HR1211

Multi-Mode PFC and Current Mode

LLC Controller with Configurable Audible

Noise Reduction Control

DESCRIPTION

The HR1211 is a multi-mode PFC and current
mode LLC combo controller that is configurable
via UART interface. Power-saving technology
helps achieve optimized efficiency across the full
operating range.

The PFC controller employs a patented, digital
average current control scheme to achieve
hybrid CCM/DCM operation. Under heavy loads,
CCM reduces the peak MOSFET current so the

controller can be used across a wider load range.

Under light loads, DCM reduces the switching
frequency for better efficiency. Burst mode has
configurable, digital soft switching to improve
both light-load efficiency and audible noise.

Current mode control is implemented in the LLC
stage to achieve good stability and fast
response. Three operation modes are
implemented based on the different load
conditions: steady state, skip, and burst mode.
This allows different load conditions to be
independently optimized for efficiency. At light
loads, digital, frequency-controlled burst mode is
applied to reduce both switching power loss and
audible noise. Adaptive dead-time adjustment
(ADTA) and capacitive mode protection (CMP) is
also applied to guarantee zero-voltage switching
(Z2VS) without capacitive mode operation.

The HR1211 has an internal, high-voltage
current source for start-up, meaning that a
traditional start-up resistor or external circuit is
not required. The high-voltage (HV) current
source can be implemented as an X-capacitor
discharger when the AC input is in dropout, so a
capacitor resistor is not required.

Protections include thermal shutdown (TSD),
PFC open-loop protection (OLP), over-voltage
protection (OVP), over-current limit (OCL) and
LLC over-current protection (OCP), SO pin
protection, and over-power protection (OPP).

The HR1211 is available in SOIC-20 and
TSSOP-20 packages.

FEATURES

e General System Features:
o HV Current Source for Start-Up
o Smart X-Capacitor Discharge during AC
Dropout, Approved by IEC62368 and
IEC60950
o UART Interface for Configurations
o User-Friendly GUI for Digital PFC
e PFC Controller:

o CCM/DCM Multi-Mode PFC Control with
High Efficiency across All Loads
Operating Frequency Up to 250kHz
High PF due to Input Capacitor Current
Compensation
Configurable Frequency Jittering
Configurable Soft Start and Burst On
Configurable AC Input Brown-In/Out
Cycle-by-Cycle Current Limiting
OLP, OVP

LC Controller:
600V High Side Gate Driver with
Bootstrap Diode and High dV/dt
Immunity
o Current Mode Control
Up to 500kHz in Steady State
o Adaptive Dead-Time Adjustment with
Minimum and Maximum Limit
Burst/Skip Mode Switching at Light Load
Configurable Burst Frequency with Low
Audible Noise
Configurable Soft Start
Configurable DC Input Brown In/Out
Capacitive Mode Protection
OCP, OPP with Auto-Restart or Latch
Configurable Protection on SO Pin

APPLICATIONS

Desktop PCs and ATX Power Supplies
All-in-One and Gaming Power Supplies
Notebook Adapters

LCD TV and Plasma TV Power Supplies
Power Tools Power Supply LED Drivers
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All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive.
For MPS green status, please visit the MPS website under Quality
Assurance. “MPS”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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TYPICAL APPLICATION
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mP5 HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
HR1211GM-xxxx* TSSOP-20 See Below 2
HR1211GY-Xxxx S0IC-20 See Below 3

* For Tape & Reel, add suffix —Z (e.g. HR1211GM-xxxx—Z).
* For Tape & Reel, add suffix —Z (e.g. HR1211GY-xxxx—Z2).

*—xxxx is for internal code version control. For customer-specific projects, MPS will assign a special 4-digit
number.

TOP MARKING
MPSYYWW
HR1211
LLLLLLLLL

MPS: MPS prefix

YY: Year code

WW: Week code
HR1211: Part number
LLLLLLLLL: Lot number

PACKAGE REFERENCE

rep (] O SO P I O e}
ACIN =] CR ACIN =] CR
CSP[Z] [75] FBL CSP[T] (5] FBL
PGND[Z] 7] UART PGND[Z] [17] UART
CATEPLH  HR1211 [ ©F OATEPLH HRq21q PR OO
VREG [E] [15] GNDD | VREG[E] [T5]1 GNDD
LsG [ [12] NC LsG [I] 2] NC
vce & [13] SW vce &= [13] SW
NC =] (2] HSG NC 2] [12] HSG
Hv O [11] BST Hv [} [11] BST
SOIC-20 TSSOP-20
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mP HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

PIN FUNCTIONS

Pin # Name |Description

PFC output voltage sense. The FBP pin senses the PFC output voltage to calculate the
PFC switch on time, monitor for over-voltage protection (OVP) and open-load protection
(OLP), and calculate the digital current reference (Irerv)) that determines the PFC switching
frequency. A 3.3MQ pull-down resistor is connected to FBP internally. It is recommended to
connect a capacitor (around 4.7nF) to FBP for noise immunity. The upper resistor of the
resistor divider on the FBP sensing circuit must be a minimum of 8MQ.

AC input voltage sense. The ACIN pin senses the AC input voltage to calculate the PFC
switch on time calculation, monitor for brown-in/out protection, and calculate the digital
2 ACIN | current reference (Irer(v)) that determines the PFC switching frequency. It is recommended
to connect a capacitor (around 2.2nF) to ACIN for noise immunity. The upper resistor of the
resistor divider on the ACIN sensing circuit must be a minimum of 8MQ.

PFC switching current sense. CSP defines the PFC switch on time, switching frequency,
and cycle-by-cycle current limit protection. Connect a 500Q resistor in series between the
3 CSP | current-sense resistor and the CSP pin via the internal ESD clamping capability. This resistor
prevents the CSP pin from overstress under AC plug-in or surge conditions. Another solution
is to add an external clamping component to CSP.

1 FBP

4 PGND |Ground reference for the PFC and LLC low-side gates.
5 GATEP |PFC gate driver output.
6 VREG |Provides aregulated voltage for the PFC and LLC gate drivers and internal circuits.
7 LSG |LLC low-side gate driver output.
8 VCC IC supply power. VCC can be charged by an internal current source through HV or an
external power supply.
9 NC No connection.
High-voltage supply input for internal HV start-up source and X-capacitor discharger
10 HV .
when the AC input voltage drops out.
Voltage bootstrap. An internal bootstrap diode is connected between the BST and VCC
11 BST [pins. Connect an external capacitor between the BST and SW pins to drive the high-side
MOSFET of the half-bridge LLC.
12 HSG |LLC high-side gate driver output.
13 SW High-side switch source. SW is the current return for the high-side gate driver current. SW

requires additional layout considerations to avoid creating large spikes below ground.
14 NC No connection.
15 GNDD |Ground reference for the digital PFC core.

Half-bridge current sense. Use a sense resistor or a capacitive divider to sense the primary
current. The CSHB pin has the following functions:

e Over-current protection (OCP): If the current continues to rise despite the increasing
frequency and Vcsts > Ves-ocp, OCP is triggered. The IC initiates its configured protection

16 CSHB mode (auto-retry or latch-off mode).

e Capacitive mode protection (CMP): The voltage on CSHB is compared to Vcsnr and
Vcspr to determine whether the LLC current is in a positive or negative polarity. The IC
terminates the high-side gate driver (HSG) if the current goes into negative polarity (VcsHs
<Vcspr). The IC terminates the low-side gate driver (LSG) if the current goes into positive
polarity (VcsHs > Vcsnr).
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mP5 HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

PIN FUNCTIONS (continued)

Pin # Name |Description

Half-duplex communication 10 interface. UART provides a half-duplex communication 10
interface. UART is internally pulled up to 3.3V with a 1.6kQ resistor (Ruart). It is not
recommended to rely on real-time communication in application. Do not pull UART high when
VCC drops below Vccuves.

LLC output voltage feedback input. FBL is internally pulled up by a voltage source with an
18 FBL [internal resistor. FBL defines the LLC switching frequency according to the load condition.
The voltage on FBL activates LLC skip mode, burst mode, and over-power protection (OPP).

17 UART

LLC capacitor voltage-sense input. CR senses the divided resonant capacitor voltage to

19 CR determine the LLC switching frequency.
External protection input. If the sensed SO voltage exceeds Vso ove, a protection is
20 so triggered and the IC initiates its configured mode (auto-retry or latch-off mode). To achieve

external over-temperature protection (OTP), attach an external NTC to this pin (see Figure
39).
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mP5 HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance @ 0ia Oic

HV t0 PGND oornoeeoeeee -0.3V to +700V SOIC-20....ciiiiiiiiieiiieeiieee, 65...... 30... °C/W

BST1t0 PGND ..oooomeeeee -0.3V to +618V TSSOP-20 ..., 90...... 40... °C/W

SW1to PGND.....ceeiiiiie -3V ®to +618V

HSG to PGND ...t 618V Notes:

LSG to PGND -0.3V to +14V 1) The device is not guaranteed to function outside of its operating

.............................. . conditions.

BSTIOSW ..o, -0.3V to +14V 2) Exceeding these ratings may damage the device.

