RICHTEK® Preliminary RT3605BE

Triple Channel PWM Controller for IMVP8 Mobile CPU Core

Power Supply

General Description

The RT3605BE is an IMVP8 compliant CPU power
controller which includes three voltage rails : a 3/2/1 phase
synchronous Buck controller, the MAIN VR, a 2/1 phase
synchronous Buck controller, the Auxiliary VR, and a
single phase synchronous Buck controller, the VCCSA
VR. The RT3605BE adopts G-NAVP™ (Green Native AVP)
which is Richtek's proprietary topology derived from finite
DC gain of EA amplifier with current mode control, making
it easy to set the droop to meet all Intel CPU requirements
of AVP (Adaptive Voltage Positioning). Based on the G-
NAVP™ topology, the RT3605BE also features a quick
response mechanism for optimized AVP performance
during load transient. The RT3605BE supports mode
transition function with various operating states. A serial
VID (SVID) interface is built in to communicate with Intel
IMVP8 compliant CPU. The RT3605BE supports VID on-
the-fly function with three different slew rates : Fast, Slow,
and Decay. By utilizing the G-NAVP™ topology, the
operating frequency of the RT3605BE varies with VID,
load, and input voltage to further enhance the efficiency
even in CCM. Moreover, the G-NAVP™ with CCRCOT
(Constant Current Ripple COT) technology provides
superior output voltage ripple over the entire input/output
range. The built-in high accuracy DAC converts the SVID
code ranging from 0.25V to 1.52V with 5mV per step. The
RT3605BE integrates a high accuracy ADC for platform
setting functions, such as quick response trigger level.
The RT3605BE provides VR ready output signals. It also
features complete fault protection functions including over-
voltage (OV), over-current (OC) and under-voltage lockout
(UVLO). The RT3605BE is available in the WQFN-52L
6x6 small foot print package.

Features

o Intel IMVP8 Serial VID Interface Compatible Power
Management States

¢ 3/2/1 Phase (MAIN VR) + 2/1 Phase (Auxiliary VR) +
Single Phase (VCCSA VR) PWM Controller

o Embedded Audio Noise Suppress Function

o Support Multi-Source Dr.MOS and MOSFET

e G-NAVP™ (Green Native Adaptive Voltage
Positioning) Topology

¢ 0.5% DAC Accuracy

« Differential Remote Voltage Sensing

o Built-in ADC for Platform Programming

o Accurate Current Balance

o System Thermal Compensated AVP

o Diode Emulation Mode at Light Load Condition for
Multiple or Single Phase Operation

o Fast Transient Response

¢ VR Ready Indicator

e Thermal Throttling

o Current Monitor Output

« OVP, OCP, UVLO

o Slew Rate Setting

o DVID Enhancement

Applications
o IMVP8 Intel Core Supply
o Notebook/Desktop Computer/ Servers Multi-Phase CPU

Core Supply
¢ AVP Step-Down Converter

Simplified Application Circuit
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RT3605BE

Preliminary

RICHTEK

Ordering Information

RT3605BE Iﬂ

Package Type
QW : WQFN-52L 6x6 (W-Type)

Lead Plating System

G : Green (Halogen Free and Pb Free)

Note :
Richtek products are :

Marking Information

RT3605BE
GQw
YMDNN

» 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.

Pin Configuration
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RICHTEK Preliminary RT3605BE
Typical Application Circuit

For MAIN Two Phase Application
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RT3605BE

RICHTEK

Preliminary

Functional Pin Description

Pin No Pin Name Pin Function
Controller power supply. Connect this pin to 5V and place a RC filter, R =
1 VCC 6.2Q2 and C = 4.7uF. The decoupling capacitor should be placed as close to
the PWM controller as possible.
System input power monitor. Place the PSYS resistor as close to the IC as
2 PSYS ;
possible.
Negative input of the error amplifier. This pin is for MAIN rail VR output
3 FB_MAIN
- voltage feedback to controller.
4 COMP_MAIN MAIN rail VR compensation. This pin is error amplifier output pin.
MAIN rail VR voltage sense input. This pin is connected to the terminal of
5 VSEN_MAIN MAIN rail VR output voltage.
6 RGND MAIN Return ground for MAIN rail \_/R. This pin is the negative node of the
- differential remote voltage sensing.
10,11, 7 ISEN[1:3]P_MAIN gosmve current sense inputs of multi-phase MAIN rail VR channel 1, 2 and
9.12.8 ISEN[1:3]N_MAIN l:;legatlve current sense inputs of multi-phase MAIN rail VR channel 1, 2 and
13 TSEN_MAIN Thermal sense input for MAIN rail VR.
14 VR_READY VR ready indicator.
17,15, 16 PWM [1:3]_MAIN | PWM outputs for MAIN rail VR of channel 1, 2 and 3.
18 PWM_SA PWM outputs for SA rail VR.
19 DRVEN External driver enable control. Connect to driver enable pin.
20 ISENN_SA Negative current sense input of single-phase SA rail VR.
21 ISENP_SA Positive current sense input of single-phase SA rail VR.
Negative input of the error amplifier. This pin is for SA rail VR output voltage
22 FB_SA
- feedback to controller.
23 COMP_SA SA rail VR compensation. This pin is error amplifier output pin.
o4 VSEN SA SA rail VR voltage sense input. This pin is connected to the terminal of SA
- rail VR output voltage.
o5 RGND SA R_eturn ground for SA ralil VI_?. This pin is the negative node of the
- differential remote voltage sensing.
26 VRON VR enable control input.
27,28 PWMI[1:2]_AUXI | PWM outputs for AUXI rail VR.
29 ANS EN Acoustic noise suppression function setting. When pulling the pin to VCC,
- this function is enabled. This pin is not allowed to be floating.
33, 30 ISEN[1:2]N_AUXI | Negative current sense inputs of multi-phase AUXI rail VR channel 1 and 2.
32, 31 ISEN[1:2]P_AUXI | Positive current sense inputs of multi-phase AUXI rail VR channel 1 and 2.
34 TSEN_AUKXI Thermal sense input for AUXI rail VR.
35 FB_AUXI Negative input of the error amplifier. This pin is for AUXI rail VR output

voltage feedback to controller.
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RICHTEK Preliminary RT3605BE

Pin No Pin Name Pin Function

36 COMP_AUKXI AUXI rail VR compensation. This pin is error amplifier output pin.

AUXI rail VR voltage sense input. This pin is connected to the terminal of

37 VSEN_AUXI AUXI rail VR output voltage.

38 RGND AUX R_eturn ground for AUXI rail \_/R. This pin is the negative node of the
- differential remote voltage sensing.

39 IMON AUXI AUXI rz.-,ul VR current monitor output. This pin outputs a voltage which is
- proportional to the output current.

40 IMON SA SA rall_ VR current monitor output. This pin outputs a voltage which is
- proportional to the output current.

41 IMON_MAIN MAIN rail VR current monitor output. This pin outputs a voltage proportional

to the output current.

Fixed 0.6V output reference voltage. This voltage is used to offset the
42 VREFO06 output voltage of IMON pin. A exact 0.47uF decoupling capacitor and a
3.9Q resistor must be placed between this pin and GND.

43 VIN VIN input pin. Connect a low pass filter to this pin to set on-time.
Platform setting. Connect the SET1 pin to 5V and turn-on the EN pin, if the

44 SET1 soldering is good, VSEN_MAIN = VSEN_AUXI = 0.9V and VSEN_SA =
1.05V.

45 SET2 Platform setting.

46 SET3 Platform setting.

47 SET4 Platform setting.

48 SET5S Platform setting.

49 ALERT SVID alert. (Active low)

50 VDIO VR and CPU data transmission interface.

51 VCLK Synchronous clock from the CPU.

52 VR_HOT Thermal monitor output. (Active low)

53 GND Ground. The exposed pad mu_st pe spldered to a large PCB and connected

(Exposed Pad) to GND for maximum power dissipation.
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Functional Block Diagram
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RICHTEK

Preliminary

RT3605BE

Operation

G-NAVP™ Control Mode

The RT3605BE adopts G-NAVP™ (Green Native AVP)
which is Richtek’s proprietary topology. It is derived from
current mode constant on-time control with finite DC gain
of error amplifier and DC offset cancellation. The topology
can achieve easy loadline design and provide high DC
accuracy and fast transient response. When sensed
current signal reaches sensed voltage signal, the
RT3605BE generates a PWM pulse to achieve loop
modulation. Figure 1 shows the basic G-NAVP™
waveforms. The COMP signal is the sensed voltage that
is inverted and amplified signal of output voltage. While
current loading is increasing, referring to Figure 1, COMP

behavior

rises due to output voltage droop. Then rising COMP
forces PWM turn on earlier and closely. While inductor
current reaches loading current, COMP enters another
steady state of higher voltage and the corresponding
output voltage is in the steady state of lower voltage. The
loadline, output voltage drooping by an amount which is
proportional to loading current, is achieved.

Steady State | Load Transient

- >|<
|
|
|

: Loading Current Alcc
|
|
I
|
Vout |
vio [ / !
[ N Al N
AlCC x Ry
/ ‘R
| N A\

Sensed Current Signal

PWM |_|

Figure 1. G-NAVP™ Behavior Waveform
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RT3605BE

Preliminary

RICHTEK

SVID Interface/Control Logic/Configuration
Registers

SVID Interface receives or transmits SVID signal with CPU.
Control Logic executes command (Read/Write registers,
setVID, setPS) and sends related signals to control VR.
Configuration Registers include function setting registers
and CPU required registers.

IMON Filter

IMON Filter is used to average current signal by analog
low-pass filter. It outputs IMONayc to the MUX of ADC for
current reporting.

MUX and ADC

The MUX supports the inputs of SET1, SET2, SET3, SET4,
SET5, TSEN_MAIN, TSEN_AUXI, PSYS, IMONavG_maN,
IMONave_auxi, and IMONaye_sa. The ADC converts these
analog signals to digital codes for reporting or function
settings.

UVLO

The UVLO detects the VCC voltage. As VCC exceeds
threshold, controller issues POR = high and waits VRON.
After both POR and VRON are ready, then controller is
enabled.

Loop Control/Protection Logic

It controls power-on/off sequence, protections, power state
transition, and PWM sequence.

DAC

The DAC generates a reference VID voltage according to
the VID code sent by Control Logic. According to setVID
command, Control Logic dynamically changes VID voltage
to target with required slew rate.

ERROR AMP

The ERROR AMP inverts and amplifies the difference
between output voltage and VID with externally setting
finite DC gain. The output signal is COMP for PWM trigger.

