RICHTEK

RT8878A

Dual-Output PWM Controller with 2 Integrated Drivers for

AMD SVI2 CPU Power Supply

General Description

The RT8878A is a 4 + 2 phases PWM controller, and is
compliant with AMD SVI2 Voltage Regulator Specification
to support both CPU core (VDD) and Northbridge portion
of the CPU (VDDNB). The RT8878A features CCRCOT
(Constant Current Ripple Constant On-Time) with G-NAVP
(Green-Native AVP), which is Richtek's proprietary
topology. G-NAVP makes it an easy setting controller to
meet all AMD AVP (Active Voltage Positioning) VDD/
VDDNB requirements. The droop 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 controller also uses the
interface to issue VOTF Complete and to send digitally
encoded voltage and current values for the VDD and
VDDNB domains. It can operate in single phase and diode
emulation mode and reach up to 90% efficiency in different
modes according to different loading conditions. The
RT8878A provides special purpose offset capabilities by
pin setting. The RT8878A also provides power good
indication, over currentindication (OCP_L) and dual OCP
mechanism for AMD SVI2 CPU core and NB. It also
features complete fault protection functions including over
voltage, under voltage and negative voltage.

Features

e 4/3/2/1-Phase (VDD) + 2/1/0-Phase (VDDNB) PWM
Controller

e 2Embedded MOSFET Drivers at the VDD Controller

e G-NAVP™ Topology

e Support Dynamic Load-Line and Zero Load-Line

e Diode Emulation Mode at Light Load Condition

e SVI2 Interface to Comply AMD Power Management
Protocol

e Build-In ADC for Vout and loyt Reporting

Immediate OV, UV and NV Protections and UVLO

Programmable Dual OCP Mechanism

e 0.5% DAC Accuracy

o Fast Transient Response

e Power Good Indicator

e Over Current Indicator

e 52-Lead WQFN Package

¢ RoOHS Compliant and Halogen Free

Applications

e AMD SVI2 CPU
¢ Desktop Computer

Simplified Application Circuit

RT8878A
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RT8878A

RICHTEK

Ordering Information
RT8878A rﬂ

Package Type

QW : WQFN-52L 6x6 (W-Type)
Lead Plating System

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.

Marking Information

RT8878AZQW : Product Number
YMDNN : Date Code

RT8878A
ZQwW
YMDNN

Pin Configuration

(TOP VIEW)
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ISEN4N [ 1] FBA
ISEN4P [ 0] COMPA
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COMP |13 {371 ocP_L

WQFN-52L 6x6
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RICHTEK

RT8878A

Functional Pin Description
Pin No. Pin Name Pin Function
1, 52 PWM4, PWM3 PWM outputs for Channel 3 and 4 of VDD controller.
VDD controller on-time setting. Connect this pin to the converter input
2 TONSET voltage, VIN, through a resistor, RTON, to set the on-time of UGATE and
also the output voltage ripple of VDD controller.
5,4,8,9 ISEN1N to ISEN4N | Negative current sense input of Channel 1, 2, 3 and 4 for VDD controller.
6,3,7,10 ISEN1P to ISEN4P | Positive current sense input of Channel 1, 2, 3 and 4 for VDD controller.
VDD controller voltage sense input. This pin is connected to the terminal of
11 VSEN
VDD controller output voltage.
12 FB Output voltage feedback input of VDD controller. This pin is the negative
input of the error amplifier for the VDD controller.
13 COMP Error amplifier output pin of the VDD controller.
Return ground of VDD and VDDNB controller. This pin is the common
14 RGND negative input of output voltage differential remote sense for VDD and
VDDNB controllers.
Current monitor output for the VDD controller. This pin outputs a voltage
15 IMON .
proportional to the output current.
Fixed 0.64V reference voltage output. This voltage is only used to offset
16 V064 the output voltage of IMON pin and IMONA pin. Connect a 0.47uF
capacitor from this pin to GND.
Current monitor output for the VDDNB controller. This pin outputs a voltage
17 IMONA .
proportional to the output current.
Processor memory interface power rail and serves as the reference for
18 VDDIO PWROK, SVD, SVC and SVT. This pin is used by the VR to reference the
SVI pins.
System power good input. If PWROK is low, the SVI interface is disabled
19 PWROK and VR returns to BOOT-VID state with initial load line slope and initial
offset. If PWROK is high, the SVI interface is running and the DAC
decodes the received serial VID codes to determine the output voltage.
20 SvC Serial VID clock input from processor.
21 SvD Serial VID data input from processor. This pin is a serial data line.
22 SVT Serial VID telemetry input from VR. This pin is a push-pull output.
23 OFS Over clocking offset setting for the VDD controller.
24 OFSA Over clocking special purpose offset setting for the VDDNB controller.
OCP_TDC threshold setting individually for VDD and VDDNB controllers
25 SET1 and also the internal ramp slew rate setting (RSET and RSETA)
individually for VDD and VDDNB controllers.
Quick response threshold setting individually for VDD and VDDNB
26 SET2 controllers (QRTH and QRTHA) and also the OCP_TDC trigger delay time
setting for both controllers and over clocking offset enable setting.
27 OCP L Over current indicator for dual OCP mechanism. This pin is an open drain
- output.
8 VCC Controller power supply input. Connect this pin to 5V with a 1uF or greater

ceramic capacitor for decoupling.
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Pin No. Pin Name Pin Function
Internal bias current setting. Connect only a 100k resistor from this pin to
29 IBIAS GND to generate bias current for internal circuit. Place this resistor as close to
IBIAS pin as possible.
30 COMPA Error amplifier output of the VDDNB controller.
31 FBA Output voltage feedback input of VDDNB controller. This pin is the negative
input of the error amplifier for the VDDNB controller.
VDDNB controller voltage sense input. This pin is connected to the terminal of
32 VSENA
VVDDNB controller output voltage.
33, 36 ISENAZP, Positive current sense input of Channel 1 and 2 for VDDNB controller.
ISENA1P
34, 35 ISENAZN, Negative current sense input of Channel 1 and 2 for VDDNB controller.
ISENA1TN
37 EN Controller enable pin. A logic high signal enables the controller.
38 PGOODA Power good indicator for the VDDNB controller. This pin is an open drain
output.
39 PGOOD Power good indicator for the VDD controller. This pin is an open drain output.
VDDNB controller on-time setting. Connect this pin to the converter input
40 TONSETA | voltage, VIN, through a resistor, RTONNB, to set the on-time of
UGATE_VDDNB and also the output voltage ripple of VDDNB controller.
PWMAZ2,
41, 42 PWMA1 PWM output for Channel 1 and 2 of VDDNB controller.
BOOT1, Bootstrap supply for high side MOSFET. This pin powers high side MOSFET
43, 51 .
BOOT2 driver.
UGATE1, . - . .
44, 50 UGATE2 Upper gate driver outputs. Connect this pin to Gate of high side MOSFET.
45 49 PHASE1, Switch nodes of high side driver. Connect this pin to high side MOSFET
’ PHASE2 source together with the low side MOSFET Drain and the inductor.
46, 48 ::gﬁ¥§; Lower gate driver outputs. This pin drives the gate of low side MOSFET.
47 PVCC Driver power. Connect this pin to GND by ceramic capacitor larger than 1uF.
53 (Exposed Pad) | GND Ground. The exposed pad must be soldered to a large PCB and connected to

GND for maximum power dissipation.
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RICHTEK RT8878A

Functional Block Diagram
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RICHTEK

Operation

MUX and ADC

The MUX supports the inputs from SET1, SET2, OFS,
OFSA, IMON, IMONA, VSEN, or VSENA. The ADC
converts these analog signals to digital codes for reporting
or performance adjustment.

SVI2 Interface

The SVI2 interface uses the SVC, SVD, and SVT pins to
communicate with CPU. The RT8878A's performance and
behavior can be adjusted by commands sent by CPU or
platform.

UVLO

The UVLO detects VCC pin voltages for under voltage
lockout protection and power on reset operation.

Loop Control Protection Logic

Loop control protection logic detects EN and UVLO signals
to initiate soft-start function and control PGOOD,
PGOODA and OCP_L signals after soft-start is finished.
When dual OCP event occurs, the OCP_L pin voltage will
be pulled low.

DAC

The DAC receives VID codes from the SVI2 control logic
to generate an internal reference voltage (VSET/VSETA)
for controller.

Soft-Start and Slew-Rate Control

This block controls the slew rate of the internal reference
voltage when output voltage changes.

Error Amp

Error amplifier generates COMP/COMPA signal by the
difference between VSET/VSETA and FB/FBA.

Offset cancellation

This block cancels the output offset voltage from voltage
ripple and current ripple to achieve accurate output voltage.

PWM CMPx

The PWM comparator compares COMP signal and current
feedback signal to generate a signal for TONGENX.

TONGEN/TONGENA

This block generates an on-time pulse which high interval
is based on the on-time setting and current balance.

Current Balance

Per-phase current is sensed and adjusted by adjusting
on-time of each phase to achieve current balance for each
phase.

OC/OV/UVINV

VSEN/VSENA and output current are sensed for over
current, over voltage, under voltage, and negative voltage
protection.