HSGtoO SW ..o -0.3V to +14V 3) The maximum f;l_llowilble pOV\t/er disTsip?&Txi)s 6: hfunf:tiont_of tre
. maximum junction temperature, , the junction-to-

SW to PGND maximum slew rate........... 50V/ns ambient thermal resistance, 05, andjthe ambient temperature,

VCCtoPGND.....ccovveeieiie -0.3V to +38V Ta. The maximum allowable continuous power dissipation at

VREGto PGND .........coeiiinl. -0.3V to +14V any ambient temperature is calculated by Pp (MAX) = (T,

(MAX) - Ta) / 6;a. Exceeding the maximum allowable power

GATEP t0 PGND ..o, -0.3V to +14V dissipationA canJAcause excessive die temperature, and the

CR, CSHB to GNDD................ -3.3V ® to +3.6V regulator may go into thermal shutdown. Internal thermal

CSP to GNDD -5V to +3.6V shutdown circuitry protects the device from permanent

................................ . damage.

PGND to GNDD......oeeeieeienen -0.3V to +0.3V 4) Measured on JESD51-7, 4-layer PCB.

All other pins to GNDD................ -0.3V to +3.6V 5) Guaranteed by design.

VREG supply CUITeNt ..........cceveveverrrennn. 40mA 6) Guaranteed by characterization.

BST internal diode average forward current ©

.................................................................... 0.2A

CSP input current limit at negative voltage
overstress (clamped by internal ESD device) ©

2mssingle pulse............ccc -0.15A
100pus single pulse .......cccccveeeiiiiiiiiiieeee, -0.17A
20ps single pulsSe ........ooocvviiieieeeeee -0.20A
Continuous power dissipation (Ta = 25°C) ©
SOIC-20....ci it 1.92w
TSSOP-20 ...ccoiiiiiiiiie e 1.38W
Storage temperature................ -55°C to +150°C
Junction temperature ............... -40°C to +150°C
Lead temperature ..........ccccceevnnennnnnnnnnnnns 260°C
ESD Ratings @

Human body model (HBM) ...........cccceeee... 2000V
Charged device model (CDM) ................. 1500V
Recommended Operating Conditions @
Supply voltage (Vcc) «ooovvvvvveeeeeeennnne 12V to 35V

Operating junction temp (T;).... -40°C to +125°C
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HR1211 Rev. 1.1 www.MonolithicPower.com 6
8/19/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2024 MPS. All Rights Reserved.



mP5 HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

ELECTRICAL CHARACTERISTICS

Vee = 25V, T; =-40°C to +125°C, min and max values are guaranteed by characterization, typical
value is tested at T; = 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘ Condition ‘ Min ‘ Typ ‘ Max ‘ Units
High-Voltage Start-Up Current Source (HV Pin)
Breakdown voltage VHvER 700 \%
Normal charge current ltvnor | Veesep < Vee < 15V, Ty = 25°C 5.9 7 9 mA
'I[Ehxetr\?éga;;?ne current from Ivccon_out | Vee = Veconny) - 0.1V, Ty = 25°C 2 mA
Supply current when a fault
OCCUrS Ibvumit | Vee < Veescr 15 2.2 3 mA
Leakage current at off state lhvorr | Vhv = 400V, Vce = 24V 4.5 10 MA
IC Power Supply (VCC Pin)
IC turn-on threshold voltage
with HV detected 9 VcconnHy) | VRv > Vhvon 20 21.5 23 \
UV protection threshold 1 Vccuvel 10 10.8 115 \
UV protection threshold 2 Vceuvp2 13.5 14.4 15.2 \%
IC release threshold VcersT 8 8.8 9.3 \%
X-capacitor discharge
regulation voltage @ Veexen 1 v
Short-circuit protection Vcesep 0.76 0.94 1.4 \%
CoaTer = 1nF, frrc = 100kHz,
. Chsc = 1nF, Cisg = 1nF, 15
Normal operating current lccnor) fLLc = 200kHz mA
No switch, Ty = 25°C 8 10
Start-up current lccstart1 | Vee = 20V 21 3 mA
Burst-mode current lccsursT | During burst off, Ty = 25°C 2.2 2.7 mA
X-Capacitor Discharger (HV Pin)
Discharge current lhvxeo | Ta=25°C 5.9 7 9 mA
Discharge clock time tx-p 0.8 1.6 2.6 ms
PFC Gate Driver (GATEP Pin)
- . Ccater = 1nF, source 20mA,
Minimum gate high voltage Von Vres = 11.5V 11.3 \
. Ccatep = 1nF, sink 20mA,

Maximum gate low voltage VoL Vaee = 11.5V 0.1

. Ron) Source 20mA 4.5 7.5 Q
Gate on resistance -

Ron) Sink 20mA 2.5 5 Q

Voltage fall time tr Ceatep = 1nF 20 40 ns
Voltage rise time tr Ceatep = 1nF 20 40 ns
Sourcing capacity lGaTE_sR 650 mA
Sinking capacity lcATE_SK 800 mA

. ___________________________________________________________________________________________________________________|
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mP5 HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

Vee = 25V, T; =-40°C to +125°C, min and max values are guaranteed by characterization, typical
value is tested at T; = 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Regulated Power Supply (VREG Pin)

Irec = OMA 11 12 13 Y
Regulated output voltage VReG

Irec = 20mMA 10.8 11.9 12.8 Y
Turn-on threshold VREGON 9 10 10.9 \%
UVP VREGUVP 6.5 7.3 8.1 \Y
System Clock

fosc_Lic Normal operation 180 200 223
Clock frequencies fosc_prc | Normal operation 166 | 175 | 187 | MHz
fosc_nopwm () | During burst off or if a fault occurs 1

AC Input Sensing (ACIN Pin)
Voltage range ‘ | | 0 ‘ ‘ 1.6 | \Y
PFC Feedback (FBP Pin)
Voltage range ‘ ‘ ‘ 0 ‘ ‘ 1.6 ‘ \Y
Current Sense (CSP Pin)
Voltage range -14 0 \Y
Internal biased voltage Veias_csp | Vesp = OV 0.19 0.2 0.21 \%
UART Interface (UART Pin)
Internal pull-up voltage 3.3 \%
Internal pull-up resistor 1.6 kQ
ADC for CSP

1.585 1.6 l1.61 \%

ADC voltage reference

Ti=25°C 1.595 1.6 1.605 \Y
ADC resolution ©) 12 bits
Acquisition time ) 300 ns
Offset error © +0.5 LSB
Gain error © +1.5 LSB

ADC for ACIN, FBP, FBL

1.585 1.6 1.61 \Y

ADC voltage reference

T, =25°C 1.595 1.6 1.605 \
ADC resolution ® 10 bits
Acquisition time 300 ns
Offset error © +0.5 LSB
Gain error @ *1.5 LSB
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mP5 HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

Vee = 25V, T; =-40°C to +125°C, min and max values are guaranteed by characterization, typical
value is tested at T; = 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘ Condition ‘ Min ‘ Typ ‘ Max ‘ Units
DAC for OVP OCL, BI/BO of PFC; OPP, ADOFF of LLC
1.585 1.6 1.61 \
DAC voltage reference
T, =25°C 1.595 1.6 1.605 Vv
Resolution ® 8 bits
Offset error ® +0.2 LSB
Gain error ® *1.5 LSB
DAC for PFC Set Signal
1.585 1.6 1.61 \Y
DAC voltage reference
Ty =25°C 1.595 1.6 1.605 \
Resolution ® 10 bits
Offset error © +0.5 LSB
Gain error ® *1.5 LSB
DAC for LLC Set Signal
1.77 1.8 1.825 \
DAC voltage reference
T;=25°C 1.788 1.8 1.812 \
Resolution ® 10 bits
Offset error ® +0.5 LSB
Gain error ® +1.5 LSB
High-Side Floating Gate Driver Supply (BST and SW Pins)
BST pin leakage current ILkBST Vest = 600V 10 HA
SW pin leakage current ILksw Vsw = 582V 10 A
Half-Bridge Current Sense (CSHB Pin)
OCP threshold Vcs-ocp1 1.475 1.5 1.52 v
Ves.ocpz 2
Curent polarity Comparalor | vessn | TI=25°C 60 80 | 100 | mv
Carentpoely PR | veaw | Ta=25°C 00 | o0 | 50 | my
Output Voltage Sense (SO Pin)
%’3;;’ g'rt]agg protection Vso.ovp 1475 | 15 | 152 | V
ADTA (SW Pin)
Turn-on delay @ to g(ljgf finished to turn-on 150 ns

. ________________________________________________________________________________________________________________|
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mP5 HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

Vee = 25V, T; =-40°C to +125°C, min and max values are guaranteed by characterization, typical
value is tested at T; = 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘ Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Feedback Section (FBL Pin)

Internal pull-up resistor on FBL | RreL_ow |Ts=25°C 7 8 9.6 kQ
Internal pull-up resistor on FBL

in power-save mode ResL_HiGH 38 47 56 kQ
Internal voltage reference VegL_source | Ta=25°C 2.35 241 2.5 \%
Vcowmp Offset voltage from the Vp— 0.995 1 1005 Vv

FBL voltage
Current-Sense Input Section (CR Pin)
Slope compensation amplitude

per LSB Vcr_store | To=25°C 1.54 2.35 3.16 | mV/us
cher(ra(;-r\]lglléage detection VcRr_zERO 15 20 25 mV
Sg tgjr:;\?e(r:%rfr;rggrator delay to .o 150 ns
gl?r:reer:lt-sense input leakage Icr_Leakace |Vcr =2V +1 A
Leading-edge blanking time tLes 300 ns
Low-Side Gate Driver (LSG Pin)

Peak source current IsourcePK 0.75 A
Peak sink current IsiNkPK 0.87 A
Source resistor Rsource 5 8 Q
Sink resistor Rsink 2.5 5 Q
Fall time tr 20 40 ns
Rise time tr 20 40 ns
High-Side Gate Driver (HSG Pin, Referenced to the SW Pin)

Peak source current IsourcePK 0.74 A
Peak sink current IsINKPK 0.87 A
Source resistor Rsource 5 8 Q
Sink resistor Rsink 2.5 5 Q
Fall time tr 20 40 ns
Rise time tr 20 40 ns

Voltage Bootstrap (BST Pin, Referenced to the SW Pin)
VREG-t0-BST internal diode

forward voltage @ VE IF=1mA, Ty =25°C 1.2 \
Thermal Shutdown

Thermal shutdown threshold 145 °C
Thermal shutdown recovery o
threshold 120 c
Notes:

7) Guaranteed by design.
8) Guaranteed by characterization.
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mP HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

TYPICAL CHARACTERISTICS

VCC On and Under-Voltage

Protection (UVP) vs. Temperature VCC RST Threshold vs. Temperature
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TYPICAL CHARACTERISTICS (continued)

10-Bit ADC Reference vs.

