Thermal Monitor Input, and
Droop Enable/Disable Setting. Connect a thermally compensated resistive
voltage divider from VCC to GND and connect the joint of the voltage divider
to this pin.
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Pin No.

Pin Name

Pin Function

23

RSETA/OFSA

This pin provides three settings for GFX VR : internal compensation ramp
factor for control loop, output voltage offset and forced-DEM operation.
Connect a resistive voltage divider from VCC to GND and connect the joint
of the voltage divider to this pin.

24

RSET/OFS

This pin provides three settings for CORE VR : internal compensation
ramp factor for control loop, output voltage offset and forced-DEM
operation. Connect a resistive voltage divider from VCC to GND and
connect the joint of the voltage divider to this pin.

25

SET2

This pin provides three settings for GFX VR : initial startup voltage
VINI gex, maximum output current ICCMAXA and PWM on-time of quick
response for load transient response boost. Connect a resistive voltage
divider from VCC to GND, and connect the joint of the voltage divider to
this pin.

26

SET1

This pin provides three settings for CORE VR : Initial startup voltage
VINI_corE, maximum output current ICCMAX and PWM on-time of quick
response for load transient response boost. Connect a resistive voltage
divider from VCC to GND and connect the joint of the voltage divider to
this pin.

27

VCC

Controller Power Supply Pin. Connect this pin to GND with a ceramic
capacitor larger than 1uF.

28

EN

Voltage Regulator Enable Signal Input.

29

VREF/QRTH

This Pin Provides Two Functions : Fixed 0.6V Reference Voltage Output,
and Quick Response Trigger Threshold Setting. Connect a resistive
voltage divider from VCC to GND and connect the joint of the voltage
divider to this pin. Bypass this pin to GND with ceramic capacitor for noise
decoupling.

30

IMON

CORE VR Current Monitor Output. Connect a thermally compensated
resistor network from this pin to VREF/QRTH pin. IMON pin output voltage
VIMON is proportional to the total output current of CORE VR.

31

RGND

Return Ground for CORE VR. This pin is the inverting input node for
differential remote voltage sensing.

32

FB

CORE VR Feedback Pin. This pin is the inverting input node of the error
amplifier.

33

COMP

CORE VR Compensation Pin. This pin is the output of the error amplifier.

34

VSEN

CORE VR output voltage sensing pin. Voltage on this pin is monitored for
voltage related protections.

35, 39, 38

ISEN[3:1]N

Negative Current Sense Input Pin for Channel 3, 2 and 1 of CORE VR.
ISENA2N and ISENA3N can be pulled high to VCC to disable CORE VR
channel 2 and channel 3, respectively. Connect to this pin with a sense
resistor of 680Q.

36, 40, 37

ISEN[3:1]P

Positive current sense input for channel 3, 2 and 1 of CORE VR.

41

TONSET

CORE VR PWM On-Time Setting Pin. Connect this pin to input voltage
VIN via a resistor to set the ripple size of CORE VR output in CCM.

42

PWM3

CORE VR Channel 3 PWM Signal Output. Connect this pin to the PWM
input of external MOSFET driver for channel 3 of CORE VR.

43

BOOT1

CORE VR Channel 1 Bootstrap Flying Capacitor Connection Pin. This pin
powers channel 1 high side MOSFET drivers. Connect this pin to PHASE1
pin with a ceramic capacitor.

44

UGATE1

CORE VR Channel 1 High Side MOSFET Floating Gate Driver Output.
Connect this pin to the gate of high side MOSFET of channel 1.
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RICHTEK RT8885A
Pin No. Pin Name Pin Function
CORE VR Channel 1 Switching Node Connection Pin. Connect this pin to
45 PHASE1 the joint of high side MOSFET sources, the low side MOSFET drains and
the inductor of channel 1.
46 LGATE1 CORE VR Channel 1 Low Side MOSFET Gate Driver Output. Connect
this pin to the gate of low side MOSFET of channel 1.
CORE VR Embedded MOSFET Driver Power Supply Pin. This pin
47 PVCCA1 powers channel 1 and channel 2 MOSFET gate drivers. Connect this pin
to GND with a ceramic capacitor larger than 1pF.
48 LGATE2 CORE VR Channel 2 Low Side MOSFET Gate Driver Output. Connect
this pin to the gate of low side MOSFET of channel 2.
CORE VR Channel 2 Switching Node Connection Pin. Connect this pin to
49 PHASE2 the joint of high side MOSFET sources, the low side MOSFET drains and
the inductor of channel 2.
50 UGATE?2 CORE VR Channel 2 High Side MOSFET Floating Gate Driver Output.
Connect this pin to the gate of high side MOSFET of channel 2.
CORE VR Channel 2 Bootstrap Flying Capacitor Connection Pin. This pin
51 BOOT2 powers channel 2 high side MOSFET drivers. Connect this pin to
PHASE?2 pin with a ceramic capacitor.
GFX VR Embedded MOSFET Driver Power Supply Pin. Connect this pin
52 PVCC2 . : .
to GND with a ceramic capacitor larger than 1uF.
53 LGATEA GFX VR Channel 1 Low Side MOSFET Gate Driver Output. Connect this
pin to the gate of low side MOSFET of channel 1.
GFX VR Channel 1 Switching Node Connection Pin. Connect this pin to
54 PHASEA the joint of high side MOSFET sources, the low side MOSFET drains and
the inductor of channel 1.
55 UGATEA GFX VR Channel 1 High Side MOSFET Floating Gate Driver Output.
Connect this pin to the gate of high side MOSFET of channel 1.
GFX VR Channel 1 Bootstrap Flying Capacitor Connection Pin. This pin
56 BOOTA powers channel 1 high side MOSFET drivers. Connect this pin to
PHASEA pin with a ceramic capacitor.
57 Power Ground. The exposed pad is the return ground of all low side
(Exposed Pad) PGND MOSFET gate drivers. This exposed pad must be soldered to a large
PCB and connected to GND for maximum power dissipation.
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RICHTEK

RT8885A

Operation

The RT8885A adopts G-NAVPTM (Green-Native AVP),
which is a Richtek proprietary topology derived from finite
DC gain compensator in constant on-time control mode.
G-NAVPTM is based on the finite gain peak current mode
with CCRCOT (Constant Current Ripple Constant On-Time)
topology. The control loop consists of PWM modulators
with power stages, current sense amplifiers and an error
amplifier as shown in functional block diagram. The
HS_FET on-time is determined by CCRCOT on-time
generator. Low offset current sense amplifiers are used
for current balance, loop control and over current detection.

By increasing the loading current, the current signal is
rose to increase the steady state COMP voltage, and then
the output voltage is decreased to achieving AVP.

Anear-DC offset canceling is added to the output of EAto
eliminate the inherent output offset of finite gain peak
current mode controller. After EN go high, the internal ADC
sense pin setting for VINITAL, ICCMAX, over current
protection and internal compensation ramp setting. The
internal ADC also sense IMON and TSEN pin voltage for
INTEL reporting.
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Table 1. VR12/IMVP7 Compliant VID Table

VID4

DAC Voltage (V)

0.000
0.250

0.255

0.260

0.265
0.270

0.275

0.280

0.285
0.290
0.295

0.300
0.305
0.310

0.315

0.320
0.325
0.330
0.335
0.340
0.345
0.350

0.355

0.360
0.365

0.370

0.375
0.380
0.385
0.390
0.395
0.400
0.405
0.410

0.415

0.420

0.425
0.430

0.435

0.440
0.445

0.450

0.455

0.460
0.465

HO

H1

VIDO

VID1

VID2

VID3

VID5

VID6

VID7
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DAC Voltage (V)

0.470

0.475

0.480
0.485
0.490
0.495
0.500
0.505
0.510

0.515

0.520
0.525
0.530

0.535

0.540
0.545
0.550

0.555

0.560
0.565
0.570

0.575

0.580
0.585
0.590
0.595
0.600
0.605
0.610

0.615

0.620
0.625
0.630
0.635

0.640
0.645
0.650
0.655
0.660
0.665
0.670

0.675

0.680
0.685
0.690
0.695

HO

H1

VIDO

VID1

VID2

VID3

VID4

VID5

VID6

VID7
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RT8885A

DAC Voltage (V)

0.700
0.705

0.710

0.715

0.720
0.725
0.730
0.735
0.740
0.745
0.750

0.755
0.760
0.765
0.770

0.775
0.780
0.785
0.790
0.795
0.800
0.805
0.810

0.815

0.820

0.825

0.830

0.835

0.840

0.845
0.850

0.855
0.860
0.865

0.870

0.875
0.880
0.885
0.890
0.895
0.900
0.905
0.910

0.915

0.920

0.925

HO

H1

VIDO

VID1

VID2

VID3

VID4

VID5

VID6

VID7
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RT8885A

DAC Voltage (V)

1.160
1.165
1.170
1.175
1.180
1.185
1.190
1.195
1.200
1.205
1.210

1.215
1.220
1.225
1.230
1.235
1.240
1.245
1.250
1.255
1.260
1.265
1.270
1.275
1.280
1.285
1.290
1.295
1.300
1.305
1.310
1.315
1.320
1.325
1.330
1.335
1.340
1.345
1.350
1.355
1.360
1.365
1.370
1.375
1.380
1.385

HO

H1

VIDO

VID1

VID2

VID3

VID4

VID5

VID6

VID7
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RICHTEK RT8885A
VID7 VID6 VID5 VID4 VID3 VID2 VID1 VIDO H1 HO |DAC Voltage (V)
1 1 1 0 0 1 0 1 E 5 1.390
1 1 1 0 0 1 1 0 E 6 1.395
1 1 1 0 0 1 1 1 E 7 1.400
1 1 1 0 1 0 0 0 E 8 1.405
1 1 1 0 1 0 0 1 E 9 1.410
1 1 1 0 1 0 1 0 E A 1.415
1 1 1 0 1 0 1 1 E B 1.420
1 1 1 0 1 1 0 0 E Cc 1.425
1 1 1 0 1 1 0 1 E D 1.430
1 1 1 0 1 1 1 0 E E 1.435
1 1 1 0 1 1 1 1 E F 1.440
1 1 1 1 0 0 0 0 F 0 1.445
1 1 1 1 0 0 0 1 F 1 1.450
1 1 1 1 0 0 1 0 F 2 1.455
1 1 1 1 0 0 1 1 F 3 1.460
1 1 1 1 0 1 0 0 F 4 1.465
1 1 1 1 0 1 0 1 F 5 1.470
1 1 1 1 0 1 1 0 F 6 1.475
1 1 1 1 0 1 1 1 F 7 1.480
1 1 1 1 1 0 0 0 F 8 1.485
1 1 1 1 1 0 0 1 F 9 1.490
1 1 1 1 1 0 1 0 F A 1.495
1 1 1 1 1 0 1 1 F B 1.500
1 1 1 1 1 1 0 0 F C 1.505
1 1 1 1 1 1 0 1 F D 1.510
1 1 1 1 1 1 1 0 F E 1.515
1 1 1 1 1 1 1 1 F F 1.520

Table 2. OCSET Pin Setting (Summed/Per Phase OCP) for CORE VR

%(jﬁgn\t/iﬁgg?j‘:?ggg CORE VR Total Summed ADC Code OCSET Pin Voltage Before
Threshold Iproce (UA) Current OCP (% of Iccmax) PHOC_CTRL [2:0] Current Injection VocseTt

120 52.5

128 87.5

136 122.5

10 144 000 157.5

152 192.5

160 227.5

Disable 262.5

120 332.5

128 367.5

136 402.5

15 144 001 437.5

152 472.5

160 507.5

Disable 542.5

Copyright ©2014 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
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RT8885A RICHTEK

%ﬁign\:isﬁgc?t?c?:?ggg)r CORE VR Total Summed ADC Code OCSET Pin_ Vol_tage Before
Threshold Ipnoce (1A) Current OCP (% of Iccmax) PHOC_CTRL [2:0] Current Injection VocseT

120 612.5

128 647.5

136 682.5

22.5 144 010 717.5
152 572.5

160 787.5

Disable 822.5

120 892.5

128 927.5

136 962.5

33.8 144 011 997.5
152 1032.5

160 1067.5

Disable 1102.5

120 1172.5

128 1207.5

136 1242.5

50.6 144 100 1277.5
152 1312.5

160 1347.5

Disable 1382.5

120 1452.5

128 1487.5

136 1522.5

75.9 144 101 1557.5
152 1592.5

160 1627.5

Disable 1662.5

120 1732.5

128 1767.5

136 1802.5

113.9 144 110 1837.5
152 1872.5

160 1907.5

Disable 1942.5

120 2012.5

128 2047.5

136 2082.5

170.9 144 111 2117.5
152 2152.5

160 2187.5

Disable 2222.5

Copyright ©2014 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
www.richtek.com DS8885A-01 January 2014
14




RICHTEK RT8885A

Table 2. OCSET Pin Setting (Summed/Per Phase OCP) for GFX VR

GFX VR Per Phase Over OCSET Pin Voltage Difference
Current Protection (OCP) Cu?rI;)rftVORC-II—DOEOa/l i?:zcmlv?fm) PHOACD%%;)STZ'O] AVocset (Before and After
Threshold Ipyocpa (LA) - ’ Current Injection) (mV)

120 52.5
128 87.5

136 122.5

170.9 144 111 157.5
152 192.5

160 227.5

Disable 262.5

120 332.5

128 367.5

136 402.5

113.9 144 110 437.5
152 472.5

160 507.5

Disable 542.5

120 612.5

128 647.5

136 682.5

75.9 144 101 717.5
152 572.5

160 787.5

Disable 822.5

120 892.5

128 927.5

136 962.5

50.6 144 100 997.5

152 1032.5

160 1067.5

Disable 1102.5

120 1172.5

128 1207.5

136 1242.5

33.8 144 011 1277.5

152 1312.5

160 1347.5

Disable 1382.5

120 1452.5

128 1487.5

136 1522.5

225 144 010 1557.5

152 1592.5

160 1627.5

Disable 1662.5
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RT8885A RICHTEK
GFX VR Per Phase Over OCSET Pin Voltage Difference
Current Protection (OCP) Cu?riﬁtvgc?zoa/cl) E?E?MTXA) PHC;AC?%'(I?SETZ'O] AVocset (Before and After
Threshold Ipqocpa (LA) - ' Current Injection) (mV)

120 1732.5

128 1767.5

136 1802.5

15 144 001 1837.5
152 1872.5

160 1907.5

Disable 1942.5

120 2012.5

128 2047.5

136 2082.5

10 144 000 2117.5
152 2152.5

160 2187.5

Disable 2222.5

Table 3. SET1 Pin Setting (Vini_core and lccmax)

CORE VR Initial Maximum Output Current | Maximum Output Current | SET1 Pin Voltage Difference
Startup Voltage Iccmax for 3 Phase Iccmax for 2/1 Phase AVsgT1 (Before and After
ViN_core (V) Operation (A) Operation* (A) Current Injection) (mV)

40 40 52.5
50 45 87.5
60 50 122.5
70 55 157.5
75 60 192.5
80 65 227.5

0 85 70 262.5
90 75 297.5
95 80 332.5
100 85 367.5
105 90 402.5
110 100 437.5
115 110 472.5
120 120 507.5
40 40 612.5
50 45 647.5
60 50 682.5
70 55 717.5
75 60 752.5
80 65 787.5

09 85 70 822.5
90 75 857.5
95 80 892.5
100 85 927.5
105 90 962.5
110 100 997.5
115 110 1032.5
120 120 1067.5
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CORE VR Initial
Startup Voltage

Maximum Output Current
Iccmax for 3 Phase

Maximum Output Current
Iccmax for 2/1 Phase

SET1 Pin Voltage Difference
AVsgT1 (Before and After

Vini_core (V) Operation (A) Operation* (A) Current Injection) (mV)