RSET/RSETA

The Ramp generator is designed to improve noise immunity
and reduce jitter.
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RICHTEK RT8878A
Table 1. Serial VID Codes
SVID [7:0] | Voltage (V) | SVID[7:0] | Voltage (V) | SVID[7:0] | Voltage (V) | SVID[7:0] | Voltage (V)
0000_0000 1.55000 0010_0111 1.30625 0100_1110 1.06250 0111_0101 0.81875
0000_0001 1.54375 0010_1000 1.30000 0100_1111 1.05625 0111_0110 0.81250
0000_0010 1.53750 0010_1001 1.29375 0101_0000 1.05000 0111_011 0.80625
0000_0011 1.53125 0010_1010 1.28750 0101_0001 1.04375 0111_1000 0.80000
0000_0100 1.52500 0010_1011 1.28125 0101_0010 1.03750 0111_1001 0.79375
0000_0101 1.51875 0010_1100 1.27500 0101_0011 1.03125 0111_1010 0.78750
0000_0110 1.51250 0010_1101 1.26875 0101_0100 1.02500 0111_1011 0.78125
0000_0111 1.50625 0010_1110 1.26250 0101_0101 1.01875 0111_1100 0.77500
0000_1000 1.50000 0010_1111 1.25625 0101_0110 1.01250 0111_1101 0.76875
0000_1001 1.49375 0011_0000 1.25000 0101_0111 1.00625 0111_1110 0.76250
0000_1010 1.48750 0011_0001 1.24375 0101_1000 1.00000 0111_1111 0.75625
0000_1011 1.48125 0011_0010 1.23750 0101_1001 0.99375 1000_0000 0.75000
0000_1100 1.47500 0011_0011 1.23125 0101_1010 0.98750 1000_0001 0.74375
0000_1101 1.46875 0011_0100 1.22500 0101_1011 0.98125 1000_0010 0.73750
0000_1110 1.46250 0011_0101 1.21875 0101_1100 0.97500 1000_0011 0.73125
0000_1111 1.45625 0011_0110 1.21250 0101_1101 0.96875 1000_0100 0.72500
0001_0000 1.45000 0011_0111 1.20625 0101_1110 0.96250 1000_0101 0.71875
0001_0001 1.44375 0011_1000 1.20000 0101_1111 0.95625 1000_0110 0.71250
0001_0010 1.43750 0011_1001 1.19375 0110_0000 0.95000 1000_0111 0.70625
0001_0011 1.43125 0011_1010 1.18750 0110_0001 0.94375 1000_1000 0.70000
0001_0100 1.42500 0011_1011 1.18125 0110_0010 0.93750 1000_1001 0.69375
0001_0101 1.41875 0011_1100 1.17500 0110_0011 0.93125 1000_1010 0.68750
0001_0110 1.41250 0011_1101 1.16875 0110_0100 0.92500 1000_1011 0.68125
0001_0111 1.40625 0011_1110 1.16250 0110_0101 0.91875 1000_1100 0.67500
0001_1000 1.40000 0011_1111 1.15625 0110_0110 0.91250 1000_1101 0.66875
0001_1001 1.39375 0100_0000 1.15000 0110_0111 0.90625 1000_1110 0.66250
0001_1010 1.38750 0100_0001 1.14375 0110_1000 0.90000 1000_1111 0.65625
0001_1011 1.38125 0100_0010 1.13750 0110_1001 0.89375 1001_0000 0.65000
0001_1100 1.37500 0100_0011 1.13125 0110_1010 0.88750 1001_0001 0.64375
0001_1101 1.36875 0100_0100 1.12500 0110_1011 0.88125 1001_0010 063750
0001_1110 1.36250 0100_0101 1.11875 0110_1100 0.87500 1001_0011 0.63125
0001_1111 1.35625 0010_0110 1.11250 0110_1101 0.86875 1001_0100 0.62500
0010_0000 1.35000 0100_0111 1.10625 0110_1110 0.86250 1001_0101 0.61875
0010_0001 1.34375 0100_1000 1.10000 0110_1111 0.85625 1001_0110 0.61250
0010_0010 1.33750 0100_1001 1.09375 0111_0000 0.85000 1001_0111 0.60625
0010_0011 1.33125 0100_1010 1.08750 0111_0001 0.84375 1001_1000 0.60000
0010_0100 1.32500 0100_1011 1.08125 0111_0010 0.83750 1001_1001 0.59375
0010_0101 1.31875 0100_1100 1.07500 0111_0011 0.83125 1001_1010 0.58750
0010_0110 1.31250 0100_1101 1.06875 0111_0100 0.82500 1001_1011 0.58125
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RT8878A RICHTEK
SVID [7:0] |[Voltage (V)| SVID[7:0] | Voltage (V) | SVID [7:0] | Voltage (V) | SVID [7:0] | Voltage (V)
1001_1100 0.57500 | 1011_0101* | 0.41875 1100_1110 * 0.26250 1110_0111* 0.10625
1001_1101 0.56875 | 1011_0110* 0.41250 1100_1111* 0.25625 1110_1000* 0.10000
1001_1110 0.56250 | 1011_0111* 0.40625 1101_0000 * 0.25000 1110_1001* 0.09375
1001_1111 0.55625 | 1011_1000* | 0.40000 1101_0001 * 0.24375 1110_1010* 0.08750
1010_0000 0.55000 | 1011_1001* | 0.39375 1101_0010 * 0.23750 1110_1011* 0.08125
1010_0001 0.54375 | 1011_1010* | 0.38750 1101_0011* 0.23125 1110_1100* 0.07500
1010_0010 0.53750 | 1011_1011* | 0.38125 1101_0100 * | 0.22500 1110_1101* 0.06875
1010_0011 0.53125 | 1011_1100 * 0.37500 1101_0101 * 0.21875 1110_1110* 0.06250
1010_0100 0.52500 | 1011_1101* 0.36875 1101_0110* 0.21250 1110_1111* 0.05625
1010_0101 0.51875 | 1011_1110 * 0.36250 1101_0111 * 0.20625 1111_0000* 0.05000
1010_0110 0.51250 | 1011_1111* 0.35625 1101_1000 * 0.20000 1111_0001* 0.04375
1010_0111 0.50625 | 1100_0000 * | 0.35000 1101_1001 * 0.19375 1111_0010* 0.03750

1010_1000 *| 0.50000 | 1100_0001* | 0.34375 1101_1010 * 0.18750 1111_0011* 0.03125
1010_1001 *| 0.49375 | 1100_0010* | 0.33750 1101_1011* 0.18125 1111_0100* 0.02500
1010_1010*| 0.48750 | 1100_0011* | 0.33125 1101_1100 * 0.17500 1111_0101* 0.01875
1010_1011 * | 0.48125 | 1100_0100* | 0.32500 1101_1101* 0.16875 1111_0110* 0.01250
1010_1100 * | 0.47500 | 1100_0101* | 0.31875 1101_1110 * 0.16250 1111_0111* 0.00625
1010_1101* | 0.46875 | 1100_0110* | 0.31250 1101_1111* 0.15625 1111_1000* 0.00000
1010_1110* | 0.46250 | 1100_0111* | 0.30625 1110_0000* 0.15000 1111_1001* OFF
1010_1111* | 0.45625 | 1100_1000* | 0.30000 1110_0001* 0.14375 1111_1010* OFF
1011_0000 * | 0.45000 | 1100_1001* | 0.29375 1110_0010* 0.13750 1111_1011* OFF
1011_0001 * | 0.44375 | 1100_1010* | 0.28750 1110_0011* 0.13125 1111_1100* OFF
1011_0010 * | 0.43750 | 1100_1011* | 0.28125 1110_0100* 0.12500 1111_1101* OFF
1011_0011* | 0.43125 | 1100_1100* | 0.27500 1110_0101* 0.11875 1M111_1110* OFF
1011_0100 * | 0.42500 | 1100_1101* | 0.26875 1110_0110* 0.11250 1111_1111* OFF

* Indicates TOB is 80mV for this VID code; unconditional VR controller stability required at all VID codes
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RICHTEK RT8878A
Table 2. SET1 Pin Setting for VDD Controller
SET1 Pin Voltage OCP_TDC SET1 Pin Voltage OCP_TDC
Before Current (Respect to RSET Before Current (Respect to RSET
Injection Vset1 (mV) | OCP_SPIKE) Injection Vset1 (MV) | OCP_SPIKE)
34 145% 836 145%
59 130% 861 130%
85 45% 115% 886 65% 115%
110 100% 911 100%
135 85% 936 85%
160 70% 961 70%
235 145% 1036 145%
260 130% 1061 130%
285 50% 115% 1086 20% 115%
310 100% 1112 100%
335 85% 1137 85%
360 70% 1162 70%
435 145% 1237 145%
460 130% 1262 130%
485 55% 115% 1287 759, 115%
510 100% 1312 100%
535 85% 1337 85%
560 70% 1362 70%
636 145% 1437 145%
661 130% 1462 130%
686 60% 115% 1487 Disable 115%
711 100% 1512 100%
736 85% 1537 85%
761 70% 1562 70%
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RT8878A RICHTEK

Table 3. SET1 Pin Setting for VDDNB Controller

SET1 Pin Voltage SET1 Pin Voltage
. OCP_TDCA . OCP_TDCA
Difference AVsgry (Respect to RSETA Difference AVsgra (Respect to RSETA
(Before and After OCP_SPIKEA) (Before and After OCP_SPIKEA)
Current Injection) (mV) - Current Injection) (mV) -
34 145% 836 145%
59 130% 861 130%
85 115% 886 115%
45% 65%
110 100% 911 100%
135 85% 936 85%
160 70% 961 70%
235 145% 1036 145%
260 130% 1061 130%
285 115% 1086 115%
50% 70%
310 100% 1112 100%
335 85% 1137 85%
360 70% 1162 70%
435 145% 1237 145%
460 130% 1262 130%
485 115% 1287 115%
55% 75%
510 100% 1312 100%
535 85% 1337 85%
560 70% 1362 70%
636 145% 1437 145%
661 130% 1462 130%
686 115% 1487 ) 115%
60% Disable
711 100% 1512 100%
736 85% 1537 85%
761 70% 1562 70%

Copyright ©2016 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
www.richtek.com DS8878A-02 August 2016
10




RICHTEK RT8878A

Table 4. SET2 Pin Setting

SET2 Pin Voltage QRTH OCPTRGDELAY OCPTRGDELAY
Before Current Injection Vget2 (MV) (for VDD) [1:0] (for VDD/VDDNB)
19 00 10ms
72 01 20ms
Disable
122 10 30ms
172 11 40ms
222 00 10ms
272 01 20ms
35mV
323 10 30ms
373 11 40ms
423 00 10ms
473 01 20ms
39mV
523 10 30ms
573 11 40ms
623 00 10ms
673 01 20ms
43mV
723 10 30ms
773 11 40ms
823 00 10ms
874 01 20ms
47mV
924 10 30ms
974 11 40ms
1024 00 10ms
1074 01 20ms
51mV
1124 10 30ms
1174 11 40ms
1224 00 10ms
1274 01 20ms
55mV
1324 10 30ms
1375 11 40ms
1425 00 10ms
1475 01 20ms
60mV
1525 10 30ms
1575 11 40ms
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RT8878A RICHTEK

Table 5. Quick Response Threshold for VDDNB Controller

(Botore and After Current mjectiony (mv) | CFSENABLE | OFSAENABLE | QRTH(20] | %prs)™
19 000 Disable
72 001 35mV
122 010 39mV
172 011 43mV
222 0 100 47mV
272 101 51mV
323 110 55mV
373 111 59mV
423 ° 000 Disable
473 001 35mV
523 010 39mVv
573 011 43mV
623 1 100 47mV
673 101 51mV
723 110 55mV
773 111 59mV
823 000 Disable
874 001 35mV
924 010 39mV
974 011 43mV