PERCSGM

The PER CSGM senses per-phase inductor current. The
outputs are used for loop response, Current Balance, Zero
Current Detection, current reporting and over-current
protection.

SUM CSGM

The SUM CSGM senses total inductor current with RIMON
gain adjustment. SUM CSGM output current ratio can
also be set by PIN-SETTING(AI[1:0]). It helps wider
application range of DCR and load line. SUM CSGM output
is used for PWM trigger.

RAMP
The RAMP helps loop stability and transient response.

PWM CMP

The PWM comparator compares COMP signal and sum
current signal based on RAMP to trigger PWM.

Offset Cancellation

The offset cancellation is based on VID, COMP voltage
and current signal from SUM CSGM to control output
voltage accuracy.

Current Balance

Per-phase current sense signal is compared with sensed
average current. The comparison result will adjust each
phase PWM width to optimize current and thermal
balance.

Zero Current Detection

Detect whether each phase current cross zero current.
The result is used for DEM power saving and overshoot
reduction (Anti-overshoot Function).

AQR/ANTIOVS

The AQR is a new generation of quick response
mechanism (Adaptive Quick Response, AQR) which
detects loading rising edge and allows all PWM to turn
on. The PWM pulse width triggered by AQR is adaptive to
loading level. The AQR trigger level can be set by PIN-
SETTING. ANTIOVS can help overshoot reduction which
detects loading falling edge and forces all PWM in tri-
state until the zero current is detected.
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RICHTEK Preliminary

RT3605BE

TONGEN/Driver Interface

The PWM comparator output signal will trigger TONGEN
to generate PWM pulse. The PWM sequence is controlled
by Loop Control. The PWM pulse width is determined by
frequency setting, current balance output and Adaptive
Quick Response (AQR) settings. Once AQR is triggered,
VR will allow all PWM to turn on at the same time. Driver
Interface provides high/low/tri-state to drive external driver.
In power saving mode, Driver Interface forces PWM in tri-
state to turn off high-side and low-side power MOSFET
according to Zero Current Detection output. In addition,
PWM state is controlled by Protection Logic. Different
protections force required PWM state.

OCP

The RT3605BE has three over-current protection
mechanisms, sum OCP, per phase OCP. and OC limit.

OovVP

The over-temperature protection threshold is linked to VID,
please refer to classification table and waveform in Table
27 and Figure 27.

UvpP

When the output voltage is lower than VID-450mV with
3us filter time. UVP will be triggered and all PWM will be
in tri-state to turn off high-side powe MOSFETs.
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RT3605BE Preliminary RICHTEK
Absolute Maximum Ratings (Note 1)
e VINto GND —-0.3V to 28V
e VCCtoGND —0.3V to 6.5V
« RGNDto GND -0.3V to 0.3V
e Other Pins -0.3V to 6.8V
e Power Dissipation, Pp @ Ta = 25°C
WQFN-52L 6x6 3.77TW
o Package Thermal Resistance (Note 2)
WQFN-52L 6x6, 6 26.5°C/W
WQFN-52L 6x6, 6,c 6.5°C/W
¢ Lead Temperature (Soldering, 10 sec.) 260°C
¢ Junction Temperature 150°C

¢ Storage Temperature Range
e ESD Susceptibility (Note 3)
HBM (Human Body Model)

Recommended Operating Conditions

e VINto GND

(Note 4)

¢ Supply Input Voltage, VCC

¢ Junction Temperature Range

Electrical Characteristics

—65°C to 150°C

2kV

4.5V to 24V
4.5V to 5.5V
—10°C to 105°C

(Vce = 5V, typical values are referenced to Ty = 25°C, Min and Max values are referenced to T, from —10°C to 105°C, unless

other noted)

Parameter Symbol Test Conditions Min Typ Max Unit
Supply Input
Supply Voltage Vce 4.5 5 5.5 \%
Supply Current \/ele VRON= H, not switching -- 15 -- mA
Supply Current at PS4 Ivcc_pPs4 | VRON= H, not switching -- 85 -- pA
Shutdown Current ISHDN VRON= L -- -- 10 pA
Reference and DAC
VID = 0.75V to 1.52V -0.5 0.5 |%ofVID
DAC Accuracy VFB VID = 0.5V to 0.745V -8 v
VID = 0.25V to 0.495V -10 10
Slew Rate
Dynamic st Slew SetVID fast 3375 | ~ | -
\é;[:eSIew Slow Slew SR SetVID slow 16.625 _ _ mVips
Rate Slew rate default = 1/2 Fast
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RICHTEK Preliminary RT3605BE
Parameter Symbol Test Conditions Min Typ Max | Unit

EA Amplifier

DC Gain Abpc RL = 47kQ 70 -- -- dB

Gain-Bandwidth Product Gew CLoAD = 5pF -- 5 -- MHz
CLoAD = 10pF (Gain = -4, Rf =

Slew Rate SReA 47k, VouT = 0.5V to 3V) R I I B

Output Voltage Range Vcomp RL = 47k 0.3 -- 3.6 V

Maximum Source/Sink IOUTEA Veomp = 2V _ 5 _ mA

Current

Input Offset Voltage VOSEA TAa=25°C -3 -- 3 mV

Current Sensing Amplifier (MAIN/AUXI)

Input Offset Voltage Voscs -0.6 -- 0.6 mV

Impedance at Positive Input | RISENxP 1 -- -- MQ
Differential voltage range of DCR

CS Input Voltage VCsIN sense. (VcsIN= Inductor currentx | —10 -- 100 mV
DCR x DCR divider)
Internal current mirror gain of per

Current Sense Gain Error AMIRROR phase current sense [IMON / 0.97 1 1.03 A/A
ICs,PERx

Current Sensing Amplifier (SA)

Input Offset Voltage Voscs_sA -0.4 -- 0.4 mV

Impedance at Positive Input | RISENxP_SA 1 -- -- MQ
Differential voltage range of DCR

CS Input Voltage VCSIN_SA sense. (VcsIN = Inductor current x|  —40 -- 40 mV
DCR x DCR divider)
Internal current mirror gain of per

Current Sense Gain Error AMIRROR_SA | phase current sense lIMON / 0.97 1 1.03 A/A
ICs,PERx

TON Setting (Main/Auxi)

. . VIN = 19V, VID = 0.9V,

On-Time Setting toN KTON = 1.36 -- 96 -- ns

Minimum Off-Time toFF VID = 1V under PS1 condition -- 130 300 ns

TON Setting (SA)

On-Time Setting toN VIN =_1 9V, VID = 0.9V, -- 100 -- ns
kTON = 1

Minimum Off-Time toFF VID = 1V under PS1 condition -- 130 300 ns

Protections

Threshold AVUVLO Rising edge hysteresis 100 | 200 | 300 | mV
Respect to VID voltage, VID+ | VID | VID+

Over-Voltage Protection VID>1V 300 +350 | 400 mV

Vov

Threshold

VID=1V 1.3 1.35 1.4 Y
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RT3605BE Preliminary RICHTEK
Parameter Symbol Test Conditions Min Typ Max Unit
Under-Voltage Protection
Threshold Vuv Respect to VID voltage -510 | -450 | -390 mV
VRON and VR_READY
VRON Logic-High VIH 0.7 - - v
Threshold Logic-Low ViL - - 0.3
Leakage Current of VRON -1 -- 1 pA
VR_READY Pull Low VVR_READY |IVR READY = 10mA -- - 0.13 \Y
Voltage
Serial VID and VR_HOT
VCLK, VDIO o Respect to INTEL Spec. with _ _
input Logic-High VIH 50m\V hysteresis 0.65 v
Voltage Logic-Low | ViL - - 0.45
Leakage Current of VCLK
and VDIO ILEAK_IN -1 -- 1 pA
VvDIO IvDio = 10mA
Pull Low Voltage VALERT IALERT =10mA -~ - 0.13 \
VVR_HOT IVR_HOT = 10mA
Leakage Current of ALERT , ILEAK OUT 1 _ 1 A
VR_HOT —ou W
ANS_EN
ANS_EN Logic-High [ VIH vee - - \
Input -0.7
Voltage Logic-Low VIL -- -- 1 Vv
VREF
VREF06 .
Voltage VVREF06 Normal operation 0.59 0.6 0.61 Y
ADC
VIMON-VREF06=0.8V @
Digital IMON Set SAXLMONICC {/“f'@é(;;‘:gios:o 4V @ - 255 -- Decimal
IMAX<40A

SYS Maximum Input )
P PSYS Vpsys = 1.6V -- 255 -- Decimal
Voltage
Average Period of IMON tiMON -- 200 -- us
Average Period of TSEN tTSEN -- 800 -- us
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RICHTEK Preliminary RT3605BE

Parameter Symbol Test Conditions Min Typ Max Unit
VR_Hot Assert Threshold Falling -- 1.092 | 1.105 \%
VR _Hot De-Assert .
Threshold Vreen Rising 1.119 | 1.132 | 1.147 \Y,
Thermal ALERT Assert Falling, thermal alert status1 1119 | 1132 | 1.147 Vv
Threshold register bit 1 assert ' ' '
Thermal ALERT Assert Falling, thermal alert status1
Threshold register bit 1 de-assert 1.161 | 1.176 | 1.196 v
ITSEN
TSEN Source Current ITSEN VTSEN = 1.6V, TA = 25°C 79.2 80 80.8 pA

Note 1. Stresses beyond those listed under “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. 6,a 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.
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RICHTEK

Typical Operating Characteristics

VR Power On from EN

VR Power Off from EN

Vsa Vsa
(400mV/Div)> (400mV/Div)-# 3
VR_Ready VR Ready :
(1V/Div) ~ (1V/Div) " 7|
PHASE_SA, PHASE_SA |
(20V/Div) : DA B S (20V/Div) :
EN | o o ] EN |
(1V/Div)? R e (1V/DiV) .................. s
_ . Vin= 19V, No Load, VID = 1.05V ] Vin= 19V, No Load, VID = 1.05V
e b b by b Ty b b v b by | | | TR
Time (500us/Div) Time (50pus/Div)
CORE VR OCP CORE VR OVP
Ve F L BIPHLD) e SR S ]
(400mV/Div)sE - Vcore L. L] \ U ]
_ -1 (800mV/Div),} S sy
VR_Ready : uEEE S VR Ready | —— ]
(1VIDiv) b Lol e sttt (1V/Div) " | L
PHASE1_CORE PHASEA : ]
(20V/Div) - fetanin b e : e~ AT ]
_____ N DR AU o] (20V/Div)
VimoN : : : ] PHASE2_
(AVIDiV)g N A N CORE ; e
S . 130%ICCMAX ] (20V/Div) ViN= 19V, VID = 0.9V ]
coa b by T by b v b s by 7§ sl v b b b b gl
Time (20ps/Div) Time (50us/Div)
CORE VR UVP CORE VR Dynamic VID Up
AR RARANRERAN SEREN RAREN ] T
..... _f ff _i
VcoRrE : VcoRre : : :/ : : C
(600mV/Div)-» ™ (200mV/Div) : — T ]
VR Ready [ |t o E \DIO : . E :
(VD) (1V/Div) > prmessrr] ! |
PHASE1_ E > :
(2%3/Ro$v) .‘ VCLK UL 5
> (1V/DIV))_ ........... R e -
PHASE2_ ]
CORE : : _ALER.T U U .............. ]
(20V/Div) o ViN= 19V, VID = 0.9V ] (1VIDiV)>L  viy = 19V, VID = 0.6V to 0.9V, Sléw Rate = Slow

Time (50us/D|v) Time (10us/Div)
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RICHTEK Preliminary RT3605BE

CORE VR Dynamic VID Down CORE VR Dynamic VID Up

proT ! R SRR ! Ty T ! T !