Temperature 8-Bit DAC Reference vs. Temperature
1.610 1.610
— p—
_.1.605 g <1.605 /
&5 1.600 7~ 01.600 7
o 1595 / 1.595
LL
W w /
K 1.590 v 4 X1.590 |4
Q 2
2 1585 01.585
= =
@ 1.580 1580
= -50 0 50 100 150 -50 0 50 100 150
TEMPERATURE (°C) TEMPERATURE (°C)
10-Bit DAC Reference vs. SO and CSHB Threshold vs.
Temperature Temperature
1.810 1.510
S1.805 ~ S 1.505
E)J // - =
>1.800 o 1.500
LL1.795 / 2 1.495
w / E /
& 1.790 0 1490 |-
< / 0
01785 2 1.485
o g
&1.780 o 1.480
- -50 0 50 100 150 ® -50 0 50 100 150
TEMPERATURE (°C) TEMPERATURE (°C)
FBL Low Pull-Up Resistance vs.
CSP Bias vs. Temperature Temperature
0.203 8.4
0.202 8.3
o —~
oC
~0.201 X 8.2
2 0.200 / 29 81 //
Q. 0.199 29 80
8 / _ m
[an]
0.198 L 79
0.197 7.8
-50 0 50 100 150 -50 0 50 100 150
TEMPERATURE (°C) TEMPERATURE (°C)
HR1211 Rev. 1.1 www.MonolithicPower.com 12

8/19/2024

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2024 MPS. All Rights Reserved.



mP HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

TYPICAL CHARACTERISTICS (continued)

FBL High Pull-Up Resistance vs. CR Zero-Detection Threshold vs.
Temperature Temperature
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mps HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 85Vac to 265Vac, Vout = 12V, lout = 20A, Ta = 25°C, unless otherwise noted.

CH1L: I
2A/div.

CH3: VBus
100V/div.

CH4: lprc
2A/div.

CH1: Vhsc
10V/div.

CH4: Ir
2A/div.
CH3: Vsw
200V/div.

Steady State at Input

Vin = 110Vac at Pout = 240W

—

/\ |

o9

/

AV

4Ams/div.

Steady State at PFC Choke
Vin = 110Vac at Pout = 240W

4

Zoom Factor: TkX

Zoom Position: 1.85ms

(&) ® )

. 1@ -516:6Hz

O 514.0H

A100.4kHz

I8 m | l |

Py T LN, A N
L w v |\/ AN

4
4us/div.

Steady State at LLC

Pout = 240W

06 7203k

[ A86.207kH2

o

L !

7\ ]

Ll

oAl

o

k-

4us/div.

CH1: In
1A/div.

CH3: VBus
100V/div.

CH4: lprc
1A/div.

CH1:
VeaTeP
10V/div.

CH3: VBus
100V/div.
CH4: Iprc

5A/div.

Steady State at Input
Vin = 230Vac at Pout = 240W

Steady State at PFC Choke
Vin = 230Vac at Pout = 240W

4Ams/div.

4

Toom Factor: Tk

[é]
Zoom Position: =681ps

|

0@ -L433kH
O L454kH
£99:50kHz

e

Input Start-Up/Shutdown at PFC

ViN = 110Vac, Pout = 240W

A2 20ms

20ms/div.
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mP HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VN = 85Vac to 265V ac, Vout = 12V, lout = 20A, Ta = 25°C, unless otherwise noted.

Input Start-Up/Shutdown at PFC
Vin = 230Vac, Pout = 240W

Input Start-Up at LLC
Pout = 240W

CH1: Veater
10V/div. CH1: Vour
L 5V/div.
il Azt 45007 ) CH3: Vaw
500V/div.
CH3: VBus CH4: Ir
100V/div. 5A/div.
CH4: lprc -
5A/div. .
2ms/div. 40ms/div.
Input Shutdown at LLC Load Dynamic at PFC
Pout = 240W Vin = 85Vac, Pout = OW to 240W, 1A/us
f CHL:
} ! VGater
CH1: Vour e i ‘ 10V/div.
5V/div. " .
CH3: Vsw .——
500V/div. 1 |
CH4: Ir s ! CH3: Vaus
5A/div. } 100V/div.
‘ ] CH4: Iprc
1 5A/div. |
10ms/div. 200ms/div.
Load Dynamic at PFC Load Dynamic at LLC
VIN = 265Vac, Pout = OW to 240W, 1A/us Pout = OW to 240W, 6A/us
g
CH1: Veater 0
10V/div. ‘ ‘
i |
CH3: VBus
100V/div.
CH4: Ir :
2A/div. : | ‘
CH4: lprc
5A/div.
200ms/div. 4ms/div.
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FUNCTIONAL BLOCK DIAGRAM

HV  VREG \ACC
N L4 -
Lal
VREG J
BST
Power Management
GATEP DX PFC —vVREG - LLC HG
Driver X-Capacitor Discharger > Driver G
] sw
uvLo|3.3v|] PG HSG| LSG %
PWM_PFC HS_DEAD ]_
| ADTA
vV VvV Vv ’ ; LS_DEAD
OCP_LLC “— Vi s
! — csHB
t OCL
> LLC_CURRENT VCSPR/ Vesnr
DIRECTION
Y V.
y .. —\>| DAC comp
$ Digital
@ Ve oFeseT Velope
coP g ContrOI LLC_RESET < +
ACIND - - C :+1§—|—Dﬂ CR
FBP Dd—o > Mux VCAP_ZERO _~=
@ I I Vcr_zero
—> -’ —
Vet LLC SO + X so
DACI‘* - Vso_ove
Frer - VEBL SOURCE
L ST
t~" OVP_PFC >
RFBLﬁLOW RFBLﬁH\GH
+ FBL
VFBL
BI/BO_PFC LLC ADOFF 4
e DAC>
< LLC_OLP VreL_orrseT
OosC ) UART m
<F—  e—wRusr 33y
D
GND UART

Figure 1: Functional Block Diagram
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mP5 HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

OPERATION

The HR1211 is a high-performance combo
controller that integrates a digital PFC and a
digital half-bridge (HB) LLC controller.

MTP and UART Communication

The HR1211 implements a multiple-time
programmable (MTP) memory as the non-
volatile memory (NVM) for user data storage.
The MTP memory is 128bitsx16bits, which can
store a maximum 256 bytes of data. The MTP
can be erased and rewritten 1,000 times.

When the digital core and MTP are on, the
HR1211 automatically loads all of the data from
MTP to the corresponding random access
memory (RAM) to configure the IC’s parameters.
User data is also written to the MTP through the
RAM.

The HR1211 provides a standard UART
interface for communication. Communication is
accomplished with a dedicated graphic user
interface (GUI) (see Figure 2).

 F— = —
.’U PROGRAMMABLE POWER GUI(HR1211)

PFC || LC
. == =
44 Circuit D (o Jub, \:‘VEJ‘;:’”
Y Design < """ti J»:”rh [ “11(::)
- Ot
@ Protection V y = y 0

%t T = H e 0
55|~ 26¢ |(vac) ¥ ! | Res |[o0s Ji) (5208 ) (k)

# Connect

N T
(X C A |

(57 )k R,

—
() Monitor

fin:( 50 v |Hz)  Po:[400 W)

VCC power supply Mode: | external vcev |

Figure 2: HR1211 GUI
The HR1211 can protect the MTP data from

accidental reading and rewriting with a password.

Once a non-zero, 16-bit password is written to
the password register (address 01h), the MTP
enters read-write protection. No data can be
read or written until the user inputs the correct
password into the specific unlock register
(address 7Dh). This unlocks the read-write
protection status.

Power Supply Management

Power supply management is implemented by
the HV, VCC, and VREG pins. Figure 3 and
Figure 4 show the IC’s power supply block
diagram and operating waveforms.

X-Capacitor HV Start-Up
Discharger Control

L_444/4

T — - :
PG i I HH Iesomar 1 H n i Hi i ! i
I | ] Il |} I }\I ! |_‘ | .

‘
th L i ts tot7  tofotio tiatiptis | th ths

Figure 4: Power Supply Operation Waveform
High-Voltage (HV) Start-Up Input

An internal, high-voltage current source charges
VCC when a voltage input is applied to HV.

If VCC drops below Vcescp, the charge current
from HV is limited to Ilnvumit. This prevents
excessive power dissipation caused by a VCC
short-circuit condition during start-up.