40 40 1172.5

50 45 1207.5

60 50 1242.5

70 55 1277.5

75 60 1312.5

80 65 1347.5

1 85 70 1382.5
90 75 1417.5

95 80 1452.5

100 85 1487.5

105 90 1522.5

110 100 1557.5

115 110 1592.5

120 120 1627.5

40 40 1732.5

50 45 1767.5

60 50 1802.5

70 55 1837.5

75 60 1872.5

80 65 1907.5

11 85 70 1942.5
' 90 75 1977.5
95 80 2012.5

100 85 2047.5

105 90 2082.5

110 100 2117.5

115 110 2152.5

120 120 2187.5

* Pull high ISEN2N or ISEN3N to VCC to disable channel 2 or channel 3.
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Table 4. SET2 Pin Setting (VINI_GFX and Iccmaxa)

GFX VR Maximum SET2 Pin Voltage GFX VR Maximum SET2 Pin Voltage
Initial Startup Output Difference AVsgT2 Initial Startup Output Difference AVsgT2
Voltage Current (Before and After Voltage Current (Before and After
VINLGFx (V) | lccmaxa (A) |Current Injection) (mV) ViNELGFx (V) | lccmaxa (A) |Current Injection) (mV)

15 52.5 15 1172.5

20 87.5 20 1207.5

25 122.5 25 1242.5

30 157.5 30 1277.5

35 192.5 35 1312.5

40 227.5 40 1347.5

0 45 262.5 1 45 1382.5

50 297.5 50 1417.5

55 332.5 55 1452.5

60 367.5 60 1487.5

65 402.5 65 1522.5

70 437.5 70 1557.5

75 472.5 75 1592.5

80 507.5 80 1627.5

15 612.5 15 1732.5

20 647.5 20 1767.5

25 682.5 25 1802.5

30 717.5 30 1837.5

35 752.5 35 1872.5

40 787.5 40 1907.5

0.9 45 822.5 11 45 1942.5

50 857.5 50 1977.5

55 892.5 55 2012.5

60 927.5 60 2047.5

65 962.5 65 2082.5

70 997.5 70 2117.5

75 1032.5 75 2152.5

80 1067.5 80 2187.5
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Table 5. RSET/OFS Pin Setting (Forced-DEM Enable and Ramp Factor)

RSET/OFS Pin RSET/OFS Pin
CORE VR Voltage Difference CORE VR Voltage Difference
Fgr(gs(ljz-l\D/ERM Compensation AVRSEi (Before and Fgr(geR(jE-B/ERM Compensation AVRSE?- (Before and
Ramp Factor After Current Ramp Factor After Current
Injection) (mV) Injection) (mV)
1 52.5 1 1172.5
2 87.5 2 1207.5
3 122.5 3 1242.5
4 157.5 4 1277.5
5 192.5 5 1312.5
6 227.5 6 1347.5
7 262.5 7 1382.5
8 297.5 8 1417.5
9 332.5 9 1452.5
10 367.5 10 1487.5
11 402.5 11 1522.5
12 437.5 12 1557.5
13 472.5 13 1592.5
14 507.5 14 1627.5
Disable 15 542.5 Enable 15 1662.5
16 577.5 16 1697.5
17 612.5 17 1732.5
18 647.5 18 1767.5
19 682.5 19 1802.5
20 717.5 20 1837.5
21 752.5 21 1872.5
22 787.5 22 1907.5
23 822.5 23 1942.5
24 857.5 24 1977.5
25 892.5 25 2012.5
26 927.5 26 2047.5
27 962.5 27 2082.5
28 997.5 28 2117.5
29 1032.5 29 2152.5
30 1067.5 30 2187.5
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Table 6. RSETA/OFSA Pin Setting (Forced-DEM Enable and Ramp Factor)

RSETA/OFSA Pin RSETA/OFSA Pin
GFX VR Voltage Difference GFX VR Voltage Difference
Fo?c':eé-\é)REM Compensation [AVRseTa (Before and Fo?c':eé-\STEM Compensation| AVrseTa (Before and
Ramp Factor After Current Ramp Factor After Current
Injection) (mV) Injection) (mV)

1 52.5 1 1172.5

2 87.5 2 1207.5

3 122.5 3 1242.5

4 157.5 4 1277.5

5 192.5 5 1312.5

6 227.5 6 1347.5

7 262.5 7 1382.5

8 297.5 8 1417.5

9 332.5 9 1452.5

10 367.5 10 1487.5

11 402.5 11 1522.5

12 437.5 12 1557.5

13 472.5 13 1592.5

14 507.5 14 1627.5

. 15 542.5 15 1662.5
Disable 16 577.5 Enable 16 1697 5
17 612.5 17 1732.5

18 647.5 18 1767.5

19 682.5 19 1802.5

20 717.5 20 1837.5

21 752.5 21 1872.5

22 787.5 22 1907.5

23 822.5 23 1942.5

24 857.5 24 1977.5

25 892.5 25 2012.5

26 927.5 26 2047.5

27 962.5 27 2082.5

28 997.5 28 2117.5

29 1032.5 29 2152.5

30 1067.5 30 2187.5
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RICHTEK RT8885A
Table 7. VREF/QRTH Pin Setting (CORE/GFX VR Quick Response Threshold)
VREF/QRTH CORE VR | ey VR Quick VREF/QRTH CORE VR GFXVR
Pin Voltage Quick Response Pin Voltage Quick Quick
Vi Response Threshold vV Response Response
REF/QRTH Threshold REF/QRTH Threshold Threshold
17.5 Disable 1137.5 Disable
52.5 32 1172.5 32
87.5 43 1207.5 43
122.5 . 54 1242.5 54
1575 Disable 64 1277.5 64 o4
192.5 75 1312.5 75
227.5 85 1347.5 85
262.5 95 1382.5 95
297.5 Disable 1417.5 Disable
332.5 32 1452.5 32
367.5 43 1487.5 43
402.5 54 1522.5 54
437.5 32 64 1557.5 75 64
472.5 75 1592.5 75
507.5 85 1627.5 85
542.5 95 1662.5 95
577.5 Disable 1697.5 Disable
612.5 32 1732.5 32
647.5 43 1767.5 43
682.5 54 1802.5 54
717.5 43 64 1837.5 85 64
752.5 75 1872.5 75
787.5 85 1907.5 85
822.5 95 1942.5 95
857.5 Disable 1977.5 Disable
892.5 32 2012.5 32
927.5 43 2047.5 43
962.5 54 2082.5 54
997.5 54 64 2117.5 95 64
1032.5 75 2152.5 75
1067.5 85 2187.5 85
1102.5 95 2222.5 95
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Absolute Maximum Ratings (Note 1)

« VCCtoGND ~0.3V t0 6.5V

« RGNDx to GND ~0.3V t0 0.3V

o TONSETx to GND -0.3V to 28V

o PVCCx to PGND ~0.3V t0 6.5V

¢ BOOTx to PHASEX -0.3V to 6.5V

o UGATEx to PHASEX
DC

< 20ns

¢ PHASEX to GND
DC

< 20ns

o LGATEx to GND
DC

< 20ns

o Others
o Power Dissipation, Pp @ Ta =25°C
WQFN-56L 7x7

o Package Thermal Resistance (Note 2)
WQFN-56L 7x7, 6,a

WQFN-56L 7x7, 6,c

o Junction Temperature
o Lead Temperature (Soldering, 10 sec.)

o Storage Temperature Range
e ESD Susceptibility (Note 3)
HBM (Human Body Mode)

MM (Machine Mode)

Recommended Operating Conditions

(Note 4)

e Supply Voltage, Vcc
o Battery Input Voltage, Vin

¢ Junction Temperature Range

o Ambient Temperature Range

~0.3V to (BOOTx — PHASEX)

-5V to 7.5V

—0.3V to 28V
-8V to 32V

—-0.3V to (PVCCx + 0.3V)

—2.5V t0 7.5V
~0.3V to (Vcc + 0.3V)

3.226W

31°C/W

6°C/W

150°C

260°C

—65°C to 150°C

2kV
200V

4.5V to 5.5V
6V to 24V
—40°C to 125°C
—40°C to 85°C
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Electrical Characteristics

(Vcc = PVCC1 = PVCC2 = 5V, Ta = 25°C, unless otherwise specified)

Parameter | Symbol | Test Conditions | Min | Typ | Max | Unit
VCC Supply Input
Supply Current lce YEN = 1.05V, not switching, measure . 12 20 mA
vee * lpveex
Shutdown Current ISHDN VEN = 0V, measure lyce + Ipvcex - - 5 pA
Reference and DAC
:ﬁgg(e)v <Vpac £1.520V, noload, active 05 0 05 | %vID
DAC Accuracy VEBx 0.800V < Vpac < 1.000V -5 0 5 mV
0.500V < Vpac <0.800V -8 0 8 mV
0.250V < Vpac < 0.500V -8 0 8 mV
RGND/RGNDA
RGND Pin Current IRGNDx VeNn = 1.05V, not switching | -- -- 500 | pA
Slew Rate
, SetVID_slow 25 | 3125 3.75
Dynamic VID Slew Rate | SR mV/us
SetVID_fast 10 12.5 15
Error Amplifier
Input Offset VEAOFS - - 2 mV
DC Gain Ay R =47kQ (Note 5) 70 80 - dB
Gain-Bandwidth Product| GBW CLoap=5pF (Note 5) - 10 - MHz
Slew Rate SR FC{SQE = 13252,(3§2MP;1’0.5V to 3V) - 5 = | Vs
Output Voltage Range | Vcowmpx RLoaD = 47kQ 0.3 - 3.6 V
gjrfgltjm Source louTEA_MAX | Vcomp =2V - 250 - HA
Current Sense Amplifier
Input Offset Voltage VCSOFS -0.75 - 0.75 mV
Impedance at Neg. Input| RiseNxN 1 - - MQ
Impedance at Pos. Input | Risenxp 1 - - MQ
DC Gain | =oREVR A core - LU N RVPY
GFX VR Al GFX - 10 -
Output Current Range | IsenxN Measure ISENxN/ISENAXN pin -13 - 100 pA
%’gﬁnt Mirror Gainto | ayyrror limoN/ iSENXN - 1 - AA
Zero Current Detection
ﬁ:zsiglr(rjent Detection Vzcp TH Vzep_TH = GND — VPHASEX - S - mV
PWM On-Time Setting
TONSETXx Pin Voltage | VTONSETx IToNnseTx = 80uA, Vpac = 1.1V -- 1.1 - V
PWM On-Time ToNx lronseETx = 80uA, Vpac = 1V - 305 -- ns
'IF;(;I]\IgSeETx Input Current TONSETx Voac = 1V o5 _ 280 uA
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Parameter | Symbol | Test Conditions ‘ Min ‘ Typ | Max | Unit
IBIAS
IBIAS Pin Voltage | Visias | Rigias = 53.6k 200 | 214 | 219 | V
VREF/QRTH
Reference Voltage Output| VRer - 0.6 -- \%
Output Accuracy Cvrer = 0.1uF, lvrer = 400uA —2 - 2 %
Sink Current Capability IVREE Cvrer=0.1uF - 400 -- A
E);ts;r;ﬁ(l)?ompensat.on CVREF use MLCC 0.1 - 2.2 Wk
Source Current Capability | IVREF_Source | CvREF = 0.1uF - 100 -- pA

QRTH (Refer to VREF/QRTH Pin Setting table for other settings not listed below)
297.5mV < VREF_INI <542.5mV

CORE VR Quick VREF_INIcomes from voltage divider B 32 - iy
Response Trigger VaRrTH 1977.5mV < VREF_INI < 2222.5mV i 95 B
Threshold Voltage VREF_INIcomes from voltage divider
VREF_INI < 262.5mV, CORE QR is disabled
QRATH (Refer to VREF/QRTH Pin Setting table for other settings not listed below)
VRep = (52.5 + 35 x K) mV, _ 32 B
(K=0,8, 16, 24, 32, 40, 48, 56). mv
GFX VR Quick Response v VREr = (262.5 + 35 x K) mV, _ 95 “
Trigger Threshold Voltage | * @RTHA (K=0,8, 16, 24, 32, 40, 48, 56).
VReEr=(17.5+35x Ky mV, (K=0, 8, 16, 24, 32, 40, 48, 56),
GFX QR is disabled
RSET/RSETA (Refer to RSET/RSETA Pin Setting table for other settings not listed below)
VRseTx0 = (562.5 + 35 x K) mV,
(K=0,32) - 1 -
VRSETx0 comes from voltage divider
VRsETx1 = (677.5 + 35 x K) mV,
Ramp Factor (K=0,32) - 16 --
VRSETx1 comes from voltage divider
VRseTx2 = (1067.5 + 35 x K)mV,
(K=0,32) - 30 -
VRsSETx2 comes from voltage divider
Forced-DEM Function
'llz'ﬁ::(::;)?dEM Enable VRSETx DEM VRseTx comes from voltage divider | 1172.5 - 21875 mV
OFS/OFSA