1024 ° 100 47mV
1074 101 51mV
1124 110 55mV
1174 111 59mV
1224 1 000 Disable
1274 001 35mV
1324 010 39mV
1375 011 43mV
1425 1 100 47mV
1475 101 51mV
1525 110 55mV
1575 111 59mV
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RICHTEK RT8878A
Absolute Maximum Ratings (Note 1)
e VCCtoGND -0.3Vto 6.5V
¢ PVCCtoGND -0.3V to 15V
e RGNDtoGND -0.3V to 0.3V
o TONSET, TONSETAto GND -0.3V to 28V
¢ BOOTx to PHASEX -0.3Vto 15V
¢ PHASEX to GND
DC -0.3V to 30V
< 20ns -10V to 35V
o LGATEXxto GND
DC -0.3V to (PVCC + 0.3V)
< 20ns -2V to (PVCC + 0.3V)
o UGATEx to GND
DC (VpHase —0.3V) to (Veoot + 0.3V)
< 20ns (VPHASE — 2V) to (VBQQT + 0.3V)
e Other Pins —-0.3V to (Vcc + 0.3V)

o Power Dissipation, Pp @ Ta =25°C
WQFN-52L 6x6

o Package Thermal Resistance (Note 2)
WQFN-52L 6x6, 0,a

WQFN-52L 6x6, 6,c

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

o Storage Temperature Range

e ESD Susceptibility (Note 3)
HBM (Human Body Model)

Recommended Operating Conditions

(Note 4)

3.77TW

26.5°C/W
6.5°C/W

150°C

260°C

—65°C to 150°C

2kV

4.5V to 5.5V

¢ Supply Voltage, VCC
¢ Driver Supply Voltage, PVCC

4.5V to 13.2V

« Input Voltage + Driver Supply Voltage, VIN + PVCC
¢ Junction Temperature Range

<35V
—40°Cto 125°C

e Ambient Temperature Range

-40°Cto 85°C

Electrical Characteristics

(Vce = 8V, Ta = 25°C, unless otherwise specified)

Parameter Symbol

Test Conditions

Min | Typ | Max Unit

Input Power Supply

Supply Current lvee VEN = 3V, Not Switching -- -- 12 mA
Shutdown Current ISHDN VEN = 0V - - 5 pA
PVCC Supply Voltage Vpvce 45 -- 13.2 V

PVCC Supply Current Ipvce VBooTx = 12V, Not Switching -- 180 -- pA

Copyright ©2016 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
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RT8878A

RICHTEK

Parameter Symbol Test Conditions Min | Typ | Max ‘ Unit
Power On Reset (POR)
POR Threshold VPOR r PVCC Rising -- 4 4.4 \Y
POR Hysteresis VPOR_Hys - 0.5 - Y}
Reference and DAC
(No Load, COM Mode ) 05| 0 | 05 |usvi
DC Accuracy VEB VFg = 0.8000 — 1.0000 -5 0 5
VFB = 0.3000 — 0.8000 -8 0 8 mV
VFB = 0.2500 — 0.3000 -80 0 80
RGND Current
RGND Current ‘|RGND |VEN = 3V, Not Switching -- | -- | 200 ‘ A
Slew Rate
Dynamic VID Slew Rate  [SR | Set VID Fast 75 | 12 | ~ | mvs
Error Amplifier
Input Offset VEAOFS -- -- 2 mV
DC Gain ADC RL = 47kQ 70 80 - dB
Gain-Bandwidth Product GBW CLoaD = 5pF - 10 -- MHz
Output Voltage Range Vcomp 0.3 -- 3.6 \Y
Maximum Source Current |lga srRC 1 - -- mA
Maximum Sink Current IEA, SNK 1 -- -- mA
Current Sense Amplifier
Input Offset Voltage Voscs -0.2 -- 0.2 mV
ggrlr?eéwt Mirror Gain for AMIRROR, VDD 97 _ 103 %
Current Mirror Gain for NB | AMIRROR, VDDNB 194 -- 206 %
Impedance at Neg. Input RISENXN 1 -- -- MQ
Impedance at Pos Input RISENxP 1 -- -- MQ
'Sr‘;;r;a'[)%”ga?n“;;?rgORE Ai, VDD VDD Controller - o4 | ~- | w
'S”;irs”ea'D%”gaiCn“;fT\th Ai, VDDNB VDDNB Controller ~ o8| - | w
Maximum Source Current | Ics, srRC 0<VFB <235 100 -- -- pA
Maximum Sink Current Ics, sSNK 0<VFB <235 12 -- -- pA
Zero Current Detection
_IZ_E;ZSChglrcrjent Detection Vzcb TH Vzcp TH = GND — VPHASEX - 1 - mV
Ton Setting
\'I;ggstx Pin Minimum VTON, MIN _ 05 _ Vv
TONSETX Tonfor PWMA1 | ToN PWM 270 305 340
= IRTON = 80uA, VFB = 1.1V ns
TONSETx Ton for UGATE1 | TON_UGATET1 240 | 275 | 310
;(a)r':lgSeETx Input Current IRTON Veg = 1.1V o5 _ 280 uA
Minimum TOFF ToFF -- 250 -- ns
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RT8878A

Parameter Symbol Test Conditions ‘ Min ’ Typ | Max | Unit
IBIAS
IBIAS Pin Voltage | Visias | Risias = 100k [ 197 | 2 [ 203 ] v
V064
Reference Voltage Output | Vvos4 0.61 0.64 | 0.67 Y
Sink Current Capability Ivo64, SNK Vvoes4 = 0.64V 800 -- -- LA
Source Current Capability | Ivos4, SRC -- -- 100 pA
Board OFSx
VFB Limit VFEB, LIMIT 0 -- 2.35 \%
OFS Update Rate Fors -- 50 -- kHz
Board Offset Resolution AVOFs -- 6.25 -- mV
Logic Inputs
EN Input Logic-High | VIH_EN 2 - - v
Voltage Logic-Low | VIL_EN - - 0.8
Leakage Current of EN ILEK_EN -1 - 1 pA
SVC, SVD, Logic-High | VIH_svi Respect to VDDIO 70 -- 100 %
SVT, PWROK | Logic-Low | ViL_svi Respect to VDDIO 0 - 35 °
Hysteresis of SVC, SVD, o
SVT, PWROK VHYS_svi Respect to VDDIO 10 -- - %o
Protection
Under Voltage Lockout .
Threshold VuvLo VCC Falling edge 4 4.2 4.4 \Y,
Under Voltage Lockout
Hysteresis AVuvio - 100 - mV
Under Voltage Lockout T Vcc Rising above UVLO _ 3 _ s
Delay UVLO Threshold M
Over Voltage Protection
Threshold Vovp 275 325 375 mV
Over Voltage Protection Tovp VseN Rising above Threshold -- 1 -- us
Delay
Under Voltage Protection
Threshold Vuvp -375 | =325 | -275 mV
Under Voltage Protection | 1 Vsen Falling below Threshold . 3 S .
Delay
Negative Voltage
Protection Threshold Vi - 0 - my

lisenxN Per-Phase OCP
Per Phase OCP Threshold | locp_PERPHASE Threshold. - 10 - pA
Delay of Per Phase OCP | TpHOCP -- 1 -- us
OCP_SPIKE Threshold | locp spike | Do - O-99MA, RSENSE =680, | 165 | 4180 | 198 | A
- RimoN = 10kQ2
. TocPspPIKE
OCP_SPIKE Action Delay _ACTION DLY 6 -- 12 us
. TocpTDC

OCP_TDC Action Delay _ACTION DLY 12 -- 24 us
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Parameter Symbol Test Conditions Min | Typ | Max Unit
OCP_L, PGOOD and PGOODA
Output Low Voltage at _
OCP L Vocr_L locp L = 4mA 0 -- 0.2 \Y
OCP_L Assertion Time Tocp_L 2 - - us
Output Low Voltage at VPGOOD, — -
PGOOD, PGOODA VPGOODA., IpcooDp = 4mA, IPcooDA = 4mA 0 - 0.2 V
PGOOD and PGOODA VTH_PGOOD
Threshold Voltage VTH_PGOODA Respect to VeooT - | 7300~ mv
PGOOD and PGOODA TrpcooD VseN = VBoorT to
: . 70 100 | 130 us
Delay Time TPGOODA PGOOD/PGOODA High
Current Report
Maximum Reported _ 100 _ %IDD_SP
Current (FFh = OCP) IKE_OCP
Minimum Reported _ 0 _ %IDD_SP
Current (00h) IKE_OCP
IDDSpike Current _ _ 3 o
Accuracy
Voltage Report
Maximum Reported
Voltage (0_00h) IR v
Minimum Reported _ 0 _ Vv
Voltage (1_F8h)
Voltage Accuracy -2 -- 2 LSB
PWM Driving Capability
PWMx Source Resistance | Rrwm_sRc - 20 - Q
PWMx Sink Resistance RpwM_SNK - 10 - Q
Timing
UGATEX Rise Time tUGATEr 3nF Load - 25 - ns
UGATEXx Fall Time tUGATEF 3nF Load -- 12 -- ns
LGATEXx Rise Time tLGATEr 3nF Load -- 24 -- ns
LGATEx Fall Time tLGATEf 3nF Load - 10 - ns
tUGATEpdh VBoOTx — VPHASEX = 12V - 30 - ns
tUGATEpdI See Timing Diagram - 22 -
Propagation Delay
tLGATEpdnh . ) -- 30 --
See Timing Diagram ns
tLGATEpdI - 8 -
Output
UGATEX Drive Source lUGATE _sr VBOOTx — VPHASEx = 12V, - 1.7 - A
UGATEX Drive Sink RUGATE_sk VUGATEx — VPHASEx = 2V - 1.4 - Q
LGATEXx Drive Source ILGATE_sr VBOOTx — VPHASEX = 12V - 1.6 - A
LGATEXx Drive Sink RLGATE_sk VLGATEX = 2V - 1.1 - Q
SVI2 Bus
SVC Frequency fsvc | (Note 5) ’ 0.1 | -- | 30 | MHz

Copyright ©2016 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
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RICHTEK RT8878A

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 under natural convection (still air) at Ta= 25°C with the component mounted on a high effective-
thermal-conductivity four-layer test board on a JEDEC 51-7 thermal measurement standard. 6,c 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. Min. SVC frequency defined in electrical spec. is related with different application. As min. SVC < 1MHz, VR can't
support telemetry reporting function. As min. SVC < 400kHz, VR can't support telemetry reporting function and VOTF
complete function.