B e 1. S SN A E

Vecore - \ . Veore F - / .

(200MV/Div) £ oo D ] (200MV/DIV) it O

wo | | i B wo - |1} R

(AVIDiv)s bbb b bbb (1V/Div)> e bbb

_>E X X X X E X X E _>E . X X :. E X X i

veek + D AL o

(1VIDiv)> . . T ; R (1VIDiv)>[ _ . T ; S

(1VIDIV)E vy = 19V, VID = 0.9V f0 0.6V, Slew Rate = Slow ] (1V/D'V)ﬁ Vin = 19V, VID = 0.6V to 0.9V, Slew Rate = Fast ]
Time (10ps/Div) Time (10us/Div)

CORE VR Mode Transient CORE VR Mode Transient

VeoRe Veore BTG -
offset 0.9V offset 0.9V b
(20mV/Div) (20mV/Di) [T
VDIO 1 o ] wo t o | B
aSEL 00t 01 1 =TT
PHASE1_ | AR ‘ PHASE1 Ll ‘ ‘ ‘iih‘ ‘ \ H ‘ ‘ H
oo : o o (20v/Div) |
( IV) S X . , . . " H i } I H
PHASEZ_ . . . erase2 - RO
CORE g m—— e (20V/Diy) B emmemeendil UL
(20v/Div) | ViN = 19V, VID = 0.9V, PS0 to PS2, IL.oap = 1A ] 1 - ViN =19V, VID = 0.9V, PS2 to PSO0, ILoap = 1A
poa e b b b b s v b by v b by a g o b b by by T b b by by g
Time (50us/Div) Time (50us/Div)
CORE VR Thermal Monitioring AVimon_core Vs. Load Current
T T T T T T T T 08
07 +
06
<
T 05
(14
8 04 |
VTSEN_CORE Z
(500mV/Div),, | E S o3 L
>
< 02
VR _HOTsy- . .. coo ] e s 0.1
(1V/Div) VIN = 19V, Vrsen Sweep from 1V to 2V |
il I I S I B B B 0.0
Time (5ms/Div) 0 10 20 30 40 50 60 70 80

Load Current (A)
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RT3605BE Preliminary RICHTEIK
GT VR OCP GT VR OVP
SRR TR A F T T N = 19V, VID = 09V ]
(400VC<}/D- | L. ............ _
m > - e -
] V [ i b
_________________________________ 1 (BoomvIDiv), AN

VR_Ready ] VR_Ready | SRR o
PH;;\E/?I\gT> } J . ‘.‘ : .L 4 ; (1T//|§|?/)y>}||, ; . .
(20V/Div) ; TR— O OO T PN NSNS SRS E

PHASE1 GT H
(20V/Div) -k

LG1_GT i||\ ' i||| B l R
(5V/Div)B i ! ; ]

(av/ Div)ﬁ : :

Time (20us/Div) Time (50us/Div)

GT VR UVP GT VR Dynamic VID Up
.............................. _ L _,r" '_
Ver . Ver : : / 1
(600MV/Div)sE R 3 (200MV/DIV) Lt e ]
VR_Ready | T ] : SN aane: T
> b e Rmssin e (']V/D|V)->_‘H:}::::!::::!::::!::::__::::}HH}::::!::::!H:'
PHASE1_GT g . S
(20V/Div) - o re——————
] VCLK [ : : r ::' ]
......................... _i (1V/DIV)>— __ _i
LG1_GT :
(5V/Div) — — ALERT - S R R
oo VN9V VID = 0.9V (W/D'V_)ﬁmle:1'9v,v'|D=0.6vib0.9v, Slew Rate = Slow ]
Time (50us/Div) Time (10ps/Div)
GT VR Dynamic VID Down GT VR Dynamic VID Up
LS L DL LN UL BLELELELE DL DL HHj _.“‘ '"'!""!""!"":_""\‘“‘\""!"" TTTT
e Fo \\ _____ R E v R St E
(200mV/Div) [ : s'"“‘"“ e (200mV/Div) | E
wo |4 VDIO | ] "
(1VIDiv) > b (1V/DIV):5 i i e
Y S — S P SN N e :
VCLK I f : VCLK | s '
(1V/Div)*| T 3 (1V/Div),E R
ALERT L. SR 3 ALERTf_ i P _
(1V/DiV)ﬁ Vin = 19V, VID = 0.9V to 0.6V, Slew Rate = Slow (Vi D'V_)ﬁ Vin = 19V, VID = 0.6V {0 0.9V, Slew Rate = Fast

Time (10us/Div)

Time (10us/Div)
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GT VR Mode Transient

Ver
offset 0.9V
(20mV/Div)

VDIO

(1V/DIV).s b
Il
PHASE1 ii‘

GT
(20V/Div)
I

LG1_GT |
(5V/Div) >

1

|
S VIN= 19VVID 09J\/ PS0 to PS2, lLoap = 1A ]
....................... T....\HHM...I....I....

Time (50us/Div)

GT VR Thermal Monitoring

VTSEN_AUXI [
(500mV/Div)_t

VR_HOT,
(1V/Div)

Time (5ms/D|v)

SAVROCP

Vsa
(400mV/Div)s

VR_Ready
(1V/Div)

PHASE_SA
(20V/Div) »

ViMON

(1v/Div)&

Time (20us/Div)

GT VR Mode Transient

Ver
offset 0.9V
(20mV/Div) :

IO |
(1V/Div) s
PHASE1_ |

GT r
(20Vv/Div)

resmes 11
(5V/Div)

—
O O OO
LTI
LN |

© VIN =19V, VID = 0.9V, PS2 to PSO, lLoap = 1A

Time (50us/Div)

AVimon_cT Vs. Load Current

0.5
04
S
5 0.3
ZI
S
< 02 /
q
0.1
0.0
0 5 10 15 20 25 30
Load Current (A)
SAVR OVP
Vsa _ : : : : _
(1V/DIV) 5 e i \-
VR_Ready F i i i i
(1V/Div) BY:

|
PHASE_SA |
(20V/Div) »F

Time (50us/Div)
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RT3605BE Preliminary RICHTEK
SAVRUVP SA VR Dynamic VID L_Ip

Vsa
(600mV/Div)>L -

VR_Ready
(1V/Div)

PHASE_SA im | | | |

(20v/Div) _, WILMNIETIN

M i

LG_SA ih ‘ |
(5V/Div)d

Time (50us/Div)

SA VR Dynamic VID Down

L I I R I \
Ves AR \,\ ..... IR

(200mV/Div) | °. NG
VDIO : : : : ©
(1V/Div),)w::!::u}u::!:::::::::::!::::!::H}HH!H:"

-> .

VCLK [ 1 i1
(1V/DiV).>—---: .................. Ll
ALERT | Tl ]
to 0.6V, Slew Rate = Slow

Time (10us/Div)

SA VR Mode Transient

Vsa .
offset 0.9V §
(20mV/Div) |

VDIO

(AV/Div) s brpis
prnse_ UL

I

= O

(20V/Div)
- VIN

LG_SA T
(5VIDiv)>
Ex. .. ..

=19V, VID = 0.9V, PSO0 to PS2, lLoap = 1A

[ S S I I

| ﬁ ﬁ ﬁ
|||||||||||\||||Ei|\l|||||||1I||||||I|||||||H|H||||HIIIIIH|\||||||l|!||\||1||||||||E
il

Time (20us/Div)

Vsa

(200mV/Div) =

VDIO

(1V/IDiv)->-

ALERT
(1V/Div)

Vsa
(200mV/Div)

VDIO

(1V/Div) ¢

Vsa

offset 0.9V |

(20mV/Div)

\DIO
(1V/Div) ,

PHASE_
SA -
(20V/Div)

LG_SA
(5VIDiv)>

5P
VCLK |
(1V/Div)-

S
VCLK |
(1V/Div)>F
ALERT ! R
(1V/D|v)i‘ ~Vin = 19V, VID = 0.6V

Time (10us/Div)

SA VR Dynamic VID Up

0 0.9V, Slew Rate = Fast ]

Time (10us/Div)

SA VR Mode Transient

m

ViN =19V, VID = 0.9
Ll M IR A A

T

fill
T

Time (20us/Div)
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RICHTEK Preliminary RT3605BE

AVimon_sa vs. Load Current

04 r

V)

03

02 r

AVIMON_sA

0.0
0 1 2 3 4 5 6

Load Current (A)
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Application Information

Power-ON Sequence

In order to confirm sufficient power supply for proper
operation, the VR triggers UVLO if VCC pin drops below
4.3V (max). The UVLO protection shuts down controller
and forces high-side MOSFET and low-side MOSFET off.
When VCC > 4.45, the RT3605BE issues POR = high
and waits for VRON signal. After POR = high and VRON >
0.7V, the controller powers on (Chip Enable = H) and starts
VR internal settings, which include internal circuit offset
correction and function settings (PIN-SETTING). Users
can set multi-functions through SETx and TSEN pins.
Figure 2 shows the typical timing of controller power-on.
After all internal settings are done and VCCSA rail VBOOT

= 1.05V, VR_READY asserts before DVID up to VBOOT.
The VR_READY asserts within 2.5ms (max) after Chip
Enable =H (VRON = H and VCC > 4.45V). The pull-high
power of the VRON pin is recommended as 1.05V, the
same power as SVIDinterface. That can ensure SVID power
is ready while VRON = H. For the VR normal operation,
VIN should be ready before VCC, and VCC is strongly
suggested to be ready before driver power(PVCC) to
prevent current flowing back to VCC from PVCC through
PWMx pin or DRVEN pin. Moreover, VRON must be the
last one to assert after both VCC and PVCC are ready
(>UVLO).