VOFSx =1.2V, VDAC= 1.000V,
measure FBx voltage

Vorsx = 1.6V, Vpac = 1.000V,
measure FBx voltage

Vorsx = 1.0V, Vpac = 1.000V,
measure FBx voltage

0.985 1 1.015

Output Offset Accuracy | VFBx OFFSET 1.375 14 1425 Vv

0.775 | 0.8 | 0.825

OFS/OFSA Pin Upper
Voltage Clamping VOFSx_CLAMPH -- 1.8 -- \%
Threshold
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Parameter Symbol Test Conditions Min Typ Max [ Unit
OFS/OF SA Pin Lower
Voltage Clamping VOFsx CLAMPL -- 0.9 -- V
Threshold
Protection
Under Voltage Lockout .
Threshold VuvLo VCC Falling Edge 4.04 | 424 | 444 Y
Under Voltage Lockout
Hysteresis AVuvio - 100 - mv
UVLO Delay Time tuvio peLAY VCC Rising Above UVLO Threshold - 3 -- us
Absolute Over Voltage :
Protection Threshold  |VovaBs NOOFs With respect to VOUT_MAX, measure 100 150 200 mV
) - VSENXx
(without Offset)
Absolute Over Voltage .
Protection Threshold | Vovags ors | it respect to VOUT_MAX, measure |4, | 450 | 500 | mv
) - VSENx
(with Offset)
OVP Delay Time tovp DELAY VSENXx Rising Above Threshold -- 1 -- us
Under Voltage Measured at VSEN/VSENA with
Protection Threshold  |Vuvp_ NOOFS zasc';’\e/;’t to unloaded output voltage 450 | 400 | -350 | mv
(without Offset) 0.8V < UOV < 1 52V
Under Volt Measured at VSEN/VSENA with
nder vottage respect to unloaded output voltage
Protection Threshold VuvP_OFs (UOV) -550 | -500 | -450 mV
(with Offset) 0.8V< UOV <1.52V
Delay of UVP tuvp VSENXx Falling Below UVP Threshold -- 3 -- us
Negative Voltage 3 B _
Protection Threshold VnvP Measure VSENXx after OVP 100 50 mV
NVP Delay ty_DELAY \é?/l;Nx falling below threshold after _ 1 _ us
OCSET Pin
VoceHo [F())'E)'(())]C—CTRL [2:01= 525 | 157.5 | 262.5
VocpH1 [F:)'?)%C—CTRL [2:01= 332.5 | 437.5 | 542.5
VoceHz [FE;'S]C—CTRL [2:01= 612.5 | 717.5 | 822.5
CORE VR PerPhase 1y, .. PHOC CTRLI201= |\ ioaswe | 892.5 | 997.5 | 11025
Over Current Protection [011] OGSET Pin "y
(OCP) Threshold PHOC_CTRL [2:0] =
VoceHs E%%C—CTRL [2:0]= 1452.5 | 1557.5| 1662.5
VocrHs maC—CTRL [2:01 = 1732.5 | 1837.5| 1942.5
VocpH? [F;';'?]C—CTRL [2:0] = 2012.5|2117.5| 22225
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Parameter Symbol Test Conditions Min Typ | Max [ Unit
PHOC_CTRL[2:0] =
[000] 8.2 10 11.8
PHOC CTRL[2:0] =
[001] 12.3 15 17.7
PHOC_CTRL[2:0] =
[010] 185 | 225 | 26.6
PHOC CTRL[2:0] = Measure
CORE VR Per Phase | [011] Current Sense 277 | 338 398 A
OCP Threshold PHOCP PHOC_CTRL[2:0] = | Amplifier » 06 | 507 K
[100] Output Current S| 0. 59.
PHOC_CTRL[2:0] =
[101] 623 | 75.9 | 89.6
PHOC_CTRL[2:0] = 93.4 | 113.9 | 134.4
[110]
[F;';'?]C—CTRL[Z:O] - 140.1 | 170.9 | 2016
CORE VR per Phase t _ 1 _ s
OCP Delay Time PHOCP_DELAY H
Iavcocp = 120% of
lavcocp =128% of
VocAvG1 ICCMAX - | 367.5| -
= 0
Vocavez |Ié\(/:G|\%§)P( 136% of Measure -- 402.5 -
CORE VR Summed I —144% of OCSET pin
Total OCP Threshold | Vocavas |éVcG|\(/f/i>P<_ 00 Voltage, -~ | 4375| - mV
Setting PHOC_CTRL
v laveocp =152% of 1150 =001] ~ |4725| -
lavcocp = 160% of
Vocaves ICCMAX - | 98075 -
Average total OCP is
Vocaves disabled - | %425 -
|AVGOCP =120% of
ICCMAX 205 | 215 | 2.25
lavcoce = 128% of
ICCMAX 224 | 229 | 2.34
Summed Total Over Iavcocp = 136% of Measure
Current Protection Vv ICCMAX ViMONx With 239 | 2441 249 Vv
Threshold on IMONx_OCP 1" \vGocp = 144% of | Respect to 053 | 258 | 263
IMON/IMONA ICCMAX 0.6V VREr ] ] '
lavcocp = 152% of
ICCMAX 267 | 272 | 2.77
Iavcocp = 160% of
ICCMAX 282 | 287 | 292
Summed Total OCP Vimonx Rising Above Summed OCP
Delay Time tAOCP_DELAY | Threshold o e
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Parameter Symbol Test Conditions Min Typ Max | Unit
AVOCAPHO E';OO]CA—CTRL [2:01= 2012.5(2117.5(2222.5
AV OCAPH! [F(;';%CA—CTRL [2:01= 1732.5|1837.5(1942.5
AVocapH2 PHOCA_CTRL [2:01= |measure 1452.5|1557.5|1662.5
[010] OCSET Pin
GFX VRperPhase | Avocapia PHOCA_CTRL [2:01= |Voltage 1172.5(1277.5(1382.5
Over Current Protection [011] Difference mv
(OCP) Threshold AV PHOCA_CTRL [2:0] = |Before and 8925 | 9975 [1102.5
Setting OCAPH4 [100] After 40pA ' ‘ '
PHOCA_CTRL [2:0] = |Current
AV ocAPH5 [101] Injection 612.5 | 717.5 | 822.5
AVOCAPHS [F;':OO]CA—CTRL [2:01= 332.5 | 4375 | 542.5
AVOCAPHT [F;??]CA—CTRL [2:01= 525 | 1575 | 262.5
PHOCA_CTRL[2:0] =
[000] 8.2 10 11.8
PHOCA _CTRL[2:0]=
[001] 12.3 15 17.7
PHOCA _CTRL[2:0]= 185 225 26.6
[010] Measure
PHOCA CTRL[2:0 = |Current
GFX VR PerPhase || [011] Sense 27.7 | 338 | 39.8 "
OCP Threshold PHOCA_CTRL[2:0]= |Amplifier
[100] Output 41.5 50.6 59.7
.01= |Current
PHOCA _CTRL[2:0] 623 75.9 89.6
[101]
PHOCA_CTRL[2:0]= 934 | 1139 | 134.4
[110]
PHOCA_CTRL[2:0]= 140.1 | 170.9 | 201.6
[111]
| =120% of
AV ocAasuMo é%ﬁi;; ° - [1732.5| --
AV OCASUM1 :é%ﬁ%;;= 128% of | Measure - |17675| --
. OCSET Pin
AV OCASUM2 laaveocp = 136% of  voltage - |18025| --
ICCMAXA Difference
Summed Total OCP Iaavcocp = 144% of |Before and
. - 0
Threshold Setting for AV ocasuM3 ICCMAXZ After 40pA - |1837.5( -- mV
GFXVR | 152% of |Current
= o
AV ocAsum4 G%ﬁ%& ° Injection, - |1872.5| --
PHOCA CTR
| cocp = 160% of —
AVoCASUMS O OMAXA ° L[2:0]=[001]| - |1907.5| --
Average total OCP is
AV ocasuMe disabled - |1942.5| --
OCSET Pin Output
Injection Current nJECTOCSET - 40 - HA
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Parameter Symbol Test Conditions Min ‘ Typ | Max | Unit
Logic Inputs
ENInput || ogic-High |V With respect to 1V, 70% 0.7 - -
Threshold | ——o 1O | "ENH i ° v
Voltage Logic-Low |VEN L With respect to 1V, 30% -- - 0.3
EN Hysteresis VENHYS -- 30 - mV
Leakage Current of EN  [lILEAK EN -1 -- 1 LA
VCLK, VDIO Logic-High |VIH With respect to Intel Spec. 0.65 - -
Input DC \Y
Threshold . .
Voltage Logic-Low |V|_ With respect to Intel Spec. -- - 0.45
Leakage Current of
VCLK, VDIO ILEAK N - T wA
VDIO Low Voltage VvDIO lvpio = 10mA - - 0.13 \Y
ALERT
ALERT Low Voltage VALERT IALERT = 10mMA -- - 0.13 V
Power Good Indication
VR_READY/NRA_READ
Y Low Voltage VVRx_READY IvrRx_READY = 4mA - - 0.4 \
VvseN = VINI_core to VR_READY
VR_READY/VRA_READ goes high
Y Delay Time tvRx_READY_DELAY VVSENA = VINL GFX 10 70 100 130 us
VRA_READY goes high
Delay Time of SVID ¢ From EN goes high to SVID is . _ > ms
Interface Ready SVID_RDY_DELAY ready for receiving command
VRHOT
VRHOT Output Voltage |VVRAOT IVRAOT = 10mA -- - 0.13 \%
Current Monitor IMON/IMONA
CORE VR Unloaded With respect to 0.6V VREF, voltage
Current Monitor Output | ViMON_oA across inductor DCR VpcRr = 0V, —-67.5 0 675 | mV
Voltage Rsense = 6800, RimoN = 20.4kQ2
GFX VR Unloaded With respect to 0.6V VREF, voltage
Current Monitor Output | VIMONA 0A across inductor DCR Vpcr =0V, -45 0 45 mV
Voltage Rsense = 680Q, RimonN = 20.4kQ2
SET1 Pin (Refer to SET1 Pin Setting Table for Other Settings Not Listed Below)
Initial Startup Voltage for CORE VR
ViN_core = 1.1V, 1732 |~ | 2187
VseT1 = RSET1 X lINJECT1
VINI_core = 1V,
. - 1172 - 1627
SET1 Pin Voltage for VseT1 = RseT1 X IINJECT1
: VSET1 VINI — mV
VINI_CORE Setting ViNI core = 0.9V,
— 612 - 1027
VseT1 = R sET1 X INJECT1
VINI_CO_RE =0V, 50 3 507
VseT1 = RseT1 X lINJECT1

Copyright ©2014 Richtek Technology Corporation. All rights reserved.

RICHTEK isa registered trademark of Richtek Technology Corporation.

www.richtek.com
28

DS8885A-01 January 2014



RICHTEK

RT8885A

Tmp_Zone[2] Transition

Parameter Symbol Test Conditions Min Typ Max Unit
SET1 Pin Output
Injection Current ngeCT1 - 40 N WA
ICCMAX Setting
VINI_core = 1.1V, VseT1 =
_ - 17325 -
RseT1 X INJECT1, Iccmax = 40A
SET1 Pin Voltage for VINI_CORE = 11V, VSET’I =
ICCMAX Setting VSET1_ICCMAX RseT1 X IinuecT1: lcomax = 80A s mv
VINI_core =1.1V, VsgT1 =
— - 21875 -
RseT1 X INJECT1, lccmax = 120A
Quick Response Setting
CORE VR Quick . Vpac = 0.75V, Vsert = 0.4V, | oas | - s
Response On-Time ON_QR_CORE IToNsET = 80pA
SET2 Pin (Refer to SET2 Pin Setting Table for Other Settings Not Listed Below)
Initial Startup Voltage for GFX VR
ViNLGrx = 1.1V, VeeT2 = RseT2 | g 0505 | = | 05075
X INJECT2
VINI_GFx = 1.0V, VseT2 = RseT2 | 55105 | - 10675
SET2 Pin Voltage for VeeTa VN x lINnJECT2 ' ' Y
V Settin — = =
INI_GFX o IVINI_GFX 0.9V, Vsem2 =Rsem2 X | 4 1705| . | 16275
INJECT2
VINL_GFx = 0V, VsET2 = RsET2 X | 4 7058 |  __ 21875
INJECT2
SET2 Pin Output
Injection Current ngecT2 - 40 N WA
ICCMAXA Setting
VIMAXAO VINL_GFx = 1.1V, VseT2 = RseT2 . 17325 -
X INJECT2, lccmaxa = 15A
SET2 Pin Voltage for ViNILFx=1.1V, VsgT2 = RseT2 X
ICCMAXA Setting Vimaxa lingECT2, Iccmaxa = 50A - | 1er7s ) - mv
VINILGFx = 1.1V, VseT2 = RSET2
V - - 2187.5 -
IMAXAZ X INnJECT2, lccmaxa = 80A
GFX VR Quick VDAC =0.75V, VSET2 =04V,
Response On-Time [ON_QR_GFX lTONSETA = SOpA - 305 - ns
Temperature Zone
RENZE:\:S[S?]h?rlSaLOsrition 100% of TEMP_MAX 1.855 | 1.8725 1.89
ﬁiNZTO:f[Z?‘%'faEtion 97% of TEMP_MAX 1.8 |1.8175 1.835
ﬁi'\'zgzzg"%'fa‘:’sriﬁon 94% of TEMP_MAX 1745 | 1.7625 1.78
= V
EENZE';S[ZT‘%'?;;OSE“O” 91% of TEMP_MAX 1.69 | 1.7075| 1.725
EiNzEr]\;e[zﬁl?a;zrition 88% of TEMP_MAX 1635 | 1.6525 1.67
TSEN Threshold for 85% of TEMP_MAX 1.58 | 1.5975| 1.615
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Parameter Symbol Test Conditions Min Typ Max Unit
TSEN Threshold for o
Tmp. Zone[1] Transition 82% of TEMP_MAX 1.525 [1.5425| 1.56 Y,
TSEN Threshold for 75% of TEMP_MAX 1.47 |14875| 1505 | V
Tmp_Zone[0] Transition -
Register Update Period |tTsSEN -- 300 -- us
ADC
Latency tLaT -- - 150 us
Droop Disable
Measure TSENx/ZLLx voltage
VDRPDIS_L when current injection is on - B 31
Droop Disable Threshold \%
Vv Measure TSENx/ZLLx voltage 38
DRPDIS_H when current injection is on ' - -
TSEN Pin Injection
Current lINJECT TSEN -- 40 -- pA
TSEN/TSENA Disable
V Measure TSENx/ZLLx voltage 25
TSENX Disable TSENDIS_L when current injection is off - - ' v
Threshold vV Measure TSENx/ZLLx voltage 29 _ .
TSENDIS_H when current injection is off ’
PWM Output Driving Capability
PWM3, PWMA2 RPWM_SRC - 20 B o
Source/Sink Resistance
RpwM_SNK - 10 -
MOSFET Gate Driver
- VB0OOTx — VPHASEX =9V,
Upper Driver Source R -- 1 --
PP UGATEsr VBoOTx — VUGATEX = 1V
Upper Driver Sink RuUGATEsk VycaTe = 1V -- 1 --
: Vpvcex =9V,
Lower Driver Source R -- 1 --
LGATEsr Vpveex — VLGATEx = 1V Q
Lower Driver Sink RLGATEsK VigaTEx= 1V -- 0.5 --
Internal Boost Charging
Switch On-Resistance | 80OT PVCCx to BOOTX - 30 -

Note 1. Stresses beyond those listed “Absolute Maximum Ratings” may cause permanent damage to the device. These are

stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated in

the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions may

affect device reliability.

Note 2. 8ya is measured at Ta= 25°C on a high effective thermal conductivity four-layer test board per JEDEC 51-7. 0yc is

measured at the exposed pad of the package.

Note 3. Devices are ESD sensitive. Handling precaution is recommended.

Note 4. The device is not guaranteed to function outside its operating conditions.

Note 5. Guaranteed by Desig

n.
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Typical Application Circuit

R1 1
AA—O5V
RTB885A
e 52 lpvec2 pvcet 4L o
Tzar T2or Vi
L 6V to 24V
VIN R2s R29 = R3
4.7k 137k 2 41 150k
T TONSETA TONSET
ZHSSZI L 0.?5&; R30 0 40 gowF szmuF
= 55 |UGATEA ueaTE1 AN L
R31 0 R5
Verx L4 a7 _LCT\/\/\,i BOOTA BOOT1 L‘/\/\’__\_ j L Veore
0.36pH/1.1 Optional Optional 0.36H/1.1 ?
g Ton 54 IpHASEA PHASE1 |25 T A
C31 cé6
0. 3R%l3( R32 _‘|753 LGATEA LGATE1 4|46 'J R6 3337k 0.1hF
— Lcaoj |08 Q2| i=Ltcs —
e § 5 37 Lt
= = ISENATP ISEN1P ——
R34 680 R8 680
6 /|SENAIN ISENINEE
D2 5V ViN
34
HF 50 R9O j__l_cs
BoOT  VOClY . UGATE2 P=—AA—] T2x o
Ls UGATE I BOOT2 51—% @ = L
0.36uH/1.1m PHASE PWM 1 PWMA2 49 Tgﬂm: Optional 0.36uH/1.1m
2 a7 cas | G Ry PHASE2 . g Tos
GXZZHFI ’ " I ’—| C XK IﬁgﬁITDE op :L LGATE2 4”8 R11 ?gﬁ 0.1uF I4x47ouFIz4X22uF
-E= RT9610 T, Qﬁ
ISENA2P 0 L
R78 680 —
4| |sENAZN ISEN2P -
c44 c45 ISEN2N
220uF  82uF
a .
VCCAXG_SENSE J_ j_ COMPA o c1a Vi
R14
ca1 ==c42 FBA Voo 0.1uF R
T T BOOT =~ A s
= VSENA (1313 |
VSSAXG_SENSE T RGNDA T UGATE ,::1
R41 -
o Rat 21 | yan Pwm3|*2— 1pwm  PHASE 1 B
Ra2 pu L 5 7 oD LGATEl—| Ris §| 53 01w
5Vo—AA T vce -E= PGNDI— Qi o6
R51ZR5 R69 CR63SRE7 == 5 o0 F 36 RT9610 = L=
2.7k<620k< 1M <NC < NC $ ISEN3P 35 RT7 680
R52 <R56 <R60 < R64 < R68 ISEN3N Ie 3C18
560 <36k <91k SNC < NC VCoRre i§50p|iona\
gg RSETIOFS 1000 250F
25-[RSETA/IOFSA P P R18
55 SET1 33 100 Optional
{SET2 CoMP AT 1 0 VCC_SENSE
OCSET ral32 354k | 10k J—czz _L021
R53 <R57 <R61 < R65 < R69 R71 34 T
22kQ36k 36k 12k 12K 536Kk g VSEN =2 L
IBIAS RGND 0 VSS_SENSE
R54 <R58 <R62 < R66 < R70 R21 J_
0 1.5k 2.4k 2.4k 2.4k 60 e
£
22 | rSEN/ZLL = =
19 TSENA/ZLLA o Yecio
IMONO 1 ?g IMON R27 <R26 éazs éRZA ést éazz
6.50k 6.5%  |MONAO IMONA » 130 130 Q150 10k 10k 75
R72 R75 VOLKES I © VCLK
18.82k 1.8k VDIO 0 VDIO
ALERTHS o ALERT
R4 R VR_READY HE 0 VR_READY
R4S VRA_READY H2 o VRA_READY
18.2k Rurcs Rurcs VRHOT HL © VRHOT
28
R =4250 R =4250 EN 0 EN
29 |\/REF/QRTH
f;ﬁ _LCA7 PGND

i?.

