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Professional audio power

Block diagram:
Powe spec:

» Peak power up to 1kW,standby

AC@ e ”DC.:BUS HVogtput within ZOW | |
Input ] J_ _né e [ _|_ > Load transient speed is fast with
- I SR EL T ms level and frequently
L == = . - » HV output have large cap,usually
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Opto AC-DC solution need:

Stndly. > High power density and efficiency

DC Bus

g
% J_ » High reliability but easy to design
5 I » Full protection feature

L MPS total solution:
l 3 » HR1210: PFC+LLC combin controller

» HF500-X: Flyback combined Mosfet
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HR1210 Typical Application

CCM/DCM PFC + Current Mode LLC
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HR1210 Typical Application

Driver, Power Manager, X-cap discharge, ADTA

X-Cap discharger
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HR1210 Key Features

System:
> Pin<100mW@Pout=0mW
» High voltage current source for start up & Smart X-cap discharger
» UART Interface & GUI for parameters program

PFC:
CCM/DCM operation of digital PFC (Max. Switching up to 250KHz)
High PF due to cap current compensation (>0.95@ 20% load)

Programmable frequency Jitter to improve EMI.
Digital PI for control loop
Programmable AC BI/BO, OVP, OCL, OLP

vV V V V V

Current Mode / Voltage Mode Control

Adaptive dead time adjustment (230ns~1us)

Anti capacitive mode operation of LLC

Programmable BI/BO, SCP, OPP

Skip mode & frequency controlled Burst mode for better light load efficiency & low audible noise

YV V VYV V




HR1210-HVCS and X-cap discharge

y R~ E—
Iy faur=1.1MA |
I o Y | | Bias o
|
|

REGULATOR I k

Ich_max=30mA - -

len_uv=5.0mA : Vreg
< Vieg=11.5V
I 1™
I

CONTROL |g—l¢
Yl

Start_Vcc o E: UVL.O
Logic | 10.7v/10v
- ﬁ
UVLO(in)
ﬂ_+ I Level
Reset - Shl ift

UVLO(Digital control)‘ i PG (Digital control)

-
Py
@
1

X-cap | ) HV Start up

discharger

Control

IYYY

Short
| Protectig] 0.65

Disable(optiongl)
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(Digital control)

A high voltage current source (HVCS) internal HV pin is used to power up VCC
An internal 3.3V LDO is used to power digital control

An internal 11V regulator is used to power the gate driver (Vreg)

UVLO and PG logic signal is generated for the digital control set-up

X-cap Discharge is detected on HV pin mps
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HR1210-HVCS and X-cap discharge

Power Supply:

Vhvi
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Veconty)
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Normal Mode: V,,, is sinusoid

t0: Vv .px =35V, HVCS start
charge Vcc.

t0~t1: 3.3v (digital control) power
set-up

t3: V. >22v, HVCS turn off, Vreg
LDO (driver supply) works

t3: UVLO is high, digital control
stand-by to operate

t4: PG (power good) is high,
digital control starts soft-start

t4~t5: Capacitor value on Vcc
determine this period.

t5-t8: Digital control stop work
when Vcc<13v or Vreg<8.9v
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HR1210-HVCS and X-cap discharge

X-Cap Discharger: when V,,, is DC or Open. Vcc will regulate in 17v~22v
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HR1210-PFC+LLC digital control timing

Vout_target . t0: Internal 1.8V supply set-up when
Voo 3.3V is ready, rst signal set-up to
Vaondk T ot t2: UVLO high, digital control start
AAAAAAAAAAAAAAAAAAAAAAAAAA Vs
ARRRRARRRRARRNANRANARARARRY \(YW\,Vt works, sense FBP, FBL, ACIN, CSP
Va3 ‘f 777777777777 t voltage
V18vA " t2~t3: Vi, > V,,.g, With a timer, PFC start
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L Il
) : : > t3~t4: PFC Soft Start, LLC works when
I - Vour> V2o i
UVLOB.3VH Enable .
. t4~t5: Normal operation
AC BI/BO A _ . .
. t5: _Vin _<Vin_Bo with a timer, PFC stops
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HR1210-PFC+LLC digital control sampling

Digital
Core

ad_channel

adc_rdy 2

< 1'2 10bit
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\ 4

AAA
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Filter

ilter

ACIN

HV

VOUt

ilter

ilter

+0.2V

FBP

FBL

+ CSP

Rbias

The digital core need to sample FBP (PFC
output), ACIN (PFC input) & CSP (PFC
inductor current) for PFC control

The digital core need to sample FBL (LLC
Feedback) for LLC control

The FBP, FBL & ACIN is sampled by a 10bit
ADC through a controlled MUX

The CSP is sampled by a 12bit ADC

The CSP is a negative voltage with internal
biased by a 0.2V voltage source, so the
sampled voltage of CSP is actually 0.2V-

Vesp




HR1210-PFC digital control

Digital PFC: Quasi-fixed On Time Control

_ V:}(I}_ K‘n(f) 160
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line

» By fix the Ton profile at different load conditions, switching frequency
at light load can be reduced.