VCC

PVCC

VRON

Chip Enable
(VRON=H and VCC>4.45V)

L LYT

VR Initial Setting Mode

Internal Setting |

VR_READY

SVID Command

VSEN

—

Figure 2. Typical Timing of Controller Power-On
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Maximum Active Phase Number Setting

The number of active phase is determined by the ISENxN
voltage. The detection is only active and latched at Chip
Enable rising edge (VRON=H and VCC>4.45V). While
the voltage at ISENxN > (VCC-1V), maximum active phase
number is (x-1). For example, pulling MAIN_ISEN3N to
VCC programs a 2-phase operation, while pulling
MAIN_ISEN2N and MAIN_ISEN3N to VCC programs a 1-
phase operation. The unused ISENxP pins are
recommended to connect to VCC and the unused PWM
pins can be floating. Figure 3 is a MAIN rail 2-phase
operation example, the pull-up voltage of ISEN3N should
be connected together with VCC of the RT3605BE and
the pull-up resistor should be 10kQ.

PIN-SETTING Mechanism

The RT3605BE provides multiple parameters for platform
setting and BOM optimization. These parameters can be
set through the SETx and TSEN pins. The RT3605BE
adopts two-step PIN-SETTING mechanism to maximize
IC pin utilization. Figure 4 illustrates this operating
mechanism for SETx.

Vivider and Veurrent Can be represented as follows :

. _ R2
Vdivider = R1LR2 x 3.2V
_ R2 R1xR2
Veurrent = R1iR2 x 3.2V +80uA x R1TR2

The Divider-Register and the IXR-Register set specified
functions. For example, the Divider-Register of SET1 sets
the ICCMAX of MAIN and VCCSA, the IXR-Register of
SET1 sets the ICCMAX_AUXI and ZCD_TH_MAIN. All
setting functions are summarized in Table 1.

RT3605BE
ViN
5v
PVCC BOOT—AAM—| | ]
-
T—ponD UGATE—’\N\/——h-_-I = L
= o . ~N

PWM2_MAIN |15 pwnm PHASE R

DRVENG{EN _ LGATEL _anp——]

RT9610C ;ﬂ_ —
I ; )
= VW1 | Optional

ISEN2P_MAIN|

12

’ ISEN2N_MAIN AM
5VO—A\W\ 1 vce 680 _L
0.1uF
T L

PWM3_MAIN
ISEN3P_MAIN
ISEN3N_MAIN

17
7
8
10k

Figure 3. 2-Phases Operation Setting for MAIN rail

SETx
Divider-Register

SETx
IXR-Register

—o
ADC
—o

VREF06 =
3.2V

80pA

/

o

R1

SETx

R2

Figure 4. Operating Mechanism for SETx
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Table 1. Summary of Pin Setting Functions

Function Setting Symbol Description
Divider ICCMAX_MAIN According to Platform, set corresponding
Register[4:2] ICCMAX_MAIN [2:0] ICCMAX_MAIN.
Divider . According to Platform, set corrsponding
Register[1:0] ICCMAX_SA ICCMAX_SA[1:0] ICCMAX_SA.
SET1 - -
. . _~, | According to Platform, set corrsponding
IXR Register[4:2] | ICCMAX_AUXI ICCMAX_AUXI [2:0] ICCMAX_AUXI.
. MAIN rail Zero Current Detect whether each phase current cross
IXR Register(] Detection Threshold ZCD_TH_MAIN zero current. Set trigger level for MAIN rail.
MAIN rail TON width
Divider . o . According to required frequency, select TON
Register[4:2] setting (switching TONSET_MAINIZ:OT | iith for MAIN rail.
frequency)
D|V|qer SA 'rall 'TON width setting TONSET_SA[1:0] A.ccordlng to rngred frequency, select TON
Register[1:0] (switching frequency) width for SA rail.
SET2 - -
AUX rail TON width According to required frequency, select TON
IXR Register[4:2] | setting (switching TONSET_AUXI[2:0] width for AUXI rail.
frequency)
. AUXI rail Zero Current Detect whether each phase current cross
IXR Register(1] Detection Threshold ZCD_TH_AUXI zero current. Set trigger level for AUXI rail.
Advanced Ramp is developed to solve loop
Divider MAIN rail advanced ramp | FLRAMP_PS0 natural lag due to PCB parasitic inductance
Register[4:3] magnitude in PSO _MAINI[1:0] and prevent adjacent PWM turn-on in PSO for
MAIN rail.
Advanced Ramp is developed to solve loop
Divider AUXI rail advanced ramp | FLRAMP_PSO0 natural lag due to PCB parasitic inductance
Register[2:1] magnitude in PSO _AUXI[1:0] and prevent adjacent PWM turn-on in PSO for
AUXI rail.
- . . SUM_OC_MAIN =0 :160% x ICCMAX
Divider Register[0] | MAIN sum OCP ratio SUM_OC_MAIN SUM_OC_MAIN = 1 : 130% x ICCMAX
SET3 Advanced Ramp is developed to solve loop
IXR Register[4] MAIN rail advanced ramp | FLRAMP_PS1 natural lag due to PCB parasitic inductance
9 magnitude in PS1 _MAIN and prevent adjacent PWM turn-on in PS1 for
MAIN rail.
Advanced Ramp is developed to solve loop
IXR Register[3] AUXI rail advanced ramp | FLRAMP_PS1 natural lag due to PCB parasitic inductance
9 magnitude in PS1 _AUXI and prevent adjacent PWM turn-on in PS1 for
AUXI rail.
Advanced Ramp is developed to solve loop
IXR Register[2:1] SA rail advanced ramp FLRAMP_PSO0 natural lag due to PCB parasitic inductance
9 ’ magnitude in PSO _SA[1:0] and prevent adjacent PWM turn-on in PSO for
SA rail.
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Function Setting

Symbol

Description

MAIN rail Adaptive Quick

Divider . - | AQR for loop response speed-up of loading
Register[4:2] llz\e/;ponse(AQR) trigger | AQR_TH_MAIN[2:0] rising edge. Set trigger level MAIN rail.
Divider Register{1] XICAII_NL :’lelt:geh frequency HFACLL_LIFT To provide positive offset in high frequency
g 9 _MAIN ACLL for MAIN rail.
compensation
AUXI rail high frequency . - L
. . HFACLL_LIFT To provide positive offset in high frequency
SET4 | Divider Register[0] | ACLL voltage AUXI ACLL for AUXI rail.
compensation -
AUXI rail Adaptive Quick .
. . . . AQR for loop response speed-up of loading
IXR Register[4:2] :z\e;zronse(AQR) trigger | AQR_TH_AUXI[2:0] rising edge. Set trigger level AUXI rail.
SA rail high frequency . . s
. To provide positive offset in high frequency
IXR Register[1] ACLL voltage HFACLL_LIFT_SA ACLL for SA rail.
compensation
- . To improve undershoot by applying a positive
DNIC.Jer MAIN ralllundershoot UDS_MAIN[1:0] offset at loading edge. To set trigger level for
Register[4:3] suppression .
MAIN rail.
. . To improve undershoot by applying a positive
D|V|c.jer AUXI rall.undershoot UDS_AUXI[1:0] offset at loading edge. To set trigger level for
Register[2:1] suppression .
AUXI rail.
. To improve undershoot by applying a positive
- . A rail h . .
SET5 | Divider Register[0] SArai ur?ders oot UDS_SA offset at loading edge. To set trigger level for
suppression .
SA rail.
. MAIN rail Anti-overshoot | ANTIOVS_TH ANTIOVS for reduction of overshoot af
IXR Register[4:3] . - loading falling edge. To set trigger level for
trigger level _MAIN[1:0] .
MAIN rail.
. AUXI rail Anti-overshoot | ANTIOVS_TH ANTIOVS for reduction of overshoot  at
IXR Register[2:1] . loading falling edge. To set trigger level for
trigger level _AUXI[1:0] .
AUXI rail.
Divider Current Gain_SA Ai_SA[1:0] SA rail current gain settin
Register[4:3] - - ) 9 9
MIAN rail DVID DVID_LIFT_MAIN = 0 : Disable
Divider Register[2] | voltage-compensation DVID_LIFT_MAIN DVID_LIFT_MAIN = 1 : 5pA current source
level sink from FB pin
TSEN - -
MAIN AUXI rail DVID DVID_LIFT_AUXI =0 : Disable
- Divider Register[1] | voltage-compensation DVID_LIFT_AUXI DVID_LIFT_AUXI = 1 : 5uA current source
level sink from FB pin
SA rail DVID DVID_LIFT_SA =0 : Disable
Divider Register[0] | voltage-compensation DVID_LIFT_SA DVID_LIFT_SA = 1 : 5.2uA current source
level sink from FB pin
Divider Current Gain_MAIN Ai_MAIN[1:0] MAIN rail current gain settin
Register[4:3] - - : 9 9.
TSEN | Divider Current Gain_AUXI Ai_AUXI[1:0] AUXI rail current gain setting.
_AUXI | Register[2:1]
Divider Register{0] SA rail Zero Current ZCD_TH_SA Detect whether each phase current cross

Detection Threshold

zero current. Set trigger level for SA rail.
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Referring to PIN-SETTING Table 2 to Table 13, users can
search corresponding Vdivider OF Vixr according to the
desired function setting combinations. Then SETx external
resistors can be calculated as follows :

R1= 3.2V xVIxr
80 1A x Vdivider

R1x Vdivider
R2 = —~ X Vdivider
3.2V — Vdivider

Richtek provides a Microsoft Excel-based design tool to
calculate the desired PIN-SETTING resistors.

TSEN_x pin also has function settings except for thermal
monitoring function. It only utilizes divider part of PIN-
SETTING mechanism. The detailed operation is described
in Thermal Monitoring and Indicator section.