57 (Exposed Pad)
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Typical Operating Characteristics

CORE VR Power On from EN

R U R I IS SR R IR T
VcoRe : :
(500mV/Div)>p : ;
EN L b
(2V/Div)> === ! ! ! ! \ | hrg
VR_READY_) L : : : L : |'_: "'7':
(2V/Div) : 5 5 5 s 5 S
UGATE1 | R l
(20V/Div) o -
: : : oot VID = 1V
PRI BN RTR R P NPT U SN TN U T T AT A U Y O B
Time (200us/Div)
CORE VR OCP
P SE———— R AR RN ]
(1V/Div)->:— Lo \ " '
o F B U I ]
(154A/Div)> \ oo forssn s
VR_READY | ]
(1V/DiV) SR
UGATE1 || Fo :
(S0V/Div) : VID = 1.1V, lLoapvax) = 123A
b b by T by b b b J
Time (100us/Div)
CORE VR Dynamic VID Up
VCoRrE r ]
(500mv/Div)’f e EEIRHET ]
VOLK oo e SAMMERRMERRAS A
@VIDiV)sE R E
\DIO |
(2V/Div)>[ ! I E
ABRTS [ T S
(2V/Div) 0.7V to 1.2V, Slew Rate = Slow, ILoap = 20A
ol b by b T v by 1 Ll [

Time (40us/Div)

VCcoRrE
(500mV/Div)>
EN
(2Vv/Div)?
VR_READYV)
(2V/Div)
UGATEA1
(20V/Div)

VCoRrE

(1V/Div).s L

VR_READY |
(AVIDiv) >+

UGATE1
(50V/Div)>

VcoRe

(500mV/Div)”*F

VCLK

(2V/Div)

\VDIO

(2V/Div)>F
ALERT _t

(2V/Div)

CORE VR Power Off from EN

‘Boot VID = 1V ]

Time (200us/Div)

CORE VR OVP and NVP

VID=1.1V ]

Time (40us/Div)

CORE VR Dynamic VID Down

© 1.2V 10 0.7V, Slew
s by b v bva

i T

Rate = Slow, lLoap = 20A ]
s b b by |,

Time (40us/Div)
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VcoRre

(500mV/Div)>]

VCLK

(2V/Div)>|

VDIO

(2V/Div)>f
ALERT {

(2V/Div)

VcoRe

(50mV/Div)>}

94f

ILoAD
(A/Div)
28

VcoRre

(20mV/Div)>}

VCLK
(1V/Div)>

UGATE1

(50V/Div)>

LGATE1
(10V/Div)

CORE VR Dynamic V

ID Up

L A ]

0.7V to 1.2V, Slew Rate = Fast, ILoap = 20A ]
vl b b B v b v v by v v by v o)

Time (10us/Div)

CORE VR Load Transient

; VID = 0.9V, fLoap = 305Hz, Rise Time = 150ns 1
P BRI A | ca bl Ty v b v b by b e

Time (100us/Div)

CORE VR Mode Transient

LU

TOERTITTITIRITIVRCIIN:

‘VID = 1.1V, PSO to PS2, ILoap = 0.6A ]

Lo o Ty b Ly L a a1y

Time (100us/Div)

VcoRe
(500mV/Div)>

VCLK
(2V/Div)>

\DIO
(2V/IDiv)>

VcoRre
(50mV/Div)>

94
ILoAD
(AIDiv)
28

VCoRrE

(20mV/Div)>

VCLK

(1V/Div)st

UGATE1
(50V/Div)>

LGATE1
(10V/Div)g

CORE VR Dynamic VID Down

1.2V to 0.7V, Slew Rate = Fast, ILoap = 20A ]
ol by vy by vy by vy by vy by v b P a o g

Time (10us/Div)

CORE VR Load Transient

P SFENEENEN T ATATINE A ATATITE A

Time (100us/Div)

CORE VR Mode Transient

\ I T L
VID = 1.1V, PS2 to PS0, ILoap = 0.6
el by v b by T b b b by

Time (100us/Div)
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CORE VR Thermal Monitoring

RN RERRN LARRN LR RN LR \ \ T
TSEN L. - -
(100mV/Div)sf - : : [ : )
:——_ ................... —-—:
VRHOT | :
(500mV/DiV)EF - T e e L
TSEN Sweep from 1.7V to 1.9V ]
L Lo lov b b bov e b b b o]
Time (10ms/Div)
GFX VR Power On form EN
IARRERARRE RARRE RN SRS LA AR AR
Verx F
(500mV/Div)>f -
EN E 1 1 1 E 1 Il Il I E
(2V/IDiv)*| ' ' ' i ' ‘ ‘ s
VRA_READY f i —
(2vDiv) ¢ : ]
UGATE1 : : ‘
(20V/Div) Lo Boot VID = 1V
sl b by s Ty v by b v Lo by
Time (200us/Div)
GFX VR OCP
L B I I B I I L UL
Verx " 1
(AVIDIV)sE - \\
ILoaD ' : 1
(138A/D|V)> HHI::::I::::!\."—-" : : g
VRA_READY [
(1V/Div) >:_ ..........
UGATE1
(50V/Div) .

S VID = 1.1V, lLoApAx) = 55A ]
I | sl v T v by by p 1

Time (100us/Div)

CORE VR Reference Voltage vs. Temperature

1.002

1.001

1.000

0.999

0.998

0.997

Reference Voltage (V)

0.996

0.995

VID =1V

50 25 0 25
Temperature (°C)
GFX VR Power Off form EN

VGFx

(500mV/Div)>

EN

(2V/Div)’f
VRA_READY [

(2V/Div)

UGATE1
(20V/Div)

VGrx

(1V/Div)> |

VRA_READY |

75 100 125

‘Boot VID = 1V ]

Time (200us/Div)

GFX VR OVP and NVP

(1V/Div)

UGATE1
(50V/Div)>
LGATE1

(10V/Div)

T

VID=1.1V ]
PEFE I ETET A IR

Time (40us/Div)
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RN RN RN R [ S R I I I
7 : : : ...;?-"'"":'”F : 7
Varx i S o
(500mV/Div)s[- : I .
VCLK i T T I T I T T I :
@VDiv)sf T T E
VDIO I 1
(@VIDiv)sE R -
ALERT i S L-'II_III_I_I-E
(2VIDiv) 0.7V to 1.2V, Slew Rate = Slow, ILoap = 20A
s b by v by T b b by v by v a s
Time (40ps/Div)

GFX VR Dynamic VID Up
VGrx E ]
(500mMV/Div)sfF - ot U TR -
VCLK L T T I T I T T I .
(2V/Div); ’ 1 E
\VDIO Y .
(2VIDiv)sf R PR -
ALERT i T L-l_——E
(2ViDiv) 0.7V o 1.2V, Slew Rate = Fast, lLoap = 20A
ca b by by v b b b b

Time (10us/Div)

GFX VR Load Transient
VGrx : 1
(50MV/Div)sE 3
ILoaD 46? i
(ADV) G frrirpmied. g
' VID = 1.23V, fLoap = 305Hz, Rise Time = 150ns ]
v b by b by T b b Py by a7

GFX VR Dynamic VID Up

Time (100us/Div)

VGrx
(500mV/Div)>

VCLK

(2V/Div),
\DIO

(2VIDiv)>

VGFx

(500mV/Div)-

VCLK

(2VIDiv), |-

VDIO

(2V/Div)st

VGEx

(50mV/Div)>!

ILoAD
(A/Div)

46}

GFX VR Dynamic VID Down

1.2V to 0.7V, Slew Rate = Slow,

M NI AT AT AT EET A ATA AT AR

Time (40us/Div)

GFX VR Dynamic VID Down

Time (10us/Div)

GFX VR Load Transient

Time (100us/Div)
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GFX VR Mode Transient GFX VR Mode Transient
T T T T R RS AR AR SARRARARE AR AR A
VGrx Verx
(20mV/Div)> (20mV/Div)>
velk o o o VCLK ] - o
(1VIDiv)> - R S S (1VIDiv), L .. N S S
(50V/Div)> o dliin sk s bt (50V/Div)->
LGATE1 | | | | | | | | ;| | ] LGATE1 ]
(10V/Div) M . (10V/Div)ﬁ'
'VID = 1.1V, PS0 to PS2, lLoap =0.2A | : VID = 1.1V, PS2 to PSO0, ILoap = 0.2A
codl s b b T b o o b ool coaa e b b b T be v b v o v Lo ah
Time (100us/Div) Time (100us/Div)
GFX VR Thermal Monitoring GFX VR Reference Voltage vs. Temperature
\||||\\| 1.004
S : 1003
L -~ S 1.002 |
TSENA | S o
(100mV/Div)>E - L g 1.001 |
L . . . o
T P i > 1000 [
F . . . 8
p——— L pr—— S 0999 |
[ . ] “dt)
N A PR ST AP IS 1 O 0998 |
VRHOT | E b o
(500mV/Div) . T S 0.997 r
TSENA Sweep from 1.7V to 1.9V 1 VID =1V
sl b b b T b b b b 0996 L
Time (10ms/Div) 50 25 0 25 50 75 100 125

Temperature (°C)
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Application Information

The RT8885A is a CPU power controller which includes
two voltage rails : a 3/2/1 phase synchronous buck
controller, the CORE VR, and a 2/1 phase synchronous
buck controller, the GFX VR. The IC is compliant with
Intel VR12/IMVP7 voltage regulator specification to fulfill
Intel's CPU power supply requirements of both CORE and
GFX voltage rails. A Serial VID (SVID) interface is built-in
the RT8885A to communicate with Intel VR12/IMVP7
compliant CPU.

The RT8885A adopts G-NAVP™ (Green Native AVP), which
is Richtek's proprietary topology derived from finite DC
gain compensator with current mode control, making it
an easy setting PWM controller, meeting all Intel CPU
requirements of AVP (Active Voltage Positioning). The load
line can be easily programmed by setting the DC gain of
the error amplifier. The RT8885A has fast transient response
due to the G-NAVP™ commanding variable switching
frequency. Based on the G-NAVP™ topology, the IC also
features a quick response mechanism for optimized AVP
performance during load transient.

The G-NAVP™ topology also represents a high efficiency
system with green power concept. With the G-NAVP™
topology, the RT8885A becomes a green power controller
with high efficiency under heavy load, light load, and very
light load conditions. The IC supports mode transition
function with various operating states, including multi-
phase, single phase and diode emulation modes. These
different operating states allow the overall power control
system to have the lowest power loss. By utilizing the G-
NAVP ™ topology, the operating frequency of the RT8885A
varies with VID, load, and input voltage to further enhance
the efficiency even in CCM.

The built-in high accuracy DAC converts the SVID code
ranging from 0.25V to 1.52V with 5mV per step. The
RT8885A supports VID on-the-fly function with three
different slew rates : Fast, Slow and Decay. The RT8885A
also built-in in a high accuracy ADC for some platform
setting functions, such as no-load offset or over current
level. The controller supports both DCR and sense resistor
current sensing. The RT8885A provides VR_READY and
VRA_READY signals for both CORE VR and GFX VR. It

also features complete fault protection function including
over voltage, under voltage, negative voltage, over current
and under voltage lockout. The RT8885A is available in a
WQFN-56L 7x7 small footprint package.

General Loop Functions :

Precise Reference Current Generation

The RT8885A includes complicated analog circuits inside
the controller. These analog circuits need very precise
reference voltage/current to drive these analog devices.
The RT8885A will auto generate a 2.14V voltage source
at IBIAS pin, and an exact 53.6kQ resistor is required to
be connected between IBIAS and analog ground, as shown
in Figure 1. Through this connection, the RT8885A will
generate a 40uA current from the IBIAS pin to analog
ground, and this 40pA current will be mirrored inside the
RT8885A for internal use. Note that other type of
connection or other values of resistance applied at the
IBIAS pin may cause failure of the RT8885A's functions,
such as slew rate control, OFS accuracy, etc. In other
words, the IBIAS pin can only be connected with an exact
53.6kQ resistor to GND. The resistance accuracy of this
resistor is recommended to be 1% or higher.

Current
Mirror

2.14v

TAT

IBIAS

53.6k

|||—xN\z—

Figure 1. IBIAS Setting

SET1 Pin Setting

The RT8885A provides SET1 pin for platform users to set
CORE VR's functions : initial startup voltage Vini_core,
maximum output current ICCMAX and PWM on-time of
quick response for load transient boost.

Figure 2 (a) shows PWM on-time of quick response QR
for CORE VR setting with the SET1 pin voltage Vset1_pw.
When EN pin goes high, the SET1 pin voltage is sensed
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and held to set PWM on-time of quick response for load
transient boost. The SET1 pin voltage Vset1_piv is shown
as :

RseT1_D
VseT1_piv = VCCx >

RseT1_ u +RseT1 D A
Figure 2 (b) shows Vini_core and ICCMAX for CORE VR
setting with the SET1 pin voltage differenceAVseT1. After
PWM on-time of QR for CORE VR setting, a 40uA is
injected into SET1 pin while the SET1 pin voltage difference
AVseT1 is sensed and decoded to set initial startup voltage
Vin_core and maximum output current ICCMAX. The
SET1 pin voltage difference AVset1 is shown as :

Rset1_uxRseT1 b

AVsgT1 = 40pA x
Rset1_u+Rset1 b

(2)

VSET1_DIV
QR On-time o———
2.24V vee
RseT1_U
VSET1 F(és
Register <

éRSETLD

Figure 2 (a). PWM On-Time of Quick Response for

CORE VR Setting
VINI_CORE
(2-bits)

ICCMAX

(4-bits) vge
RseT1_u

VSET1
Register

RseT1_D

Figure 2 (b). Vini_core and ICCMAX for CORE VR
Setting

|fVSET17DIV and AVSET1 are determined, RSETLU and RSETLD

can be calculated as follows :
VCC X AVSET1

40uA x VseT1_DIV

@)

Rset1 U

Rset1_u* VseT1_bpiv
VCC - Vset1_pIv

(4)

Rset1 b

In addition, Richtek provides a Microsoft Excel-based
spreadsheet to help design the SET1 resistor network for
CORE VR.

SET2 Pin Setting

The RT8885A provides SET2 pin for platform users to set
GFX VR's functions : initial startup voltage Vini_cFx,
maximum output current ICCMAXA and PWM on-time of
quick response for load transient boost.