» On time is adaptively changed based on instantaneous input voltage.

» Light load efficiency can be improved.
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HR1210-PFC digital control

Flowchart in 1 switching cycle:
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HR1210-PFC digital control

Key Performance:

» High light load Efficiency, >96% @ 10% load of 400w output

» High light load PF, >0.95 @ 20% load for 400w output

Efficiency at 230Vac

100%
99%

98% /‘__c— >
97%

(] - /
95%

96,; « o

n
oa e

(4
93% //
92%

ol
91%

0% 20% 40% 60%
Load

80%

=—4#—Digital CCM Controllder —=—ll=CrM Controller

100%

PF vs. Laod at 230Vac

0.98

0.96

0.94

0.92

0.9
0.88

0.84

0.82

0.8
0%

20% 40% 60% 80%

Load
—4—Without Compensation —ll=With Compensation

100%




HR1210-PFC digital control

PFEC Protection:

UART

OVP Limit (Vo)  highline: [azs | V lowline: (420 | ¥
o€ Limit [s | A  ovpLimit(vim [205 | Vems

o€ Limie [ ] a

AC Brown-in/Brown-out:

ACBrown-in Voltage: (116 | Vpk ACBrown-inTime: (10 + |ms

AC Brown-out Voltage: Vpk ACBrown-outTime:( 10 v |ms
Level Trim: G

ol ﬁ I max(100%)

% % .

Trim

1[0 v Tim2: [0 |V Trims: (2 |V

 AC Brown-out
. Input Current:

Digital
Core

) 8bit
DAC,
AC BI/BO <+
OVP +
) 8bit
DAC,

ACIN

FBP

The digital core control the threshold for AC BI/BO, OVP
& OCL protection for PFC.

A 8bit DAC is used for the output of the threshold of the
protection

By setting in GUI, the thresholds for these protection can be
programmed through UART interface on IC.




HR1210-PFC digital control

LLC Current Mode Control:

Vcomp

1V :
|
: - + |
— {5 -
" FBL Vramp -1 _—1 1 1 -
AO -

Ramp
HG_off :_
c, HG
offset I | | I

LG

Digital
Core

+

N N N

» The voltage on resonant cap (Cr) is compared with internal reference (Vcomp) to generate the HG-off
signal

» The LG on time is equal with HG on time by an internal

The Internal reference (Vcomp) is derived from FBL pin voltage or digital core (10 bit DAC), depend
by LLC operating state:

When in steady state, Vcomp=VFBL-1V
When in Skip or burst mode, Vcomp=VDAC which determined by digital core




HR1210-LLC digital control

LLC Operating Mode:

Heavy Load Ultra Light Load
Operation | Resonant Mode Skip Mode Burst Mode |

L J

Mode |

LG NI I U 1 1 | ot 1
I N I O e | 5 |

»LLC changes operation mode according to the load.

» It works in Resonant Mode (normal operation) at heavy load, switching to Skip
Mode at lighter load and change to Burst Mode at ultra light load or no load.

»When run into Burst Mode, it works in PWM burst pattern to reduce audible
noise.




HR1210-LLC digital control

LLC Skip Mode.:

o |
R L

<—Fixed frequency—

» Atlight load, HG & LG stops switching for a certain
period every N cycles (programmable)

» The skip frequency is kept at fs (programmable)

i value Mean Min Max Std Dev 1 85Sep 2016]
& Mean 400 V 400 400 400 0.00 (16:25:12 )
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HR1210-LLC digital control

LLC Burst Mode:

+«—  Fixed freq

o LI i
N L

968.2 Hz -1.600V |
312.5kHz 480.0mV
A965.3 Hz A2.080V |

» Atvery light load condition, HG & LG switch in skip B
mode and stops switching for a long time which
determined by VFBL touching the burst-on threshold

N0 R A 0 e o AR A R M 1 R

(Ve_on)
> The burst frequency can be select to keep at fs B 2007 1 8 0% Y L6 o0.000ms sipoms Somn |
(programmable) for low audible noise @ven S0 W R W S0 lieatte
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HR1210-LLC digital control

