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Brief Introduction of AL1692

Main Features vee (7] & xal;

Primary side control triac dimmable IC controller/driver, RT [2]
Achieve +/-3% system current accuracy; comp s | 6] cs
GND [ 4 | (5 | FB

For 100/120/230Vac mains input, mainly for 100/120Vac input;
CS 1.6V clamp and 15us T,,,.,ax liMit; AL1692-Driver(SOP-7), Integrated
Support Buck-Boost and Flyback topology; iﬁ;‘;ggg I\:;ﬁfOOV,ZA/GOOV and
Integrated 3A/400V, 3A/500V, 2A/600V,1A/700V Mosfet option;

Ultra low start-up current(100uA) and operation current(210uA); veel) O o] sw
BCM operation to achieve high efficiency and easy EMI; Ay [ 7] Ne
Good line and load regulation (+/-3%); CZZZ% g :
High PF and low THD(PF>0.9, THD<30%);

Single winding inductor; www.13662285275.cn AL16?§§F§)gm”er

Wide dimmer compatibility and wide dimming range from 5% to 100%;

Multiple protection features(UVLO, OVP, LED short, internal thermal foldback(TFP),OTP);
For IC driver, can support 3W~15W application, for controller power can up to 25W;

Suit for GU10,Candle,E27,A19, A60,Parl16, Par20, Par38 lamps-ete;

............ www.diodes.com
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Brief Introduction of AL1697

Main Features
Primary side control triac dimmable IC; vee L1 O [7]D
Achieve +/-3% system current accuracy;, RT [2 |
Mainly for 230Vac mains input; comp [ 3 | 6 ] Cs
CS 1.0V clamp and 10us T,,,.nax lIMit; onD [2] 5] F8
Support Buck-Boost and Flyback topology;

Integrated 2A/600V and 4A/670V Mosfet option; AL1697(SOP-7), Integrated
Ultra low start-up current(130uA) and operation current(170uA);  2A/600V, 4A/670V Mosfet
BCM operation to achieve high efficiency and easy EMI;

Good line and load regulation (+/-3%);

High PF and low THD(PF>0.9, THD<30%);

Single winding inductor;

Wide dimmer compatibility and wide dimming range from 5% to 100%;

Multiple protection features(UVLO, OVP, LED short, internal thermal foldback(TFP),OTP);
Available for SOIC-7 package, support 3W~15W application;

Suit for GU10,Candle,E27,A19,A60,Par16,Par20 lamps etc;

............ www.diodes.com
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AL1692/7 Operation with no dimmer for Buck=k

» Constant Current Control

The AL1692/7 adopts closed loop control, sample the CS peak value in each AC sine
cycle and integrate the sample value to control system on time. It has below equation,

» 2T > comMpP

] . Tons
1 Sanpie and Hok |- A - Tonp v
.- S, . ! | B ( P Ccs 3 . v Vespeak | : VN Z VCS TOff —_ VREF Z TSW

1
Vespeak VREF = —
Tt

O'—;:l

0 Tor do
sife) Res

SW
Where Ve is internal reference, typical 0.4V

For high PF buck-boost system, we can get output current as below.

1 o\ T 11 R
Iout(e):;lp,(-S|r(9)-—ff |y mean =E-EJIPK~S|r(9)-T—HdG

SW 0 SW

So output constant current
equation can be got.

I WM € O M P O R A Y ® O
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AL1692/7 Operation with no dimmer for Buck-B¢

» High PF funcI:tlon — Loipe(0) Lolysin®) Ll 1 _ L1, -sin(6)
N nput Voltage(Vin) on — — A = off V
y Yl "‘\ Primary Current \/in (e) \/in—PK 'Sm(e) \/in—PK out

envelope(lpx)

// \ | |y = T VRer _ - Vier
" rent T T TV, o -sin?(0)

| \ R .. . off R .. in—PK do
/ | ©s .([sm(e T +T., ® Res Iv sin(0)+V

Switch

VCS

Constant Ton control method to realize high PFC

|in(9)_ iPK(O)'Ton l-l . Sin(@)

= = PK
2(Ton +Toff) 2 1_|_\/'n—PKS|n(e)
out

\ Input current follows input voltage sine waveform,
realize PFC function.

www.diodes.com
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AL1692/7 Operation with no dimmer for Buck-