Figure 3 (a) shows PWM on-time of quick response QR
for GFX VR setting with the SET2 pin voltage Vser2 pwv.
When EN pin goes high, the SET2 pin voltage is sensed
and held to set PWM on-time of quick response for load
transient boost. The SET2 pin voltage VseT2 piv is shown
as:
Rset2 D

Rset2_u +RseT2 D

Vset2_piv = VCCx (5)
Figure 3 (b) shows VINI_GFX and ICCMAXA for GFX VR
setting with the SET2 pin voltage difference AVseTo. After
PWM on-time of QR for GFX VR setting, a 40uAis injected
into SET2 pin while the SET2 pin voltage difference AVser2
is sensed and decoded to set initial startup voltage Vini_crx
and maximum output current ICCMAXA. The SET2 pin
voltage difference AVsgt2 is shown as :

Rset2_u*xRset2 b

AVsgT2 = 40uA x (6)
Rset2_u+RseT2 D
VSET2_DIV
QR On-timeo———
2.24V vee
Rset2 U
VseT2 @
Register <
RseT2 D

Figure 3 (a). PWM On-Time of Quick Response for GFX

VR Setting
VINI_GFX
(2-bits)
ICCMAXA
(4-bits) Vee
RseT2 U
VSET2
Register
RseT2 D

Figure 3 (b). Vini_crx and ICCMAXA for GFX VR Setting
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If Vser2 pivand AVsero are determined, Rset2 uyand Rset2 p
can be calculated as follows :

. _ _VCCxAVgers (7)
SET2_U ™ 40pA % VseT2_DIV
Rset2 U *VsET2 DIV
Rset2 D = 3 . ®

VCC - VseT2 DIV

In addition, Richtek provides a Microsoft Excel-based
spreadsheet to help design the SET2 resistor network for
GFXVR.

RSET/OFS Pin Setting

The RT8885A provides RSET/OFS pin for platform users
to set CORE VR's functions : internal compensation ramp
factor for control loop, output voltage offset and forced-
DEM operation.

Figure 4 (a) shows output voltage offset for CORE VR

setting with the RSET/OFS pin voltage Vrset piv. When

EN pin goes high, the RSET/OFS pin voltage is sensed

and held to set output voltage offset for CORE VR. The

RSET/OFS pin voltage VrseT piv is shown as :
RRseT D

RrseT u +RRrseT D

VRseT_piv = VCCx 9)
Figure 4 (b) shows internal compensation ramp factor and
forced-DEM operation for CORE VR setting with the
RSET/OFS pin voltage difference AVrsgt. After output
voltage offset for CORE VR setting, a 40uA is injected
into RSET/OFS pin while the RSET/OFS pin voltage
difference AVRser is sensed and decoded to set internal
compensation ramp factor and forced-DEM operation. The
RSET/OFS pin voltage difference AVrsgT is shown as :

RrseT_u*RrseT_D
RrseT_u +RRseT_D

AVRseT = 40pA x (10)

VRSET DIV
QR On-timeo———
2.24V vee
RRsET U
VRSET [\8%
Register <
RRSET D

Figure 4 (a). Output Voltage Offset for CORE VR Setting

Forced-DEM
(1-bits)
Ramp Current
VCC
(5-bits)

RRseET U

VRSET

Register

RRSET D

Figure 4 (b). Internal Compensation Ramp Factor and
Forced-DEM Operation for CORE VR Setting

If VRSET_DIV and AVRSET are determined, RRSET_U and

RrseT b can be calculated as follows :
VCC x AVRSET

40pA x VRseT DIV

Rrset U =

(11)

RrseT_u x VRSeT DIV
VCC - VRrseT DIV

RrseT_D (12)
In addition, Richtek provides a Microsoft Excel-based
spreadsheet to help design the RSET/OFS resistor
network for CORE VR.

RSETA/OFSA Pin Setting

The RT8885A provides RSETA/OFSA pin for platform users
to set GFX VR's functions : internal compensation ramp
factor for control loop, output voltage offset and forced-
DEM operation.

Figure 5 (a) shows output voltage offset for GFX VR setting

with the RSETA/OFSA pin voltage Vrseta piv. When EN

pin goes high, the RSETA/OFSA pin voltage is sensed

and held to set output voltage offset for GFX VR. The

RSETA/OFSA pin voltage Vrseta piv is shown as :
RRrseTA D

Rrseta_u +Rrseta D

VRseTA_pIv = VCC x (13)
Figure 5 (b) shows internal compensation ramp factor and
forced-DEM operation for GFX VR setting with the RSETA/
OFSA pin voltage difference AVrseTa. After output voltage
offset for GFX VR setting, a 40uAis injected into RSETA/
OFSA pin while the RSETA/OFSA pin voltage difference
AVRrseTa is sensed and decoded to set internal
compensation ramp factor and forced-DEM operation. The
RSETA/OFSA pin voltage difference AVrseTa is shown as:

Rrseta_u*Rrseta D

AVRSETA = 40pAx
Rrseta U +RRseTA D

(14)
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VRSETA DIV
o0——

QR On-time 40pA

VCC
%RRSETA U
4% RSETA_D

Figure 5 (a). Output Voltage Offset for GFX VR Setting

Register

2.24V L
VRSETA [\(95 b RsETA

Forced-DEM
(1-bits)
Ramp Current Ve
(5-bits)

%RRSETA u

VRSETA

Register
RRsETA D

Figure 5 (b). Internal Compensation Ramp Factor and
Forced-DEM Operation for GFX VR Setting

If VRseTa_piv and AVRrseTa are determined, Rrseta_u and

RrseTa_p can be calculated as follows :
VCC x AVRsgTA

40pA x VRSETA DIV

RrseTa_u * VRseTA DIV
VCC - VRseTa DIV

In addition, Richtek provides a Microsoft Excel-based

spreadsheet to help design the RSETA/OFSA resistor

network for GFX VR.

RrseTA U = (15)

RRSETA D (16)

OCSET Pin Setting

The RT8885A provides OCSET pin for platform users to
set CORE VR and GFX VR over current protection
thresholds.

Figure 6 (a) shows CORE VR's summed total over current
protection SUM_OCP threshold and per phase over current
protection PH_OCP threshold setting with the OCSET
pin voltage Vocset piv. When EN pin goes high, the OCSET
pin voltage is sensed, held and decoded to set SUM_OCP
and PH_OCP thresholds for CORE VR. The OCSET pin

voltage Vocset piv is shown as :
RocseT b

Rocset_u +RocseT b

VocseT _piv = VCCx (17)

Figure 6 (b) shows GFX VR's summed total over current
protection SUM_OCP threshold and per phase over current
protection PH_OCP threshold setting with the OCSET
pin voltage difference AVocset. After CORE VR over current
protection thresholds setting, a 40uA is injected into
OCSET pin while the OCSET pin voltage difference
AVocseT is sensed and decoded to set SUM_OCP and
PH_OCP thresholds for GFXVR. The OCSET pin voltage
difference AVocseT is shown as :

Rocsetr_u*Rocser_b
AVocseT = 40pA x R = R = (18)
OCSET_U *ROCSET_D

CORE Summed
OCP (3-bits)

CORE Per-phase
OCP (3-bits) 2.24V

VCC
%ROCSET U
4% OCSET D

Figure 6 (a). CORE VR SUM_OCP and PH_OCP
Thresholds Setting

VocseT
Register

ADC

GFX Summed
OCP (3-bits)
GFX Per-phase
OCP (3-bits) 2.24V

O
[a)]

VCC
%ROCSET U
VocseT
Register <

4% OCSET D

Figure 6 (b). GFX VR SUM_OCP and PH_OCP
Thresholds Setting

If VocseT_piv and AVocser are determined, Rocset u and

RocseT p can be calculated as follows :
VCC x AVocseT

40pA xVocseT_bpiv

Rocser _u = (19)

Rocset_u xVocseT_biv
R = = = 20
OCSET_D VCC VocseT o (20)

In addition, Richtek provides a Microsoft Excel-based
spreadsheet to help design the OCSET resistor network
for both VRs.
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VREF/QRTH Pin Setting

The VREF/QRTH pin provides two functions: providing fixed
0.6V reference voltage output during normal operation of
VR controller and programming the quick response trigger
thresholds (QRTH) for CORE VR and GFX VR.

Figure 7 (a) shows CORE VR and GFX VR QRTH setting
with the VREF/QRTH pin voltage VartH_piv. When the
rising edge of EN pin goes high, the VREF/QRTH pin
voltage VartH_piv is sensed and decoded to set QRTH for
CORE VR and GFX VR. The VREF/QRTH pin voltage
VQRTH_D|V is shown as :
RarTH_D

RarTH_u +RarTH D

VarTH_pIv = Ve % (21)

Figure 7 (b) shows the illustration of 0.6V regulation at
the VREF/QRTH pin during the normal operation of VR
controller after EN pin goes high. Due to the design margin
of the internal voltage regulator, the sink current through
the VREF/QRTH pin should be under 300uA and source
current through the VREF/QRTH pin should be under

80uA.

+|VCC -0.6V _ 0.6V | (22)
"| RarTH.U  RarTH_D|

l\VREF =

CORE QRTH
OCP (3-bits)

CORE QRTH
OCP\%—bits) 2.24v

<
o)
(o]

RQRTH_U
VQRTH Q |VarTH_DIV VREF

a
Register <

RQRTH_D

I~AA~-AA~O

Figure 7 (a). CORE VR and GFX VR QRTH Setting

Vee

lvrRer < RarTH U
-

RQRTH_D

Figure 7 (b). lllustration of 0.6V Regulation at VREF Pin

If VartH_Div and lvrer are determined, RortH_u and RarTtH D
can be calculated as follows :

RQRTH_U = | Veo x| 1- 28V (23)
- ||VREF VarRTH_ DIV
_ VarTtH_DIV
RarTH D = xRQRTH_U (24)
(Vec —VartH_piv)

In the application circuit, the Cyrer is used to stabilize
the internal voltage regulator at VREF/QRTH pin, as in
shown Figure 8. Therefore, the capacitance of Cyrer must
be greater than 0.1uF and the maximum capacitance of
this capacitor is 2.2uF. However, this capacitance should
be chosen carefully due to the pin setting accuracy.

VCC

IVREF RarTH_U
CREF _

VREF/QRTH

ICVREF RQRTH_D

Figure 8. lllustration of Capacitor Cyrer at VREF/QRTH
Pin
In order to ensure the voltage on VREF/QRTH pin has
been settled when the rising edge of EN pin goes high
for pin setting accuracy, the equivalent RC time constant
at this pin should be under 2ms as shown in follows :

5xRaqutH_Equ * CvReF < 2ms (25)
VarTH_U *Ra@RTH D
VaortH_U +RQRTH_D

RarTH EQU = (26)

In addition, Richtek provides a Microsoft Excel-based
spreadsheet to help design the VREF/QRTH resistor
network for both VRs.

TSEN/ZLL Pin Setting

The TSEN/ZLL pin provides two functions for CORE VR :
thermal monitor input, and droop enable/disable setting.

Figure 9 (a) shows CORE VR droop enable/disable setting
with the TSEN/ZLL pin voltage difference AVtsen. When
EN pin goes high, a 40uA is injected into TSEN/ZLL pin. If
the TSEN/ZLL pin voltage difference AVrsen is greater than
3.8V, CORE VR droop is disabled. If not CORE VR droop
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is enabled. The TSEN/ZLL pin voltage difference AVrtsen
is shown as :

Rrsen_3 xRtsen_Equ
Rrsen_3 +Rtsen _Eau

AVTseN = 40pA x (27)

Rrsen_1xRtsen_NTc
Rrsen_1+Rtsen_nTC

where Rysen EqQu =

+Rrsen 2

Figure 9 (b) shows CORE VR thermal monitor function
enable/disable setting with the TSEN/ZLL pin voltage
V1sen_piv. After CORE VR droop enable/disable setting,
the TSEN/ZLL pin voltage Vtsen_piv is sensed and held. If
the TSEN/ZLL pin voltage Vtsen_piv is greater than 2.9V,
CORE VR thermal monitor function is disabled. If not
CORE VR thermal monitor function is enabled. The TSEN/
ZLL pin voltage Vtsen_piv is shown as :

Rrsen 3 (28)
Rrsen_3 +Rrtsen_Equ

VTsen_piv = VCCx

VCC

RTSEN_1 RTSEN_NTC

RTSEN_2

RTSEN_3

VCC

RTSEN_1 RTSEN_NTC

RTSEN 2

RTSEN_3

Figure 9 (b). CORE VR Thermal Monitor Function
Enable/Disable Setting

If VTSEN_DIV and AVTSEN are determined, RTSEN_EQU and
Rrsen_3 can be calculated as follows :
RTseN_Equ = VOO x AVrsen

- 40pA x VTSEN DIV

(29)

Rrsen_Equ * VTSEN_DIV (30)
VCC - V1sen_piv

Rrsen 3 =

TSENA/ZLLA Pin Setting

The TSENA/ZLLA pin provides two functions for GFX VR :
thermal monitor input, and droop enable/disable setting.

Figure 10 (a) shows GFX VR droop enable/disable setting
with the TSENA/ZLLA pin voltage difference AVtsena. When
EN pin goes high, a 40pA is injected into TSENA/ZLLA
pin. If the TSENA/ZLLA pin voltage difference AVtsgna is
greater than 3.8V, GFX VR droop is disabled. If not GFX
VR droop is enabled. The TSENA/ZLLA pin voltage
difference AVtsena is shown as :

Rrsena 3 *Rtsena Eaqu
Rrsena_3 +Rtsena _Eaqu

AVTsSena = 40pA x (31)

Rrsena_1xRTsena NTC
Rrsena_1+Rtsena _NTC

where Rysena Equ =

+RTsena 2

Figure 10 (b) shows GFX VR thermal monitor function
enable/disable setting with the TSENA/ZLLA pin voltage
V1sena piv. After GFX VR droop enable/disable setting,
the TSENA/ZLLA pin voltage Vtsena piv is sensed and
held. If the TSENA/ZLLA pin voltage Vtsena piv is greater
than 2.9V, GFX VR thermal monitor function is disabled.
If not GFX VR thermal monitor function is enabled. The
TSENA/ZLLA pin voltage Vtsena piv is shown as :
RrsenA_3
Rrsena_3 +Rrtsena EQu
VCC

Vrsena piv = VCCx (32)

RTSENA 1 RTSENA_NTC

RTSENA 2

RTSENA 3

Figure 10 (a). GFX VR Droop Enable/Disable Setting
VCC

40pA

RTSENA_1 RTsSENA NTC

RTsENA 2

éRTSENA_S

Figure 10 (b). GFX VR Thermal Monitor Function Enable/
Disable Setting

TSENA
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If VTsena_piv and AVrsena are determined, Rrsena_equ and

Rrsena_3 can be calculated as follows :
VCC X AVTSENA

40pA x VTSENA DIV
RTsena _EqQu x VTSENA DIV
VCC - Vrsena DIV

RTseNA EqQu = (33)

Rrsena 3 = (34)

VINITAL Setting

The initial startup voltage of the RT8885A can be set by
platform users through the SET1 and the SET2 pins. Refer
tothe SET1 and SET2 pin setting section and Table 3 and
Table 4, platform users can set the Vini_core and ViN|_GFx-

For example, choose VCC =5V, Vin|_core = 1V, ICCMAX
=53Aand Ton_ar = Ton, then solve for RseT1_uand Rset1 b

VCC x AVSET'I
40pA x VsgT1_DIV

Rset1 u =

Start-Up Sequence

The RT8885A utilizes an internal soft-start sequence which
strictly follows Intel VR12/IMVP7 start-up sequence
specifications. After POR and EN go high, the controller
considers all the power inputs ready and enters start-up
sequence. If ViniraL = 0V, Vourt is programmed to stay at
0V for 2ms waiting for SVID command as shown in Figure
11 (a). If ViniraL = OV, Vout will ramp up to ViniTaL voltage
(which is not zero) immediately after both POR go high
and EN go high as shown in Figure 11 (b). After Vout
reaches target VinitaL, Vout will stay at ViniraL waiting for
SVID command. After the RT8885A receives a valid VID
code (typically SetVID_Slow command), Vout will ramp
up to the target voltage with specified slew rate (see
section “Data and Configuration Register”). After Vout
reaches target voltage (VID voltage for ViniraL = 0 or ViNiTaL

Figure 11 (a). Power Sequence for the RT8885A (ViniTiaL = ViNmiaLa = OV)

- W = 377.34kQ (35)  for VinaL = 0), the RT8885A will send out VR_READY
X U.
V V signal to indicate that the power state of the RT8885A is
RseTt b = SET1_U” "SET_DIV ready. The VR ready circuit is an open-drain structure, so
— VOG- Veemow |TI st y ted to a volt s required
_ 37734004V _ 35 510 36) a pull-up resistor connected to a voltage source is required.
5V -0.4V )
4.2Vl
vco/ -4V
POR
EN
TseT = 2msi(MAX)
D —
SVID XX Valid XX
VouT_CcoRe
----- 0.2v
SVID SVID SVID >\
PWM Hi-Z MAX Phasesj\ Defined MAX Phases, Hi-Z
VouT_GFx
S SO S N - 0.2V Hi-Z
/< SVID SVID SVID )\
PWMA MAX Phasesp Defined AMAX Phases
VR_READY Joous
VRA_READY 1 00ks ™
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42Vl
Ne- 4.1V
VCC/ AN
POR
EN
TSET =2ms (MAX)
—i
SVID XX Valid XX
VouT_CoRe VBOOT
S 0.2V
SVID SVID SVID SVID SVID
PWM Hi-Z Defined Defined jyMAX Phases Defined MAX Phases Hi-Z
V. VBOOTA
OUT_GFX
----- 0.2V
SVID SVID SVID SVID SVID
PWMA Hi-Z MAX Phases} Defined MAX Phases j Defined AMAX Phases Hi-Z
VR_READY 100k T
VRA_READY 100k 1

Figure 11 (b). Power Sequence for the RT8885A (VinimiaL = OV, ViNimiaLa = OV)

Power Down Sequence

Similar to the start-up sequence, the RT8885A also utilizes
a soft shutdown mechanism during turn-off. After EN goes
low, the internal reference voltage (positive terminal of
compensation EA) starts ramping down with 3.125mV/us
slew rate, and Vour will follow the reference voltage to OV.
After Vout drops below 0.2V, the RT8885A will be shut
down and all functions (drivers) are disabled. The
VR_READY and VRA_READY will be pulled down
immediately after POR goes low or EN goes low.