Table 2. SET1 Pin Setting for ICCMAX_MAIN and ICCMAX_SA

ICCMAX_MAIN(A)

Vdivider_SET1 (mV) 1 Phase

2 Phase

ICCM A(A
3 Phase CCMAX_SA(A)

25
75
125
175

22 35

75

225
275
325
375

24 41

81

425
475
525
575

36 71

87

625
675
725
775

28 53

93

825
875
925
975

30 59

99

1025
1075
1125
1175

32 65

105

1225
1275
1325
1375

34 47

111

1425
1475
1525
1575

26 77

117

OO |IN|O([O|O|N([OD|O|OO|N|O|([O©O|O|N([OD|O|O[N|O([O[O|N[O|O|0(N|O|([O©|[0|N[®
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Table 4. SET2 Pin Setting for KTON_MAIN and

Table 3. SET1 Pin Setting for ICCMAX_AUXI and
ZCD_TH_MAIN
Vv
vy | \CCMAX_AUXI(A) | ZCD_TH_MAIN
1 Phase | 2 Phase (mV)
50 9 35 1.51
150 2.64
250 04 41 1.51
350 2.64
450 1.51
26 47
550 2.64
650 1.51
2
750 8 53 2.64
850 1.51
30 59
950 2.64
1050 1.51
2
1150 3 65 2.64
1250 1.51
34 71
1350 2.64
1450 1.51
77
1550 36 2.64

KTON_SA
Vdivider SET2 | 1N MAIN| KTON_SA
(mV)
25 1.00
75 1.13
125 0.64 1.27
175 1.40
225 1.00
275 1.13
325 0.82 1.27
375 1.40
425 1.00
475 1.13
525 ! 1.27
575 1.40
625 1.00
675 18 1.13
725 1.27
775 1.40
825 1.00
875 1.13
925 1.36 1.27
975 1.40
1025 1.00
1075 1.13
1125 185 1.27
1175 1.40
1225 1.00
1275 173 1.13
1325 1.27
1375 1.40
1425 1.00
1475 Lo 1.13
1525 1.27
1575 1.40
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RT3605BE Preliminary RICHTEK
Table 5. SET2 Pin Setting for KTON_AUXI and
ZCD_TH_AUXI
VIXR_SET2 ZCD_TH_AUXI

(mV) KTON_AUXI (mV)

50 1.51
0.64

150 2.64

250 1.51
0.82

350 2.64

450 ] 1.51

550 2.64

650 1.51
1.18

750 2.64

850 1.51
1.36

950 2.64

1050 1.51
1.55

1150 2.64

1250 1.51
1.73

1350 2.64

1450 1.51
1.91

1550 2.64
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RICHTEK Preliminary RT3605BE
Table 6. SET3 Pin FR_PS0_MAIN, FR_PS0_AUXI and SUM_OCP_MAIN
Vdivider_SET3 (mV) FR_PS0_MAIN FR_PS0_AUXI SUM_OCP_MAIN
25 160%
25mV
75 130%
125 160%
75mV
175 130%
25mV
225 160%
125mV
275 130%
325 160%
Disable
375 130%
425 160%
25mV
475 130%
525 160%
75mV
575 130%
75mV
625 160%
125mV
675 130%
725 160%
Disable
775 130%
825 160%
25mV
875 130%
925 160%
75mV
975 130%
125mV
1025 160%
125mV
1075 130%
1125 160%
Disable
1175 130%
1225 160%
25mV
1275 130%
1325 160%
75mV
1375 130%
Disable
1425 160%
125mV
1475 130%
1525 160%
Disable
1575 130%
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Table 7. SET3 Pin Setting for FR_PS1_MAIN, FR_PS1_AUXI and FR_PS0_SA

VIXR_SET3 (mV) FR_PS1_MAIN FR_PS1_AUXI FR_PS0_SA
50 60mV
150 80mV
125mV
250 100mV
350 Disable
125mV
450 60mV
550 80mV
175mV
650 100mV
750 Disable
850 60mV
950 80mV
125mV
1050 100mV
1150 Disable
175mV
1250 60mV
1350 80mV
175mV
1450 100mV
1550 Disable
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Table 8. SET4 Pin Setting for AQR_TH_MAIN, HFACLL_LIFT_MAIN and HFACLL_LIFT_AUXI

Vdivider_SET4(mV) | AQR_TH_MAIN (mV) HFACLL_LIFT_MAIN HFACLL_LIFT_AUXI
25 Disable
Disable
75 Enable
120mV
125 Disable
Enable
175 Enable
225 Disable
Disable
275 Enable
200mV
325 Disable
Enable
375 Enable
425 Disable
Disable
475 Enable
280mV
525 Disable
Enable
575 Enable
625 Disable
Disable
675 Enable
360mV
725 Disable
Enable
775 Enable
825 Disable
Disable
875 Enable
440mV
925 Disable
Enable
975 Enable
1025 Disable
Disable
1075 Enable
520mV
1125 Disable
Enable
1175 Enable
1225 Disable
Disable
1275 Enable
600mV
1325 Disable
Enable
1375 Enable
1425 Disable
Disable
1475 Enable
Disable
1525 Disable
Enable
1575 Enable
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Table 9. SET4 Pin Setting for AQR_TH_AUXI and HFACLL_LIFT_SA

VIXR_SET4(mV) | AQR_TH_AUXI (mV) HFACLL_LIFT_SA

50 Disable
120mV

150 Enable

250 Disable
200mV

350 Enable

450 Disable
280mV

550 Enable

650 Disable
360mV

750 Enable

850 Disable
440mV

950 Enable

1050 Disable
520mV

1150 Enable

1250 Disable
600mV

1350 Enable

1450 Disable
Disable

1550 Enable
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RICHTEK Preliminary RT3605BE
Table 10. SET5 Pin Setting for UDS
- UDS MAIN (mV UDS AUXI (mV
Vdivider_SET5 _ (mV) — (mV) UDS_SA (mV)
(mV) PSO PS1 PSO PS1
25 70
Disable Disable
75 50
125 70
200 125
175 50
Disable Disable
225 70
200 175
275 50
325 70
250 150
375 50
425 70
Disable Disable
475 50
525 70
200 125
575 50
200 125
625 70
200 175
675 50
725 70
250 150
775 50
825 70
Disable Disable
875 50
925 70
200 125
975 50
200 175
1025 70
200 175
1075 50
1125 70
250 150
1175 50
1225 70
Disable Disable
1275 50
1325 70
200 125
1375 50
250 150
1425 70
200 175
1475 50
1525 70
250 150
1575 50
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Table 11. SET5 Pin Setting for ANTIOVS_MAIN and ANTIOVS_AUXI

VixR_s£Ts (mV) ANTIOVS_TH_MAIN ANTIOVS_TH_AUXI
50 90mV
150 150mV

90mV
250 210mV
350 Disable
450 90mV
550 150mV
150mV
650 210mV
750 Disable
850 90mV
950 150mV
210mV
1050 210mV
1150 Disable
1250 =y
1350 150mV
Disable
1450 210mV
1550 Disable
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RICHTEK Preliminary RT3605BE
Table 12. TSEN_MAIN Pin Setting for Al_SA and DVID_LIFT
VTSEN_MAIN (mV) Al_SA DVID_LIFT_MAIN DVID_LIFT_AUXI DVID_LIFT_SA
50 OuA
OuA
150 5.2uA
OuA
250 OuA
5uA
350 5.2uA
0.5
450 OuA
OuA
550 5.2uA
5uA
650 OuA
5uA
750 5.2uA
850 OuA
OuA
950 5.2uA
OuA
1050 OuA
5uA
1150 1 5.2uA
1250 OuA
OuA
1350 5.2uA
5uA
1450 OuA
5uA
1550 5.2uA
1650 OuA
OuA
1750 5.2uA
OuA
1850 OuA
5uA
1950 5.2uA
1.5
2050 OuA
OuA
2150 5.2uA
5uA
2250 OuA
5uA
2350 5.2uA
2450 OuA
OuA
2550 5.2uA
OuA
2650 OuA
5uA
2750 ) 5.2uA
2850 OuA
OuA
2950 5.2uA
5uA
3050 OuA
5uA
3150 5.2uA
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Table 13. TSEN_AUXI Pin Setting for AI_MIAN, Al_AUXI, and ZCD_TH_SA

VTSEN_AUXI (MV) AI_MAIN AI_AUXI ZCD_TH_SA (mV)
50 1.51
0.25
150 2.64
250 1.51
0.5
350 2.64
0.25
450 1.51
0.75
550 2.64
650 1 1.51
750 2.64
850 1.51
0.25
950 2.64
1050 1.51
0.5
1150 2.64
0.5
1250 1.51
0.75
1350 2.64
1450 1 1.51
1550 2.64
1650 1.51
0.25
1750 2.64
1850 1.51
0.5
1950 2.64
0.75
2050 1.51
0.75
2150 2.64
2250 1 1.51
2350 2.64
2450 1.51
0.25
2550 2.64
2650 1.51
0.5
2750 1 2.64
2850 1.51
0.75
2950 2.64
3050 1 1.51
3150 2.64
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Per Phase Current Sense

To achieve higher efficiency, the RT3605BE adopts
inductor DCR current sensing to get each phase current
signal for multiple and single phase, as illustrated in Figure
5 and Figure 6, respectively. An external low-pass filter
Rx1 and Cx reconstruct the current signal. The low-pass

filter time constant Rx1 x Cx should match time constant

L
WXR of inductance and DCR. It's fine to fine tune Rx1 and
Cx for transient performance and current reporting if RC

network time constant matches inductor time constant

L
WXR , an ideal load transient waveform can be designed.

If RC network time constant is larger than inductor time

L
constant ﬁ Vcore waveform has a sluggish droop
during load transient. If RC network is smaller than inductor

Lx
time constant DCR ° Vcore wWaveform sags to create an

undershooting to fail the specification and mis-trigger over-
current protections (sum OCP and per phase OCP). Figure
7 shows the output waveforms according to the RC network
time constant. The resistance of Resx is restricted to 680Q
and the accuracy is within 1%. The Rxs is highly
recommended as two 0603 size resistors in series to
enhance the lout reporting accuracy for multiple phase
application. The X7R type capacitor is suggested for Cx in
the application.

Vesin _ lx xDCR

680Q2 680Q2

The Rx2 is optional for prevent VCSIN exceeding current
sense amplifier input range. The time constant of (Rx1//

Ics,PERx =

Lx

Rx2) X Cx should match HGR -

VesiN _ ILx xDCR Rx2
I = =
CSPERX =800 ~ 68002  Rxi+Rxz
The current signal Ics perx is mirrored for loadline control/
current reporting, current balance, zero current detection
and over-current protection. The mirrored current to IMON

pin is one time of Icsper. (liMon = AMIRROR X lcs,PERx,
AMIRROR = 1)

The current sense lines must be routed as differential pair
from the inductor to the controller on the same layer.

The single phase current sense is demonstrated as Figure
6. It is similar to multiple phase method. In single phase
design, the resistance of Rcs is equal to 2.15kQ.