Copyright ©2016 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
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Typical Application Circuit

22 47
12V or 5V PVCC e, VDDIO
3.3V
IO.1uF Vees
T sv 281vee OCP_L
0.1pF 10k S10k
T PWROK
20k =
Veos o——AA 23! oFs o038 D
20k PGOODA °
Vees 24} oFsA SVC [«22
124k 1k
Vees 0—AA—AA 25| 5T SVD
1.27k svT
v 124k 1k 26
ccs T T SET2 IBIAS
470 >43.2k >6.32k: 0.1uF >6.32 0.1uF
TETET Voo
, = = = = =
= R1on
1 150k 2 IMON
VINO~ M AN————————2| TONSET
0.1pF RTONNB
0T 1 147k 40
= VNV A TONSETA IMONA
I a7 GND |53
Enable EN
32} ySENA -
820F  39pF vseN 1
VVDDNB_SENSE VVDD_SENSE
o o
COMPA Vss_SENSE
Vss,(s]ENSE FBA COMP 9
v RGND FB
IN
12v Vin
100 $100 0—‘1|}|JF—~/2\3\/—BOOT Vcci 0.4pF 100 100
o —{ucaTe 1F BOOTA &/2\/2\/—"‘—
|
VuDONS 0.36pH /0.72m0 Fﬂ_ PGND{, UGATE" L/\O/\,__| T
PHASE  pyml—42 =
P PWMA1 0.36pH / 0.72mQ
RS L 0 PHASE1 42 M Vvop
LoAD X3 1pF 510 1 —WA—LGATE  ENf-osV w6 0 | Tezor
47 RT9624A LeATET e AN—] 1 510 WF X8
L = i a |_
= 361 1SENATP = TR = =
RSENSEA1 ISEN1P |8 R —
AR 35/ |ISENAIN 500
5
ViN 12v ISENIN Vi
01WF 5, otur
2700F A= M vee 1uF BooT2 2 AA—| 9 I—
L L AA—{UGATE ! 0 270pF
0.360H 10.72me) & PONDI—3 ucATE2 {80 A1 T
PHASE  pyyml——4 pwmaz 49 q 0.36uH / 0.72mQ
| 0 PHASE2 g
W 1 f—A—LGATE  ENf-osv 58 0 |
- E RTG524A LGATE2 —/\/\,—h:l 1 510 ‘NL
3.3nF=
" = 3.3nF
= 331 1SENAZP 3 T
ReENSEAZ ISEN2P =
560 34| ISENAZN RseNsE2
Vin ISEN2N |4 25 -
12v N
12v
0WF 5, Voo 59 O1WF
270uF _| 3 BOOT 1uF }VCC BOOT—/W—||—
= FH——AA—UGATE panpl T ! 10F UoATEL A ] L ZR2700F
0.36uH/ 0.72m0 = }PGND " 0.36pH/0.72mQ
PHASE  pywm PWM4 =
L 0 PWM3 52 pwm THASE
W sy 1 Eﬂ_"\/"_LGATE ENosv 5Vo—{EN LGATE—/\O/\,—I'J 1 10F
+— RT9624A 510
8 anFas RT9624A —¢
T = ——3.3nF
= 19} sENAP 7 I
RseNse4 ISEN3P = =
AR 91 ISENAN a0
ISEN3N {8
PWMx t
LGATEpdI
dl | .
LGATEX
tuGATEpdI 15V /_
4
90%
N
1.5V 1.5V
UGATEX
tUGATEpdh tLGATEpdh
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Typical Operating Characteristics

CORE VR Power On from EN

T I RERRERARRE N
Vvbb E
(500mV/Div)*F :

EN F LR E
(5V/Div) : : : : : ]
PGooD | - - o F'“"‘"‘" .
(5V/DiV) > fimsmssssansimsssns-imssmi st mispad ]

UGATE1

(ZOWDN)%:_ e HWWWIWMI

Boot VID 0 8V

CORE VR OCP_TDC

Time (200us/D|v)

ILoAD
(200A/Div)>|

PGOOD =

(5VIDWV) sheeet s

OCP L |
(2VIDivy> [

UGATE1
(20V/Div)

‘ILoap = 80A to 160A ]

Time (4ms/Div)

CORE VR OVP and NVP

VvbD

(500mV/Div),
PGOOD ™™™

(5V/Div) >F
UGATE1

(50V/Div)'>mm

LGATE1 :
(20V/Div) :
coa b b b by Ty a

VID = 1.1V ]

Time (20us/Div)

CORE VR Power Off from EN

Vvbp g
(SOOmV/DIV))_ e R EEERERRE 4
EN b L
(5V/Div) . : :
PGOOD T T | T T | T T

UGATE1
(20V/Div)

(5V/Div) > .

Boot VID = 0.8V ]

Time (200us/Div)

CORE VR OCP_SPIKE

ILoAD
(250A/Div)> £

PGOOD &

(BVIDIV) 5 he s s b s

OCP_L

UGATE1 |

(20V/Div)ﬁ :

ILoaD = 50A to 200A ]

Time (8us/Div)

CORE VR UVP

Vvbp : :
(500mV/Div)L i ; : : i : i i

PGOOD [ :

(5V/DIV)>_ ........

UGATE1_>:| AR ERN:

(50V/Div) "t

LGATET o | | [ 1T 1] S

(20V/D|v)f oo VID= 1.1V ]
s e b b b T v b s b Lo Ly a1

Time (10us/Div)
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CORE VR Dynamic VID

Up

R R R T T

Voo N ]

(500mV/Div)>f o ] =
ILoaD S

(22A/Div)° L 1 -

s

(QVIDIv) et oo E

ST o 2 R E

(2Vv/Div) 1 VID=04Vto 1V, ILoap = 1A ]

il il el by T v v b b b v by e

Time (

20us/Div)

CORE VR Dynamic VID Up

AR ! 1 ! ! R
: ] : : : _—
Vvbp : : : :

(500mV/Div)’F 3

ILoAD . S
(55A/Div) | : — "
SVD WU ____________________ E
(2v/Div) T i i . . s
SVT R _'_I ]
(2V/Div) - - - VID=1Vto 1.1V, lLoap = 55A {
sl by by by B b b by By 03

Time (

20us/Div)

CORE VR Dynamic VID Up

TTTTTTT T T T ] T
. SR S S S B
Vvop S
(500mv/Div)>f ]
ILoaD . . . ]
(55AIDIV) e S SNPSITRP SIS ISPES oY E
SVD ]lmm : :
(2V/Div)’ = sy .
ST o ER E
(2Vv/Div) S 7 'VID=1V'to 1.4V, ILoap = 55A ]
1l 1l el by T b by 'l N e

Time (

20us/Div)

CORE VR Dynamic VID Up

Vvbp .
(500mV/Div)>}

ILoaD

(55A/Div)>[
SWD |

(2V/Div)” e

SVT

(V/Div)4

L RN DAL L B LI BRI R LR
- VID = 1V to 1.06875V, ILoap = 55A 1
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CORE VR Dynamic VID Up

Time (20us/Div)

VvbD
(500mV/Div)”

e

ILoaD
(55A/Div)’ =

SVD

(2V/Div)
SVT

(2V/Div)

“VID= 1V to 1.2V, lLoap = 55A ]
P NI STINIINS EEATIT AT A 3

Time (20us/Div)

VvbD
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CORE VR Load Transient

ILoAD
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coa b b v by by

1y T

Time (4us/Div)
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CORE VR Load Transient

NB VR Power On from EN

T T T T T T '!' ': T T T T T T T
] Vvoone |
L (500mV/Div)>F
Vvoo ] EN |
(100MV/Div)sE 0T 3 (5v/Div)’t :
AR ARALE RLEAE R ' T T ‘ T T PGOODA | ‘ T T T r T ‘ ‘ f
o \__ ................ 3 (5V/Div) 5k
ILoap T : = "
(120A/D|V)Ht_ s . -
[ : : : : : ] UGATEA1 .
C : T : . o (20V/Div)
- fLoab = 10kHz, ILoap = 150A to 55A 1 : : : r Boot VID = 0.8V
M P AP NP AFERITIE I I I PRI T U N T U U I N U N S VAN VIR TN S N SO B RO
Time (4us/Div) Time (200us/Div)
NB VR Power Off from EN NB VR OCP_TDC
Vvoone | lLoan W ]
(500mV/Div)>C e . (100A/Div)>F -
EN N3 I g : C1 ]
(5V/Div) ¢ ; T PGOODA ' ; ; ; ;
USRI DT PPN BEC NI E S T (SVIDIV) b | s e
PGOODA ™= "'""'"""i I OCP_L ; :
(5V/D|V) )i_ . (2V/D|V)>_ [ .............. -
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sl b by o Ty | sl b bl s b b b e

Time (200us/Div) Time (4ms/Div)

NB VR OCP_SPIKE NB VR OVP and NVP

oo — "'\..*_____: :
(100A/Div)> T —— ]
PGOODA ;_‘ K J...EM;“.-‘. .‘E.L..J:E‘ ..... L _: = _:

, i VvDDNB :

(BVIDWV) st ;\ . ey (500mV/Div)> ;

OCP_L [ : : I ] PGOODA :

(2V/Div)->} L....[ T . (5V/Div) »

; ; : R : S UGATEA1 | S
UGATEAT H H " H ]mmw H M T ] (50V/Div)” ]
(20V/Div)HEw AR S O S S %%ﬂgﬁ}iﬂm L IFERE ) S TNt
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NB VR UVP
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NB VR Load Transient NB VR Load Transient
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Application Information

Power Ready (POR) Detection

During start-up, the RT8878A will detect the voltage at
the voltage input pins : VCC, PVCC and EN. When VCC
> 4.2V and PVCC > 4V, the IC will recognize the power
state of system to be ready (POR = high) and wait for
enable command at the EN pin. After POR = high and Ven
>2V, the IC will enter start-up sequence for both VDD rail
and VDDNB rail. If the voltage at any voltage input pin
drops below low threshold (POR = low), the IC will enter
power down sequence and all the functions will be
disabled. Normally, connecting system power to the EN
pin is recommended. The SVID will be ready in 2ms (max)
after the chip has been enabled. All the protection latches
(OVP, OCP, UVP) will be cleared only after POR = low.
The condition of Ven = low will not clear these latches.

VCCOo

CMP
>
4.2V0—>—L
PVCCo—]
T_l}Jr gMP POR
2.2Vo _
v CMP D
ENO + Chip EN
2Vo— -

Figure 1. Power Ready (POR) Detection

Precise Reference Current Generation

The RT8878A includes complicated analog circuits inside
the controller. The IC needs very precise reference voltage/
current to drive these analog circuits. The IC will auto
generate a 2V voltage source at the IBIAS pin, and a 100kQ
resistor is required to be connected between IBIAS and
analog ground, as shown in Figure 2. Through this
connection, the IC will generate a 20uA current from the
IBIAS pin to analog ground, and this 20uA current will be
mirrored for internal use. Note that other type of connection
or other values of resistance applied at the IBIAS pin may
cause functional failure, such as slew rate control, OFS
accuracy, etc. In other words, the IBIAS pin can only be
connected with a 100kQ resistor to GND. The resistance
accuracy of this resistor is recommended to be 1% or
higher.