In normal operation, the voltage on VCC (Vcc)
rises to Vcescp, then the HV current switches to
the nominal current (luvnor). The HV current
source switches off when Vcc reaches the start-
up level (Vccongvy). Once the HV current source
turns off, the leakage current going into HV
should be below lhvoEE.

The HV current source turns on again when Vcc
drops below the under-voltage protection (UVP)
level.

Regulator I

HR1211 Rev. 1.1
8/19/2024

www.MonolithicPower.com 17
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2024 MPS. All Rights Reserved.



mP5 HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

IC Supply Input (VCC)
VCC provides power to all of the internal circuits,
including VREG and the V3.3 internal supply.

VCC can be powered either by the half-bridge
(HB) transformer’s auxiliary winding or byan
external power supply.

If VCC drops below the under-voltage protection
(UVP) level, the following process occurs:

1. The IC stops operating, and the PFC driver
stops switching immediately. The HB LLC
continues to operate until the low-side
MOSFET (LS-FET) turns on.

2. The VREG LDO is disabled.

There are two VCC UVP thresholds. If the LLC
does not start switching, the UVP level goes to
Vccuvez. If the LLC starts switching, the UVP
level goes to Vccuvpi.

If the IC enters latch-off mode, the device
remains latched until Vcc falls below Vccrst.

Regulated Output (VREG Pin)

Aninternal LDO is adopted to stabilize the VREG
pin so that VREG can achieve the following:

e Power the internal PFC driver

e Power the internal low-side driver of the HB
LLC

e Charge the bootstrap capacitor, which
powers for the internal high-side driver of the
HB LLC

e Be used as a voltage reference for external
circuits

When Vcc reaches Vcconnyy, the internal LDO is
enabled to charge the VREG capacitor. After
VREG is completely charged, the IC starts
operating if there is no fault. The LDO is enabled
only when Vcc exceeds Vcconmyy. This ensures
that any optional external circuitry connected to
VREG does not dissipate additional current
before the IC starts up.

Once VREG exceeds Vrecon, the HR1211 starts
working. If VREG falls below Vgrecuve, the IC
stops, and the PFC controller stops switching
immediately. The HB LLC controller continues
operating until the low-side gate becomes active.

V3.3 for Digital Logic

V3.3 is an internal, stabilized 3.3V power supply
for digital circuits. It is derived from VCC via an
internal LDO from VCC. When Vcc exceeds
Vcerst plus a hysteresis, the V3.3 LDO is
enabled. It can be disabled only when Vcc is
below VceRrsT.

V3.3 can also be used as the input for an internal
1.8V LDO, which is also the power supply for the
digital core.

Internal Under-Voltage Lockout (UVLO)
Signal

Under-voltage lockout (UVLO) is an internal
enable signal for both the PFC and LLC digital
controllers. When Vcc exceeds Vccuvei, and
VREG exceed Vgecon, UVLO goes high. The
UVLO signal is pulled low if VREG falls below
VReEGUVP.

Internal Power Good Indicator (PG)

The internal power good (PG) signal indicates to
the digital core that the power supply (VCC)
voltage is regulated. When UVLO goes high,
there is a 200us delay (tpc-peLay) and then the PG
signal is pulled high.

SYSTEM FUNCTIONS
X-Capacitor Discharge

X-capacitors are critical components placed at
the power supply input terminals to filter out
differential EMI noise. If the AC line is removed,
the energy stored in the X-capacitor can pose
risks. Safety standards require that the voltage
must be discharged to a safe level within a
certain timeframe.

Typically, resistors are placed in parallel with the
X-capacitor across the AC line to provide a
discharge path. However, additional resistors
lead to continuous power consumption while the
AC input is connected. This is a significant
contributor to the power consumption under no-
load or standby conditions.

The HV current source in the HR1211 acts as a
smart X-capacitor discharger when the AC input
is removed, which means traditional discharge
resistors are not required. Figure 5 shows the X-
capacitor operating waveforms.

HR1211 Rev. 1.1
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Figure 5: Operating Waveform of the X-Capacitor
Discharger when AC is Removed

During normal operation with the presence of the
AC line, the HR1211’s HV current source is
turned off. The HV leakage current is very small,
so the power consumption is reduced
significantly. Once the AC line is disconnected,

atimer 1 detection time window (60 X tx.p) begins.

When the timer is finished, the IC controls the
internal current source (lhvnor) automatically to
discharge energy from the X-capacitor to VCC
within a timer 3 (30 X tx.p) period.

The IC stops for an additional timer 3 period to
detect the AC. If no AC is reapplied during this
time, the IC continues discharging during the
next timer 2 (90 X tx.p) period until Vuy drops
below 35V. Once Vuy drops below 35V, Vcc is
discharged quickly by the internal current source
until it drops below Vccrst. Vecrst IS used to
release the latch of the IC when it is in latch-off
mode.

If the AC recovers in HV again during the timer 3
period, a new start-up procedure begins (see
Figure 6).

When the X-capacitor discharge function is
activated, VCC is regulated between Vcconv)
and Vcexcep to avoid overstressing VCC.

The X-capacitor discharge function allows users
to choose any X-capacitor value to optimize
differential mode EMI filtering  without
considering the effect of the required bleed
resistors on the standby power budget, or under

system no-load conditions.

A ~———-m AC Removed
VHV

A

|

A |
DISCH_EN }
VCC }
|

A

T
I
I
Veoon 1
Veoxen T
| |
! ! 1 >
I T >,
VREGA " I .
Driving & E i L I Tt
Signal } } }
} o i
o I
! I |
| -
" | I I t
tot'o t bty tGts

Figure 6: Operating Waveform of the X-Capacitor
Discharger when AC Recovers

Over-Temperature Protection (OTP)

If the internal thermal sensor detects that the IC
temperature has exceeded the over-temperature
protection (OTP) threshold, the IC stops
switching immediately. In OTP mode, the high-
voltage current source is disabled so that VCC is
not charged, and the internal LDOs for VREG
and V3.3 are disabled. If the IC temperature
drops below the OTP recovery threshold and Vcc
drops below Vccrst, the IC can start up again
once Vcc charges above Vccony)-

IC Enable/Disable Control

The IC (PFC and LLC operation) can be enabled
and disabled by configuring the MTP via the GUI.

Digital PFC Controller

The state-of-the-art continuous conduction
mode (CCM) and discontinuous conduction
mode (DCM) control scheme reduces the RMS
current drawn from the AC mains by ensuring
good input current shaping during both CCM and
DCM. The control scheme reduces the switching
frequency when the load is decreased, which
achieves higher efficiency and higher power
factors under light-load conditions.

HR1211 Rev. 1.1
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Timing Sequence of the Digital PFC

Figure 7 shows the digital PFC block timing
seqguence, described below.

Vacnd

L t
ANMANAAAANANA AAAAMANAAA Vi
A AR =

DzofaquT"W”J:ﬁj 77777 %7" ; : :

Yobhe 6ot [

Figure 7: Digital PFC Block Power Supply Timing
Sequence

t

Internal Power Supply Timing Sequence

Once Vcc exceeds Veerst plus a hysteresis, the
V3.3 LDO is enabled and an internal LDO
downstream produces a stable 1.8V power
supply for the internal digital core and system
clocks. Once both 3.3V and 1.8V are stable, the
RST signal goes high. When the UVLO signal is
high, the IC enables OSC, ADC, DAC, and the
relative comparators. The enable signal goes
high after a 20us delay, which indicates that the
digital core is ready to begin operation.

Digital Core Timing

When both the RST signal and enable signal
(UVLO) are high, the digital system monitors the
PG signal within a 150us detection time window,
which determines whether PFC and LLC start
switching with a soft start. If no PG signal is
detected, a switching soft start is applied.
Otherwise, no soft start is applied for PFC and
LLC switching.

After this PG detection time window, the digital
system starts operating. First, the analog-to-
digital converter (ADC) starts sampling Vacin and
Vegp. If the AC brown-in condition is met and
there is no open-loop fault on the FBP pin, then
the AC brown-in/brownout signal goes high and
PFC starts switching until the output reaches the
preset value. The LLC starts switching when the

PFC output voltage ramps up to the LLC brown-
in threshold.

Oscillator

The system clock frequency for PFC is fosci nor,
and the system clock frequency for LLC is
fosc2 nor. When the system is in ultra-low power
mode (both the PFC and LLC are burst off), the
PFC and LLC clock frequencies drop to
fosc_ nopwm. The PWM clock frequency falls to
fosc2 nor to reduce the IC power consumption.

ADC Sampling

The HR1211 has two independent ADCs that
sample the AC input voltage, PFC output voltage,
LLC feedback voltage, and PFC switching peak
current. The digital PFC controller gets the PFC
inductor peak current information on CSP via a
12-bit ADC.

A 3-channel, high-speed analog switch is used
to switch between the AC input, Vour (PFC), and
FB (LLC) signals for the other 10 bits of ADC
sampling.

Figure 8 shows the ADC module block diagram.

A0 4@ O
ACIN

Mux A1 1@ O
FBP

A2 4@ 0
FBL

INPUT_SEL

ADC_DATA
——

12 csP

ADC_CLK
ADC_SOC

Figure 8: ADC Block Diagram

Figure 9 shows the sampling sequence of the
10-bit ADC. The ADC samples ACIN, FBL, and
FBP with a fixed frequency, which can be
adjusted by setting the idle time in the GUI.