» Start-up Process

Vinac

ZEONE MR =N

N - TETR W

A AR AN & R INKN RO AA A
I f O [ 1h' Iy / 'I "A i “ S A ‘.\w ,‘\ R %

-

fow=3.5kHz

e e—— -~-% --—71—T e

] - S ]

BRI 1= 50.4468ms &4 2880us
BRI 2= 507336ma NG 48T M

TIG2015 2.6 29PN

1) AC input voltage is open;
2) VCC is charged to start-up threshold and IC starts to output switching pulse;

3) Before LED current reach rated vale, IC operates at low switching frequency(around 3.5kHz); I
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AP1692/7 Operation with no dimmer for Buck=

» Start-up Process

AAAAAAAANAANAAARNAANAA

1
144

o |

yiowlog oy Iu‘ 'II" tn' ||‘ A\ YA
[ | f
VVVVVVVVYVY

315 Ede i & 06V mvidy - 2044V o 8.6 Vi~ v
112015 11 4022 AN LeCroy 112015 11 40011 AN

4) COMP voltage is adjusted to suitable value to reach rated current output.

............ . www.diodes.com
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AL1692/7 Operation with no dimmer for Buck-0¢

Measure Planmns{CY PLmsiCh Fz Pe P5 L
valuw 3236V 11007 ma,
v

status

4 B X1= -8845us A= 300ps
1GG | 3= 954%ur 1= 333kHz

£dge i
&= 10.09788
Ki= ABIGCOM: 1A= S80310H:

TIR20155.4022PN LeCroy

TINS5 58855PN

1) IC samples CS peak value in each AC cycle and integrates the value to get COMP
voltage, which controls switching on time;

2) Closed loop control to achieve tight current accuracy;
3) Adopt valley-mode switching to minimize switching loss and get easy EMI. -
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AL1692/7 Dimming Control Operation for Buck=|

— e - e — — e

» Closed Loop and Maximum T,, Control

1) Atlarger conduction angle with dimmer(Veoyp<4V), T,,<To, max: OUtpUt CcONstant current;
2) At smaller conduction angle with dimmer(Veoyp 2 4V), Tn=T,, vax limits output current.

Under T,, vax Mode, peak current is: A

. Output Current (%)
Vin—PK Sl r(e) Ton_Max

L

100 |———————————— — — —

PK_DIM — | |
: t0N<t0N_MAX:

So we can get output current equation 1 "
with dimmer: | |

_ I I

1V . | |

— ’ IfTon < Ton Max : :
L)=]” e ] ; o,
o 1 a 1 V .S | r(e) 0 Critical Conduction Angle 180 Conduction Angle a(deg)

T J._'IPK DIM S db,else

L 2 - Vin—PK "Sl r(e)+vout

NINYES Dimming Curve
e ¥ www.diodes.com
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AL1692/7 Dimming Control Operation for Buck

»Ton max SEtting

Considering the good line regulation and dimming depth, a suitable T,, \, vValue should be set,
IC sets T,, vax through external resistor RT as below equation.

] 33y o 3.3-Cppe
on_Max on_Viax V
For AL1692, @+0.33UA For AL1697, RIREF L 0.5uA

Where Vgt ger is RT pin internal 0.5V reference, Cre is internal 1.5pF capacitor.

AL1697 controls output current constant before T, increases to T, yax(Vcomp=4V), So we should
set the operation T, value at Vi, px min @S Ton max: @nd RT resistor value can be calculated as below.

VRT_R EF

_ RT=
For AL1692, 33'CREF *Vin-pmin —3.3uA

in—PK-Min
L'IPK
| = T Vg (- > =
a .sirf(8) v

T V f RT_REF
Res P dé For AL1697, RT=oa =+ —
- ?‘)-Vin—PK-Min 'Sir(e)+vout - 33 Coer Vip-pcan —5uA

TR S S ¥ www.diodes.com
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AL1692/7 Operation with Leading-edge dimmer for Bu

» Closed Loop and Maximum T,, Control

1) COMP voltage is adjusted to control switching on time T,;
2) Before COMP voltage is adjusted to 4V clamp level, T,,<T,, yax System keeps constant
current output, when COMP voltage reaches 4V, T,,=T,, vax limits output current.