Current
Mirror

2V

O

AT

IBIAS

100k

|||—\/V\/—

Figure 2. IBIAS Setting

Boot VID

When EN goes high, both VDD and VDDNB output begin
to soft-start to the boot VID in CCM. Table 6 shows the
Boot VID setting. The Boot VID is determined by the SVC
and SVD input states at EN rising edge and it is stored in
the internal register. The digital soft-start circuit ramps up
the reference voltage at a controlled slew rate to reduce
inrush current during start up. When all the output voltages
are above power good threshold (300mV below Boot VID)
at the end of soft-start, the controller asserts power good
after a time delay.

Table 6. 2-Bit Boot VID Code

Initial Startup VID (Boot VID)
SvC SVvD VDD/VDDNB Output Voltage (V)
0 0 1.1
0 1 1.0
1 0 0.9
1 1 0.8

Start-Up Sequence

After EN goes high, the RT8878A starts up and operates
according to the initial settings. Figure 3 shows the
simplified sequence timing diagram. The detailed operation
is described in the following.
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VOTF ( (VOTF (
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SVT
EN
PWROK
B VID
ceMm og::M VID Boot VID VID
Vypo/ CCM CCM CCM CCM CCM
VVDDNB
PGOOD/
PGOODA

Figure 3. Simplified Sequence Timing Diagram

Description of Figure 3 :
TO : The RT8878A waits for VCC POR.

T1: The SVC pin and SVD pin set the Boot VID. Boot VID
is latched at EN rising edge. SVT is driven high by the
RT8878A.

T2 : The enable signal goes high and all output voltages
ramp up to the Boot VID in CCM. The soft-start slew rate
is 3mV/us.

T3 : All output voltages are within the regulation limits and
the PGOOD and PGOODA signal goes high.

T4 : The PWROK pin goes high and the SVI2 interface
starts running. The RT8878A waits for SVID command
from processor.

T5 : Avalid SVID command transaction occurs between
the processor and the RT8878A.

T6 : The RT8878A starts VOTF (VID on-the-Fly) transition
according to the received SVID command and send a
VOTF Complete if the VID reaches target VID.

T7 : The PWROK pin goes low and the SVI2 interface
stops running. All output voltages go back to the boot VID
in CCM.

T8 : The PWROK pin goes high again and the SVI2
interface starts running. The RT8878A waits for SVID
command from processor.

T9 : Avalid SVID command transaction occurs between
the processor and the RT8878A.

T10 : The RT8878A starts VID on-the-Fly transition
according to the received SVID command and send a
VOTF Complete if the VID reaches target VID.

T11 : The enable signal goes low and all output voltages
enter soft-shutdown mode.
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Power Down Sequence

If the voltage at EN pin falls below the enable falling
threshold, the controller is disabled. The voltage at the
PGOOD and PGOODA pin willimmediately go low at the
loss of enable signal at the EN pin and the controller
executes soft-shutdown operation. The internal digital
circuit ramps down the reference voltage at the same slew
rate as that of in soft-start, making VDD and VDDNB output
voltages gradually decrease in CCM. Each of the controller
channels stops switching when the voltage at the voltage
sense pin Vsen/Vsena, cross about 0.2V. The Boot VID
information stored in the internal register is cleared at
POR. This event forces the RT8878A to check the SVC
and SVD inputs for a new boot VID when the EN voltage
goes high again.

PGOOD and PGOODA

The PGOOD and PGOODA are open-drain logic outputs.
The two pins provide the power good signal when VDD
and VDDNB output voltage are within the regulation limits
and no protection is triggered. These pins are typically
tied to 3.3V or 5V power source through a pull-high
resistor. During shutdown state (EN = low) and the soft-
start period, the PGOOD and PGOODA voltages are pulled
low. After a successful soft-start and VDD and VDDNB
output voltages are within the regulation limits, the PGOOD
and PGOODA are released high individually.

The voltages at the PGOOD pin and PGOODA pin are
pulled low individually during normal operation when any
of the following events occurs: over voltage protection,
under voltage protection, over current protection, and logic
low EN voltage. If one rail triggers protection, another rail's
PGOOD will be pull low after 5us delay.

SVI2 Wire Protocol

The RT8878A complies with AMD's Voltage Regulator
Specification, which defines the Serial VID Interface 2
(SVI2) protocol. With SVI2 protocol, the processor directly
controls the reference voltage level of each individual
controller channel and determines which controller
operates in power saving mode. The SVI2 interface is a
three-wire bus that connects a single master to one or
above slaves. The master initiates and terminates SVI2
transactions and drives the clock, SVC, and the data, SVD,
during a transaction. The slave drives the telemetry, SVT
during a transaction. The AMD processor is always the
master. The voltage regulator controller (RT8878A) is
always the slave. The RT8878A receives the SVID code
and acts accordingly. The SVI protocol supports 20MHz
high speed mode I°C, which is based on SVD data packet.
Table 7 shows the SVD data packet. A SVD packet
consists of a “Start” signal, three data bytes after each
byte, and a “Stop” signal. The 8-bit serial VID codes are
listed in Table1. After the RT8878A has received the stop
sequence, it decodes the received serial VID code and
executes the command. The controller has the ability to
sample and report voltage and current for the VDD and
VDDNB domains. The controller reports this telemetry
serially over the SVT wire which is clocked by the
processor driven SVC. A bit TFN at SVD packet along
with the VDD and VDDNB domain selector bits are used
by the processor to change the telemetry functionality.
The telemetry bit definition is listed in Figure 4. The detailed
SVI2 specification is outlined in the AMD Voltage Regulator
and Voltage Regulator Module (VRM) and Serial VID
Interface 2.0 (SVI12) Specification.

Table 7. SVD Data Packet

Bit Time Description
1:5 Always 11000b

6 VDD domain selector bit, if set then the following two data bytes contain the VID for VDD, the
PSI state for VDD, and the load line slope frim and offset trim state for VDD.

7 VDDNB domain selector bit, if set then the following two data bytes contain the VID for VDDNB,
the PSI state for VDDNB, and the load line slope trim and offset trim state for VDDNB.

8 Always 0Ob

10 PSIO_L

11:17 VID Code bits [7:1]
19 VID Code bit [0]
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Bit Time Description
20 PSI1_L
21 TFEN (Telemetry Functionality)

22 .24 Load Line Slope Trim [2:0]

25:26 Offset Trim [1:0]

Voltage and Current

Mode Selection VDD Voltage Bits

VDDNB Voltage Bit in Voltage Only Mode;
Current Bit in Voltage and Current Mode

. ~—
Bit Time------ START 1 2 3 4 5 6 7 8

SvC

10 11 12 13 14 15 16 17 18 19 20 S0P

SVT

-

Figure 4. Telemetry Bit Definition

PWROK and SVI2 Operation

The PWROK pin is an input pin, which is connected to
the global power good signal from the platform. Logic high
at this pin enables the SVI2 interface, allowing data
transaction between processor and the RT8878A. Once
the RT8878A receives a valid SVID code, it decodes the
information from processor to determine which output
plane is going to move to the target VID. The internal DAC
then steps the reference voltage in a controlled slew rate,
making the output voltage shift to the required new VID.
Depending on the SVID code, more than one controller
channels can be targeted simultaneously in the VID
transition. For example, VDD and VDDNB voltages can
ramp up/down at the same time.

If the PWROK input goes low during normal operation,
the SVI2 protocol stops running. The RT8878A
immediately drives SVT high and modifies all output
voltages back to the boot VID, which is stored in the internal
register right after the controller is enabled. The controller
does not read SVD and SVC inputs after the loss of
PWROK. If the PWROK input goes high again, the SVI2
protocol resumes running. The RT8878A then waits to
decode the SVID command from processor for a new VID
and acts as previously described. The SVI2 protocol is
only running when the PWROK input goes high after the
voltage at the EN pin goes high; otherwise, the RT8878A
will not soft-start due to incorrect signal sequence.

VID on-the-Fly Transition

After the RT8878A has received a valid SVID code, it enters
CCM mode and executes the VID on-the-Fly transition by
stepping up/down the reference voltage of the required
controller channel(s) in a controlled slew rate, hence
allowing the output voltage(s) to ramp up/down to the target
VID. The output voltage slew rate during the VID on-the-
Fly transition is faster than that in a soft-start/soft-shutdown
operation. If the new VID level is higher than the current
VID level, the controller begins stepping up the reference
voltage with a typical slew rate of 12.5mV/us upward to
the target VID level. If the new level is lower than the current
VID level, the controller begins stepping down the reference
voltage with a typical slew rate of —12.5mV/us downward
to the target VID level.

During the VID on-the-Fly transition, the RT8878A will force
the controller channel to operate in CCM mode. If the
controller channel operates in the power-saving mode prior
to the VID on-the-Fly transition, it will be in CCM mode
during the transition and then back to the power saving
mode at the end of the transition. The voltage at the
PGOOQOD pin and PGOODA pin will keep high during the
VID on-the-Fly transition. The RT8878A checks the output
voltage for voltage-related protections and send a VOTF
complete at the end of VID on-the-Fly transition. In the
event of receiving a VID off code, the RT8878A steps the
reference voltage of required controller channel down to
zero, hence making the required output voltage decrease
to zero. The voltage at the PGOOD pin and PGOODA pin
will remain high since the VID code is valid.
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Operation Mode Transition

The RT8878A supports operation mode transition function
in VDD and VDDNB controller for the PSI[x]_L and
command from AMD processor. Referring to Table 7, the
PSI[x]_L bit in the SVI2 protocol controls the operating
mode of the RT8878A controller channels. The default
operation mode of VDD and VDDNB controller is CCM.
When the VDD controller is in full-phase configuration and
receives PSI0_L =0 and PSI1_L =1, the VDD controller
will keep full-phase operation. When the VDD controller
receives PSI0_L =0 and PSI1_L =0, the VDD controller
takes phase shedding operation and enters diode
emulation mode. In reverse, the VDD controller goes back
to full-phase operation in CCM upon receiving PSI0O_L =1
and PSIM_L=0o0r1,or PSIO_L=0and PSI1_L =1.
When the VDDNB controller receives PSI0_L = 0 and
PSI1_L =1, itenters single-phase CCM, when the VDDNB
controller receives PSI0O_L =0 and PSI1_L =0, it enters
single-phase diode emulation mode. When the VDDNB
controller goes back to full-phase CCM operation after
receiving PSI0_L=1and PSI1_L=0or 1.

