RICHTEK

Preliminary

RT8870A

Dual-Output PWM Controller for AMD SVI Mobile CPU

Power Supply

General Description

The RT8870A is a dual-output PWM controller for AMD
SVI mobile CPU power supply. The RT8870A provides a
two-phase PWM controller to power the CPU Core (VDD)
and a single-phase PWM controller to power the
Northbridge portion of the CPU (VDDNB). This part has
three integrated MOSFET drivers and is fully compliant
with AMD Voltage Regulator Specification to meet AMD’s
mobile CPU power supply requirements.

The RT8870A features CCRCOT (Constant Current Ripple
Constant On-Time) control with G-NAVP™ (Green-Native
AVP), which is a Richtek proprietary topology. The
CCRCOT control provides superior output voltage ripple
performance over the entire input/output range. G-NAVP™
makes this device an easy setting controller to meet the
droop requirement for all AMD mobile CPUs. 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
droop function is selectable for both VDD and VDDNB
outputs. The RT8870A uses Serial VID Interface (SVI) for
individual controller output voltage and operation mode
programming. A built-in high-accuracy DAC converts the
serial VID code for output voltage ranging from 0.5V to
1.55V with up to 0.8% system accuracy. This device
supports VID on-the-fly and operation mode transition on-
the-fly functions that are fully compliant with the AMD
specification. Both VDD and VDDNB controllers provide
diode emulation mode to improve efficiency at light load
condition.

The RT8870A supports inductor DCR and sense resistor
current sensing. It also provides power good indication
and complete fault protection functions, including over
voltage, out-of-spec, negative voltage, over current and
under voltage lockout thermal shutdown.

The RT8870A is available in a WQFN-40L 5x5 small
footprint package.

Features

e Dual-Output PWM Controller for AMD CPU Core and
NB Power
o G-NAVP™ (Green-Native AVP)
e Constant Current Ripple Constant-On-Time
(CCRCOT) Control
e Fast Line/Load Transient Response
e Integrated MOSFET Drivers
¢ 0.8% DAC Accuracy
o Serial VID Interface (SVI)
» Two-Wire Clock and Data Bus
» High Speed 1°C
» 7-bit DAC : 0.5V to 1.55V with 12.5mV Step
e Support Power Saving Mode (PSI_L)
» Phase Shedding and Diode Emulation in VDD
Output
» Diode Emulation in VDDNB Output
e Support VFIX Mode
e Selectable Droop Function
o Differential Remote Voltage Sensing
e Accurate Current Balance
o Digital Soft-Start/ Soft-Shutdown for All Outputs
e OVP, Out-Of-Spec, NVP, OCP, OTP and UVLO
e 40-Lead WQFN Package
e ROHS Compliant and Halogen Free

Applications

o AMD SVI Mobile CPU
o Laptop Computer

Ordering Information

RT8870A Ii

Package Type
QW : WQFN-40L 5x5 (W-Type)

Operating Temperature Range
G : Green (Halogen Free with Commer-

Note : cial Standard)

Richtek Green 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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RT8870A Preliminary RICHTEK

Marking Information Pin Configurations
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RICHTEK Preliminary RT8870A
Typical Application Circuit
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RT8870A

RICHTEK

Preliminary

Functional Pin Description

Pin No.

Pin Name

Pin Function

RBIAS

Internal Current Bias Setting Pin. Connect a 100kQ resistor from this pin to
GND to generate bias current for controller internal circuit. Place this 100kQ
resistor as close to the RBIAS pin as possible.

EN

Controller EN Pin. Alogic high signal enables the controller.

SvC

Serial VID Clock Input from Processor. This pin has an open-drain output.

SVD

Serial VID Data Input from Processor. This pin has an open-drain output.

PWROK

System Power Good Input Pin. If PWROK is low, the SVI interface is disabled
and the DAC decodes SVC and SVD inputs to determine the boot VID. If
PWROK is high, the SVI interface is running and the DAC decodes the
received serial VID codes to determine the output voltage.

PGOOD

Power Good Indication Pin. This pin has an open-drain output and is typically
tied to 3.3V through a 2kQ resistor.