LLC Low Power Mode: 26V

el Ml H M | i Digital
H Core
N cycles K{
FBL J-:_jx B

> When the LLC switching cycles N during each burst-on period is lower than a preset
value (defined by GUI) , the digital core will switch the FBL pull up resistor from ~8kOhm

to 50kOhm to pull down the opto current
Power » When VFBL voltage (during burst-off) is lower

cong Mode <——||:ZB'L—L1§ {_ than a preset value (defined by GUI) , the IC will
Digital I — enter

> In power saving mode, the IC will only active

Core
8bit ) . . .
> DAC> some necessary internal circuits, which help to
decrease the

10k 50k




HR1210-LLC digital control

LLC Protection:

> The digital core control the threshold for OPP
protection for LLC.

oc Limit ) a
oc Limit o] a

AC Brown-in/Brown-out:

P e » The OVP protection is achieved by SO pin with fixed

P
, ACBrown-out Voltage: Vpk ACBrown-outTime:( 10w |ms
= RS ATE T  T 15V threShOId
nitor | inputCurrent: o .
= L%é-— .
| Trim1: (0| v @ Jv

» The CSHB pin is used to sense the LLC current

ovP -—T » The OCP protection is achieved by compare current sense
N voltage on CSHB with 1.5V fixed threshold.
UART opp
The digital core also sense the current direction of LLC

by comparing the CSHB voltage with fixed +/- 80mV
threshold (This used for CMP of LLC, see next page)

28
Q@ =

Digital
Core

LLC Current

‘ direction <-l-

T
+/- 80mV + Vcr - ‘




HR1210-LLC digital control

CMP (Capacitive Mode Protection):

Ugala H

1"-"rgan B L

Way

VesHe

Without CMP

I
HSG |
; -
I Capacitive Mode
LSG LSG " Opereien

: -
I
I
I
I

} \ — .
I
I

Capacitive Mode operation:
HG turned off at I,<0 (Vgu<0);
LG turned off at [.>0 (Vgps>0);

HR1210 with CMP

'
Vate 1 HSG : HSG
t '
+ | LG forcad turn-off
vgﬂB_L e LSG wihen VUGHB}-BDm"J'
| |
I 9 I
|
Vaw [
|
|
[ -
A I
Viesns '
| Blm
______ ,/__—_?\_ a0
\j 80m\
In HR1210

HG will be forced off when Vg,g>-80mV
LG will be forced off when Vg,5<80mV




HR1210 key features

Enhanced Surge Immunity System shutdown & output drops when
surge occur.

Issue » Surge noise lead the digital IC restart.
» Surge noise trigger LLC OVP on SO pin
» Surge noise trigger LLC SCP on CSHB

pin
HR1210
t2
:(Tﬂl : Att1, LLC switch stop, system stand by

H At 12, system go into latch
SO i i _____

: : Veshe

| v
LLC | A Co oscucrl?res
Switch : VECON(HV) ~=mmmmm e e e e e e ; S ) SR — HG
E Vecuvp [--=---------- ,,,,,,EL,,,,:L fffffffffffffffffffffffffffffffff :
System - VCeRST |ommmmmm ] 777777‘{37777% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, LG _ !
Latch 3 ] )
3 » CSHB Counter to filter noise
A digital filter on SO to avoid C Teoaen
: Vg <
error trigger T 3
'
ResetT
‘ n

PG signal to indicate a real restart




HR1210 key features

Current Mode Control LLC with better loop response

Vcomp

1v |

] Vcs |

> bi + |

%)?Act FBL :
A0 Al - Vramp — 1 e

Digital MUX

Core
HG_off :_

Ramp

Vcr

o+

CR ¢4

c I
offset I | r HG
+ Ver - ‘ —‘

LLC_Voltage Mode c°ntr°| LLC_CUI'I'ent MOde Control

3500680K 3580583
00000000

— 9 8kHz 47de
3 6kHz 45de. 9

g S0t
r mg ’
1613

472328
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I 35M2 I
H 295488
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HR1210 User GUI for Parameters Configuration

Warning:
- Please use USB ISOLATOR when in On-line
Mode with AC input.

+Make sure both KIT and EVB BOARD are
reset every time before restarting GUL.