VCOMP < 4V’ Ton < Ton_Max VCOMP - 4V’ Ton - Ton_Max VCOMP > 4V, Ton = Ton Max
VBUS VB Us R
o o \
a
0 T 0 )
" ’ Veor>4V v
4V clamp level 4V clamp level
Vcomp=4V 4V clamp level
Vcomp<4V
0 T 0 I T 0 T
mm_) —>
0 %TFT T 0 %chT N T 0 iranT axn
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» Closed Loop and Maximum T,, Control

1) VCOM P<4V’ Ton<To n_Max

e ME 32U 57 THTR vy

1 &N ITE AN

Sl
& T
S [
Y
=Tt
/1
&
. 1 [ §
P3- PAd--- [ Ph---

P3--- Pd--- P5--- P&--- Maisas e P1msiCd P2xmsiC

X Sms
e -1 BD43SME e 1214381 8

At largest conduction angle with dimmer, Vq,,p=3.349V<4YV,
WS T =3.2us, output current keeps constant.

IIIIII

3
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» Closed Loop and Maximum T,, Control

2) VCOMP

{ em TE M

:4V’ Ton:Ton_Max

ME TN S5m XHIR

Decrease conduction angle, Vqop=4.07V, increased T,,=4.4us reaches T, yax

output current begins to reduce. .
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AL1692/7 Operation with Leading-edge dimmer for Buck=

R EEE————E—
> Closed Loop and Maximum T, Control

3) VCOMP

] Ll ne (14

>4V’ Ton:Ton_Max

WE 2W SM THIR J

1018 7 2534 PM

At smaller conduction angle with dimmer, Voyp=4.45V>4V, T, =T, yax=4.4US,

output current continues to reduce.
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AL1692/7 Operation with Trailing-edge dimmer for Buc

» Closed Loop and Maximum T,, Control

1) COMP voltage is adjusted to control switching on time T,;

2) Before COMP voltage is adjusted to 4V clamp level, T,,<T,, yax System keeps constant
current output, when COMP voltage reaches 4V, T,,=T,, vax limits output current.

VCOMP < 4V’ Ton < Ton_Max VCOMP = 4V’ Ton = Ton_Max VCOMp > 4V; Ton =T

on_Max

VBUS VBUS V,
BUS

o

a
o
a
o
a

Veomp>4V

4V clamp level 4V clamp level
Vcovp=4V 4V clamp level

Vcomp<4V
0 | T 0 | n 0 =
Source Source
ource
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AL1692/7 Operation with Trailing-edge dimmer for Buck=
T EEEEEE—
R —

TH &N X Ay

N ER [V ) m ol
111072015 £ 0553 PM leCroy 111002015 & (940 PM

r~ae~ At largest conduction angle with dimmer, Vqyp=3.67V<4YV,

E-SW4 T,,=3.4us, output current keeps constant. _
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AL1692/7 Operation with Trailing-edge dimmer for Buck=

e e e e e e e
> Closed Loop and Maximum T,, Control

2) VCOMP:4V’ Ton: on_Max

1 &N X A WE 2N M THIN

Xiw 1244555 ms
XKie -451300ms 1

£ & I. 23 \§ Sy | & 2.0 VRdy £ ViSs 2.2 m 41 my
LeCroy 111002015 3:3411 PM

112015 3: 3037 PW

Decrease conduction angle, V.op=4.05V, increased T,,=4.4us reaches T, yax

output current begins to reduce. .
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R EEE————E—
> Closed Loop and Maximum T, Control

3) VCOMP>4V’ Ton: on_Max

{ ax TE A ME EE M SHIR e

o0 s :
1 00ME 20 MEs
Xis 1050770ms
Hae 335 g f 30

1102015 34240 W LeCroy 1102015 34231 W

At smaller conduction angle with dimmer, Voyp=4.87V>4V, T, =T, yax=4.4US,
output current continues to reduce.
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AL1692/7 Dimmable Driver System Des

' Agenda
> AL1692/7 Typical Application

» AL1692/7 Driver Topology Selection Guide

» Buck-boost (Flyback) System Design

» Auxiliary Circuit Design

» Dimmer Compatibility Optimization and Debug Experience
» EMI and Audible Noise Optimization

» PCB Layout Suggestion

............ . www.diodes.com


http://www.diodes.com

AC
Input

DB1

AL1692 Typical Application

LYY YL
WWW.
R10 R2
R3
cclq 71D
R1 RT |,
AL1692
— COMP| 3 6 S
c1+ ©2 Trc3r = C4 SRe onof 5 Le8
R4 Cc6 RS
U1l
ot
al 14
cé <
R9 9
R7 \"CS |
AD2 R8 L2 Te 4