CORE VR

Active Phase Determination ;: Before EN

The number of active phases is determined by the internal
circuitry that monitors the ISENxN voltages during start-
up. Normally, the CORE VR operates as a 3-phase PWM
controller. Setting ISEN3N to VCC before power on can
program a 2-phase operation, and pulling ISEN2N, and
setting ISEN2N, and ISEN3N to VCC before power on can
program a 1-phase operation. Before EN, CORE VR
detects whether the voltages of ISEN2N and ISEN3N are
higher than “VCC - 0.5V” respectively to decide how
many phases should be active. Phase selection is only

active during EN. When EN = high, the number of active
phases is determined and latched. The unused ISENxP
pins are recommended to be connected to VCC and
unused PWM pins can be left floating.

Loop Control

The CORE VR adopts Richtek's proprietary G-NAVP™
topology. G-NAVP™ is based on the finite gain peak current
mode with CCRCOT (Constant Current Ripple Constant
On-Time) topology. The output voltage, Vout core Will
decrease with increasing output load current. The control
loop consists of PWM modulators with power stages,
current sense amplifiers and an error amplifier as shown
in Figure 12.

Similar to the peak current mode control with finite
compensator gain, the HS_FET on-time is determined by
CCRCOT on-time generator. When load current increases,
Vcs increases, the steady state COMP voltage also
increases and induces Vout core to decrease, thus
achieving AVP. A near-DC offset canceling is added to the
output of EA to eliminate the inherent output offset of finite
gain peak current mode controller.

Copyright ©2014 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.

www.richtek.com
44

DS8885A-01 January 2014



RICHTEK

RT8885A

VIN
CCRCOT _| ’—TH S_FET VoUT CORE
L _RsensE
pwM PWMXI fpiver
CMP, Logic
+ _| Re
& AVes
= A ISENXP C
S| | GM| ISENXN Reg
R|
IMON]| "IMON
Cc2 C1
vReF ] —na
COMP R2 | R1
—~/\\ Vce SENSE
o FB
EA
4 RGNDY Vss_SENSE
Vbac

Figure 12. CORE VR : Simplified Schematic for Droop
and Remote Sense in CCM

TON Setting

High frequency operation optimizes the application for the
smaller component size, trading off efficiency due to higher
switching losses. This may be acceptable in ultra portable
devices where the load currents are lower and the
controller is powered from a lower voltage supply. Low
frequency operation offers the best overall efficiency at
the expense of component size and board space. Figure
13 shows the On-Time setting Circuit. Connect a resistor
(Rton) between ViN_core and TONSET to set the on-time
of UGATE :

24.4x107"? xRyon (37)

ViN — Vbac

where ton is the UGATE turn on period, Vin_core is the
input voltage of the CORE VR, and Vpac is the DAC voltage.

ton (0.5V < Vpac <1.2V) =

Rton R1

TONSET

CCRCOT ONS VIN_CORE
On-Time 1

Computer —oVpac I

On-Time

Figure 13. CORE VR : On-Time Setting with RC Filter

When Vpac is larger than 1.2V, the equivalent switching
frequency may be over 500kHz, and this too fast switching
frequency is unacceptable. Therefore, the CORE VR
implements a pseudo constant frequency technology to

avoid this disadvantage of CCRCOT topology. When Vpac

is larger than 1.2V, the on-time equation will be modified

to :

20.33x107 "2 xRyon x Vpac (38)
ViIN — Vbac

On-time translates only roughly to switching frequencies.

For better efficiency of the given load range, the maximum

switching frequency is suggested to be :

1

(ton —60ns) + (% xRoON_Ls-FET(MAX) ) x50ns

tON (VDAC >1 2V) =

fswmax) =

Vbac_pso +
X

Icc'lr\'lDC X(

DCR+Ron_Ls-FeT(Max) —~NxRproop )

[VIN(MAX) +

lccTDC
ch <(

RoN_Ls-FET(MAX) —~RoN_HsS—FET(MAX) )}

(39)

where fsax) is the maximum switching frequency,
Vpac pso is the test VID of application at PS0 for turbo
mode or HFM, Vinmax) is the maximum application input
voltage, IccTDC is the thermal design current of application,
N is the phase number, RON_HS-FET(MAX) is the maximum
equivalent high side FET Rps(on), Ron_Ls-FET(MAX) IS the
maximum equivalent low side FET Rps(on), DCR is the
inductor DCR, and Rproor is the load line setting.

Current Sense Setting

The current sense topology of the CORE VR is continuous
inductor current sensing. Therefore, the controller has less
noise sensitive. Low offset amplifiers are used for current
balance, loop control and over current detection. The
ISENxP and ISENxN pins denote the positive and negative
input of the current sense amplifier of each phase.

Users can either use a current sense resistor or the
inductor's DCR for current sensing. Using the inductor’s
DCR allows higher efficiency as shown in Figure 14.

I VouT_CoRE
19)
L DCR
»
Rx Cx
IsENxN ISENXP 1
- Resx
[] ISENxN Ve

Figure 14. CORE VR : Lossless Inductor Sensing
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In order to optimize transient performance, Rx and Cx must
be set according to the equation below :

L _
DCR = RX X CX (40)
Then the proportion between the phase current I and the
sensed current Isenxn can be described as below :

leenn = x DCR
SENxN = IL X Reosy

(41)

where Rcsx only an exact 680Q sense resistor. The
resistance accuracy of Rgsx is recommended to be 1% or
higher.

In addition to considering the inductance tolerance, the
resistor Rx has to be tuned on board by examining the
transient voltage. If the output voltage transient has an
initial dip below the minimum load line requirement and
the recovery is too fast causing a ring back. Vice versa,
with a resistance too large the output voltage transient
has only a small initial dip with a slow recovery.

Using current sense resistor in series with the inductor
can have better accuracy, but the efficiency is a trade-off.
Considering the equivalent inductance (Les ) of the current
sense resistor, an RC filter is recommended. The RC filter
calculation method is similar to the above mentioned
inductor DCR sensing method.

Current Monitoring and Current Reporting

The RT8885A provides the current monitor function for
CORE VR. IMON pin reports CORE VR inductor current.

The IMON pin outputs a high-speed analog current source
that is 1 time of the summed current. Thus ljuon can be
described as below :

IvMoN = D_lsENxN (42)

The RT8885A monitors the IMON pin voltage and considers
that CORE VR has reached ICCMAX when IMON pin
voltage is 2.392V.

As Figure 12 shows, a resistor Rimon is connected between
the IMON pin and VREF pin. Through the Rivon to convert
the IMON pin current to voltage. The voltage of IMON pin
is expressed in Equation 43 :

VimoN = limoN x Rimon +0.6 (43)

Rewriting Equations 41 and 42 gives Equation 44 :

imon = gCR xlLoAD (44)
X

Substitution of Equation 44 into Equation 43 gives
Equation 45 :

VIMON = gCR xlLoap *Rimon +0.6 (45)

CSx
Rewriting Equation 45 and application of full load condition

gives Equation 46 :

Rimon = FSCCSFE x (VW:(LDQA_DO'G) (46)
For example, given Rcsx = 680Q, DCR = 0.82mQ, Vimon
= 2.392V at |LOAD(MAX) = 53A, Equation 46 gives RIMON =
28kQ.

In addition, Richtek provides a Microsoft Excel-based
spreadsheet to help design the IMON resistor network
with temperature compensation for CORE VR.

Droop Setting

It's very easy to achieve Active Voltage Positioning (AVP)
by properly setting the error amplifier gain due to the native
droop characteristics. This target is to have

Vout = Vbac —lLoap xRproop (47)
Then solving the switching condition Vcomp2 = Ves in
Figure 12 yields the desired error amplifier gain as
R2 G
~ Rt~ Roroor “o
where Rproop is the equivalent load line resistance as
well as the desired static output impedance.

The summed current sense gain G as

R
G =%XRH\AON X% (49)
CSx

where Rsensk is the current-sense resistor. If no external
sense resistor present, it is the DCR of the inductor. Rgsx
is the sense resistor. Rivon is the equivalent resistance
of temperature dependent resistor.

Droop Disable

Refer to the TSEN pin setting section, disabling the CORE
VR droop can be set by platform users through the TSEN
pin.

Loop Compensation

Optimized compensation of the CORE VR allows for best
possible load step response of the regulator's output. A
type-lI compensator with one pole and one zero is adequate
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for proper compensation. Figure 12 shows the
compensation circuit. Prior design procedure shows how
to select the resistive feedback components for the error
amplifier gain. Next, C1 and C2 must be calculated for
compensation. The target is to achieve constant resistive
output impedance over the widest possible frequency
range.

The pole frequency of the compensator must be set to

compensate the output capacitor ESR zero :
1
f=—"1
P 2nxCxRg

where C is the capacitance of output capacitor, and Rc is
the ESR of output capacitor. C2 can be calculated as
follows :

CxR¢
2 =
C R2
The zero of compensator has to be placed at half of the

switching frequency to filter the switching related noise.
Such that,

(50)

(51)

_ 1
C1= R1x 7t x fgy (52)

Differential Remote Sense Setting

The CORE VR includes differential, remote-sense inputs
to eliminate the effects of voltage drops along the PC
board traces, CPU internal power routes and socket
contacts. Figure 15 shows the CORE VR differential
remote voltage sense connection. The CPU contains on-
die sense pins, Vcc _sense and Vss_sense. Connect RGND
to Vss_sense. Connect FB to Ve sense with a resistor to
build the negative input path of the error amplifier. The
Vpac and the precision voltage reference are referred to
RGND for accurate remote sensing.

CPU V¢ sense

To R3 R1
Compensation VouT_CORE
C2 C1
RGND GND
R4 R2

CPU Vss sense
Figure 15. CORE VR : Differential Remote Voltage
Sense Connection
Current Balance
The CORE VR implements internal current balance
mechanism in the current loop. The CORE VR senses
and compares per-phase current signal with average

current. If the sensed current of any particular phase is
larger than average current, the on-time of this phase will
be adjusted to be shorter.

No Load Offset (SVID & Platform)

The CORE VR features no load offset function which
provides the possibility of wide range positive offset of
output voltage. The no-load offset function can be
implemented through the SVID interface or RSET/OFS
pin. Users can disable pin offset function by simply
connecting RSET/OFS pin to GND. The RT8885A will latch
the RSET/OFS status after EN goes high.

If pin offset function is enabled, then the output voltage is
Vout_core = Vbac —ILoap X Rproor

(83)
+ Vsvip-oFs + VPIN-OFs

If not the output voltage is

Vout_cure = Voac — lLoap X Roroop + Vsvib-ors  (54)
The pin offset voltage is set by the divider voltage on RSET/
OFS pin. The linear range of offset pin voltage is from 1V
to 1.4V. The pin offset voltage can be calculated as below:
VpiN-oFs = Vors —1.2V (55)
For example, supplying 1.3V at RSET/OFS pin will achieve
100mV offset at the output.

Operation Mode Transition

The RT8885A supports operation mode transition function
at the CORE VR for the SetPS command of Intel's VR12/
IMVP7 CPU. The default operation mode of the CORE
VR is PS0, which is full phase CCM operation. Other
operation modes include PS1 (single phase CCM
operation) and PS2 (single phase DEM operation).

After receiving SetPS command, the CORE VR will
immediately change to the new operation state. When
the CORE VR receives SetPS command of PS1 operation
mode, the CORE VR operates as a single phase CCM
controller, and only channel 1 is active. The CORE VR will
disable phase 2 and phase 3 by disabling Internal PWM
logic drivers at UGATE2 , LGATE2 and PWMS pins
(UGATE2 =0V ,LGATE2 =0V, PWMS3 = high impedance
state). Therefore, the external driver which supports tri-
state shutdown is required for compatibility with PS1
operation mode.
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When the CORE VR receives SetPS command of PS2
operation mode, the CORE VR operates as a single phase
DCM controller, and only channel 1 is active with diode
emulation operation. The CORE VR will disable phase 2
and phase 3 by disabling Internal PWM logic drivers at
UGATE2 , LGATE2 and PWM3 pins (UGATE2 = 0V ,
LGATE2 =0V, PWM = high impedance state). Therefore,
the external driver which support tri-state shutdown is
required for compatibility with PS2 operation state.

If the CORE VR receives dynamic VID change command
(SetVID), the CORE VR will automatically enter PSO
operation mode and all phases will be activated. After
Vout core reaches target voltage, the CORE VR will stay
at PSO state. VR will ignore any former SetPS command
that CPU issues and asks CORE VR to be forced into
PS1 or PS2 operation states during dynamic VID process.

Dynamic VID Enhancement

During a dynamic VID transition, the charging (dynamic
VID up) or discharging (dynamic VID down) current causes
unwanted load-line effect which degrades the setting time
performance. In order to improve dynamic VID transition
performance, the RT8885A provides internal™ DVID
compensation function, as shown in Figure 16.

A switch (called DVID switch) turns on to observe sensed
current when the controller is normal operation. During a
dynamic VID transition, the switch turns off to hold sensed
current to compensate the charging or discharging current
effect. Therefore, the output voltage can be adjusted to
the target value more quickly.

DVID Event

t R
~ 3 IMON IMON

Vce SENSE

CCRCOT| VREF Cc2 C1
PWM ’_H_’_{
Logi R2 R1
ogic comp| | R2 |

FB
4 RGND—OVSS_SENSE
Vbac

Figure 16. Internal™ DVID Compensation Function

Ramp Amplitude Adjust

When the CORE VR enters PS2 operation mode, the
internal ramp of CORE VR will be modified for the reason
of stability. In case of smooth transition into PS2, the

CCM ramp amplitude should be designed properly. The
RT8885A provides RSET pin for platform users to set the
ramp amplitude of the CORE VR in CCM. The criterion is
to set the ramp amplitude proportional to the on-time. The
equation will be :
21.6x107" = ton x (Vin — VDAC)

x[1+ (16 —Ramp Factor)x2.95%] (56)

where 21.6 x 107" is an internal coefficient of analog circuit.