Differential Remote Sense Setting

The VDD and VDDNB controllers have differential, remote-
sense inputs to eliminate the effects of voltage drops along
the PC board traces, processor internal power routes and
socket contacts. The processor contains on-die sense
pins, VDD_SENSE, VDDNB_SENSE and VSS_SENSE.
Connect RGND to VSS_SENSE. For VDD controller,
connect FB to VDD_SENSE with a resistor to build the
negative input path of the error amplifier. Connect FB_NB
to VDDNB_SENSE with a resistor using the same way in
VDD controller. Connect VSS_SENSE to RGND using
separate trace as shown in Figure 5. The precision
reference voltages refer to RGND for accurate remote
sensing.

Processor
VDD_SENSE VDDNB_SENSE

" an WB Ne
VDD =

Controller
RGND ¢~ RGND _NB
VSS_SENSE

VDD NB
Controller

Figure 5. Differential Remote Voltage Sense Connection

SET1 and SET2 Pin Setting

The RT8878A provides SET1 pin for platform users to set
the VDD and VDDNB controller OCP_TDC threshold and
internal ramp amplitude (RSET & RSETA), and SET2 pin
to set VDD and VDDNB controller OCP trigger delay
(OCPTRGDELAY) and quick response threshold (QRTH
& QRTHA). To set these pin, platform designers should
use resistive voltage divider on these pins, refer to Figure
6 and Figure 7. The voltage at SET1 and SET2 pin is

RocpTDC,D 1)

VseT1 = VCC x
RocpTbc,u +RocpTtDC,D

RQRTH,D @

VseT2 = VCC x
RaRTH,U + RQRTH,D

The ADC monitors and decodes the voltage at this pin
only once after power up. After ADC decoding (only once),
a40uA current (when VCC = 5V) will be generated at the
SET1 and SET2 pin for internal use. That is the voltage at
SET1 and SET2 pinis
Rocptoc,u XRocpTpe,p

3)
Rocptbe,u +RocpTpe,b

AVsgTq = 40pA x

RarTH,U *RaQRTH,D @)

AVsgT2 = 40pA x
RarTH,U + RaRTH,D

From equation (1) to equation (4) and Table 2 to Table 5,
platform users can set the OCP_TDC threshold, OCP
trigger delay, internal ramp amplitude and quick response
threshold for VDD and VDDNB controller.

RSET = VocpTDC, DIV
ocPTDC T
=VocPTDC,DIV

@)

VCC
RocpTDC,U
VocpToe [ %o
Register [——0
VocpTDC,2 Rocptbc,D

RT8878A

Figure 6. OCP_TDC/RSET Setting
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VCC

VQRTH,DIV

VartH [ %

C
Register ———© 4%

V
QRTH,DIV RQRTH,U

VQRTH,Z RQRTH,D

RT8878A

Figure 7. QRTH/OCPTRGDELAY Setting

VDD Controller

Active Phase Determination : Before POR

The number of active phases is determined by the internal
circuitry that monitors the ISENxN voltages during start-
up. Normally, the VDD controller operates as a 4-phase
PWM controller. Pulling ISEN4N to VCC programs a 3-
phase operation, pulling ISEN3N to VCC programs a 2-
phase operation, and pulling ISEN2N to VCC programs a
1-phase operation. At EN rising edge, VDD controller
detects whether the voltages of ISEN2N, ISEN3N and
ISEN4N are higher than “VCC - 0.5V” respectively to
decide how many phases should be active. Phase
selection is only active during POR. When POR = 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 VDD controller 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, Vvpp 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
8.

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 Voutvop 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.

:TN

HS_FET Vvbp
CCRCOT PWM ~ L Rsense
PWM X1_|Driver]
o Logic Rx
= —| Rc
+O !
£ LS_FET
SIAN ISENXP = Te°
8l % x1 | ISENxN Resx =
cs < 1
Offset iMon| Rwon =
Canceling VREF =
oo c
ComP R2 | R1
== %2 VVDD_SENSE
EA | RGND
3 —O Vss SENSE
VDAC VDD

Figure 8. VDD Controller : Simplified Schematic for
Droop and Remote Sense in CCM

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 as shown in Figure 9. This target is
to have :

Vvob = Vpac, vob— lLoab X Roroor (5)

Then solving the switching condition Vcowmp2 = Ves in
Figure 8 yields the desired error amplifier gain as :

R2 G
R1  Rproor
Rsense 4
G = R = 7
| Resy *RIMON %75 (7)

where G is the internal current sense amplifier gain. Rsense
is the current sense resistor. If no external sense resistor
present, it is the equivalent resistance of the inductor.
Rproor is the equivalent load line resistance as well as
the desired static output impedance.

Vvopt
Av2 > Av1

Av2

Av1

0 Load Current i

Figure 9. VDD Controller : Error Amplifier gain (Av)
Influence on Vypp Accuracy
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Loop Compensation

Optimized compensation of the VDD controller 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 10 shows the
compensation circuit. Previous 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 :

2 =m (8)

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 (9)
R2

The zero of compensator has to be placed at half of the

switching frequency to filter the switching related noise.

Such that,

_ 1
C1_R1><TI:><fSW (10)

C2=

C1

CZHU
comp| | RZ | R1
N\ VvDD_SENSE
FB
EA
+ RGND_OVSS_SENSE

VDAC

Figure 10. VDD Controller : Compensation Circuit

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
11 shows the On-Time setting Circuit. Connect a resistor
(Rton) between Viy and TONSET to set the on-time of
UGATE:

-12
244)(10 XRTON (11)
ViN — Vbac
where ton is the UGATE turn on period, Vn is Input voltage
of the VDD controller, and Vpac is the DAC voltage.

ton (0.5V < Vpac <1.8V) =

When Vpac is larger than 1.8V, the equivalent switching
frequency may be over 500kHz, and this too fast switching
frequency is unacceptable. Therefore, the VDD controller
implements a pseudo constant frequency technology to
avoid this disadvantage of CCRCOT topology. When Vpac
is larger than 1.8V, the on-time equation will be modified
to:

13.55x10” "2 xRron % Vpac (12)
ViN — Vbac
On-time translates only roughly to switching frequencies.
The on-times guaranteed in the Electrical Characteristics
are influenced by switching delays in external HS-FET.
Also, the dead-time effect increases the effective on-time,
which in turn reduces the switching frequency. It occurs
only in CCM and during dynamic output voltage transitions.

ton (VDAC >1 8V) =

When the inductor current reverses at light or negative
load currents, with reversed inductor current, the phase
goes high earlier than normal, extending the on-time by a
period equal to the HS-FET rising dead time.

For better efficiency of the given load range, the maximum

switching frequency is suggested to be :
1
fsmax)(kHz) = =——————x
(MAX) ToN — THs-Delay

Vbacmax) +ILoapmax) x [RON_LS—FET +DCRL - RDROOP]

ViN(MAX) +ILoAD(MAX) X [RON_LS—FET - RON_HS—FET]

(13)
Where fsuax) is the maximum switching frequency, ths.
DELAY is the turn-on delay of HS-FET, Vpacmax) is the
Maximum Vpac of application, Vinwax) is the Maximum
application Input voltage, | oapmax) is the maximum load
of appIication, RON_LS-FET is the Low side FET RDS(ON),
Ron_Hs-FeT is the High side FET Rpson) , DCRL is the
equivalent resistance of the inductor, and Rproor is the
load line setting.

CCRCOT | _TonseT| Rron = RI
On-Time IN
Computer OVDAC I c1
On-Time =

Figure 11. VDD Controller : On-Time Setting with R filter
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Current Sense Setting

The current sense topology of the VDD controller 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 12.

IL VvbD

IsEnxn ISENXP

] ISENxN

Figure 12. VDD Controller : Lossless Inductor Sensing

In order to optimize transient performance, Rx and Cx must
be set according to the equation below :

L
BeR, ~ X Ox (1)

Then the proportion between the phase current, I, and
the sensed current, Isenxn, is driven by the value of the
effective sense resistance, Rcsx, and the DCR_ of the
inductor. The resistance value of Rcsy is limited by the
internal circuitry. The recommended value is from 500Q
to 1.2kQ.
DCR_
IsEnxN = I % Ros

X
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 response time is
too fast causing a ring back, the value of resistance should
be increased. Vice versa, with a high resistance, the output
voltage transient has only a small initial dip with a slow
response time.

(15)

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 equivalent resistance sensing method.

Per-Phase Over Current Protection

The VDD controller provides over current protection in each
phase. For VDD controller in four-phase configuration, either
phase can trigger Per-Phase Over Current Protection
(PHOCP).

The VDD controller senses each phase inductor current
I, and PHOCP comparator compares sensed current with
PHOCP threshold current, as shown in Figure 13.

[ Current Mirror |
I xIsena Ny
8 X
PHOCP triggero——¢

10pA ( * ) ISENAXN

Figure 13. VDD Controller : Per-Phase OCP Setting

The resistor Rcsx determines PHOCP threshold.

DCRL 1
I PERPHASE(MAX) % x= = 10pA 16
, (MAX) Resk 8 (16)

I PERPHASE(MAX) X DCRL
= 2 17
Resx 8x10pA (7

The controller will turn off all high side/low side MOSFETs
to protect CPU if the per-phase over current protection is
triggered.

Current Balance

The VDD controller implements internal current balance
mechanism in the current loop. The VDD controller 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.

Initial Offset and External Offset (Over Clocking
Offset Function)

The VDD controller features over clocking offset function
which provides the possibility of wide range off set of output
voltage. The initial offset function can be implemented
through the SVI interface. When the OFS pin voltage
< 0.3V at ENrising edge, the initial offset is disabled. The
external offset function can be implemented by SET2 pin
setting. For example, referring to Table 8, when the both
rail external offset functions are enabled, the output voltage
is :
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Vvobp = Vbac - lLoap X Roroop * VExternal_OFs

*+ Vinitial_OFs (18)
Vinitial_oFs is the initial offset voltage set by SVI interface,
and the external offset voltage, Vexteral oFs is set by
supplying a voltage into OFS pin.

It can be calculated as below :

VExternal_oFs = Vors —1.2V (19)
If supplying 1.3V at OFS pin, it will achieve 100mV offset
at the output. Connecting a filter capacitor between the
OFS and GND pins is necessary. Designers can design
the offset slew rate by properly setting the filter bandwidth.