.Cn

RF1

AC
Input

FR1

1

AC
Input

DB1

R11

R1Z

c2 &+

T C3T

> R2 D3
]
r3 [ o
R10
veel g g [sw
RT |5 7Inc
cowp 3AL16925 cs
—C4 ’RSL GNDJ , 5 |FB
R4S cé R5
U1l
P
'_H .
c6 v L
R9 3
) R7 Lcs
4 q L. =
AD2 R8 +

AL1692 Controller for Buck-boost(High-side)

RF1

Y YY)
R10 T Y4
L2 RO =ﬁ+ LEDS
59 Y V/d
’I
R4 R3 I
Rl :E VVv VVv
VCC
p1 | l 1 1 7 D
cil c2T Te RT s
cs 2 2R5
ca o AL1692
MP
— LR2 3 6 ==
L GND 4 5 FB
Cs 01 R73 $R8 IRe
- K
R11 = LEDS
23 RITT
D2 Y V4
R4  R3 | 1
AVIAVIAVI AVAVAV ._|
L R10 [T D3 ﬁQl
RL2 VCC J
SW
D1 l 1 8
- C2=—=- - NG
c1 RT | NC L
c3 2 7 $R5
- AL1692S
COMP
- [R2 3 6 =
L GND 4 5 FB
Cs o R73-32R8_SR6

AL1692 Controller for Buck-boost(Low-side)
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L1692 Typical Application

I

D1

Y YY) >I

— MA—o

Tec1 c2]

D2
+

L R4 R3 =
R13 AV AV
] vCcC 1 g |Rrain
[cal RT L
2 2IR5
AL1692
c4 COMP cs
- |R2 3 6
2
L GND 4 5 EB
C5 01 R7% %RS %RG

AL1692 Driver for Boost

Advantage:
1) Better PFC and THD;

Q

S RO iLEDS

T

Preferred Application(Filament):
1) Vo 2 200V for 120Vac mains;

2) Vo 2 350V for 230Vac mains.

2) Much higher efficiency than buck-boost;

3) Accurate OVP setting;

TOUES. 4) Smaller size power inductor can be used.

nnnnnnnnnn
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AL1692 Typical Application

D2
Pt OLED+
T1
c2= = RO S ==
NO —4c3 R1 é © L
c1 L
R2 i R10 > e
2R3 D3 *
L R4 P OLED-
= < 1
D1
U1
veely 7l ot
&t | AL1692 =
2
comp R7 RF1
cs L BD1
3 6 L1 D2
- GND 1 Pt o)
oT . 4 5|8 J_ T P LED+
R6 5 c2 SRL RO 2 ==cs .
R5 R8 N ==C3 TL R10 S
c1 s Tt
—t R2 2R3 D3 4 .
= R4 D1
. A ld

OLED-

Y
JT_ vV = I '_‘ L
R10 Q1)
CY1
VCC SwW
1y 8 . —

7 L
AL1692S S R7
6

AL1692 Driver for Flyback (Low-side)

www.13662285275.cn

f
A
WA
@
z
S
EN w_ N
mn
@

5
’7 R5:; jg R8
]
RS

AL1692 Controller for Flyback(Low-side)

DIOJES.
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AL1697 Typical Application

1 7

Lzé RO Z

D2
|

DB1 3
R1Z = AL1697 AC : R4 R3 ]
— COomP cs Input R1g
3 6 vee D
R N U D1 | 1 7
ciT= C2rc3T | ——c4 sgg GND| 5 B — 4 L
R4 3 ] [¢3 c1 c2 RT L
-‘V cs 2 2R5
AL1697
| c4 comp
= [R2 3 6 s
Z b3
GND FB
::CS I LEDS e 4 5 J {
+ 2 C5 U1 R73 3R8 2R6
AL1697 Driver for Buck-boost(Low-side)
BD1
L1 D2
J_ ? 1 g OLEeD+
. c2
N lcg :; R1 L4 L .
o R2 TL R0 2 7
2R3
L 2 Otep-
= WA——Ig 1
1 D1
vce 1 7 D cy1
wT |, AL1697 =
2 L
$R7
com| . 6 lcs
L
caT oel i Y 5|8
R6 L
RST :E R8

DIOJES.