RT3605BE

Lx

ISENXP
Gm _
] ISENXN RCSX;\G/S\?Ohm
Imonx _—
ICBx Ics,PERx
1ZDx
10Cx

Figure 5. Inductor DCR Current Sensing Method for
MAIN and AUXI

Vsa
DCR

L
M _14
IMON <
s ISENN
Rimon =

VREF

L
Figure 6. Inductor DCR Current Sensing Method for SA

[ —

VcoRrE
Algyt X R

} Aloyt
lour | -

Expected load transient waveform

[I—

V
CORE }AIOUT xRy

} Aloyt
lour | P

Undershoot created in Vcore

[

VCoRE
Aloyt X R

N ]

} Aoyt
lour | J

Sluggish droop
Figure 7. All Kinds of RC Network Time Constant
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Single Phase Thermal Compensation for Current
Sense

Since the copper wire of inductor has a positive
temperature coefficient temperature compensation is
necessary for the lossless inductor current sense. For
single phase thermal compensation, Figure 8. shows a
not only simple but also effective way to compensate
temperature variation. An NTC thermistor is put in the
current sensing network and it can be used to compensate
DCR variation because temperature is changed.

The current sense network equation is as follows :

AVIMON = VIMON-VREF
Rs+(Rp//RnTC)
Rx1+(Rs+Rp//RnTC)

Rcs

ILx xDCR x

xRIMON

Usually the Rp is set equal to Rytc (25°C). Rs is selected
to linearize the NTC's temperature characteristic. For a
given NTC, the equations below are to get Rx1 and Rs to
compensate the temperature variation of the sense
resistor.

Let
Requ = Rs + (Rp // RnTc)
According to current sense network, the corresponding

equation is represented as follows :

_ Requ xRx1

Lx _ X %
DCR Reaqu+Rx1

Next, let

- Lx
M= DCRxCx

Then

RNTC XRP) _ ( RNTC xRPj
mx| Rx1+Rg+—~="""| = Rx1x| Rg+ =—~>~"—"—
( X1TRs RNTC+RP X1 S RnTC+RP

Step1 : Given the two system temperature Tr and TH at
which are compensated.

Step2 : Two equations can be listed as

RnTc (TR)+Rp
Rntc (TR)xRe
RnTc (TR)+Rp
RnTC (TH)xRp
RNTC (TH)+RP
RNTC (TH)*Rp
RnTC (TH)+RP

"WTR)X[Rx1+Rs+RNTC(TR)XRPJ
= Rx1 X[Rs+

m(TH)x£Rx1+Rs+

= Rx1 X{RS+

Step3 : Usually the Rp is set equal to Rntc (TRr). Hence,
there are two equations and two unknowns, Rxs and Rs,
can be found out.

ILx VOSA
Lx DCR
N WA
Rx1 Cx
—————— | [
nAAERAS & I
Rs Rp
GM_~+ ISENP RNTC
IMON
VimMoN 2 @
ISENN
Rimon =
VREF
L
Figure 8. Thermal Compensation method for Single
Phase
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Total Current Sense (MAIN and AUXI)/ICCMAX
Setting/Current Monitoring

To compensate DCR positive temperature coefficient,
conventional current sense method needs an NTC resistor
for per phase current loop. The RT3605BE adopts a
patented total current sense method that requires only
one NTC resistor for thermal compensation. The NTC
resistor is designed within IMON resistor network on IMON
pin. It is suggested to be placed near the inductor of the
first phase. Figure 9 shows the configuration. All phase
current signals are gathered to IMON pin and converted
to a voltage signal Vivon by Rivon,eq based on VREF06
pin. The VREFO06 pin provides 0.6V voltage source (as
presented as Vvreros) While pin-setting mechanism
complete. The relationship between Vivon and inductor
current I x is :

xRIMON,EQ

ViMON-VWREF06 =(IL1+IL2+......) x gCR

X

ViMmoN — Vvreros is proportional to output current. Vimon —
Vvreros is used for output current reporting and loadline
loop-control. Vimon — Vvreros is averaged by analog
lowpass filter and then transferred to 8-bit ADC. For MAIN
rail, the digitized reporting value is scaled such that FFh
= |CCMAX_MAIN. The Rimon eq should be designed that
Vimon - Vvreros = 0.8V while (||_1+||_2+||_3) = |CCMAX_MA|N
= MAIN ICC_Max register (21h) value, where Vimon_max
=0.8V when ICCMAX > 40A, else = 0.4V. Additionally,
sets the desired ICCMAX_MAIN by the ICCMAX_MAIN[2:0]
of the PIN-SETTING Table 2. The PINSETTING value
determines Intel MAIN rail ICCMAX register (21h) value.
The ALERT is asserted while output current exceeds
ICCMAX_MAIN (Vimon — Vvreros > 0.8V). The behavior is
masked during DVID. For loadline loop-control, Vivon —
Vvreros is scaled by a percentage of Ai_ MAIN, that can
be selected by Ai_ MAIN[1:0] of PIN-SETTING. The
detailed application is described in the loadline setting
section.

Vimon

RimonEQ

Vureros

IMON

ISEN1P

[TISENIN

Rcs1=6800hm

P A—

limon1

ISEN2P

—
|C?,PER1

L2

L DCR

R C

H

] ISEN2N

Rcs2=6800hm

<«

limonz

VREF06

I—F—An

ISEN3P

N
Ics PER2
|
L3
L DCR

R C

H

[]ISEN3N

Rcs3=6800hm

<«

livons

Ics,PER3

Figure 9. Total Current Sense Method
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Loadline Setting (RLL)

An output voltage loadline (Adaptive Voltage Positioning)
is specified in CPU VR for power saving and output
capacitance reduction. The characteristic of loadline is
that the output voltage decreases by an amount which is
proportional to the increasing loading current, i.e. the slope
between output voltage and loading current (R ) is shown
in Figure 10. Figure 11 shows how the voltage and current
loop parameters of RT3605BE achieve loadline. The
detailed equation is described for MAIN/AUXI as below :

_ Current Loop Gain _ DCR <R < A3
LL = Voltage Loop Gain _ Rcsx . MONEQ* e *4
ReA1

The detailed equation is described for SA as below :

_ Current Loop Gain _ Aj

~ Voltage Loop Gain “Reaz

Rea1

RLL x10

Ai is current gain ReA2
' 98N Reat

suggested to be greater than 2 for better transient
response. The Ry can be programmed by A;and Ay. Aican
be selected by PIN-SETTING of Ai[1:0] as listed in Table
14 and 15.

is ERROR AMP gain and is

VCcoRE
A

N line slope = -R|

RiLxlcc

Figure 10. Load-Line (Droop)

Voltage Loop
Vcore
[}

PWM
CMP TON

GEN/
Driver
Interface

.........................

........................

Resx=680Q 15Nk

Rivon EaQ

VREF06

Ics,PERX

Current Loop

(Ics,PER1 *+ Ics PER2
+Ics,PER3)

Figure 11. Voltage Loop and Current Loop for Load Line

Table 14 PIN-SETTING of Ai_MIAN/AUXI

Ai[1:0] Current Gain Setting
00 0.25
01 0.5
10 0.75
11 1

Table 15 PIN-SETTING of Ai_SA

Ai[1:0] Current Gain Setting
00 0.5
01 1
10 1.5
11 2
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Dynamic VID (DVID) Compensation

During DVID transition, an extra current is required to
charge output capacitor for increasing voltage. The charging
current approximates to the product of the DVID slew rate
and output capacitance. For droop system, the extra
charging current will induce extra voltage droop so that
the output voltage cannot reach target within the specific
time. The extra voltage drop approximates to DVID Slew
Rate x Output Capacitance x R (RyL is the loadline
slope, Q). This phenomenon is called droop effect. How
charging current affects loop is illustrated in Figure 12.
The RT3605BE provides one DVID compensation function
as shown in Figure 13. An internal current lpvip_LiFT is
sinking internally from FB pin to generate DVID
compensation |DVID_LIFT X REA1. The |DVID_LIFT for 30mV/
us DVID SR can be set from TSEN_MAIN and SET3 PIN-
SETTING of DVID_LIFT. For different scale of DVID SR,

Iovip_LiFT is internally adjusted. Compensating magnitude
can also be adjusted by Rea1. For IMVP8 spec, output
voltage should be within target TOB at 1us after Alert.
While DAC just arrives target (Alert issue timing), inductor
current is still high and needs a time to settle down to the
DC loading current. In the settling time, the falling down
current keeps to charge output capacitor (The magnitude
is related with inductor, capacitance and VID). Thus, DVID
compensation can be less than DVID Slew Rate x Output
Capacitance (Capacitance degeneration should be
considered). While output capacitance is such larger that
DVID compensation cannot cover, adding resistor and
capacitance from FB to GND also can provide similar
function. The ERROR AMP compensation (resistance and
capacitance network among VSEN, FB and COMP) also
affects DVID behavior. The final setting should be based
on actual measurement.

VSEN
VID

Charging
Inductor Current Current
for DVID

Droop Effect

Figure 12. Droop Effect in VID Transition

ViNO

a1 LYl
GT Q2
ate
Driver RESR
Charging
— = = Inductor Current Current
~ |Current] for DVID
Sense c2
1]
1
EA2 ?11
TON I Improved VSEN
GEN/ | - REA1+ VID
Driver EA DVID Compensation
Interface | PWM 3
CMP
VvID IDVID_LIFT

H
.....

: Optional for extra large
- ouput capacitance

Figure 13. DVID Compensation
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Compensator Design

The RT3605BE doesn't need a complex type Il or type 111
compensator to optimize control loop performance. It can
adopt a simple type | compensator (one pole, one zero)
in the G-NAVP ™ topology to fine tune ACLL performance.
The one pole and one zero compensator is shown in Figure
14. For ACLL specification, it is recommended to adjust
compensator according to load transient ring back level.
Default compensator values are referred to the design tool.

C2
||
I
Rea2 C1
t— |
Rea1
- VvV VSEN

COMP —— EA+ FB

VID
Figure 14. Type | Compensator

Differential Remote Sense Setting

The VR provides differential remote-sense inputs to
eliminate the effects of voltage drops along the PC board
traces, CPU internal power routes and socket contacts.
The CPU contains on-die sense pins, Vcc sense and
Vss_sense. The related connection is shown in Figure 15.
The VID voltage (DAC) is referred to RGND to provide
accurate voltage at remote CPU side. While CPU is not
mounted on the system, two resistors of typical 100Q
are required to provide output voltage feedback.