Table 8. External Offset Function Setting for VDD
and VDDNB Controller

Core_ NB_
OFFSET_|OFFSET_ Description
EN EN
0 0 Disable external offset function.
0 1 NB rail external offset is set by
OFS pin voltage.
y 0 Core rail external offset is set
by OFSA pin voltage.
Core rail external offset is set
y 1 by OFS pin voltage, and NB rail
external offset is set by OFSA
pin voltage.

Dynamic VID Enhancement

During a dynamic VID event, the charging (dynamic VID
up) or discharging (dynamic VID down) current causes
unwanted load-line effect which degrades the settling time
performance. The RT8878A will hold the inductor current
to hold the load-line during a dynamic VID event. The VDD
controller will always enter four-phase configuration when
VDD controller receives dynamic VID up and VDD controller
will hold the operating state when VDD controller receives
dynamic VID down.

Ramp Amplitude Adjust

When the VDD controller takes phase shedding operation
and enters diode emulation mode, the internal ramp of
VDD controller will be modified for the reason of stability.
In case of smooth transition into DEM, the CCM ramp
amplitude should be designed properly. The RT8878A
provides the SET1 pin for platform users to set the ramp
amplitude of the VDD controller in CCM.

Current Monitoring and Current Reporting

The VDD controller provides current monitoring function
via inductor current sensing. In G-NAVP™ technology,
the output voltage is dependent on output current, and
the current monitoring function is achieved by this
characteristic of output voltage. The equivalent output
current will be sensed from inductor current sensing and
mirrored to the IMON pin. The resistor connected to the
IMON pin determines voltage of the IMON output.

DCR
ViMON = I sum * R L

XRIMON +0.64 (20)

X
Where |__is the phase current, Rcsx is the effective sense

resistance, and Rivon is the current monitor current setting
resistor. Note that the IMON pin cannot be monitored.

The ADC circuit of the VDD controller monitors the voltage
variation at the IMON pin from OV to 3.19375V, and this
voltage is decoded into digital format and stored into
Output_Current register. The ADC divides 3.19375V into
511 levels, so LSB = 3.19375V / 511 = 6.25mV.

Quick Response

The VDD controller utilizes a quick response feature to
support heavy load current demand during instantaneous
load transient. The VDD controller monitors the current of
the Vvop_sense, and this current is mirrored to internal
quick response circuit. At steady state, this mirrored
current will not trigger a quick response. When the
Vvbp_sense Vvoltage drops abruptly due to load apply
transient, the mirrored current flowing into quick response
circuit will also increase instantaneously.

The QR threshold setting for VDD controller refers to Table
4.

QRTH
QR Pulse O
—o
Generation (@M VvDD_SENSE
Circuit
i

Figure 14. VDD Controller : Quick Response Triggering
Circuit

When quick response is triggered, the quick response
circuit will generate a quick response pulse. The pulse
width of quick response is almost the same as ton.
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After generating a quick response pulse, the pulse is then
applied to the on-time generating circuit, and all the active
phases' on-time will be overridden by the quick response
pulse.

Over Current Protection

The RT8878A has dual OCP mechanism. The dual OCP
mechanism has two types of thresholds. The first type,
referred to as OCP-TDC, is a time and current based
threshold. OCP-TDC should trip when the average output
current exceeds TDC by some percentage and for a period
of time. This period of time is referred to as the trigger
delay. The second type, referred to as OCP-SPIKE, is a
current based threshold. OCP-SPIKE should trip when
the cycle-by-cycle output current exceeds IDDSPIKE by
some percentage. If either mechanism trips, then the VDD
controller asserts OCP_L and delays any further action.
This delay is called an action delay. Refer to action delay
time. After the action delay has expired and the VDD
controller has allowed its current sense filter to settle out
and the current has not decreased below the threshold,
then the VDD controller will turn off both high side
MOSFETs and low side MOSFETs of all channels.

Users can set OCP-SPIKE threshold, 1. sum(SPIKE), by the
current monitor resistor Rimon of the following equation :

_ 3.19375-0.64 _ Rcsx
= X (21)
DCR. Rimon

And set the OCP-TDC threshold, I (toc), refer to some
percentage of OCP-SPIKE through Table 2.

ILsuM (SPIKE)

Over Voltage Protection (OVP)

The over voltage protection circuit of the VDD controller
monitors the output voltage via the VSEN pin after POR.
When VIDis lower than 0.9V, once VSEN voltage exceeds
“0.9V + 325mV”, OVP is triggered and latched. When
VID is larger than 0.9V, once VSEN voltage exceeds the
internal reference by 325mV, OVP is triggered and latched.
The VDD controller will try to turn on low side MOSFETs
and turn off high side MOSFETSs of all active phases of the
VDD controller to protect the CPU. When OVP is triggered
by one rail, the other rail will also enter soft shut down
sequence. A 1us delay is used in OVP detection circuit
to prevent false trigger.

Negative Voltage Protection (NVP)

During OVP latch state, the VDD controller also monitors
the VSEN pin for negative voltage protection. Since the
OVP latch continuously turns on all low side MOSFETs
of the VDD controller, the VDD controller may suffer
negative output voltage. As a consequence, when the Vsgn
voltage drops below 0V after triggering OVP, the VDD
controller will trigger NVP to turn off all low side MOSFETs
of the VDD controller while the high side MOSFETs
remains off. After triggering NVP, if the output voltage rises
above 0V, the OVP latch will restart to turn on all low side
MOSFETs. The NVP function will be active only after OVP
is triggered.

Under Voltage Protection (UVP)

The VDD controller implements under voltage protection
of Voutwop. If VSEN voltage is less than the internal
reference by 325mV, the VDD controller will trigger UVP
latch. The UVP latch will turn off both high side and low
side MOSFETs. When UVP is triggered by one rail, the
other rail will also enter soft shut down sequence. A 3us
delay is used in UVP detection circuit to prevent false
trigger.

Under Voltage Lock Out (UVLO)

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

VDDNB Controller

VDDNB Controller Disable

The VDDNB controller can be disabled by connecting
ISENA1N to a voltage higher than VCC. If not in use,
ISENAXP is recommended to be connected to VCC, while
PWMAX is left floating. When VDDNB controller is disabled,
all SVID commands related to VDDNB controller will be
rejected.

Loop Control

The VDDNB controller adopts Richtek's proprietary G-
NAVP™ topology. G-NAVP™ is based on the finite gain
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peak current mode with CCRCOT (Constant Current Ripple
Constant On-Time) topology. The output voltage, Vvbpone
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 15.

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 V\yppng to decrease, thus achieving
AVP. Anear-DC offset canceling is added to the output of
EA to eliminate the inherent output offset of finite gain
peak current mode controller.

VIN
CCRCOT
pwM  |PWMAX] |priver
Al )
= Logic
+0O!
a
< ISENAXP =
Sy x2 | ISENAXN
cs < 1T
Offset iMoNA| Rinona ==
Canceling VREF =
a1 C1
COMPA rFtZ R1
Y
> FBA %8 VDDNB_SENSE
EA RGND
G —O Vss SENSE
VDAC, VDDNB

Figure 15. VDDNB Controller : Simplified Schematic for
Droop and Remote Sense in CCM

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 as shown in Figure 16. This target
is to have

Vyoons = Vbac,voone — lLoap X Rproop (22)
Then solving the switching condition Vcomp2 = Vs in
Figure 17 yields the desired error amplifier gain as

R2 G
VEor=5——— (23)
R1  Rproor

where G| = R;Eﬁ X RIMON X % (24)
CSx

where G; is the internal current sense amplifier gain. Rsense
is the current sense resistor. If no external sense resistor
present, it is the equivalent resistance of the inductor.

Rproor is the equivalent load-line resistance as well as
the desired static output impedance.

A
VvDDNB
Avz > Av1
Avz
Av1
0 >

Load Current

Figure 16. VDDNB Controller : Error Amplifier gain (Av)
Influence on Vyppne Accuracy

Loop Compensation

Optimized compensation of the VDDNB controller allows
for best possible load step response of the regulator’'s
output. Atype-l compensator with one pole and one zero
is adequate for proper compensation. Figure 17 shows
the compensation circuit. Previous 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 :

fooo 1
P 2nxCxR¢

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

(25)

follows :

C2- CQEC (26)

The zero of compensator has to be placed at half of the

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

_ 1
C1= R1x tx fgy 7)

C1

”HU
R2 R1
—/\\H VVDDNB_SENSE

FBA
EA |
4 RGND —OVss SENSE

VDAC,VDDNB

COMPA

Figure 17. VDDNB Controller : Compensation Circuit
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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
18 shows the On-Time setting Circuit. Connect a resistor
(Rton) between V|y and TONSETA to set the on-time of
UGATE:

24.4x1071% xRyon

VIN — VDAC,vDDNB

where ton is the UGATE turn on period, Vi is Input voltage
of the VDDNB controller, and Vpac voons is the DAC
voltage.

ton (0.5V < Vpac <1.8V) = (28)

When Vpac,vopns is larger than 1.8V, the equivalent
switching frequency may be over 500kHz, and this too
fast switching frequency is unacceptable. Therefore, the
VDDNB controller implements a pseudo constant
frequency technology to avoid this disadvantage of
CCRCOT topology. When Vpac vopns is larger than 1.8V,
the on-time equation will be modified to :

ton (VDAC >1.8V)

_ 13.55x1 072 xRyon % VbAC,VDDNB

ViN — Vbac,vDDNB (29)

On-time translates only roughly to switching frequencies.
The on-times guaranteed in the Electrical Characteristics
are influenced by switching delays in external HS-FET.
Also, the dead-time effect increases the effective on-time,
which in turn reduces the switching frequency. It occurs
only in CCM and during dynamic output voltage transitions

When the inductor current reverses at light or negative
load currents, with reversed inductor current, the phase
goes high earlier than normal, extending the on-time by a
period equal to the HS-FET rising dead time.

For better efficiency of the given load range, the maximum
switching frequency is suggested to be :
1

f KHz)=— 1
siwax) (kH2) ToN — THs-Delay *

Vbacmax) +ILoapmax) x [RON_LS—FET +DCRL - RDROOP]

ViN(MAX) +ILoAD(MAX) X [RON_LS—FET - RON_HS—FET]
(30)

Where fsuax) is the maximum switching frequency, ths.
peLAy is the turn-on delay of HS-FET, Vpacax) is the
Maximum Vpac,voons of application, Vinmax) is the
Maximum application Input voltage, lL.oabmax) is the
maximum load of application, Ron_Ls-FeT is the on-
resistance of low side FET Rps(on), Ron_Hs-FeT is the on-
resistance of high side FET Rps(on) , DCRL is the equivalent
resistance of the inductor, and Rproor is the load-line
setting.