I W € O " » O R AT §® O

AL1697 Driver for Flyback (Low-side)
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AL1692/7 Dimmable Solution Topology Selection

Input

Voltage Application Diodes Part Output Voltage Preferred Topology
AL1692-30BA/30B Vo<40V Buck-boost (High side)
GU10, Candle,
A lamp, <10W AL1692-30B/20C 40V<Vo<200V | Buck-Boost (Low side)
Filament
AL1692-30B/20C Vo2200V Boost
120VAC Vo=40V Buck-boost (High side)
Parss, 40V<V0<200V | Buck-Boost (Low side)
i 10W<P )
Down Light, 225m;) AL1692S
External V02200V Boost
Power
10VsVos50V Flyback

°°°°°°°°°°° www.diodes.com
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AL1692/7 Dimmable Solution Topology Selection

Input
Voltage

230VAC

Application

Output Power

Diodes Part

Output Voltage

Preferred Topology

AL1697-20C Vos120V Buck-boost (High side)
GUL0, Candle,| AL1697-20C L
éai\lga:;nepn,t <10W AL 1692-20C/10E 120V<Vo<300V | Buck-Boost (High side)
AL1692-20C/10E Vo2350V Boost
Down Light, <10W AL1697-20C/40D 10V<Vo<50V Flyback

External Power

AL1692-20C/10E

I N <

ooooooooo

www.13662285275.c

www.diodes.com
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AL1692/7 Buck-boost System Design--Using AL1692/7

> Fill in application spec and set designed switching frequency
Non-Isolated AL1692 Buck-Boost LED Driver Design

Design Spec LED Load Spec
Minimum Input Voltage, Vac_min /108.(}\ Vac LED Output Voltage, Vo 64.00 Vdc
Maximum Input Voltage,Vac_max ! 135.0\ Vac LED Output Current, lo 0.22 A
AC Input Frequency 60.0 Hz Output Power, Pout 14.08 Walt
Designed Minimum Switchin
Freq?lency, fsw_min ° 50 Khz

Fill in input voltage range and frequency,
preferred switching frequency ranges from Fill in LED output voltage and current
40kHz to 80kHz, some special application
(Filament) can be up to ~100kHz.

Non-Iségted AL1697 Buck-Boost LED Driver Design ¢
Design Spec \ LED Load Spec/” "\
Minimum Input Voltage, Vac_min 198.0 Vac LED Output Voltage, Vo 55.00 Vdc
Maximum Input Voltage,Vac_max 264.0 Vac LED Output Current, lo 126.00 mA
AC Input Frequency 50.0 Hz Output Power, Pout \ 6.93 | Walt
Designed Minimum Sw!tchlng 60 Khz
Frequency, fsw_min
NS

DTOUES.

€ O m ®» O R A Y

www.diodes.com
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AL1692/7 Buck-boost System Design--Using AL1692/

> Calculate Current Sense Resistor

Current Sense Resistor Calculation

Current Sense Resistor_R5=

1.59

Q

Power Loss of Current Sense Resistor Prs=

50.8

mWalt

Actual current sense resistor value can be adjusted according to setting LED current.

» Choose and Design Power Inductor/Transformer

Power Inductor Design /\

Maximum Flux Density Bmax [0.24\ T

Calculated Inductance _Lp [1.70 ) | mH [Selected Inductance Lp= 1.70 mH
Selected Bobbin and Core Type_Ttype EE13 Effective Area of Ferrite Core_Ae= 17.20 mm?
Inductor Winding Turns 208

Winding Current Density \539/\ A/mm?2 Selected Winding Diameter 0.22 mm

According to driver power and PCB size to select suitable core, fill in Ae value of selected core
and calculate winding turns. Set maximum flux density of ferrite core(Bmax), due to larger
inductor peak current with dimmer(Ton-max operation), to avoid core saturation, we usually set

Bmax<0.25T.

Need to test actual inductor peak current waveform and check the Bmax
value with dimmer condition.
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AL1692/7 Buck-boost System Design--Using AL1692/7

> RT Resistor Selection

RT Resistor Selection
RT Resistor Calculated Value 37 KQ

Basing on the RT calculated value, we should check the system line regulation, inductor
peak current with dimmer condition and consider the factor of Ton-max distribution
(related to RT resistor), then fix the suitable RT resistor.