I
I

EA | == iji/CQSENSE

i
¢
vID CPU @ T ouT
RGND L %CPU Vss_SENSE
L v N N
100 _L

L]

Figure 15. Remote Sensing Circuit

Switching Frequency Setting

The G-NAVP™ (Green Native AVP) topology is one kind
of current-mode constant on-time control. It generates an
adaptive Ton (PWM) with input voltage (Vin) for better line
regulation. The Ton is also adaptive to VID voltage. For
VID < 0.9V, the adaptive Ton is based on constant current
ripple concept for better output voltage ripple size control.
For VID > 0.9V, the adaptive Ton is based on constant
frequency concept for better efficiency performance. Figure
16 is the conceptual chart showing the relationships
between switching frequency vs. VID and current ripple
vs. VID. The RT3605BE provides a parameter setting of
kton to design Ton width. The kton is set by PIN-SETTING
of TONSET. The related setting table is listed in Table 16
and 17.

The equations of Ton (MAIN / AUXI) are listed as below
(ktonshould be referred to Table 16) :

VID > 0.9V
VID
ToN =2.206 x +15ns
a kTON x(V|N —0.9V)
VID < 0.9V
Ton = 1.985x 1 +15ns

kToN x(ViN - VID)

Table 16. PIN-SETTING of TONSET for MAIN/AUXI

TONSET<2:0> kTON
000 0.64
001 0.82
010 1.00
011 1.18
100 1.36
101 1.55
110 1.73
111 1.91
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The equations of Ton (SA) are listed as below (kton should
be referred to Table 17) :

VID > 0.9V
VID
ToN = 1.78ux +11.5ns
H KToN ><(V|N —0.9V)
VID < 0.9V
Ton = 1.602ux 1 +11.5ns

kToN x(ViN — VID)

Table 17. PIN-SETTING of TONSET for SA

TONSET_SA<1:0> KTON
00 1
01 1.13
10 1.27
11 1.4

The switching frequency can be derived from Ton shown
below. The losses in the main power stage and driver
characteristics are considered.

Freq=

RONLS,max

VID+ICWC><[DCR+ —NxRLL]

R R R
VN + Icc % ONLS,max _ RONHs,max ><(TON “To +TONVAR)+ Icc % ONLS,max «To
N ns NHS N nLs

VID : VID voltage

VN : input voltage

lcc : loading current

N : total phase number

Ronts,max @ the maximum equivalent of the high-side
Ros(on)

nxs : the number of high-side MOSFETs

RoNHs,max : the maximum equivalent of the low-side
Robs(on)

ns : number of low-side MOSFETSs.

Tp: summation of the high-side MOSFET delay time and
rising time

Tonvar : TON variation value

DCR : the inductor DCR
RLL : loadline setting (Q)

Although Ton is designed for constant frequency target
while VID > 0.9, the actual frequency is still impacted by
main power stage's loss and driver dead time. The
switching frequency will be rising as loading current
increases. It is recommended to design the switching
frequency based on the optimized efficiency and thermal
performance at thermal design current (Icctoc). For
example, at Icc = lccmoe, VID = 0.9V and VIN = 19V, the
optimized switching frequency is 650kHz. Then, substitute
these values into equations to get Ton and relative kron.

Richtek provides a Microsoft Excel-based design tool to
help design kron setting for the desired switching frequency
at TDC.

Frequency

A

VIN=19V D Controller internally control
VIN=12V TON adaptive to variable VIN

» VID
0.9

Current
Ripple

VIN=19V
VIN=12V

» VID

0.9

Figure 16. Switching Frequency and Current with
Different VID
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Adaptive Quick Response (AQR) for MAIN and AUXI

The RT3605BE adopts Adaptive Quick Response (AQR)
to optimize transient response. The mechanism concept
is illustrated in Figure 17. Controller detects output voltage
drop slew rate. While the slew rate exceeds the AQR
threshold, all PWM will turn on an 80% constant on time.
The RT3605BE provides various AQR threshold through
PIN-SETTING of AQR_TH. The following equation can
initially decide the AQR starting trigger threshold. Note
that the threshold should be larger than steady-state output
voltage ripple falling slew rate and also the overshoot falling
slew rate to avoid miss trigger AQR.

AQRStartingTriggerThreshold = -4 4 x _dV(?tEN
VBIAS O0—M8Mm+ Vdiff > -,
Output voltage O—“_EF M PN
AQR
Threshold
VBIAS

Output
voltage

I Threshol

Vdiff

PWM
_AQR

Figure 17. Adaptive Quick Response Mechanism

Table 18. PIN-SETTING of AQR_TH_MAIN/AUXI

AQR_TH[2:0] | AQR Starting Trigger Threshold
000 120mV
001 200mV
010 280mV
011 360mV
100 440mV
101 520mV
110 600mV
111 Disable

Anti-overshoot (ANTI-OVS) for MAIN and AUXI

The RT3605BE provides anti-overshoot function to depress
output voltage overshoot. Controller detects overshoot by
signals relating to output voltage. The overshoot trigger
level can be adjusted by PIN-SETTING listed in Table 19.
The main detecting signal comes from COMP. However,
COMP varies with compensation. Initial trigger level setting
can be based on the following equation :

ReAa2 4
Rea1 3

Antiovershoot Threshold of ANTIOVS_TH[1:0]

AVcomp X% = AVSEN x

The final setting should be according to actual Error AMP
compensator design and measurement.

While overshoot exceeds the setting trigger level, all
PWMs keep in tri-state until the zero current is detected.
Turn-off LGs will force positive current flow through body
diode to cause diode forward voltage. The extra forward
voltage can speed up inductor current discharge and
decrease overshoot.

Table 19. PIN-SETTING of ANTIOVS_TH_MAIN/AUXI

ANTIOVS_TH[1:0] Anti-oversr(lrgc\)lt) Threshold
00 90
0t 150
10 210
11 Disable
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Dual Ramp Mechanism

Normal controllers easily suffer jitter and stability issues
under low equivalent series resistance (ESR) of capacitor
applications and large loop delay conditions. The large
loop delay often comes from PCB parasitic inductance.
Figure 18 illustrates how PCB parasitic inductance impacts
on the load transient response. The PCB parasitic
inductance delays energy delivering and causes VSEN to
keep falling. The dropping VSEN induces several
successive PWM pulses and then VSEN ring-back occurs.
While load current release at the ring back region, it will
generate larger overshoot. Thus, more capacitors will be
used for the overshoot reduction.

Loading Current AICC

VSEN

PWM1

I ]

1]
P2 |] L] 1 ] l
PWM3 H Hﬂ_ﬂ H H

Figure 18. Load Transient Response with PCB Parasitic Inductance
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The RT3605BE provides a new generation of dual ramp
mechanism to enhance performance. Except original ramp
to minimize jitter, additional advanced ramp is developed
to solve loop natural lag due to PCB parasitic inductance
and prevent adjacent PWM turn-on. The dual ramp
mechanism has current signal meaning so the transient
ring-back can be effectively suppressed. Figure 19 show
the apparent difference of the dual ramp with PCB parasitic
inductance condition.

Loading Current AICC

Output Voltage

PWM1 |_| J_||_|_I_|

PWM2 |'|

L1l ] ]
] | ] ]
i ] | - ] ]

Figure 19. Dual Ramp Behavior with PCB Parasitic Inductance Condition
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Through PIN-SETTING, the RT3605BE provides advanced
ramp magnitude tuning. The FLRAMP_PSO0 and
FLRAMP_PS1 are for PSO and PS1, respectively.
According to different application conditions, the setting
of parameters is listed in Table 20 to Table 22. The larger
magnitude indicates larger parasitic inductance
suppression. However, larger magnitude also affects loop
response speed and reduces PWM output frequency at
loading edge.

Table 20. PIN-SETTING of Advanced Ramp
Magnitude in PS0 for MAIN/AUXI

FLRAMP_PSO0 Internal Advanced
[1:0] Ramp Magnitude (index)
00 25
01 75
10 125
11 Disable

Table 21. PIN-SETTING of Advanced Ramp
Magnitude in PS0 for SA

ACLL Performance Enhancement

The RT3605BE provides another optional function to
improve undershoot by applying a positive offset at loading
edge. Controller detects the COMP signal and compares
it with steady state. While Vcomp variation exceeds a
threshold, an additional positive offset will apply to the
output voltage. The threshold can be set through PIN-
SETTING and separately for PSO and PS1 as listed in
Table 23 and Table 24. The smaller index indicates the
easier detection being triggered. The positive offset is
related to the compensation.

The ACLL performance enhancement threshold can

R
approximate to 60mV/ RE:? . In PSO, the slew rate of

Vramp Will increase when the Vcowp intersects the positive
offset. In order to send out another on-time earlier to
improve undershoot. In PS1, except for the positive offset,
an additional 10mV is applied to the DAC and one pulse
of PWM is also forced to turn on while the function is
triggered. The positive offset is released gradually with
about hundred micro-second. Figure 20 and Figure 21
show undershoot suppression behavior in PS0 and PS1.

For different platform, the optimized setting is different.
FLRAMP_—PSO—SA Internal Advancsed The final setting must be based on actual measurement.
[1:0] Ramp Magnitude (index)
00 60 Table 23. PIN-SETTING of Undershoot Suppression
01 80 for MAIN/AUXI
10 100 UDS [1:0] PSO0 (index) PS1 (index)
11 Disable 00 Disable Disable
01 200 125
10 200 175
Table 22. PIN-SETTING of Advanced Ramp 11 250 150

Magnitude in PS1 for MAIN/AUXI

FLRAMP_PS1 Rar:‘;el\l;lr;zrfiﬁj\:iingrelgex) Table 24. PIN-SETTING of Undershoot Suppression
0 125 for SA
175 UDS_SA PS0/PS1 (index)
0 70
1 50
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Figure 20. Undershoot Suppression Behavior in Multiple Phase.

Load

Trigger UD

.

PWM J‘| |_|

[T [ [

P T T
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Figure 21. Undershoot Suppression Behavior in Single Phase.

High Frequency ACLL Voltage Compensation

The RT3605BE provides positive offset that only applies
to high-frequency ACLL. The positive offset can be enabled
through PIN-SETTING. The HFACLL_LIFT is the related
setting.