According to Equation 56 and Table 5, the ramp factor
equation can be simplified to :

8.85x10*
RTON

Ramp Factor = 16_T5% (57)

Thermal Monitoring and Temperature Reporting

The CORE VR provides thermal monitoring function via
sensing TSEN pin voltage. Through the voltage divider
resistors, R1, Rntc, R2, and R3, the voltage of TSEN will
be proportional to VR temperature as shown in Figure 17.
When VR temperature rises, TSEN voltage also rises.
The ADC circuit of the CORE VR monitors the voltage
variation at the TSEN pin from 1.4875V to 1.8725V with
55mV resolution. This voltage is then decoded into digital
format and stored into Temperature_Zone register.

VCC
R1 RnTC
R2
L

VRHOT VTT
Rrt

Figure 17. CORE VR : Thermal Monitoring Circuit

TSEN
VVRHOT

To meet Intel's VR12/IMVP7 specification, platform users
have to set the TSEN voltage to meet the temperature
variation of VR from 75% to 100% VR max temperature.
For example, if the VR max temperature is 100°C, platform
users have to set the TSEN voltage to be 1.5425V when
VR temperature reaches 82°C and 1.8725V when VR
temperature reaches 100°C. Detailed voltage setting
versus temperature variation is shown in Table 8. The
thermometer code is implemented in Temperature_Zone
register.
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Table 8. Temperature_Zone Register

S SVID Thermal Comparator Trip Points Temperatures Scaled to maximum = 100%
VRHOT Alert Voltage Represents Assert bit Minimum Level
b7 b6 b5 b4 b3 b2 b1 b0
100% 97% 94% 91% 88% 85% 82% 75%
1.8725V 1.8175V 1.7625V 1.7075V 1.6525V 1.5975V 1.5425V 1.4875V

The VRHOT pin is an open-drain structure that sends out
active low VRHOT signal. When b6 of Temperature_Zone
register asserts to 1 (when TSEN voltage rises above
1.8175V), the ALERT signal will be asserted to low, which
is so-called SVID thermal alert. In the mean time, the
CORE VR will assert bit 1 data to 1 in Status_1 register.
The ALERT assertion will be de-asserted when b5 of
Temperature_Zone register is de-asserted from 1 to 0
(which means TSEN voltage falls under 1.7625V), and bit
1 of Status_1 register will also be cleared to 0. The bit 1
assertion of Status_1 is not latched and cannot be cleared
by GetReg command. When b7 of Temperature_Zone
register asserts to 1 (when TSEN voltage rises above
1.8725V), the VRHOT signal will be asserted to low. The
VRHOT assertion will be de-asserted when b6 of
Temperature_Zone register is de-asserted from 1 to 0
(which means TSEN voltage falls under 1.8175V). It is
typically recommended to connect a pull-up resistor from
the VRHOT pin to a voltage source.

Quick Response

The RT8885A utilizes a quick response feature to support
heavy load current demand during instantaneous load
transient.

The controller monitors the abrupt VSEN pin voltage droop
to trigger QR pulse generation circuit, as shown in Figure
18. At steady state, the VSEN pin voltage droop cannot
trigger a quick response circuit. When this abrupt voltage
droop is lower than the QR trigger threshold level, the QR
circuit will be triggered. When quick response is triggered,
the quick response circuit will generate a quick response
pulse. The internal quick response pulse generation circuit
is similar to the on-time generation circuit. After generating
a quick response pulse, the pulse is then applied to the
on-time generation circuit, and all the active phases' on-

times will be overridden by the quick response pulse.
Moreover, the quick response trigger threshold level,
QR_TH, is set by VREF/QRTH pin, and the quick response
pulse width, QR_TON, is set by SET1 pin. The detailed
pins setting refers to the VREF/QRTH and SET1 pin
setting section.

QR_TH
QR Pul'se ol —0 VSEN
Generation CMP
Circuit J
L

Figure 18. CORE VR : Quick Response Triggering
Circuit
Over Current Protection

The RT8885A provides summed total over current and per
phase over current protections.

The controller determines summed total over current
protection SUM_OCP by comparing the ljmon with
SUM_OCP threshold whose setting refers to the OCSET
pin setting section. It declares SUM_OCP when lvon is
above the SUM_OCP threshold for 40us. When limon is
above the SUM_OCP threshold for 40us, it declares
SUM_OCP. Therefore, latched SUM_OCP forces PWM
into high impedance, which disables internal PWM logic
drivers. Moreover, the GFX VR will also enter soft shut
down sequence.

The controller monitors either phase Isenxn current to
determine per phase over current protection PH_OCP. If
either phase Isenxny current is greater than PH_OCP
threshold for 100ns, the controller will declare fault and
PH_OCP latches off. Therefore, latched SUM_OCP forces
PWM into high impedance, which disables internal PWM
logic drivers. Moreover, the GFX VR will also enter soft
shut down sequence.
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Over Voltage Protection (OVP)

The over voltage protection circuit of the CORE VR
monitors the output voltage via the VSEN pin after EN.
The supported maximum operating VID of the VR (V(max))
is stored in the VOUT_Max register. If pin offset function
is enabled, the OVP threshold will be VMAX value plus
450mV. If not the OVP threshold will be VMAX value plus
150mV. Once Vout core exceeds OVP threshold, OVP
is triggered and latched. The CORE VR will try to turn on
low side MOSFETSs and turn off high side MOSFETs of all
active phases of the CORE VR to protect the CPU. When
OVP is triggered by the CORE VR, the GFX VR will also
enter soft shut down sequence. A 1us delay is used in
OVP detection circuit to prevent false trigger. OVP
detection circuit will have a 1us trigger delay which can
prevent false trigger caused by any glitches. And only
VCC re-power or POR reset can release OVP latch.

Negative Voltage Protection (NVP)

During OVP latch state, the CORE VR also monitors the
VSEN pin for negative voltage protection. Since the OVP
latch continuously turns on all low side MOSFETSs of the
CORE VR, the CORE VR may suffer negative output
voltage which is mainly caused by negative inductor
current. As a consequence, when the VSEN voltage drops
below —50mV after triggering OVP, the CORE VR will
trigger NVP to turn off all low side MOSFETs of the CORE
VR while the high side MOSFETSs still remains off. After
triggering NVP, if the output voltage rises above 0V, the
NVP latch will be released and turn on all low side
MOSFETSs due to OVP is still asserted. A 1us trigger delay
is used in NVP detection circuit to prevent false trigger.

Under Voltage Protection (UVP)

The CORE VR implements under voltage protection of
Vout core. If pin offset function is enabled, the UVP
threshold will be VID minus 500mV. If not the OVP
threshold will be VID minus 400mV. Once Vout core is
less than the UVP threshold, the CORE VR will trigger
UVP latch. The UVP latch will turn off both high side and
low side MOSFETs. When UVP is triggered by the CORE
VR, the GFX VR will also enter soft shut down sequence.
A 3us trigger delay is used in UVP detection circuit to
prevent false trigger. And only VCC re-power or POR reset
can release UVP latch.

Under Voltage Lock Out (UVLO)

During normal operation, if the voltage at the VCC pin
drops below POR threshold, the CORE VR will trigger
UVLO. The UVLO protection forces all high side MOSFETs
and low side MOSFETs off by shutting down internal PWM
logic drivers. A3us trigger delay is used in UVLO detection
circuit to prevent false trigger.

GFX VR

Active Phase Determination : Before EN

The number of active phases is determined by the internal
circuitry that monitors the ISENAXN voltages during start-
up. Normally, the GFX VR operates as a 2-phase PWM
controller. Setting ISENA2N to VCC before power-on can
program a 1-phase operation, and pulling ISENA1N, and
setting ISENA2N to VCC before power-on can disable GFX
VR operation. Before EN, GFX VR detects whether the
voltages of ISENA1N and ISENA2N are higher than “VCC
—0.5V” respectively to decide how many phases should
be active. Phase selection is only active during EN. When
EN = high, the number of active phases is determined and
latched. The unused ISENAXP pins are recommended to
be connected to VCC and unused PWM pins can be left
floating.

Loop Control

The GFX VR adopts Richtek’s proprietary G-NAVP™
topology. G-NAVP™ is based on the finite gain peak current
mode with CCRCOT (Constant Current Ripple Constant
On-Time) topology. The output voltage, Vout crx Will
decrease with increasing output load current. The control
loop consists of PWM modulators with power stages,
current sense amplifiers and an error amplifier as shown
in Figure 19.

Similar to the peak current mode control with finite
compensator gain, the HS_FET on-time is determined by
CCRCOT on-time generator. When load current increases,
Vcs increases, the steady state COMPA voltage also
increases and induces Vout crx to decrease, thus achieving
AVP. A near-DC offset canceling is added to the output of
EA to eliminate the inherent output offset of finite gain
peak current mode controller.
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VIN
{>—THS_FET VouT GFx
CCRCOT PWMA
PWM Xl _1Driver|
CMP, Logic
+ I
S AVes
gl / 1 ISENAXP
3 GM [ ISENAXN Rexx
RimoNA
IMONA
Cc2 C1
COMPA R2 | R1
—~/\\H V
> = CCAXG_SENSE
EA RGNDA
0 VSSAXG_SENSE
Vbac

Figure 19. GFX VR : Simplified Schematic for Droop and
Remote Sense in CCM

TONA Setting

High frequency operation optimizes the application for the
smaller component size, trading off efficiency due to higher
switching losses. This may be acceptable in ultra portable
devices where the load currents are lower and the
controller is powered from a lower voltage supply. Low
frequency operation offers the best overall efficiency at
the expense of component size and board space. Figure
20 shows the On-Time setting Circuit. Connect a resistor
(Rtona) between ViN_grx and TONSETA to set the on-
time of UGATE :

24.4x107 "2 xRrona (

58)
VIN — Vbac

tON (05V < VDAC < 12V) =

where ton is the UGATE turn on period, ViN_crx is the
input voltage of the GFX VR, and Vpac is the DAC voltage.

R R1
TONSETA | "TONA
CCRCOT VIN
On-Time c1
Computer —0Vpa I
C
On-Time

Figure 20. GFX VR : On-Time Setting with RC Filter

When Vpac is larger than 1.2V, the equivalent switching
frequency may be over 500kHz, and this too fast switching
frequency is unacceptable. Therefore, the GFX VR

implements a pseudo constant frequency technology to
avoid this disadvantage of CCRCOT topology. When Vpac
is larger than 1.2V, the on-time equation will be modified

to:
ton (Voag > 1.2v) = 20:33x10 12 S Rrona % Vbac (59)
ViN —Vbac
On-time translates only roughly to switching frequencies.
For better efficiency of the given load range, the maximum
switching frequency is suggested to be :
1

fswmax) =
(ton —60ns) + (% xRoON_LS-FET(MAX) ) x50ns
Vbac_pso + % x(DCR+Ron_Ls-reTMAX) ~NxRoroop )

X

lccTDC
*:VIN(MAX) + CCN

X (RON_LS—FET(MAX) —RoN_Hs-FET(MAX) )]
(60)
where fsmax) is the maximum switching frequency,
Vpac_pso is the test VID of application at PSO for turbo
mode or HFM, Vinvax) is the maximum application input
voltage, IccTDC is the thermal design current of application,
N is the phase number, Ron_Hs-FET(MAX) is the maximum
equivalent high side FET RDS(ON), RON_LS-FET(MAX) is the
maximum equivalent low side FET Rpson), DCR is the
inductor DCR, and Rproor is the load line setting.

Current Sense Setting

The current sense topology of the GFX VR is continuous
inductor current sensing. Therefore, the controller has less
noise sensitive. Low offset amplifiers are used for current
balance, loop control and over current detection. The
ISENAXP and ISENAXxN pins denote the positive and
negative input of the current sense amplifier of each phase.

Users can either use a current-sense resistor or the
inductor's DCR for current sensing. Using the inductor’s
DCR allows higher efficiency as shown in Figure 21.

I VOU('.I"_GFX
L DCR
»
Rx Cx
ISENAXN ISENAXP 1
o Resx
ISENAXN R

Figure 21. GFX VR : Lossless Inductor Sensing
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In order to optimize transient performance, Rx and Cx must
be set according to the equation below :

L _
DCR—RxXCX (61)
Then the proportion between the phase current I and the
sensed current Isenaxn can be described as below :

| _, «DCR
SENAXN = IL X Resx

where Rcsx is only an exact 680Q sense resistor. The
resistance accuracy of Rgsx is recommended to be 1% or
higher.

(62)

In addition to considering the inductance tolerance, the
resistor Rx has to be tuned on board by examining the
transient voltage. If the output voltage transient has an
initial dip below the minimum load line requirement and
the recovery is too fast causing a ring back. Vice versa,
with a resistance too large the output voltage transient
has only a small initial dip with a slow recovery.

Using current sense resistor in series with the inductor
can have better accuracy, but the efficiency is a trade-off.
Considering the equivalent inductance (LesL) of the current
sense resistor, an RC filter is recommended. The RC filter
calculation method is similar to the above mentioned
inductor DCR sensing method.

Current Monitoring and Current Reporting

The RT8885A provides the current monitor function for GFX
VR. IMONA pin reports GFX VR inductor current.

The IMONA pin outputs a high-speed analog current source
that is 1 time of the summed current. Thus ljmona can be
described as below :

IMONA = D_ISENAXN (63)
The RT8885A monitors the IMONA pin voltage and
considers that GFX VR has reached ICCMAXA when
IMONA pin voltage is 2.392V.

As Figure 19 show, a resistor Rimona is connected between
the IMONA pin and VREF pin. Through the Rivona to
convert the IMONA pin current to voltage. The voltage of
IMONA pin is expressed in Equation 64 :

Vimona = limona *Rimona +0.6 (64)

Rewriting Equations 62 and 63 gives Equation 65 :

imona = gCR xlLoap (65)
CSx

Substitution of Equation 65 into Equation 64 gives
Equation 66 :

VIMONA = gCR xlLoap *Rimona +0.6 (66)

CSx
Rewriting Equation 66 and application of full load condition
gives Equation 67 :

Rimona = I;%SQ x (VIM(;_’;?;; 0.9) (67)
For example, given Rcsx = 680Q, DCR = 0.82mQ, Vimona
=2.392V at lLoapmax) = 53A, Equation 65 gives Rimona =
28KkQ.

In addition, Richtek provides a Microsoft Excel-based
spreadsheet to help design the IMONA resistor network
with temperature compensation for GFX VR.

Droop Setting

It's very easy to achieve Active Voltage Positioning (AVP)
by properly setting the error amplifier gain due to the native
droop characteristics. This target is to have
Vout = Vbac —lLoap xRproop (68)
Then solving the switching condition Vcompz = Vcs in
Figure 19 yields the desired error amplifier gain as
R2 G

"Rl Rproop (69)
where Rproop is the equivalent load line resistance as
well as the desired static output impedance.

The summed current sense gain G as
G, — RsENsE
| = —SENSE
Resx
where Rsense is the current-sense resistor. If no external

sense resistor present, it is the DCR of the inductor. Rgsx
is the sense resistor. Rivona is the equivalent resistance
of temperature dependent resistor.

xRiMoNA % % (70)

Droop Disable

Refer to the TSENA pin setting section, disabling the GFX
VR droop can be set by platform users through the TSENA
pin.

Loop Compensation

Optimized compensation of the GFX VR allows for best
possible load step response of the regulator's output. A
type-l compensator with one pole and one zero is adequate
for proper compensation. Figure 19 shows the
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compensation circuit. Prior design procedure shows how
to select the resistive feedback components for the error
amplifier gain. Next, C1 and C2 must be calculated for
compensation. The target is to achieve constant resistive
output impedance over the widest possible frequency
range.