8us Idle Time
@>@-@>G§D EN G <EBRXFBL

Figure 9: ADC Sampling Sequence
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mP5 HR1211 - MULTI-MODE PFC AND CURRENT MODE LLC COMBO CONTROLLER

The LLC feedback voltage (on the FBL pin) is
sampled during every sampling period. The AC
input voltage (on the ACIN pin) is sampled
three times in every four sampling periods. The
PFC output voltage (on the FBP pin) is sampled
once in every four sampling periods.Input
Voltage Sensing

Vin is rectified and attenuated by a resistor
divider with a fixed ratio (0.0032) before being
provided to the ACIN input. Then the ADC
samples the voltage on ACIN to get the
instantaneous value, peak value, and the
frequency of Vin. This data is used to calculate
the on time, monitor for AC brown-in and
brownout protection, and determine the input
capacitor current compensation.

Figure 10 shows the Vv level that is defined for
different functions. All parameters can be
configured via the GUI.

Vacing
1.6V |————————— Vinmax = 500V
Normal [ ViN_LeveLt
Operaton|— - — - — - — - — - — - — Vin_riaH Low
Range
R ViN_LEveLz
e == VIN_BROWN_IN
e == VIN_BROWN_oUT

[
|

Figure 10: Input Voltage Level for Different
Functions

Input Brown-In/Brownout

When the peak voltage on ACIN exceeds the
brown-in threshold (Vine) and lasts for the
brown-in time set by BI_Timer, the PFC starts
switching. If the Vaciv peak is below the brownout
threshold (Vin-so) for the brownout time set by
BO_Timer, the PFC stops switching. Figure 11
shows the operating waveforms.

<
H

<
H

§ BI_Timer :
Vin_ok = ©!

Ui I i

Figure 11: AC Brown-In and Brownout Control

High/Low Line

The system defines the input as the low-line
condition when VN is below VIN_HIGH/LOW- The
high-line input condition is defined as when Vi
exceeds Vin_nicriiow plus a hysteresis. Both the
soft-start time and resonant time for PFC valley
turn-on are implemented independently
according to the high- or low-line input condition.
The PFC output voltage and over-voltage
protection (OVP) can also be regulated at
different levels according to this high- or low-line
input condition to optimize the PFC stage
efficiency.

There are another two configurable thresholds
for Vin: VIN_LEVEL1 and VIN_LEVEL2- Together with
VIn_nicHLow, they divide V| into four ranges. The
input capacitor current compensation values can
be set to different values at different V\y ranges
to improve the power factor.

These three thresholds are comprised of 8 bits
of data in the MTP, and can be programmed via
the GUI.

Output Voltage Sensing

Similar to Vv sensing, Vour is also sampled
through a resistor divider with a fixed ratio
(0.0032) on FBP. The voltage on FBP is sampled
by the 10-bit ADC, and the results are used for
on-time calculation and several protection
functions.

The internal pull-down resistor (about 3.3MQ)
should be considered when designing the
external resistor divider. Calculate the total
divider ratio (which should be about 0.0032) with
Equation (1):

Reg. . //3.3MQ
+Ry, | //3.3MQ

FBL_H FBL_L

=0.0032 (1)

R

Where Reg.+ is the external resistor divider
connected on the high side, and Rrg. . is the
external divider resistor connect on the low side.

Figure 12 shows the Vour level that is defined for
different functions.
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1.6V VOUTﬁMAX =500V

VouT_ove (HighiLow Line)

VOULFA ST_LOOP_HIGH

[ VOUTﬁNOR (High/Low Line)
VouT_SET1 (High/Low Line)
VOUTﬁSETZ (High/Low Line)

== === VOUT?SETS (High/Low Line)

Figure 12: Output Voltage Level for Different
Functions

Output Regulation

To optimize efficiency, Vour can be auto-
regulated according to Viy and the output power.
Vour is set to two different options based on
Vin_nicHLow, and four different options according
to the power levels. There are a total of eight
different options for PFC output regulation.
These options can be selected through the GUI.

Output Over-Voltage Protection (OVP)

The over-voltage protection (OVP) trigger
threshold (Vour ove) is setin the MTP register via
the GUI. The digital value is converted to an
analog signal by a digital-to-analog converter
(DAC). This value is compared to the FBP pin
voltage. If Vour exceeds Vour ove, PFC switching
stops. If Vour returns to the regulated target, the
PFC resumes switching. Figure 13 shows the
internal OVP block.

Vour_ove () Vout_ove (f)
DAC - + — OVP_ENABLE
G -
Time
VFB (t) 3

Figure 13: PFC OVP Circuit

A blanking time is also inserted into OVP. This
keeps the IC immune to switching noise
interference (see Figure 14) This blanking time
can be configured by the GUI.

Vegp :/_—/:1’5:__———:

OVP Triggered u f I
OVP Recovery | | i
OVP Enabled ‘ QPR
| |
tove_1i* OVP Effective Time "

Figure 14: Output OVP

Fast Loop

In a dynamic load event, the PFC output voltage
may drop or rise significantly due to the low
bandwidth of the PFC control loop. This can lead
to Vour exceeds or falling below its specification.
A fast loop can be enabled to improve PFC
dynamic performance. The fast loop is activated
when Vout dI’OpS below VOUT_FAST_LOOP_LOW (If the
fast loop low-level is enabled) or exceeds
VOUT_FAST_LOOP_HIGH (If the fast |OOp hlgh level is
enabled). When fast loop is activated, K, and Kp
switch to the fast loop settings. The fast loop
function can be enable/disabled (and its
parameters can be set) via the GUI.

Open-Loop Protection (OLP)

An open-loop condition is defined as when the
FBP voltage drops below Vour op for longer
than a configurable timer. The IC enters auto-
retry or latch-off mode (selectable via the GUI) if
this occurs.

If IC is in latch-off protection mode, switching
latches off. The device can only restart once Vce
drops below Vccrst then is charged above
VcconHY)-

If the IC is in auto-retry protection mode, the
switching is suspended for an auto-restart timer
that can be set via the GUI. The device restarts
after the timer runs out. If the device is set to self-
power mode in the GUI (which means the device
uses auxiliary winding to power VCC), the IC
must still wait for Vcc be charged above Vccongy)
to restart.

In ultra-low power mode or during the transient
period to exit ultra-low power mode, the IC
always enters latch-off mode after a protection is
triggered, regardless of the GUI setting. The
transient period to exit ultra-low power mode is
about 115us (typical) after the FBL voltage
exceeds the ultra-low power mode exit threshold
and while the PFC remains in burst-off mode.

Peak Current Sensing

The PFC inductor current is sensed by the CSP
resistor (Rcsp), and produces a negative voltage
(Vesp). This value is internally converted into a
positive voltage with a bias (Vcs s) (see Figure
15 and Figure 16 on page 23). The ADC samples
Vcs s when the PFC gate turns off. Vcs_ s can be
calculated with Equation (2):
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0 )

Figure 15 shows the current-sense circuit on the
CSP pin.

TPWM (3.3V)
£ G, OCLTRIG Digital
A loct (n) loci(t) Core
Path -
Irer_ore (0 Irer_orr (1)
2pF 'I;
! ADC
10pF

Figure 15: CSP Pin Current-Sense Circuit
Figure 16 shows the Vcs s waveforms.

Ves:s A

Figure 16: Vcs_s Voltage Waveforms

Over-Current Limit (OCL)

The HR1211 adopts cycle-by-cycle over-current
limiting (OCL) to prevent the PFC MOSFET from
overstress. OCL is implemented by comparing
Vcs s to the internal OCL threshold. The OCL
threshold is an analog signal output from an 8-bit
DAC. The internal OCL threshold can be
calculated similarly to Equation (2). A leading
edge blanking time LEB1 is inserted to avoid
switching noise. The OCL threshold is adjustable
in the GUIL.

Digital PFC Control Scheme
Figure 17 shows the digital control flowchart.

ADC

Sensing
Vin, Vour
Digital On-Time
Voltage Loop Calculation
1] 1]

Current Reference
Irer Calculation

Sensing I pk

Mode Determine

CF_DCM
ccMm VF_DCM
A\ DAC Input.
y OFF_CUR_REF (n)
DAC Input: =0
OFF_CUR_REF Reduce On-Time
(n) Calculation

VF_DCM
\ Off Time CF_DCM
Off Time
CCM Off Time
\i
Valley Turn-On
(Optional)

End
Figure 17: PFC Control Scheme Flowchart

Digital Current Reference

The HR1211 adopts a digital Pl that
compensates for the voltage control loop. Its
output (Vcowmp (n)) is sent to the multiplier for the
current reference calculation (see Figure 18).

Vin(N)  Vinave (n)
_[Vo(n) 1 f-A
Vo_rer (n) Kos+K, Veowmr (nz v ox Veowe Iner ()
+ S " " \/\N AVG "

Digital PI Digital Multiplier

Figure 18: Current Reference

The digital current reference can be calculated
with Equation (3):

Veowr (M)
.. (n) = V, (n) ——cowpr 3)
REF IN (O-SX\/W_pK (n))Z
On-Time Calculation
The on time can be estimated with Equation (4):
Vo_rer — Vin(N)

tON (n) — O_REF

VO_REF

x1s (4)

Where ts is the switching period that can be
configured via the GUI.
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PFC Operating Mode Selection

The HR1211 has three operation modes for the
PFC: continuous conduction mode (CCM),
variable frequency discontinuous conduction
mode (VF-DCM), and constant frequency
discontinuous conduction mode (CF-DCM). The
peak inductor current value in CCM can be
estimated with Equation (5):

b, (N) < 2l (N) (5)

The peak inductor current value in VF-DCM can
be calculated with Equation (6):

t
e (1) < o () < 2 () x =22 (5)
S

Where ts max is the maximum switching period
set via the GUI. The peak inductor current value
in CF-DCM can be estimated with Equation (7):

t
L, (N) > 2l (N) x % (7)CCM
S
Operation

Figure 19 shows the CCM control signals.