Thermal Monitoring and Indicator

The TSEN pin processes two functions of PIN-SETTING
(function setting) and thermal monitoring as shown in
Figure 22. After power on, the TSEN has three operation
modes: PIN-SETTING, Pre-thermal Sense, and Thermal
Sense Mode. The corresponding function blocks of the
three modes are shown in Figure 22. In the PIN-SETTING
Mode, the TSEN pin voltage = 3.2V x R2/(R1+R2) with
VREFO06 = 3.2V and is coded by ADC and stored in the
PIN-SETTING register. In the Pre-thermal Sense Mode,
the TSEN pin voltage = 0.6V x R2/(R1+R2) with VREF06
= 0.6V and is coded and stored in the PRE-Thermal
Register. This part helps Thermal Sense Mode calculation.
In the Thermal Sense Mode, TSEN pin voltage = 0.6V x
R2/(R1+R2) + 80uA x [(R1//R2) + R3] with VREF06 =
0.6V and is coded. The result will subtract the Pre-Thermal

Register code and stored in the Thermal Register (The
corresponding TSEN voltage = 80pA x [(R1//R2)+R3] which
is defined as Thermal Voltage. The R3 is the NTC
thermistor network to sense temperature. NTC thermistor
is recommended to place near the inductor, the hottest
area in the PCB. Higher temperature will cause smaller
R3 and lower TSEN. According to NTC thermistor
temperature curve, design Thermal Voltage v.s Temperature
with proper R3 network to meet Table 25. 100°C Thermal
Voltage = 80uA x [(R1//R2)+R3(100°C)] = 1.092V must
be required. Controller processes the TSEN pin voltage
to report temperature zone register (12h). While the TSEN
pin voltage is less than 1.092V, the VR_HOT will be pulled
low to indicate thermal alert. The signal is an open-drain
signal. Thermal Register data is updated every 100us and
the average interval is 800us. The resistance accuracy of
TSEN network is recommended to be less than 1% error.
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PIN-SETTING Mode

80pA

VREF06
PIN-SETTING /L RS~ &
= o
Register [ ° ©
RnTc R1
Pre-Thermal ~ TSEN
Register | * ADC
R2
Thermal Register E -
/_ VDDIO
—< VR_HOT#
+H—o0
L o 1.092v
Thermal Sense Mode (=
' (fani

Figure 22. Multi-Function Pin Setting Mechanism for TSEN_MAIN/AUXI

Table 25. Thermal Zone and Detection Encoding

Temperature Thermal Voltage Temperature Zone Register

80uA x [(R1//R2)+R3] (12h)
100°C 1.092v FFh
97°C 1.132v 7Fh
94°C 1.176V 3Fh
91°C 1.226V 1Fh
88°C 1.283V OFh
85°C 1.346V 07h
82°C 1.418V 03h
75°C 1.624V 01h
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System Input Power Monitoring (PSYS)

The RT3605BE provides PSYS function to monitor total
platform system power and report to the CPU via SVID
interface. The PSYS function is illustrated as in Figure
23. The PSYS meter measures system input current and
outputs a proportional current signal Ipsys. The Rpsys is
designed for the PSYS voltage = 1.6V with maximum
Ipsys for 100% system input power. 1.6V is a full-scale
analog signal for FFh digitized code.

Input Power » PSYS "Meter"
Source
Analog Current Signal
l Ipsys (Indicates system total
RT3605BE power)
CPU PSYS Vpsys
Rpsys

Figure 23. PSYS Function Block Diagram

Acoustic Noise Suppression

The RT3605BE supports acoustic noise suppression
function for reducing acoustic noise induced by
Piezoelectric Effect from MLCC. As output voltage
transition, especially in Dynamic VID, the vibrating MLCC
produces acoustic noise if the vibrating frequency falls
into audible band and the noise level is related to the output
voltage transition amplitude AV. Therefore, the RT3605BE
adopts acoustic noise suppression function which is
enabled by pulling Pin 29 pull to VCC to reduce AV when
SetVID Decay down in DEM mode.

Over-Current Protection (OCP)

The RT3605BE has three OCP mechanisms, sum OCP,
per phase OCP, and OC limit.

Sum OCP
The threshold of sum OCP for PSO is defined as

Isum_oc,Pso

Resx 1
DCR RIMONEQ

PS1/2/3 sum OCP is defined as

=Ksocp x VIMONiccmax x

1

mx Ksocp x VIMONiccmax

Isum_ocps1 =

Resx 1

when ICCMAX > 40A
DCR RIMONEQ

Isum_oc,ps1=Ksocp x VIMONiccmax

Resx,, 1

when ICCMAX < 40A
“DCR RIMON,EQ <

While Rivoneq is designed exactly for

VIMONiccmax =lcc _Max register (21h)

DCR

value x
Resx

xRIMON,EQ

lcc _Max register(21h) value =ICCMAX, and
VIMONiccmax = 0.8V when ICCMAX > 40A
VIMONiccmax = 0.4V when ICCMAX < 40A

And Ksocpis sum OCP ratio which value is 1.6. For MAIN
rail, Ksocp can be set to 1.3 by Pin Setting Function of
the TSEN_AUXI pin. When ICCMAX<40A, Ksocp always
keeps 1.6.

SUM OCP threshold can be simplified as Isum_oc,pso =
Ksocp x ICCMAX

and xKsocp xICCMAX '  Note that the

phase number
modification of ICCMax register (21h) value cannot

change sum OCP threshold. While inductor current
above sum OCP threshold lasts 40us, controller will de-
assert VR_READY and latch PWM in tri-state to turn off
high-side and low-side power MOSFETs.

OCP_SUM is masked during DVID period and 80us after
VID settles. They are also masked while VID = OV.
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Over-Voltage Protection (OVP)

The OVP threshold is linked to VID. The classification
table and waveform are illustrated in Table 26 and Figure
24. While VID = 0V, in case of VR internal setting mode
or DACOFF or PS4, OVP is masked. When VID ramps
up from VID = 0V till the first PWM after VID settles, OVP
threshold is 1.85V to allow not-fully-discharged VSEN.
Otherwise, the OVP threshold is relative to VID and equals
to VID+350mV with minimum limit = 1.35V. While VID<1V,
the OVP threshold is limited at 1.35V.

The OV protection mechanism is illustrated in Figure 25.
When OVP is triggered with 1us filter time, controller de-
asserts VR_READY and forces all PWMs low to turn on
low-side power MOSFETs. PWMx remains low until the
output voltage is pulled down below VID. After 60us from
OVP trigger, the VID starts to ramp down to OV with slow
slew rate. During the period, the PWMx is not allowed to
turn on. Controller controls PWM to be low or tri-state to
pull down the output voltage along with VID.

Table 26. Summary of Over-Voltage Protection

VID Condition OVP Threshold Example Protection Action | ©o°ction

VID=0
(VRON=L or VR OVP is masked
internal setting mode or
DACOFF or PS4) |PGOOD latched
DVID up period from 0V ow.
to 1st PWM pulse after | 1.85V Actt'Vet'Y PI?”S ”:e ¥28 N
VID settles output voltage to

. below VID value, Toggle
DVID period from VID+350mV VID=1.2V, OVP then ramp down to
non-zero VID minimum threshold=1.35V | {;reshold=1.55V oV
VID %0 VID+350mV V|D=O.9V_, OVP

minimum threshold=1.35v | threshold=1.35V

PWM

LA

VID settle

OVP Threshold

DVID UP from VID=0V \

Minimum OVP= 1.35V

OVP threshold transition at 1st PWM after
VID settles

I~~~

NO OVP
VID

oV

Figure 24. Timing Chart for Over-Voltage Threshold
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OVP Threshold

A
350mV +- 50mV
VSEN A LYA A NN

/ VvV VV VYV

ov

VR_READY

VID Down (Slow Slew rate)
Indicator

o [UUUUUUTHIT. —nnnr—

Figure 25. Over-Voltage Protection Mechanism

— 60us «—

Under-Voltage Protection All protections are reset by VCC or VRON toggle. The
When the output voltage is lower than VID-450mV with ~ UVP and OCP protections are listed in Table 27.

3us filter time, the UVP will be triggered and all PWM will

be in tri-state to turn off high-side and low-side power

MOSFETs. The UVP is masked during DVID period and

80us after VID settles. The mechanism is illustrated in

Figure 26.
V\?IEDN VAAAAARA
450mV \
UVP Threshold \ 4 |
VR_READY

Figure 26. Under-Voltage Mechanism

Table 27. Summary of UVP and OCP Protection

Protection Type Protection Threshold Protection DVID Mask | Protection

Action Time Reset

Isum_oc,pso =Ksocp x VIMONiccmax
Sum OC for PSO

Rcsx 1
“DCR " RIMON,EQ
PWM ftri-state,
| 1 < PGOOD DVID+801 |\e 6 Toggle
=X
Sum OC for SUM_OC,PSt phase number socp latched low
PS1/PS2/PS3 1

Rcsx
VIMON
X ICCMAX X 55X RIMONEG

uv VID-450mV
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Thermal Considerations

The junction temperature should never exceed the
absolute maximum junction temperature T jmax), 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 :

Pomax) = (Tumax)— Ta) / 6ua

where T ymax) 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, 0,4, is highly package dependent. For a
WQFN-52L 6x6, the thermal resistance, 04, 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 :

Ppmax) = (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, 6,a. The derating curves in Figure 27 allows
the designer to see the effect of rising ambient temperature
on the maximum power dissipation.

Maximum Power Dissipation (W)

5.0
45
4.0
35
3.0
25
20
1.5
1.0
0.5
0.0

Four-Layer PCB

25

50 75 100 125
Ambient Temperature (°C)

Figure 27. Derating Curve of Maximum Power

Dissipation
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DETAILA
Pin #1 ID and Tie Bar Mark Options

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

Symbol Dimensions In Millimeters Dimensions In Inches
Min. Max. Min. Max.
A 0.700 0.800 0.028 0.031
A1 0.000 0.050 0.000 0.002
A3 0.175 0.250 0.007 0.010
b 0.150 0.250 0.006 0.010
D 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
0.350 0.450 0.014 0.018
L1 0.300 0.400 0.012 0.016

W-Type 52L QFN 6x6 Package

Copyright ©2019 Richtek Technology Corporation. All rights reserved.

RICHTEK is a registered trademark of Richtek Technology Corporation.

www.richtek.com

52

DS3605BE-P07 November 2019



RICHTEK Preliminary RT3605BE

Footprint Information
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Number of Footprint Dimension (mm)
Package Pin - - Tolerance
P Ax [ Ay | Bx | By [C*(52|C1*8| D Sx | Sy

V/W/U/XQFN6*6-52 52 0.40 [6.80 | 6.80 |5.10 |5.10 [0.85 | 0.65 |0.20 |4.70 [4.70 +0.05

Richtek Technology Corporation
14F, No. 8, Tai Yuen 1% Street, Chupei City
Hsinchu, Taiwan, R.O.C.

Tel: (8863)5526789

Richtek products are sold by description only. Customers should obtain the latest relevant information and data sheets before placing orders and should verify
that such information is current and complete. Richtek cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek
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