> FB OVP Resistor Setting

FB Section
OVP Voltage Setting 70 Vvdc
FB Pull Up Resistor 330 KQ FB Pull Down Resistor 20.00 KQ

FB OVP resistor calculation in AL1692/7 excel calculator is used for buck-boost high
side topology. For Flyback/Buck-boost low side structure, accurate OVP setting can be
calculated through auxiliary winding.

TR S S ¥ www.diodes.com
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AL1692/7 Buck-boost System Design--Using AL1692/7C

» OVP Setting Consideration -

AL1692/7 provides OVP through FB pin sensing output voltage. When output is open or large
transient occurs, result in FB pin sense voltage exceeds Vg y threshold(typical 4V), OVP is
triggered and IC will discharge VCC, when VCC is below UVLO, IC will restart and VCC is
charged again. System work in hiccup mode at OVP condition.

FB sense resistor setting R ———
v V. WWW.13662285275.cn T ST T g T T T
EB‘SCV T t‘ogpg > Vouove Should be set around l ‘ 1 —

+ 1.3~1.4V,, and consider C3 voltage

ripple especially at low T, condition;

» Vig cv has tolerance +6%, should -
_ e take Veg oy lower limit(3.76V) for

o OVP design;
£ T > FB resistor R8/R9 select should ENETE
§ consider affect to efficiency and :
|

— avoid interference, usually set R8

DICDES, 103K
............ www.diodes.com
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AL1692/7 Dimming Auxiliary Circuit Design

» AC Damping “

During leading-edge triac dimming, high DV/DT ratio will induce high inrush current, which

should be limited.

High inrush current
during triac turn-on

»If no AC damping, the high inrush current will induce oscillation in dimmer and drivers, maybe the
current will oscillate to below triac holding current, and triac will be turned off unexpectedly.

»If multi-lamp connecting, the inrush current will be multiplied, which would be a huge current,
should be limited for reliable triac operation. .
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AL1692/7 Dimming Auxiliary Circuit Desig

» AC Damping
A serial-connected resistor before bridge will be a simple way for AC damping.

\ 'A%

\eCroy

Resistor value ‘

1) The inrush current should be less than 2A pk value; -

2) The resistor should be large enough that the AC ™
current has no oscillation;

3) System efficiency and resistor temp should also be
considered.

Damper Resistor Value

Application Salemiian Oscillations and ringing current
120V mains input 20~100R/1W ,
230V mains input 68~200R/1W www.diodes.com
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AL1692/7 Dimming Auxiliary Circuit Desig

» Latching Circuit (Passive Bleeder)

Additional latching current should be provided to the dimmer to latch the triac conduction,
generally it will be 3 times holding current, 100~200mA rating with duration of ~200us. Inrush
current width is too short(~10us), can not meet the duration timing requirement for triac
latching.

Input Voltage

/

/
//

Insufficient
latching current

~ and latching time,
cause dimmer
misfire.

Inrush current

RC latching current

oooooooooooo
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AL1692/7 Dimming Auxiliary Circuit Desig

»Latching Circuit (Passive Bleeder)
A RC latching network usually used in the dimming application to provide latching current.

1) R-latch is the damper for reducing spike current caused by quick charging C-latch at firing.
Too large resistor dampens I-Latching too much and limits I-Latching less than latching
current at firing. If R-latch is too small, it can’t fully dampen spike current and ringing current
occurs, result in misfire of triac and flicker.

Excessive damping Ringing Current
I-Latching #\f_’
""" Fire In
+— ANA— i
. T -Line

—— ¢ l..

T ; Iume can be lower than — V. -
fatching current at firing Misfire Caused by Ringing Current
Too large R-latch Too small R-latch

TR S S ¥ www.diodes.com


http://www.diodes.com

AL1692/7 Dimming Auxmary Circuit DeS|g

—— —

>Latch|ng Circuit (Passive Bleeder)
2) Capacitor value should be high enough (hundred-of-nF) for providing enough latching current
to avoid misfire. Small C-latch can’t provide large enough I-Line, may cause dimmer misfire right
after firing. While I-Line is higher at dimmer firing with large C-latch, which can maintain normal
turn-on state of dimmer. Also, a large C-latch has a drawback in PF, THD and efficiency.

FirE Fire
1'
.'.:N I
Small C-latch Large C-latch

Generally, the preferred RC parameters are listed as below.