I
OFF_CUR_REF

- ot
SETT“ 1 n n+1

| | | ,
Whﬁmﬁﬁﬁ

: tON
ts
Figure 19: CCM Control Signals

When the converter operates in CCM,
OFF_CUR_REF (n) is calculated and sent to
DAC. There is a digital filter with configurable
cross-frequency for the OFF_CUR_REF (n)
output. The DAC output has an analog signal
(OFF_CUR_REF (1)) that is compared to Vcs (t).
If Vcs (1) is below OFF_CUR_REF (t), the set
signal is high, and the PWM is also set high (see
Figure 19).

The off-current reference in CCM can be
calculated with Equation (8):

OFF_CUR_REF(n) =2l .. (nN)—l.(n) (8)

VF-DCM Operation

When the converter operates in VF-DCM, the
off-current reference is set to zero. In this
scenario, the set signal represents the DCM
boundary (see Figure 20).

|
LT/\ OFF _CUR_REF
sert 1Ll Ll |

PWMT_‘ 3 _|

>
<

tp

\4

\4

>
>

t
<
<
<

N
ts
<

>
P

ts_NEw
Figure 20: VF-DCM Control Signals

The new switching period can be estimated with

Equation (9):

_ )
tS_NEW(n) ZIREF(n) ts ()]

The delay time can be calculated with Equation
(20):

— _t IPK(n) ~1|x
tp(N) = ts_new (N) ts_(—z e (1) 1J ts (10)

The calculated delay time has a digital filter with
a configurable cross-frequency.A

CF-DCM Operation
Figure 21 shows the CF-DCM control signals.

PN

A\ 4

o S e T
PWM §<—D—>t’
T_I 11 "tD _I >
=

ts_max

Figure 21: CF-DCM Control Signals

When the converter operates in CF_DCM, the
off-current reference is also set to zero.

In this mode, the switching frequency is limited
to the minimum switching frequency that can be
set via the GUI. The PWM duty is modulated to
achieve average current control.
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The new switching period can be calculated with
Equation (11):

%IPKI (n) x ts' (N) = lgge(N) x tS_MAX 11)

As ton changes, the peak inductor current value
is relatively unchanged, and can be estimated
with Equation (12):

o (£) =1 (1) (12)
The switching period can be calculated with
Equation (13):
2IREF(n)Xt
o (N)

The new turn-on time can be estimated with
Equation (14):

ts' (n)= S_MAX (13)

V, '
n L)

! Vo REF —
toy (N)=—=
O_REF

The delay time can be calculated with Equation
(15):

tD,(n) = ts MAX — ts'(n) = (l_ ZILF(n)j X ts MAX (15)
- lp (M) -

The calculated delay time also has a digital filter
with a configurable cross-frequency.

Soft-Start Procedure

Once the AC brown-in is triggered, the VIN_OK
signal goes high and the HR1211 initiates a soft
start (see Figure 22).

VOUT,TARGEI'

VouT_START |
Vour_rer A

Vi

Viok — T
PWM
SOFT_START_FLAG :

} !
' Soft_Start Time '

Figure 22: Soft-Start Sequence

During soft start, the internal voltage reference
slowly ramps up to the regulation target. The
ramp slew rate is determined by the soft-start
time setting’s high and low lines, which can be
configured via the GUI. When the voltage
reference on FBP reaches the regulation target
value, SOFT_START_FLAG is set high and the

soft-start sequence is complete. Generally, the
Vour cannot rise during soft start, so it is
regulated afterward.

Note that the slew rate is different at the high line
and low line.

Burst Mode

At light loads, the IC is always designed to run in
burst mode for better efficiency and decreased
no-load power consumption. Once the output
load drops below the threshold (a percentage of
the rated load), the PFC enters burst mode. The
threshold can be configured via the GUI for both
the high line and low line.

In burst mode, the switching duty is calculated
based on the set threshold, and the output is
regulated to Vo tarcer With a typical 5V
hysteresis. The PFC stops switching when Vour
ramps up to Vo tarcer + 5V, and resumes
switching when Vour drops below Vo tarcerT.

Generally, the HR1211 is designed to exit burst
mode only at the peak point of the AC line to
minimize the current stress. Additionally, a
threshold voltage can be selected via the GUI to
prevent the bus voltage from dropping too low
under transient. If the bus voltage drops below
the threshold, the IC exits burst mode
immediately without waiting for peak point
detection.

Power Factor Compensation (PFC)

Traditional power factor compensation (PFC)
control schemes only regulate the inductor
current to match the value of V\n. However, the
input capacitor current is not controlled, which
can cause power factor (PF) deterioration and a
suboptimal phase delay. With a larger capacitor
or a higher Vi, the PF worsens, especially
under light-load conditions.

To improve the PF, the HR1211 implements a
patented method to compensate the input
capacitor current. There are four Viy ranges and
input capacitors for the compensation setting,
which can be configured via the GUI and stored
in the MTP. With this function, the PF can be
improved across the whole V\y range.
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Frequency Jittering

The HR1211 implements a jitter function that can
reduce EMI noise. When jitter is enabled, the
switching frequency (fsw) is modulated by a
triangular waveform with a modulation frequency
(fw). This frequency is modulated to the
maximum value at the peak of the triangle, and
to the minimum value at the valley of the triangle.
Figure 23 shows the jitter switching frequency
modulation. The modulation amplitude and fy
can both be configured via the GUI.

VINA
VINeK o — = = = g e — — — — = e — — — — — — — =
|
|
|
|
|
20V ———————————}Y————— r—————-\Y—-—-
Il 1
ol I | | >t
| I : |
| Il |
fSWA I | |
Il | | f
TIAACEEE T ANTAN s ST T oo owmAx
N/ \————— —:l'——— ——-fsw7N0R
B 17/ v A0 N - R A S
3 h | | SW_MIN
| I : |
| Il |
1w I : |
| [l |
-t
ol Tl T ]

Figure 23: Jitter Switching Frequency
Modulation

DIGITAL LLC CONTROLLER
LLC Brown-In/Brownout

The LLC starts to work when the bus voltage
exceeds the brown-in threshold. The LLC shuts
down when the bus voltage drops below the
brownout threshold. There is a configurable
timer delay set via the GUI for both brown-in and
brownout LLC switching.

Soft-Start Operation

During LLC soft start, the internal Vcowme is
overridden by a soft-start generator output
voltage. The soft-start timer can be set via the
GUI to define the soft-start duration.

At the beginning of soft start, the low-side gate
(LSG) turns on first for a configurable time to
charge the BST capacitor. Then the high-side
gate (HSG) and LSG turn on and off alternately.

Because of resonant capacitor (Cgr) voltage
imbalance during start-up, the current slew rate
in the resonant tank is different between the
HSG and LSG turn-on periods.

The HR1211's LSG driver does not turn off until
the resonant tank current drops below zero

(Vcshe < Vesnr) to avoid hard switching during
soft start (see Figure 24).

If both the HSG and LSG are driven with a 50%
duty cycle, the resonant tank current may not
reverse in a switching half-cycle, which can lead
to hard switching.

Figure 24 shows the waveform difference
between a 50% duty cycle and the HR1211’s
logic.

| T
sell  JLLH T

A4

~_7/

In h A AN
Hard Switching//\v/\/ \/ \/ \

50% duty cycle drives LLC hard switching
during start-up

HSG

( > ] ] ] ]
LSG \ —‘

LSG turns off until
current drops below 0A

HSG and LSG imbalance prevents hard
switching during start-up

Figure 24: LLC Start-Up to Avoid Hard Switching

Current Mode Control

Figure 25 shows the control block diagram of the
half-bridge (HB) LLC. The on-time comparator
determines the HSG on time by comparing the
voltage derived from the current sense (CR) with
Vcomp. Vcowp IS generated from the feedback
voltage on an optocoupler (FBL).

The LSG follows the HSG on time. A digital
counter with a minimum step (about 1 / fosc1_nor)
is implemented to ensure that the on time
between the HSG and LSG matches.
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Ramp
Compsensation

Feedback
Network

<

Figure 25: LLC Current Mode Control Block
Diagram

Figure 26 shows the LLC current mode control
waveform.

Vcr_sLope = _— _— _— _

i
i

Ve i
I
I

HSG
s LT LT LT L
Counter

Figure 26: LLC Current Mode Control Waveform

The current-sense voltage (V¢) is proportional to
the voltage on the resonant tank capacitor (Crg).
The proportion is determined by the external
capacitor divider (Cr1 and Cgr2). The capacitor
dividing ratio should be set to ensure that the
maximum output power (primary current) of the
LLC stage can be delivered.

To prevent subharmonic oscillation, a digital, 4-
bit, configurable slope compensation can be
added. The compensation voltage (Vcr_sLore) iS
the product of the slope and on time. This value
is added to the sensed voltage (Vc) to generate
Vcs.

The HR1211 senses the voltage of the
optocoupler on FBL that generated the reference
(Vcowmp) of the internal on-time comparator. The
LSG follows the previous HSG on time, but the
LSG does not turn off until Vcs drops below
Vcowmpe. There is an internal pull-up resistor (ResL),
and the FBL voltage increases when the output
load increases. The sensed FBL voltage is also
used for skip mode and burst mode operation

detection, as well as over-power protection
(OPP).