VFIX/DRPSEL

VFIX Mode, Droop Disable and Protection Selection Pin. Controller detects
this pin voltage at the EN signal rising edge to determine the droop function,
VFIX mode, and protection level setting. Use a resistive voltage-divider to set
the pin voltage. If this pin is tied to 5V, controller operates in VFIX mode
without droop. If this pin is tied to 3V, controller operates in droop disabled
mode with normal protection threshold. If this pin is tied to 2V, controller
operates in droop disabled mode with relaxed protection threshold. If this pin
is tied to 1V, controller operates in droop enabled mode with relaxed
protection threshold. If this pin is tied to GND, controller operates in droop
enabled mode with normal protection threshold.

OCSET_NB

VDDNB Over Current Protection Threshold Setting Pin. Use a resistive
voltage divider to ground and connect the joint of the voltage divider to this
pin to set the voltage, Vocser NnB- Vocser ns sets the over current
threshold, ILimiT_NB, for VDDNB output.

VCC

Controller Power Supply Pin. Connect this pin to 5V with 0.1uF or greater
ceramic capacitor for decoupling.

10

FB_NB

Output Voltage Feedback of VDDNB Controller. This pin is the negative input
of the error amplifier for the VDDNB controller.

1

COMP_NB

Error Amplifier Output Pin of Northbridge VDD_NB Controller.

12

TON_NB

VDDNB Controller On-Time Setting Pin. Connect this pin to the converter
input voltage, V|N, through a resistor, Rtonng, to set the on-time of
UGATE_NB and also the output voltage ripple of VDDNB.

13

ISP_NB

Positive Input of Current Sense Amplifier for VDDNB Controller.

14

ISN_NB

Negative Input of Current Sense Amplifier for VDDNB Controller.

15

RGND_NB

Return Ground of VDDNB. This pin is the negative input of output voltage
differential remote sense for VDDNB.

16

PGND_NB

Return Ground of Low Side MOSFET Gate Driver for VDDNB Controller.

17

LGATE_NB

Low Side MOSFET Gate Driver Output for VDDNB Controller. Connect this
pin to the gate of the low side MOSFET for VDDNB.

18

PHASE_NB

Switching Node of VDDNB VR. Connect this pin to the VDDNB switching
node. This pin is also the floating drive return of the high side MOSFET gate
driver. The PHASE_NB voltage is sensed for zero current detection when low
side MOSFET is on.

19

UGATE_NB

High Side MOSFET Gate Driver Output for VDDNB Controller. Connect this
pin to the gate of the high side MOSFET for VDDNB.