Typical RC latching parameter
Application 120V Mains 230V Mains
C-latch 150nF~220nF/250V 100~150nF/400V
R-latch 330R, 470R,560R/1W |390R, 470R,560R/1W [€elsg
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AL1692/7 Dimming Auxiliary Circuit Design

» VCC Supply Circuit--High Side =

For high side structure, D1/R3/C2 combines the VCC supply circuit as below, IC can
get enough VCC supply from Vout even at lowest dimmer conduction angle.

S S 1V coznc. _ R )

. \\\. \//‘Hf\\é\. \//J,’"\‘:\v

—_— C ‘ |
— 7 e . o o . v e

- |

| (
[

P3--- Pé--- PS--. PE---

C2 capacitor: several hundreds nF(such as 470nF);
R3 resistor: depends on V,,, consider no affect to
efficiency and enough operation current, generally set

lr3 at around 0.5mA (such as for 70V V,,, set R3=110K) At lowest conduction angle
"""""""""" ﬂ‘vﬁlﬁ.ﬁ 1"
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AL1692/7 Dimming Auxiliary Circuit Desig

S ——

» VCC Supply Circuit--Low Side

Vin-ac lLep

For Low side structure, IC VCC supply can be got directly from output capacitor
positive side through two start-up resistors(as below), which simplify the total BOM
count. This kind of VCC supply is suitable for Vo>40V,120Vac mains application and

partial high voltage output, 230Vac mains application su

AN
A% %
|{
AN

R3,R4 resistor: Trade-off between efficiency and
enough ICC current, usually assure 1z;=0.5mA at
lowest conduction angle for most dimmers.

ch as filament(Vo>120V).

e ® =N T *ALLR %

R%MW\&%'“WWMMW'

oy :,vl-y 3 Edge
TELEDYNE LECROY 21V2017 541 58 AM

q At lowest conduction angle -
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AL1692/7 Dimming Auxiliary Circuit Desig

» Deep Dimming Circuit

Most of LV and HV mains application, customer has dimming range requirement such as

| ep<10%lzrep @t minimum dimmer angle and | (5>90%l;Arep @&t maximum dimmer angle.
Due to larger conduction angle at low end for partial dimmer, |, :;<10%l;rep requirement
can’'t be met. It's necessary to add deep dimming circuit. The dimming curve is also optimized.

errn———— . — AL1692S-120Vac, Buck-boost, 64V/220mA
;\\ | ‘_H_] —Nvi/w—- .
; J— g \\ 1
I : SN B
“ -------------------------- r
Can be replaced by diode such as 1N4007, F % % %
ES1J(SOD123).

oooooooooooo



http://www.diodes.com

» Deep Dimming Circuit

100
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Vin=120Vac, 60Hz
—&— With Comp deep dimming
—e— Without Comp deep dimming ||

[ [ 1

l

Add comp deep dimming circuit can optimize dimming depth and curve

Phase Angle(degree)

efficiently.

I WM € O M P O R A Y ® O

AL1692/7 Dimming Auxiliary Circuit Desig

2 am

NEMA SSL6 Standard

Pha§e Alngle Lower Limit Upper Limit
(deqg)
18 0% 25%
i 0% 25%
54 0% 30%
T2 K 50%
a0 5% 0%
108 25% 90%
126 fil% 100%
144 5% 100%
162 a0% 100%
180 45% 100%

www.diodes.com
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AL1692/7 Dimming Auxmary Clrcwt DeS|g |

> Output Rlpple Suppressor Circuit

During deep dimming operation of distorted mains input, LED would shimmer
even flicker caused by variable or asymmetric dimming on duty in each AC
cycle. Current ripple suppressor can be used for shrinking LED current ripple
obviously, which also eliminate the shimmer or flicker at low end.

minus zener D3 voltage to driver Mosfet Q1;

» During start-up process, zener D3 will be breakdown
to charge C quickly to turn on Q1;

> Mosfet Q1 operates in variable resistance area, holds
the ripple voltage, Q1 is preferred to adopt low Vg,
to reduce power loss;

» For acertain Co, D3 zener voltage can be adjusted to
reduce current ripple. The larger for D3 zener voltage, o
the better ripple current filter effect can be got, while B 'V o = Voo + Vi = Ve A
result in more efficiency loss.