Operation Mode

The LLC can operate in three modes: continuous
mode, skip mode, and burst mode. The
controller samples the FBL pin voltage using the

10-bit ADC to determine which mode the LLC
should operate in (see Figure 27).

Resonant fsy (V1)

Continuous Mode

— [ Hysteresis fsw (V3)
Skip Mode fsw (V2)

Skip Mode

[ — $_| Hysteresis fsy (V5)
L1 | Burst Mode fsy (V4)

Burst Mode

0V| =
Figure 27: LLC Working Mode Determined by
FBL

Figure 27 shows the LLC working mode based
on the FBL voltage (VrsL). When VgL reaches
the skip mode entry threshold (V2), the LLC
system enters skip mode. If Veg. drops further
(load decreases) below the burst mode entry
threshold (V4), the LLC switch triggers burst off,
then the LLC enters burst mode. Both the skip
mode and burst mode thresholds have exit levels
with a hysteresis (V3 and V5). If the LLC reaches
these thresholds, it returns to continuous mode
(if in skip mode) or skip mode (if in burst mode).
All of the thresholds (V2, V3, V4, and V5) can be
configured via the GUI.

In skip mode and burst mode, Vcowe can be
calculated with Equation (16):

Veowe = Ax X Ve, +By (16)

Where Ax is the proportional coefficient, and Bx
is an offset for Vcomp. Ax and Bx can be set via
the GUI.

In continuous mode, Vcome Can be estimated
with Equation (17):

VCOMP = VFBL -

V

FBLOFFSET

(17)
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Figure 28 shows the Vcowr generation block
diagram.

Control

V,

Digital
_J

LLC_RESET -
+ CR
A VesL_source +

VSLOPE
RFBL,LOW % RFBLiHIGH
<

FBL

ADC X

VFBL

Figure 28: Vcome Generation Block Diagram

Skip Mode

For HB LLC topology frequency control, the
switching frequency rises as the load decreases.
This means that the magnetization loss and
switching loss increase under light-load
conditions. To reduce power consumption while
keeping the output under regulation, the HR1211
implements skip mode operation to greatly
reduce the average switching frequency, as well
as the magnetic loss.

When the system enters skip mode, a switch idle
time is inserted between every N (configurable
via the GUI) switching cycles. The skip period
(tsxip) is kept at the configured value for stability.
The first HSG after the idle time always turns on
at the HB peak point (ZVS) to minimize the
switching loss (see Figure 29).

HSG

ZVS for
LSG |_ FirstHG S

- L WW L L

Figure 29: LLC Skip Mode Operation

The switching frequencies for HSG and LSG
follows the current mode control scheme, except
that the last LSG (during one skip cycle) on time
ends when Vcg drops Vcr_zero.

Burst Mode

To further limit the average switching frequency
as the load gets lighter, a longer switch idle time

is inserted in skip mode. This is called burst
mode operation (see Figure 30).

i taursT 1 Burst- Out Level
I T A
FBL! ‘ i Burst Hys
i Burst-On «—Burst-Off- Burst-In Level
wsolLIL T JUL [T 1 UL
LSG | 1

Figure 30: Burst Mode LLC Operation

During the burst on period, the LLC works in skip
mode. During the burst off period, switching is
completely off. When the Veg. rises high enough
to trigger the configurable burst-out threshold,
the burst off period ends and the LLC starts
switching.

To minimize the audible noise created during
burst mode, users can select to activate the burst
frequency control function via the GUI. This
function allows users to limit the burst frequency
to a low value. With this function activated, the
burst frequency (1 / tsurst) can be adjusted to a
preset range by increasing or decreasing the
switching pulses during the burst-on period.

The HR1211 has a switchable pull-up resistor on
FBL to reduce the optocoupler current in deep
burst mode. When the switching counts during
one burst on period is less than the set value,
which indicates that the load is light enough,
HR1211 will gradually switch the FBL pull-up
resistor from RrsL_Low tO RreL_HiGH.

The HR1211 incorporates an ultra-low power
mode. The device enters ultra-low power mode
when both the PFC and LLC are in burst off
mode. The device can also enter ultra-low power
mode if the PFC is in burst off mode and FBL is
below the ultra-low power mode entry threshold.

In ultra-low power mode, IC power consumption
is further reduced by shutting down some of the
internal circuits. This is implemented via an
internal logic comparator that compares the FBL
voltage with a configurable reference from the 8-
bit DAC.

If the BST capacitor is deeply discharged during
burst off mode in deep burst operation, the LSG
turns on first for a configurable time (tusc-ini).

The burst-off time (ts-orr) can exceed the timer
set via the GUI to charge the BST voltage.
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Burst Frequency Control

The HR1211 incorporates burst frequency
control to reduce the acoustic noise during burst
mode. Generally, the acoustic noise is reduced
when the burst frequency is low. Burst frequency
control increases the switching counts in each
burst cycle, so that the burst-off time becomes
longer. This reduces the overall burst frequency.

If the burst frequency is below the set target,
burst mode runs at the normal burst level. To
increase the switching counts when the burst
frequency exceeds the set target, the normal
burst level is ignored until the actual switching
count exceeds the internal calculation result, or
VesL drops to the ultra-low power mode entry
threshold.

If the device reaches the ultra-low power mode
entry threshold, switching is terminated. This
prevents Vour from overshooting under light to
heavy load transients. However, this may lead to
a higher burst frequency. Make the difference
between the burst level and ultra-low power
mode threshold as great as possible to increase
the VegL range in burst mode.

Figure 31 shows burst frequency control
waveforms.

VEsL X
VBURsT-0UT

VBURST

VUL TRA-LOW-IN

GATE

Figure 31: Burst Frequency Control Waveforms

Adaptive Dead Time Adjustment (ADTA)

A dead time between the HSG and LSG drivers
is required in half-bridge (HB) topologies to
prevent cross-conduction through the power
stage MOSFETs. This prevents excessive
current, high EMI noise, and damage in
applications. A traditional, fixed dead time
control scheme is widely used in resonant
converters due to its simple implementation.
However, this method may lead to hard
switching under light loads, or large Lm design
conditions, which eventually lead to thermal and
reliability issues.

The HR1211 incorporates an intelligent adaptive
dead time adjustment (ADTA) logic circuit that is
capable of detecting the dVv/dt of SW through an
internal high-voltage capacitor. It automatically
inserts a proper dead time with respect to the
converter's actual operating conditions. Figure
32 shows the simplified ADTA block diagram.

Vaus

BST

HSG
HG Driver | HSG

SW

VDD

LSG
== Cigvs Driver GNDP

HG
—

Viavs CLK | ADTA

Logic _>'-G
x
CLKN

Figure 32: ADTA Block Diagram

Figure 33 shows the ADTA operation waveform.

Dead time adaptively
adjusted

HSG LSG HSG
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/\\\ / t
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IHBVS
t
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CLK
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Figure 33: ADTA Operation Waveform

Once the HSG switches off, SW swings from a
high voltage to a low voltage because it is driven
by the resonant tank current (Igr). A negative
dVv/dt draws a current from Cpevs, Which pulls
Vhevs down. If the current exceeds the internal
bias current, Vugys is pulled down to OV and
clamped.
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When the SW slew rate becomes slower, the
current decreases and Vugys Starts to ramp up.
This change in Vugvs is used for dead time
detection, so that the LSG switches on after a
delay.

The dead time is defined as the time between the
HSG switching off and the LSG switching on,
which relies on the completion of SW’s transition.

When the LSG switches off, SW swings from

zero to high, creating an input current from Cpgys.

The dead time also adjusts automatically with
the opposite logic.

Figure 34 shows the possible dead time via
ADTA logic. Note that there are three possible
dead times: a minimum dead time (tomin),
maximum dead time (tomax), and adaptive dead
time, which is between tomin and tomax. When the
SW transition time is shorter than tomin, the next
HSG or LSG will not turn until dead time reaches
tomin. This prevents shoot-through between the
high-side and low-side MOSFETSs. If the dead
time is too long, it may lead to duty cycle loss and
the loss of soft switching. When SW transition
time is too long, it may lead to too long dead time,
so that a maximum dead time (tomax) is set to
force the gate to switch on under this condition.
Both tomin and tomax can be configured via the
GUL.

Voate 4

Vsw 1

] H H
t i t ' t
Vor T DMIN ; DMIN S DMAX

ot tz s tats te t;

LSG Hsc | i Lsc HSG

T Tt
Figure 34: Minimum, Maximum, and Adaptive
Dead Time

Capacitive Mode Protection (CMP)

In fault conditions such as an overload or short
circuit (or any load transient condition), the LLC
converter may run in capacitive mode. In
capacitive mode, the voltage applied on the
resonant tank lags behind the current, which
makes the MOSFETs lose zero-voltage
switching (ZVS) capability. It can also damage
the device, so this mode should be avoided.

Figure 35 shows the principles of capacitive
mode protection (CMP). CSPOS and CSNEG

are the current polarity flags, which are
generated by comparing the voltage on the
CSHB pin with internal Vcspr and Vesnr
thresholds.
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Figure 35: Operating Principle of CMP

At t0, the converter operates in inductive mode.
Vcesnr exceeds Veswg When the LSG driver is
turned off, which indicates that current is flowing
at the right polarity (negative). Capacitive mode
protection is not triggered.