CCRCOT | TonseTa| Rrov = Rt
On-Time IN
Computer c1
& Vbacvoone I
On-Time =
Figure 18. VDDNB Controller : On-Time Setting with R¢

filter

Current Sense Setting

The current sense topology of the VDDNB controller is
continuous inductor current sensing. Therefore, the
controller has less sensitive noise. 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 19.
My VVI(D)DNB

L DCRL
Rx Cx
IsENAXN ISENAXP —
- Rcsx
] ISENAXN Ve

Figure 19. VDDNB Controller : Lossless Inductor
Sensing

In order to optimize transient performance, Rx and Cx must
be set according to the equation below :

L
_L _R
BoR, ~ X *Cx (31)
Then the proportion between the phase current, I, and
the sensed current, Isenaxn, is driven by the value of the

effective sense resistance, Rcsx, and the DCR_ of the
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inductor. The resistance value of Rcsy is limited by the
internal circuitry. The recommended value is from 50002

to 1.2kQ.
DCR_

Resx

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 response time is
too fast causing a ring back, the value of resistance should
be increased. Vice versa, with a high resistance, the output
voltage transient has only a small initial dip with a slow
response time.

IsENAXN = I % (32)

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 equivalent resistance sensing method.

Per-Phase Over Current Protection

The VDDNB controller provides over current protection in
each phase. For VDDNB controller in two-phase
configuration, either phase can trigger Per-Phase Over
Current Protection (PHOCP).

The VDDNB controller senses each phase inductor current
I, and PHOCP comparator compares sensed current with
PHOCP threshold current, as shown in Figure 20.

] [ Current Mirror |
g XISENAXN §
PHOCP triggero——¢

10pA ( * ) ISENAXN

Figure 20. VDDNB Controller : Per-Phase OCP Setting

The resistor Rcsx determines PHOCP threshold.

DCR
I PERPHASE(MAX) X RcsL x% = 10pA (33)
X
| xDCR
Ry = IPERPHASE(MAX) L (34)

8x10pA

The controller will turn off all high side/low side MOSFETs
to protect CPU if the per-phase over current protection is
triggered.

Initial Offset and External Offset (Over Clocking
Offset Function)

The VDDNB controller features over clocking offset function
which provides the possibility of wide range offset of output
voltage. The initial offset function can be implemented
through the SVI interface. When the OFSA pin voltage
< 0.3V at EN rising edge, the initial offset is disabled.

The external offset function can be implemented by SET2
pin setting. For example, referring to Table 8, when the
both rail external offset functions are enabled, the output
voltage is :

Vvpopns = Vbac,vobns — lLoab xRproop

+ VExternal_OFSA * Vinitial _OFSA (35)
Vinitial_oFsa is the initial offset voltage set by SVl interface,
and the external offset voltage, Vextermal oFsa is set by
supplying a voltage into OFSA pin.

It can be calculated as below :

VExternal_oFsA = Vorsa — 1.2V (36)

If supplying 1.3V at OFSA pin, it will achieve 100mV offset
at the output. Connecting a filter capacitor between the
OFSA is necessary. Designers can design the offset slew
rate by properly setting the filter bandwidth.

Dynamic VID Enhancement

During a dynamic VID event, the charging (dynamic VID
up) or discharging (dynamic VID down) current causes
unwanted load-line effect which degrades the settling time
performance. The RT8878A will hold the inductor current
to hold the load-line during a dynamic VID event. The
VVDDNB controller will always enter two-phase configuration
when VDDNB controller receives dynamic VID up and
VDDNB controller will hold the operating state when
VDDNB controller receives dynamic VID down.

Ramp Amplitude Adjust

When the VDDNB controller takes phase shedding
operation and enters diode emulation mode, the internal
ramp of VDDNB controller will be modified for the reason
of stability. In case of smooth transition into DEM, the
CCM ramp amplitude should be designed properly. The
RT8878A provides the SET1 pin for platform users to set
the ramp amplitude of the VDDNB controller in CCM.

Copyright ©2016 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.

www.richtek.com
36

DS8878A-02 August 2016



RICHTEK

RT8878A

Current Monitoring and Current Reporting

The VDDNB controller provides current monitoring function
via inductor current sensing. In G-NAVP™ technology,
the output voltage is dependent on output current, and
the current monitoring function is achieved by this
characteristic of output voltage. The equivalent output
current will be sensed from inductor current sensing and
mirrored to the IMONA pin. The resistor connected to
IMONA pin determines voltage of the the IMONA output.

DCR
ViMONA = I sum x 2% = L

XRIMONA +0.64 (37)

CSx

Where I_is the phase current, Rcsx is the effective sense
resistance, and Rimona is the current monitor current setting
resistor. Note that the IMONA pin cannot be monitored.

The ADC circuit of the VDDNB controller monitors the
voltage variation at the IMONA pin from OV to 3.19375V,
and this voltage is decoded into digital format and stored
into Output_Current register. The ADC divides 3.19375V
into 511 levels, so LSB = 3.19375V / 511 = 6.25mV.

Quick Response

The VDDNB controller utilizes a quick response feature
to support heavy load current demand during instantaneous
load transient. The VDDNB controller monitors the current
of the V\ppne_sense, and this current is mirrored to internal
quick response circuit. At steady state, this mirrored
current will not trigger a quick response. When the
VvbbnB_sense Voltage drops abruptly due to load apply
transient, the mirrored current flowing into quick response
circuit will also increase instantaneously.

The QR threshold setting for VDDNB controller refers to
Table 5.

QRTHA
QR Pulge O —O VVDDNB_SENSE
Generation M
Circuit

Figure 21. VDDNB Controller : Quick Response
Triggering Circuit

When quick response is triggered, the quick response
circuit will generate a quick response pulse. The pulse
width of quick response is almost the same as ton.

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.

Over Current Protection

The RT8878A has dual OCP mechanism. The dual OCP
mechanism has two types of thresholds. The first type,
referred to as OCP-TDCA, is a time and current based
threshold. OCP-TDCA should trip when the average output
current exceeds TDCA by some percentage and for a
period of time. This period of time is referred to as the
trigger delay. The second type, referred to as OCP-
SPIKEA, is a current based threshold. OCP-SPIKEA
should trip when the cycle-by-cycle output current
exceeds IDDSPIKEA by some percentage. If either
mechanism trips, then the VDDNB controller asserts
OCP_L and delays any further action. This delay is called
an action delay. Refer to action delay time. After the action
delay has expired and the VDDNB controller has allowed
its current sense filter to settle out and the current has
not decreased below the threshold, then the VDDNB
controller will turn off both high side MOSFETs and low
side MOSFETs of all channels.

Users can set OCP-SPIKEA threshold, I sum (SPIKEA), by
the current monitor resistor Riwona of the following
equation :

_ 3.19375-0.64 . Rcsx
2 X DCRL x RIMONA (38)

And set the OCP-TDCA threshold, I (tpca), refer to some
percentage of OCP-SPIKEA through Table 3.

IL,suM (SPIKEA)

Over Voltage Protection (OVP)

The over voltage protection circuit of the VDDNB controller
monitors the output voltage via the VSENA pin after POR.
When VID is lower than 0.9V, once VSENA voltage
exceeds “0.9V + 325mV”, OVP is triggered and latched.
When VID is larger than 0.9V, once VSENA voltage
exceeds the internal reference by 325mV, OVP is
triggered and latched. The VDDNB controller will try to
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turn on low side MOSFETs and turn off high side
MOSFETs of all active phases of the VDDNB controller to
protect the CPU. When OVP is triggered by one rail, the
other rail will also enter soft shut down sequence. A 1us
delay is used in OVP detection circuit to prevent false
trigger.

Negative Voltage Protection (NVP)

During OVP latch state, the VDDNB controller also
monitors the VSENA pin for negative voltage protection.
Since the OVP latch continuously turns on all low side
MOSFETs of the VDDNB controller, the VDDNB controller
may suffer negative output voltage. As a consequence,
when the Vsena voltage drops below 0V after triggering
OVP, the VDDNB controller will trigger NVP to turn off all
low side MOSFETs of the VDDNB controller while the
high side MOSFETs remains off. After triggering NVP, if
the output voltage rises above 0V, the OVP latch will restart
to turn on all low side MOSFETs. The NVP function will
be active only after OVP is triggered.

Under Voltage Protection (UVP)

The VDDNB controller implements under voltage protection
of Voutvopng. If VSENA voltage is less than the internal
reference by 325mV, the VDDNB controller will trigger UVP
latch. The UVP latch will turn off both high side and low
side MOSFETs. When UVP is triggered by one rail, the
other rail will also enter soft shut down sequence. A 3us
delay is used in UVP detection circuit to prevent false
trigger.

Under Voltage Lock Out (UVLO)

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

Thermal Considerations

The junction temperature should never exceed the
absolute maximum junction temperature Tjmax), listed
under Absolute Maximum Ratings, to avoid permanent
damage to the device. The maximum allowable power

dissipation depends on the thermal resistance of the IC
package, the PCB layout, the rate of surrounding airflow,
and the difference between the junction and ambient
temperatures. The maximum power dissipation can be
calculated using the following formula :

Ppomax) = (Tymax) — Ta) / 6ua

where Tywmax) is the maximum junction temperature, Tais
the ambient temperature, and 6,4 is the junction-to-ambient
thermal resistance.

For continuous operation, the maximum operating junction
temperature indicated under Recommended Operating
Conditions is 125°C. The junction-to-ambient thermal
resistance, 0ja, is highly package dependent. For a
WQFN-52L 6x6 package, the thermal resistance, 6a, is
26.5°C/W on a standard JEDEC 51-7 high effective-thermal-
conductivity four-layer test board. The maximum power
dissipation at Ta = 25°C can be calculated as below :

Ppmaxy = (125°C — 25°C) / (26.5°C/W) = 3.77W for a
WQFN-52L 6x6 package.

The maximum power dissipation depends on the operating
ambient temperature for the fixed Tywmax) and the thermal
resistance, 0,a. The derating curves in Figure 22 allows
the designer to see the effect of rising ambient temperature
on the maximum power dissipation.

40 r
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Figure 22. Derating Curve of Maximum Power Dissipation
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Outline Dimension
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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 Dimej-nsions 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 5.950 6.050 0.234 0.238
D2 4.650 4.750 0.183 0.187
E 5.950 6.050 0.234 0.238
E2 4.650 4.750 0.183 0.187
e 0.400 0.016
L 0.350 0.450 0.014 0.018
L1 0.300 0.400 0.012 0.016

W-Type 52L QFN 6x6 Package
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