To be continued
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RICHTEK Preliminary RT8870A
Pin No. Pin Name Pin Function
Power Supply of High Side MOSFET Gate Driver for VDDNB Controller.
20 BOOT_NB | Connect this pin to the PHASE_NB pin with 0.1uF or greater ceramic capacitor
for floating drive.
Power Supply for Phase 0 High Side MOSFET Gate Driver of VDD Controller.
21 BOOTO Connect this pin to the PHASEO pin with 0.1uF or greater ceramic capacitor for
floating drive.
22 UGATEO Phase 0 High Side MOSFET Gate Driver Output of VDD controller. Connect this
pin to the gate of phase 0 high side MOSFET for VDD.
Phase 0 Switching Node of VDD Controller. Connect this pin to the phase 0
23 PHASEO switching node. This pin is also the floating drive return of the phase 0 high side
MOSFET gate driver. The PHASEDO voltage is sensed for zero current detection
when phase 0 low side MOSFET is on.
24 PGNDO Return Ground of Phase 0 Low Side MOSFET Gate Driver for VDD Controller.
o5 LGATEO Phase 0 Low Side MOSFET Gate Driver Output for VDD Controller. Connect
this pin to the gate of phase 0 low side MOSFET for VDD.
MOSFET Gate Driver Power Supply Input Pin. Connect this pin to 5V. Place a
26 PVCC 1uF or greater decoupling capacitor close to this pin and locate it on the same
PCB side as the controller.
27 LGATE1 Phase 1 Low Side MOSFET Gate Driver Output for VDD Controller. Connect
this pin to the gate of phase 1 low side MOSFET for VDD.
28 PGND1 Return Ground of Phase 1 Low Side MOSFET Gate Driver for VDD Controller.
Phase 1 Switching Node of VDD Controller. Connect this pin to the phase 1
29 PHASE1 switching node. This pin is also the floating drive return of the phase 1 high side
MOSFET gate driver.
30 UGATE1 Phase 1 Low Side MOSFET Gate Driver Output for VDD Controller. Connect
this pin to the gate of phase 1 low side MOSFET for VDD.
Power Supply for Phase 1 High Side MOSFET Gate Driver of VDD Controller.
31 BOOT1 Connect this pin to the PHASE1 pin with 0.1uF or greater ceramic capacitor for
floating drive.
32 ISN1 Phase 1 Negative Input of Current Sense Amplifier for VDD Controller.
33 ISP1 Phase 1 Positive Input of Current Sense Amplifier for VDD Controller.
Return Ground of VDD Output. This pin is the negative input of output voltage
34 RGND . .
differential remote sense for VDD.
35 ISNO Phase 0 Negative Input of Current Sense Amplifier for VDD Controller.
36 ISPO Phase 0 Positive Input of Current Sense Amplifier for VDD Controller.
VDD Controller On-Time Setting Pin. Connect this pin to the converter input
37 TON voltage, V|N, through a resistor, Rton, to set the on-time of UGATEO and
UGATE1 and also the output voltage ripple of VDD.
38 COMP Error Amplifier Output Pin of Northbridge VDD Controller.
Output Voltage Feedback of VDD Controller. This pin is the negative input of
39 FB .
error amplifier for VDD controller.
VDD Over Current Protection Threshold Setting Pin. Use a resistive voltage
40 OCSET divider to ground and connect the joint of the voltage divider to this pin to set the
voltage, VocseT. VocseT sets the over current threshold, IymT, for VDD total
output current.
Return Ground of Controller. The exposed pad must be soldered to a large PCB
41 (Exposed Pad) | GND and connected to PGND for maximum thermal dissipation.

DS8870A-P00 July 2010

www.richtek.com
5



RT8870A Preliminary RICHTEIK
Function Block Diagram
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RICHTEK Preliminary RT8870A

Absolute Maximum Ratings (Note 1)

e VCCtoGND -0.3V to 6.5V
e RGND, PGND to GND -0.3V to 0.3V
« PWROK, EN, SVC, SVD, VFIX/DRPSEL, PGOOD, FB, COMP, FB_NB, COMP_NB, OCSET,
OCSET_NB, ISPx, ISNx, ISP_NB, ISN_NB, TON, TON_NB and RBIAS to GND ------------ —0.3V to (Vcc + 0.3V)
e PVCCto PGND -0.3V to 6.5V
e BOOT to PHASE -0.3V to 6.5V
e PHASE to GND
DC —0.3V to 28V
<20ns -8V to 32V
o UGATE to PHASE
DC —0.3V to (BOOT — PHASE)
<20ns -5V to 7.5V
e LGATEtoGND
DC —-0.3V to (PVCC - 0.3V)
<20ns -2.5V 10 7.5V
o Power Dissipation, Pp @ Ta =25°C
WQFN-40L 5x5 2.778W
o Package Thermal Resistance (Note 2)
WQFN-40L 5x5, 0 a 36°C/W
WQFN-40L 5x5, 6,c 6°C/W
o Lead Temperature (Soldering, 10 sec.) 260°C
o Junction Temperature 150°C
o Storage Temperature Range —-65°C to 150°C
e ESD Susceptibility (Note 3)
HBM 2kV
MM 200V

Recommended Operating Conditions (Note 4)

o Supply Input Voltage, Vcc 4.5V to 5.5V

« Input Voltage, VN 6V to 24V

« Junction Temperature Range —40°Cto 125°C
e Ambient Temperature Range —40°Cto 85°C

Electrical Characteristics
(Vec = Vevee = 5V, VIN = 12V, Ta = 25°C, unless otherwise specified)