At t1, the converter operates in inductive mode.
Vecsue > Vespr When the HSG driver turns off,
which also indicates that current is flowing at the
right polarity (positive). Capacitive mode
protection is not triggered.

At t2, the LLC converter works in capacitive
mode, and Vcsus reaches Vcsng. The LSG is
forced off in order to avoid capacitive mode
operation. If CMP is not enabled, the LSG does
not turn off until t2.

If Vcsus never exceeds Vespr While the HSG is
on, the CMP function is not activated when the
HSG turns off. If Vcsue never drops below Vesar
while the LSG is on, the CMP function is not
activated when the LSG turns off.

Over-Current Protection (OCP)

The HR1211 provides the over-current
protection when Vcsus reaches Vcs oce. AN
internal counter begins each time Vcs ocp IS
triggered, and over-current protection (OCP) is
triggered if the counter reaches its set value
(configured via the GUI).
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OCP is typically triggered when the CSHB pin
voltage continues to rise during a short circuit
(see Figure 36).

1 2 n
———————— —— ———— -— Ves_ocp
Veshs |
i
AN
OoCP
HSG

Figure 36: OCP Timing Sequence

The IC can be set for latch-off or auto-retry mode
if LLC OCP occurs. The GUI can be used to
select the protection mode.

For details on the latch-off and auto-retry
protection modes, see the Open-Loop Protection
section.

Over-Power Protection (OPP)

Over-power protection (OPP) protects the LLC
converter from excessive over-power conditions.

If VesL exceeds Vopp Lic (configurable via the
GUI), an internal configurable timer turns on.
This timer is reset once Veg. falls below Vopp Lic.
OPRP is triggered if the timer counts to the end
without resetting. Vopp_LLc Should not exceed the
minimum value of VesL_source.

OPP can activate latch-off mode or auto-retry
mode. This parameter is configured via the GUI.

For details on the latch-off and auto-retry
protection modes, see the Open-Loop Protection
section.
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APPLICATION INFORMATION

Current Sensing on CSHB

Both CMP and OCP detect the current signal on
CSHB, so a proper current-sense circuit should
be designed on CSHB.

There are two kinds of current-sense circuits:
lossless current sensing from a small capacitor
parallel with the resonant capacitor, and sensing
the resonant tank current directly with a series
sensing resistor. Lossless current sensing is
typically recommended for most applications
(see Figure 37).

T
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Figure 37: Lossless Current-Sensing Network

To design the lossless current-sensing network,
follow the equations listed below.

Cs can be calculated with Equation (18):

C
R 18
Cs = 100 (18)

To avoid mistriggering the capacitive detection
threshold for Vcspr (Or Vesnr) during normal light-
load operation, Rs should fulfill the following
conditions, estimated with Equation (19):

R >Veser (14 Sy (19)
| C.

M

Where Iv is the peak magnetizing current,
calculated with Equation (20):
V.
—_ BUS (20)

8L, xf

Where Vgys is the LLC input voltage, Lw is the
transformer winding inductance, and fuax is the
maximum switching frequency.

Rs should also meet the following condition,
estimated with Equation (21):

V. C
R < cs_ocp x (1+ C_R) 21)

ICRfPK s

Where Icr _pk is the peak current of the resonant
tank under low input voltages and full loads.
Icr_pk can be calculated with Equation (22):

2 2
lor Pk = N>y + lo X7 (22)
- aL,, xfg, 2N
Where N is the turn ratio of the transformer, lo is
the output current, Vo is the output voltage, fsw

is the switching frequency, and Lm is the
magnetizing inductance.

The R1 and C1 network attenuates the switching
noise on the CSHB pin.

The current-sense resistor circuit uses a current-
sense resistor placed in series with the resonant
tank (see Figure 38). This method is simpler with
fewer external components, but it can cause
suboptimal power consumption on the current-
sense resistor.

]
J:|_K Cr
cs R1
C1
—I: Rs

Figure 38: Current Sensing with a Sense
Resistor

The current-sense resistor value can be
calculated with Equation (23):

V,
RS<M (23)
CR_PK

High-Side Gate Driver (HSG)
Figure 39 shows the high-side gate driver.
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Figure 39: High-Side Gate Driver

An external bootstrap (BST) capacitor is required
to provide energy for the high-side gate driver.
An integrated bootstrap diode charges this
capacitor through VREG. This diode simplifies
the external driving circuit for the high side
MOSFET, and allows the BST capacitor to be
charged when the low side MOSFET is on.

Consider the BST capacitor charging time. To
provide enough gate driver energy, a BST
capacitor between 100nF and 470nF is
recommended.

External Protection on the SO Pin

The HR1211 monitors the voltage on the SO pin
and provides a protection function when Vso
exceeds Vso pro for a configurable timer
(tove_sTABLE)-

The SO pin can be connected to the primary
auxiliary winding by a resistor divider to sense
the output voltage, which is used for over voltage
protection (OVP). The SO pin voltage can be
calculated with Equation (24):

R N

son Ny vy (29)
+RSO2 S ( © F)

V. =
SOR

SO1

Where Npau is the turns of auxiliary winding, Ns
is the turns of secondary winding. Vo is the
output voltage, and Ve is forward voltage drop of
output rectifier or SR. Rso1 and Rso2 is the
voltage divider for sampling.

The secondary side OVP with an optocoupler is
more simple and accurate. When the
optocoupler turns on, the SO voltage should be
high enough to trigger a protection. Calculate the
SO voltage with Equation (25):

R

Voo = ﬁ % (Vees = Vorro) (25)

An external NTC can also be used on this pin for
an external over-temperature protection (OTP)
function. Pull the SO pin up to a constant voltage
source (e.g. VREG) with an NTC resistor. The
voltage on the SO pin can be calculated with
Equation (26):

RSO \V/

X
REG
NTC + RSO

v/ (26)

so = R
Where Rso is the external pull-down resistor

connected from the SO pin to GND. Vgec is the
VREG pin voltage.

Figure 40 shows how to use the SO pin for OVP
or external OTP.

Optocoupler

S0 VREG

RSDZ
Rso1

S0 VREG

RNTC RSOZ
Rso1

Figure 40: SO Application Circuit for OVP and
External OTP

Protecting CSP from Negative Voltage
Stress

The HR1211’s PFC current-sense resistor is in
the input power loop to sense the full waveform
of the PFC inductor. This means that the current
from the input bridge to the output capacitor
flows through the sense resistor. Generally,
there is inrush current during start-up and a
surge current during a surge condition.
Therefore, there can be a large voltage drop on
the current-sense resistor that leads to an over-
voltage condition on the CSP pin.

The CSP pin’s internal ESD device is capable of
clamping in the event of over-voltage stress,
though only for a short time. For more details on
the current limit of the CSP pin’s internal ESD
device under different over-voltage conditions,
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see the Absolute Max Ratings section on page
X. Itis recommended to connect a 500Q resistor
between the current-sense resistor and the CSP
pin.

If clamping on the current-sense resistor is
required, connect two diodes in series, and place
them in parallel with the current-sense resistor
(see Figure 41). The voltage is clamped by
diodes when the current-sense resistor voltage
drop exceeds the forward voltage drop of the two
diodes. These two diodes should be carefully
chosen so that the forward voltage drop is high
enough under a small forward current and high
temperatures. Do not use a Schottky diode. The
over-current limit (OCL) setting voltage should
not exceed the diode clamping voltage.

AC *
Input
P AW
RSENSE
Bridge Ry

CSP

AC
Input & &
T T

AV

Bridge > Rsense —
i ’ _
CSP

Figure 41: CSP Pin Protection from Overstress

PCB Layout Guidelines
For the best results, refer to Figure 42 and follow
the guidelines below:

1. Use the bulk capacitor’s negative terminal as
the ground for the PFC, LLC power loop, and
the IC’s ground. Ensure that the ground
layout overlap is as small as possible.

2. Make the IC ground trace short and wide to
reduce its voltage drop.

3. Keep all the areas of the power loop and
signal loop as small as possible.

4. Keep the signal traces far away from the
switching point.

5. CSP and CSHB are key signals that should
be treated with the highest priority.
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Figure 42: Recommended PCB Layout
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TYPICAL APPLICATION CIRCUITS

|
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Figure 43: 90-265 V AC Input and 12V/34A Output Application
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PACKAGE INFORMATION
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PACKAGE INFORMATION (continued)
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CARRIER INFORMATION

0O 00000 O O

Pinl —»1 1 1 1
Reel
Diameter
S
Feed Direction
. . . Carrier Carrier
Package Quantity/ | Quantity/ | Quantity/ Reel
Part Number Description Reel Tub T Di t Tape Tape
p ee ube ray iameter Width Pitch
HR1211GY- SOIC-20 1000 37 N/A 13in 24mm 12mm
XXXX—Z (wide body)
HRI21IGM- | r550p.20 | 2500 75 N/A 13in 16mm 8mm
XXXX—Z
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REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 1/4/2021 Initial Release -
Corrected formatting 1
Updated the Q4 and Q5 connection in the Typical >

Application image
Updated the descriptions for the FBP and ACIN pins in the

; . . 4

Pin Functions section

11 8/19/2024 Updated the Vcsoce symbol to Vcsocr: and added a 9
second OCP threshold (Vcs-ocrz)
Added a paragraph to the Open-Loop Protection (OLP)
section regarding latch-off mode protection in ultra-low 29
power mode or during the transient period to exit ultra-low
power mode
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