The pole frequency of the compensator must be set to

compensate the output capacitor ESR zero :
_ 1
fp " 2rxCx R¢

where C is the capacitance of output capacitor, and Rc is
the ESR of output capacitor. C2 can be calculated as
follows :

C X RC
R2
The zero of compensator has to be placed at half of the

switching frequency to filter the switching related noise.
Such that,

A
Ol = Rixnxfaw (73)

(71)

Cc2= (72)

Differential Remote Sense Setting

The GFX VR includes differential, remote-sense inputs to
eliminate the effects of voltage drops along the PC board
traces, CPU internal power routes and socket contacts.
Figure 22 shows the GFX VR differential remote voltage
sense connection. The CPU contains on-die sense pins,
Vceaxe_sense and Vssaxa_sense. Connect RGNDA to
Vssaxc_sense. Connect FBA to Vccaxa sense with a resistor
to build the negative input path of the error amplifier. The
Vpac and the precision voltage reference are referred to
RGNDA for accurate remote sensing.

CPU Vceax_SENSE

To R3 R1
Compensation VouT_GFx
C2 C1
RGNDA GND
R4 R2

CPU VssaxG_SENSE

Figure 22. GFX VR : Differential Remote Voltage Sense
Connection

Current Balance

The GFX VR implements internal current balance
mechanism in the current loop. The GFX VR senses and
compares per-phase current signal with average current.

If the sensed current of any particular phase is larger than
average current, the on-time of this phase will be adjusted
to be shorter.

No Load Offset (SVID & Platform)

The GFX VR features no load offset function which provides
the possibility of wide range positive offset of output voltage.
The no-load offset function can be implemented through
the SVID interface or RSETA/OFSA pin. Users can disable
pin offset function by simply connecting RSETA/OFSA
pin to GND. The RT8885A will latch the RSETA/OFSA
status after EN goes high.

If pin offset function is enabled, then the output voltage is
Vout_GFx = Vpac —lLoap xRproor

74
+ Vsvip-oFs + VPIN-OFs (74)

If not the output voltage is

Vout_GFx = Vbac —lLoap xRproop + Vsvip-ors (75)

The pin offset voltage is set by the divider voltage on
RSETA/OFSA pin. The linear range of offset pin voltage is
from 1V to 1.4V. The pin offset voltage can be calculated
as below :

VeIN-oFs = Vors —1.2V (76)

For example, supplying 1.3V at RSETA/OFSA pin will
achieve 100mV offset at the output.

Operation Mode Transition

The RT8885A supports operation mode transition function
at the GFX VR for the SetPS command of Intel's VR12/
IMVP7 CPU. The default operation mode of the GFX VR
is PS0, which is full phase CCM operation. Other operation
modes includes PS1 (single phase CCM operation) and
PS2 (single phase DEM operation).

After receiving SetPS command, the GFX VR will
immediately change to the new operation state. When
the GFX VR receives SetPS command of PS1 operation
mode, the GFX VR operates as a single phase CCM
controller, and only channel 1 is active. The GFX VR will
disable PWMA2 pins. Therefore, the external driver which
supports tri-state shutdown is required for compatibility
with PS1 operation mode.

When the GFX VR receives SetPS command of PS2
operation mode, the GFX VR operates as a single phase
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DCM controller, and only channel 1 is active with diode
emulation operation. The GFX VR will disable PWMA2
pins. Therefore, the external driver which supports tri-state
shutdown is required for compatibility with PS2 operation
state.

If the GFX VR receives dynamic VID change command
(SetVID), the GFX VR will automatically enter PSO
operation mode and all phases will be activated. After
Vout cFx reaches target voltage, the GFX VR will stay at
PS0 state. VR will ignore any former SetPS command
that CPU issues and asks GFX VR to be forced into PS1
or PS2 operation states during dynamic VID process.

Dynamic VID Enhancement

During a dynamic VID transition, the charging (dynamic
VID up) or discharging (dynamic VID down) current causes
unwanted load-line effect which degrades the setting time
performance. In order to improve dynamic VID transition
performance, the RT8885A provides internal™ DVID
compensation function, as shown in Figure 23.

A switch (called DVID switch) turns on to observe sensed
current when the controller is normal operation. During a
dynamic VID transition, the switch turns off to hold sensed
current to compensate the charging or discharging current
effect. Therefore, the output voltage can be adjusted to
the target value more quickly.

DVID Event
IMONA| Rivona VCCAXG_SENSE

VREF
CCRCOT] Gt 5
PWM BE
Logic compa| | RZ | Ri

FBA

H RGNDA—OVSSAXG_SENSE
Vbac

Figure 23. Internal™ DVID Compensation Function

Ramp Amplitude Adjust

When the GFX VR enters PS2 operation mode, the
internal ramp of GFX VR will be modified for the reason of
stability. In case of smooth transition into PS2, the CCM
ramp amplitude should be designed properly. The RT8885A

provides RSETA pin for platform users to set the ramp
amplitude of the GFX VR in CCM. The criterion is to set
the ramp amplitude proportional to the on-time. The
equation will be :
21.6x107" =ton x (VN — VDAC)

x[1+ (16 —Ramp Factor) x 2.95%] (77)

where 21.6 x 107" is an internal coefficient of analog circuit.

According to Equation 77 and Table 6, the Ramp Factor
equation can be simplified to :
8.85x10%

RTonA

Ramp Factor = 16 - 5 05%

(78)
Thermal Monitoring and Temperature Reporting

The GFX VR provides thermal monitoring function via
sensing TSENA pin voltage. Through the voltage divider
resistors, R1, Rntc, R2, and R3, the voltage of TSENA
will be proportional to VR temperature as shown in Figure
24. When VR temperature rises, TSENA voltage also rises.
The ADC circuit of the GFX VR monitors the voltage
variation atthe TSENA pin from 1.4875V to 1.8725V with

55mV resolution. This voltage is then decoded into digital
format and stored into Temperature_Zone register.

V
R1 % %
VVRAOT

CcC
RnTC
R2
VRHOT —T-x/\/\/—OVTT =
Rrr

Figure 24. GFX VR : Thermal Monitoring Circuit

TSENA

To meet Intel's VR12/IMVP7 specification, platform users
have to set the TSENA voltage to meet the temperature
variation of VR from 75% to 100% VR max temperature.
For example, if the VR max temperature is 100°C, platform
users have to set the TSENA voltage to be 1.5425V when
VR temperature reaches 82°C and 1.8725V when VR
temperature reaches 100°C. Detailed voltage setting
versus temperature variation is shown in Table 9. The
thermometer code is implemented in Temperature_Zone
register.
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Table 9. Temperature_Zone Register
SVID Thermal Comparator Trip Points Temperatures Scaled to maximum = 100%
VRHOT Alert Voltage Represents Assert bit Minimum Level
b7 b6 b5 b4 b3 b2 b1 b0
100% 97% 94% 91% 88% 85% 82% 75%
1.8725V 1.8175V 1.7625V 1.7075V 1.6525V 1.5975V 1.5425V 1.4875V
The VRHOT pin is an open-drain structure that sends out threshold level, QR_TH, is set by VREF/QRTH pin, and
active low VRHOT signal. When b6 of Temperature_Zone the quick response pulse width, QR_TON, is set by SET2
register asserts to 1 (when TSENA voltage rises above
1.8175V), the ALERT signal will be asserted to low, which
is so-called SVID thermal alert. In the mean time, the
GFX VR will assert bit 1 data to 1 in Status_1 register.
The ALERT assertion will be de-asserted when b5 of

and SET2 pin setting section.

Temperature_Zone register is de-asserted from 1 to 0

QR Pulse
Generation

pin. The detailed pins setting refers to the VREF/QRTH
Circuit

(which means TSENA voltage falls under 1.7625V), and
bit 1 of Status_1 register will also be cleared to 0. The bit

QR_TH

nel

—O0 VSENA
-
1 assertion of Status_1 is not latched and cannot be

cleared by GetReg command. When b7 of
Temperature_Zone register asserts to 1 (when TSENA

voltage rises above 1.8725V), the VRHOT signal will be
asserted to low. The VRHOT assertion will be de-asserted

Figure 25. GFX VR : Quick Response Triggering Circuit
Over Current Protection
when b6 of Temperature_Zone register is de-asserted from

1 to 0 (which means TSENA voltage falls under 1.8175V).
Quick Response

It is typically recommended to connect a pull-up resistor

The RT8885A provides summed total over current and per
phase over current protections.
from the VRHOT pin to a voltage source.

The controller determines summed total over current

protection SUM_OCP by comparing the limona with
The RT8885A utilizes a quick response feature to support
transient.

SUM_OCP threshold whose setting refers to the OCSET

pin setting section. It declares SUM_OCP when lvona is
heavy load current demand during instantaneous load

above the SUM_OCP threshold for 40us. When livona is
The controller monitors the abrupt VSENA pin voltage
droop to trigger QR pulse generation circuit, as shown in

above the SUM_OCP threshold for 40us, it declares
Figure 25. At steady state, the VSENA pin voltage droop

SUM_OCP. Therefore, latched SUM_OCP forces PWM
into high impedance, which disables internal PWM logic
drivers. Moreover, the GFX VR will also enter soft shut
down sequence.
The controller monitors either phase Isenaxn current to
determine per phase over current protection PH_OCP. If
cannot trigger a quick response circuit. When this abrupt
voltage droop is lower than the QR trigger threshold level,
the QR circuit will be triggered. When quick response is
triggered, the quick response circuit will generate a quick

either phase Isenaxn current is greater than PH_OCP
response pulse. The internal quick response pulse

generation circuit is similar to the on-time generation

threshold for 100ns, the controller will declare fault and
circuit. After generating a quick response pulse, the pulse

PH_OCP latches off. Therefore, latched SUM_OCP forces

PWM into high impedance, which disables internal PWM
shut down sequence.

is then applied to the on-time generation circuit, and all

the active phases' on-times will be overridden by the quick

response pulse. Moreover, the quick response trigger

logic drivers. Moreover, the CORE VR will also enter soft
DS8885A-01

Over Voltage Protection (OVP)
January 2014

The over voltage protection circuit of the GFX VR monitors

supported maximum operating VID of the VR (V(vax)) is

the output voltage via the VSENA pin after EN. The
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stored in the VOUT_Max register. If pin offset function is
enabled, the OVP threshold will be VMAX value plus
450mV. If not the OVP threshold will be VMAX value plus
150mV. Once Vout_crx exceeds OVP threshold, OVP is
triggered and latched. The GFX VR will try to turn on low
side MOSFETs and turn off high side MOSFETs of all
active phases of the GFX VR to protect the CPU. When
OVP is triggered by the GFX VR, the CORE VR will also
enter soft shut down sequence. A 1us delay is used in
OVP detection circuit to prevent false trigger. OVP
detection circuit will have a 1us trigger delay which can
prevent false trigger caused by any glitches. And only
VCC re-power or POR reset can release OVP latch.

Negative Voltage Protection (NVP)

During OVP latch state, the GFX VR also monitors the
VSENA pin for negative voltage protection. Since the OVP
latch continuously turns on all low side MOSFETs of the
GFX VR, the GFX VR may suffer negative output voltage
which is mainly caused by negative inductor current. As
a consequence, when the VSENA voltage drops below —
50mV after triggering OVP, the GFX VR will trigger NVP
to turn off all low side MOSFETs of the GFX VR while the
high side MOSFETs still remains off. After triggering NVP,
if the output voltage rises above 0V, the NVP latch will be
released and turn on all low side MOSFETs due to OVP
is still asserted. A 1us trigger delay is used in NVP
detection circuit to prevent false trigger.

Under Voltage Protection (UVP)

The GFX VR implements under voltage protection of
Vout_crx. If pin offset function is enabled, the UVP
threshold will be VID minus 500mV. If not the OVP
threshold will be VID minus 400mV. Once Vourt cFx is
less than the UVP threshold, the GFX VR trigger UVP
latch. The UVP latch will turns off both high side and low
side MOSFETs. When UVP is triggered by the GFX VR,
the CORE VR will also enter soft shut down sequence. A
3us trigger delay is used in UVP detection circuit to
prevent false trigger. And only VCC re-power or POR reset
can release UVP latch.

Under Voltage Lock Out (UVLO)

During normal operation, if the voltage at the VCC pin
drops below POR threshold, the GFX VR will trigger UVLO.
The UVLO protection forces all high side MOSFETs and
low side MOSFETSs off by shutting down internal PWM
logic drivers. A 3us trigger delay is used in UVLO detection
circuit to prevent false trigger.

Inductor Selection

The switching frequency and ripple current determine the
inductor value as follows :

Ripple(MAX)

where ton is the UGATE turn-on period.

Higher inductance vyields less ripple current and hence
higher efficiency. The downside is a slower transient
response of the power stage to load transients. This might
increase the need for more output capacitors, thus driving
up the cost. Select a low loss inductor having the lowest
possible DC resistance that fits in the allotted dimensions.
The core must be large enough not to be saturated at the
peak inductor current.

Output Capacitor Selection

Output capacitors are used to obtain high bandwidth for
the output voltage beyond the bandwidth of the converter
itself. Usually, the CPU manufacturer recommends a
capacitor configuration. Two different kinds of output
capacitors are typically used : bulk capacitors closely
located next to the inductors, and ceramic output
capacitors in close proximity to the load. Latter ones are
for mid-frequency decoupling with especially small ESR
and ESL values, while the bulk capacitors have to provide
stored energy enough to overcome the low frequency
bandwidth gap between the regulator and the CPU.

Thermal Considerations

For continuous operation, do not exceed absolute
maximum junction temperature. The maximum power
dissipation depends on the thermal resistance of the IC
package, PCB layout, rate of surrounding airflow, and
difference between junction and ambient temperature. The
maximum power dissipation can be calculated by the
following formula :
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Pomax) = (Tumax)—Ta) / 6ua

where Tymax) is the maximum junction temperature, Ta is
the ambient temperature, and 6, is the junction to ambient
thermal resistance.

For recommended operating condition specifications of
the RT8885A, the maximum junction temperature is 125°C
and Ta is the ambient temperature. The junction to ambient
thermal resistance, 6,4, is layout dependent. For WQFN-
56L 7x7 package, the thermal resistance, 0,4, is 31°C/W
on a standard JEDEC 51-7 four-layer thermal test board.
The maximum power dissipation at Ta = 25°C can be
calculated by the following formula :

Ppmaxy = (125°C — 25°C) / (31°C/W) = 3.226W for
WQFN-56L 7x7 package

The maximum power dissipation depends on the operating
ambient temperature for fixed T, (maxy and thermal
resistance, 6,a. For RT8885A package, the derating curve
in Figure 26 allows the designer to see the effect of rising
ambient temperature on the maximum power dissipation.

35
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Figure 26. Derating Curve for RT8885A Package

Layout Considerations

Careful PC board layout is critical to achieve low switching
losses and clean, stable operation. The switching power
stage requires particular attention. If possible, mount all
of the power components on the top side of the board
with their ground terminals flushed against one another.
Follow these guidelines for optimum PC board layout :

» Keep the high current paths short, especially at the
ground terminals.

» Keep the power traces and load connections short. This
is essential for high efficiency.

» When trade-offs in trace lengths must be made, it's
preferable to let the inductor charging path be longer
than the discharging path.

» Place the current sense component close to the
controller. ISENxP and ISENxN connections for current
limit and voltage positioning must be made using Kelvin
sense connections to guarantee current sense accuracy.
The PCB trace from the sense nodes should be
paralleled back to the controller.

» Route high speed switching nodes away from sensitive
analog areas (COMP, FB, ISENxP, ISENxN, etc...)
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DETAILA
Pin #1 ID and Tie Bar Mark Options

Note : The configuration of the Pin #1 identifier is optional,
but must be located within the zone indicated.

Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A 0.700 0.800 0.028 0.031
A1 0.000 0.050 0.000 0.002
A3 0.175 0.250 0.007 0.010
b 0.150 0.250 0.006 0.010
D 6.900 7.100 0.272 0.280
D2 5.150 5.250 0.203 0.207
E 6.900 7.100 0.272 0.280
E2 5.150 5.250 0.203 0.207
e 0.400 0.016
0.350 0.450 0.014 0.018

W-Type 56L QFN 7x7 Package
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