Parameter ‘ Symbol | Test Conditions | Min ‘ Typ | Max | Unit
Supply Input
Supply Voltage Vce 4.5 5 5.5 \
Supply Current lvcc+pvee VeEN = 3.3V, Not Switching -- - 10 mA
Shutdown Current lvcc+pPvee Ven = 0V -- -- 1 pA
Soft-Start/Soft-Shutdown Slew Rate Control
33{;?%’8 iggoih“tdown SRss 125 1875 | 25 |mVius

To be continued

DS8870A-P0O0 July 2010 www.richtek.com
7



RT8870A Preliminary RICHTEK

Parameter Symbol Test Conditions Min Typ Max Unit
VID On-The-Fly
Transition SRpviD 5 7.5 10 mV/us
Reference and DAC
VID = 0.7500V to 1.5500V o
DG Accurac v (No Load, Active Mode) 08 0 08 | %VID
y F8 VID = 0.5000V to 0.7375V 251 o | 75 | mv
(No Load, Active Mode) ' ]
VID = 0.7500V to 1.5500V
No Load, Closed Loop, Active -1.5 0 1.5 %
System Accurac Mode
y y VID = 0.5000V to 0.7375V
No Load, Closed Loop, Active -11.5 0 11.5 mV
Mode
Error Amplifier
Input Offset Voltage VoOsSEA -2 - 2 mV
DC Gain Rioap =47kQ  (Note 5) 70 80 -- dB
Gain-Bandwidth Product | Ggw CLoap =5pF (Note 5) - 10 - MHz
CLoap = 10pF, gain = —4, B .
Slew Rate SR RLOAD = 47K, Vcomp = 0.5V to 3V S Vis
Output Voltage Range Vcomp RioaDp =47kQ 0.5 -- 3.6 \%
MAX Source Current louTEASsr Vcomp = 2V - 250 - pA
MAX Sink Current loUTEASsk -- 20 - mA
Current Sense Amplifier
Input Offset Voltage Voscs -1 -- 1 mV
Impedance at Negative Risn y _ _ MO
Input
Impedance at Positive
Input Risp ! M
DC Gain Al -- 10 -- VIV
Input Range VISN_IN -30 -- 50 mV
TON Setting
TON Pin Output Voltage | Vton Rton = 80kQ, VTon = VID = 0.75V -5 0 5 %
DEM On-Time Setting toN IrTON = 80pA -- 350 - ns
RTON Current Range IToN 25 -- 280 pA
NB Minimum Off-Time toFF-MIN_NB -- 400 - ns
Core Minimum Off-Time | torr-MIN_CORE -- 270 - ns
Protection
POR (Power-On Reset) | VPORH VCC Rising - 435 | 4.5 Vv
Threshold VpORL VCC Falling - 4.1 -
Absolute Over Voltage .
Protection Threshold VaABSOVP (With Respect to 1.8V, £+50mV) 1.775 1.8 1.825
Out-of-Spec Relative
Over Voltage Protection | Vrove (With Respect to VID, £47mV) 203 250 297 mV
Threshold
Out-of-Spec Relative .
Under Voltage Threshold VRUVP (With Respect to VID, £55mV) -245 | -300 | -355 mV