BETA Internal U
PROGRAMMABLE POWER GUI(HR1210)

. Boot Time at High Line: ms

(100 ) ms

LLC Enable Voltage:

LLC Disable Voltage: . Boot Time at Low Line:

highline

VIN-R3 VIN-R4

R

Input PFC & LLC Design Parameters

BETA_Internal U

PROGRAMMABLE POWER GUI(HR1210)

@protecon
_&) .nliltor

g‘ Inductor Design.
g" 1 Loss Distribution

fin: {HZJ Po: fWJ

Step2: Configuration Parameters

LT

PROGRAMMABLE POWER GUI(HR1210)

BETA_Intern

AC Brown-in/Brown-out:
AC Brown-in Voltage: (Vrms)  AC Brown-in Time: (ms)
AC Brown-out Voltage: (Vrms)  AC Brown-out Time: (ms)
AC Brown IN/OUT filter: (Vrms)  AC Brown In Time Out: (ms)
Trim1: (o J(v)  Trim2: (0| (V)

AC Brown-out Level:

QConnect o

Input PFC & LLC Protection Parameters




HR1210 User GUI for Parameters Configuration

Use GUI for Parameters Configuration :

Import & Export Register List




HR1210 User GUI for Parameters Configuration

Design Optimization with Labview:

(e ) () () () (=]
/

W AT Lk 1rrerdt wpraer o e a ) w
B H > & ? B W"”-“‘"q—[ Version Information ]
MMMMMM [ nimmal U a
(=) Beui Do St A
i o "'“:_""'“__I = IsEipkzason done:
EfﬂCIenw Siagy woatw it 1 - v a8 " J"l.'lm!ﬂ
e . |
| Rk Fowe o & L] S . |
Yoo ey -'MIIIFiU ¥ - 4 |
Result side |
Test Conditions J/ 1
-E;.tp-\.ri.':rmrn'ﬂ:
Check USE Connect WriteWord Times [ Reset Times =0 ]

Use labview to get optimized
parameters to improve the design




HR1210 Design Optimization with LabView

Appendix




HR1210-Demo board and test results

HR1210 Demo Board (12V/33.3A):.

TOP VIEW BOTTOM VIEW




HR1210-Demo board and test results
Steady State Waveform (PEC):

Test Condition: Vin=85Vac, Full Load Test Condition: Vin=85Vac, 50% Load
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HR1210-Demo board and test results
Steady State Waveform (PEC):

Test Condition: Vin=265Vac, Full Load Test Condition: Vin=265Vac, 50% Load

TekStop T TekStop =~~~

A A NN
YAY ISAYRY

& 250V & 100V ® 10.0ms 50.0MS5/s @ - 20 Aug 2018 & s0v & 100V & 10.0ms 50.0Ms/s @D S 20 Aug 2018
@ s00A Qv 3.17360ms  5M points 700maA 18:51:35 @ s.00A & v 3.17260ms  5M points 700mA 18:50:32
Tek PreVu M 4.00ms _ Tek Prevu M 4.00ms l
~ -
Zoom Factor: 400X Zoom Position: =2.36ms = . Zoom Factor: 400X~ Zoom Position: —6.53ms . . .
: : Lo ? : (Tq : 3] b/ z : : : T4
i : O -2.383ms @ 3.060 A : : : T O6& -6.564ms 540.0mA
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Wew3.17360ms  5M points 720mA 18:47:39 W w3.173260ms  SM points  720maA 18:48:50




HR1210-Demo board and test results

Steady State Waveform (LLC):

Test Condition: Vin=220Vrms, 10=20A

Test Condition: Vin=220Vrms, lo=

10A

Tek Frevu

200.0my | ]

0@ 47203
soretite(?) - - 47 -7 Hr - < - 5

0@ 47.209t
= .

200.0mY

| £86.207kHe £9.200 Y

.___;_9I400_v._ |
£.95.7585kH: 29,200 ] -

P

2.5065/s

O ][ 31May2018}

4,005 2.50B5/ o 31 May 2018 & 0oV w 0.0 & |[4.00p
mé, 17:11:26 200 Y By 2004 & Jmew2izo000ms

10M points

240ma 17:12:28

10,
2.00 4 B [-"21‘20000ms 10M points 240
L

CH3:SW CH4:Ir

CH1:HSG




HR1210-Demo board and test results
Steady State Waveform (LLC):

Test Condition: Vin=220Vrms, lo=5A Test Condition: Vin=220Vrms, l0=0A

@ b f 1 : : f

) . . . I } 200.0m
. . . I 0

DE) ;1?‘3525Hz_. 200.0mv f.
Wi Ty
v I g

_ e

; ; A

= [t s L% J
0.0y & @h 100y & u 2.5065/5 o 31 May 2018 & 0oV & 0.0y & 0
200 Y Ay 2004 R JEeT2L20000ms 10M points 240mé 17:14:21 200 Y By 2004 &

x

o

40.0ps 2.5063/% E 31 May 2018
Wi+ w36, 200000 10M points 240mé, 17:17:59

CH1:HSG CH3:SW CH4:Ir




HR1210-Demo board and test results

No Load Power Consumption:

Mo ot 93.79mW  94.30mW  97.18mW  99.47mW
consumption
100.00
99.00
g 98.00
= 97.00
= 96.00
0. 95.00
94.00
93.00 . . . . .
50.00 100.00 150.00 200.00 250.00 300.00

Vin(Vrms)




HR1210-Demo board and test results

Total Efficiency:

95%

94%

93% F/F—.E.\'\L

92% \.\‘§
o / /_\

90% / —4—Vin=115VAC
89% // —8—Vin=230Vac
-

87% /

86%

Efficiency

85%

0% 10%  20% 30% 40% 50% 60% 70% 80% 90% 100%
Load




Full Features Flyback Solution-HF500-X

» 700V FET integrated
* Fixed-frequency current mode control operation

with built-in slope compensation % Loy =
* Frequency Foldback down to 25kHz at light load Input - g a{

condition 85 ~ 265 Vac )
» Burst Mode for low standby power consumption
» Frequency jittering for a reduced EMI signature g o | =
» Over power compensation ' Source [ = —
* Internal high voltage current source GND x
* VCC UVLO B0 7HF500-X e
* Programmable input B/O and OVP . s

» Over Load Protection with programmable delay i——'s 1] .
« Latch-off protection on TIMER pin >

* OVP, OTP, SCP
* Programmable soft start

H—




Full Features Flyback Solution-HF500-X

All parts released

HF500-7 HF500-15 HF500-30 HF500-40
SOIC8-7 SOIC8-7 DIP8-7 DIP8-7

12Q/700V 4.5Q/700V 1.4Q/700V 1.0Q/700V
5-7TW 7-15W 25-30W 35-40W




Full Features Flyback Solution-HF500-X

» Over Power Compensation

Overpower vs. Vin, Lm=1mH
Vorc A 18
- /
A 14 e
% 12 _—
o 10
Veio §_ 8
6 :
@) = W/0 Oover power compensation
;' w/i over power consumption
> 0
0.8v 2V FB 0 50 100 150 200 250 300
Vin (Vac)
Vope =94mV - (Vo —1.1) Based on 10W output design

The over power point can be kept similar both in low line and high line.




Full Features Flyback Solution-HF500-X
» Frequency Foldback

Frequency‘ A Peak
| | . Frequency Current
65kHz k- S e | Jittering
| | i 1V
Burs f . 0.57V
25kHz - | /E{requency i
! ! foldback | |
P T B e 0.15V/0.218
| frequency | l |
i ' ' : .
0.7/0.8V 1.33V 2V 3V FB

Frequency foldback at light load condition for higher
efficiency and low no load power consumption.




Full Features Flyback Solution-HF500-X

» Internal Slope Compensation

AVED BY HF500-X

-
External Slope

Compensation Circuit % T

Converter keeps stable when lety cycle is larger than 0.5 in CCM.




Full Features Flyback Solution-HF500-X

» Frequency Jittering
*ring e v Z;EF"’E *ittering e Eﬁwé”ﬁé

sa sa
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D% Bad Bder T B A~ y -y i
:Z\/"]\J@Aﬁn Al wWij N = :Z;LJ I I.| w\"’vv n A
Ny N ML~
L20 Rme= NXM = @Mqa’ﬁ%\ﬂ,}/"/ o 20 m=3 | il v/{f’l b
10
1
O
L_10 F-10 :
e 20 kHz
150 kHz 150 kHz
Better EMI
> > Date: 20.DEC.2011 21:12:41
Performance i

65kHz+6.5%
Frequency jittering which leads to better EMI performance.




Full Features Flyback Solution-HF500-X

» Input Brown Out and OVP Function

A A T Output
: 1
Input

85 ~ 265Vac
' = RLow
) \/E'VAC_Min R R > Vg0 1n
Sl 4 Low T High
6
R
H 7
| 8

x|

GND
h B/O HF500-X 2 \ce R
- NERV Lw _ < \/_QVP
Timer 14 FB - AC_Max R R _ B/O
‘,{ Low + High
r's
Ryo T
. —+ 1

By selecting the proper resistor divider, the input B/O and OVP
can be realized by B/O pin.
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