To be continued
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RICHTEK Preliminary RT8870A
Parameter Symbol Test Conditions Min Typ Max | Unit
Negative Voltage Protection
Threshold Vvp —100  -70 B mv
Negative Voltage Protection _ _
Hysteresis AVNvP 50 mV
Current Limit Threshold Viumir = Visex — VisNx
Voltage (per phase) ViLmir Vocser = 2.1V 31.5 1 35 | 385 | mV
Thermal Shut-Down o
Threshold Tso - 160 - c
Thermal Shut-Down R
Hysteresis ATsp B 10 B C
Logic Inputs
EN Input Logic-High | V4 With Respect to 3.3V 2 -- - \Y
Threshold
Voltage Logic-Low | ViL With Respect to 3.3V -- -- 0.8 \Y,
EN Leakage Current -1 -- 1 pA
PWROK Input Threshold VIH_PWROK 2 -- - -
Voltage VIL_PWROK - - 0.8 -
Power Good
PGOOD Low Voltage VpG L lpcoop = 4mA - -- 0.5 V
Delay Time After
PGOOD Soft-Start Dela t -- 700 -- S
y Fepb Visno = Veoot —100mV H
SVI Interface
SVC, SVD Logic-High ViH_svC, 1 -- - \
Input VIH_svD
Threshold . VIL svG,
Voltage Logic-Low VIL_SVD -- -- 0.6 \%
Schmitt Trigger Input N
Hysteresis Vhys 0.19 0.23 \Y
SVD Low-Level Output : _
Voltage Vsvb Sink Current = 3mA -- -- 0.285 --
VEn = 0V - -- +100
SVC, SVD Leakage EN bA
VEN = 3.3V - 0 - A
MOSFET Gate Driver
: VBooT — VPHASE = 5V
Upper Driver Source R -- 1 -- Q
PP USOURC | vgoor — VueaTe = 1V
Upper Driver Sink RusINK VygaTe = 1V - 1 - Q
Lower Driver Source RLSOURC VPVCC =5V, VPVCC - VLGATE =1V - 1 - Q
Lower Driver Sink RLsINK VigaTE = 1V - 0.5 - Q
Upper Driver Source Voot — VpPHASE = 5V
Current lusoure VUGATE = 2.5V - 2 - A
Upper Driver Sink Current lusiNk VBoor __VPHASE =5V, - 2 -- A
VyGaTE = 2.5V
Lower Driver Source _
Current ILsourc VLGATE = 2.5V - 2 - A
Lower Driver Sink Current ILsINK VLGATE = 2.5V - 4 -- A
Internal Boost Charging ReooT PVCC to BOOT _ 30 _ o

Switch On-Resistance

To be continued
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RT8870A Preliminary RICHTEK

Parameter ‘ Symbol | Test Conditions ‘ Min | Typ | Max | Unit
RBIAS
RBIAS Voltage | Vreias | Rreias = 100k 1975 2 [2025] v
VFIX/DRPSEL
VFIX Mode 45 - - \Y
No Droop Setting _ _ o
Normal Protection Setting 52 % ofVee
No Droop Setting ROVP Disabled, Vryvp = -400mV, _ o
Relaxed Protection Setting VaBsovp = 1.8V 32 48 % of Vee
With Droop Setting ROVP Disabled, Vruyvp = —400mV, o
Relaxed Protection Setting Vassovp = 1.8V 12 - 28 | %ofVce
With Droop Setting o
Normal Protection Setting 0 B 8 % of Voe

Note 1. Stresses listed as the above "Absolute Maximum Ratings" may cause permanent damage to the device. These are for
stress ratings. 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 for extended
periods may remain possibility to affect device reliability.

Note 2. 8ya is measured in natural convection at Ta = 25°C on a high effective thermal conductivity four-layer test board of
JEDEC 51-7 thermal measurement standard. The measurement case position of 6,c is on 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 design.
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RICHTEIK Preliminary RT8870A
Outline Dimension
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DETAIL A

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 4.950 5.050 0.195 0.199
D2 3.250 3.500 0.128 0.138
E 4.950 5.050 0.195 0.199
E2 3.250 3.500 0.128 0.138
e 0.400 0.016
L 0.350 0.450 0.014 0.018

W-Type 40L QFN 5x5 Package

Richtek Technology Corporation

Headquarter

5F, No. 20, Taiyuen Street, Chupei City

Hsinchu, Taiwan, R.O.C.

Tel: (8863)5526789 Fax: (8863)5526611

Richtek Technology Corporation
Taipei Office (Marketing)
8F, No. 137, Lane 235, Paochiao Road, Hsintien City
Taipei County, Taiwan, R.O.C.

Tel: (8862)89191466 Fax: (8862)89191465

Email: marketing@richtek.com

Information that is provided by Richtek Technology Corporation is believed to be accurate and reliable. Richtek reserves the right to make any change in circuit

design, specification or other related things if necessary without notice at any time. No third party intellectual property infringement of the applications should be

guaranteed by users when integrating Richtek products into any application. No legal responsibility for any said applications is assumed by Richtek.
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Datasheet Revision History

Version Data Page No. ltem Description

P00 2010/7/26 First Edition
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