» R2,C combines RC filter to get mean value of V, J |<

e Vol
A%
| (
I\
-
14

= V.=V, +V,,

Some Equations=y._.:

DICDES, w Vos = Vo + Ve =
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AL1692/7 Dimming Auxiliary Circuit Desig

» Output Ripple Suppressor Circuit Vs Veo

To obtain good ripple suppressor effect, first step is to fix the maximum output capacitor
can be used, then consider the ripple current and efficiency affect to choose the suitable

D3 zener voltage. Example: AL1697-230Vac, 63V/103mA

Increase D3 voltage to get smaller rlpple
current

Co=68UF, D3=4.7V, |, -,=103mA -

Small Co and D3 Ql eX|sts saturatlon

work area, result in lager ripple current.
Co=68uF, D3=3.0V, |, ;;=103mA
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AL1692/7 Dimming Auxiliary Circuit Desig

» Output Ripple Suppressor Circuit

If Co is used 120uF, basing on same D3 zener voltage, smaller Co ripple voltage and better
ripple suppress effect can be obtained, also reduced V5 RMS voltage and efficiency loss.
Example: AL1697-230Vac, 63V/103mA

. T Wk ==

970 0 m 1 5150V
TELEDYNE LECROY

e i~ -
Co=120uF, D3=3.0V, |, 1
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AL1692/7 Dimming Auxiliary Circuit Desig

» Output Ripple Suppressor Circuit

LED current ripple suppression solved shimmer or flicker issue at small
conduction angle caused by distorted and dirty mains input or asymmetrical
waveform after dimmer effectively.
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AL1692/7 Dimmer Compatibility Optimization & Debt

» 120Vac Mains Dimmer Compatibility Debug Experience

AL1692 120Vac Mains Dimmer Compatibility Optimization Summary
Item | Common Incompatible Issues Reason Analysis Solution

1)Increase output capacitor;
2)Increase dummy load current;
3)Add comp deep dimming circuit;

Shimmer or flicker at low poIE e TRl S Ol

1 : different AC cycle after
conduction angle

ellii=l 4)Adopt output ripple suppressor.
Fllckgr caused by que;quate Ipaglequate latching curr_ent or 1)Adjust RC latching parameter:
2 |latching current or misfire by ringing current casued triac : :
.. S 2)Increase AC damping resistor
ringing current misfire
Flicker at start-up when power Output capacitor can't be
3 : : : Increase dummy load current
on/off dimmer quickly discharged completely

1)Decrease start-up resistor and
increase VCC capacitor;

2)Decrease start-up and VCC supply
resistor.

DIOUES
Wl W Nl et W el www.diodes.com

Flicker at low end caused R Eroset Seig I

4 by inadequate VCC supply glcj)\r:/erzln\t/gtclow A2 ) el
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AL1692/7 Dimmer Compatibility Optimization & Debug

» 120Vac Mains Dimmer Compatibility Debug Experience

1) Shimmer or flicker at low conduction angle caused by asymmetrical waveform
after dimmer

Solutions:
» Increase Output Capacitor;--Considering PCB size and housing dimension to choose

the larger capacitor can be accepted;

» Increase Dummy Load Current;--Increase dummy load current to around 2~3mA, need
to consider the power loss of dummy load resistor.

» Add Comp Deep Dimming Circuit;--Improve the dimming depth at low angle, well used
in most of 120Vac applications.

» Adopt Output Ripple Suppressor.--Can be used in some high voltage output application

(such as filament, size limitation for Co).

............ . www.diodes.com
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AL1692/7 Dimmer Compatibility Optimization & Debug

» 120Vac Mains Dimmer Compatibility Debug Experience
1) Shimmer or flicker at low conduction angle caused by asymmetrical waveform

after dimmer V NAC | ep

—ev

\

— e —t%— —— it d—

e — ~ Improved dimming
LT e — depth and shimmer

Add Comp Deep Dimming
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AL1692/7 Dimmer Compatibility Optimization & Debug

> 120Vac Mains Dimmer Compatibility Debugap_erie_nce_“
2) Flicker caused by inadequate latching current or misfire by ringing current

Solutions: Adjust RC latching parameter.

2T Y% MR =% T AR Ny
/‘ & o y
k /.g.i'#’ J m

Adequate latching for
normal firing

Inadequate latching current
at firing due to small cap

Too small latching Cap Increase latching cap to 220nF

Suggested RC latching parameters for 120Vac: C--150~220nF, R-330~560R
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AL1692/7 Dimmer Compatibility Optimization & Debug E

> 120Vac Mains Dimmer Compatibility Debuggq:rerie_nce—“ |
2) Flicker caused by inadequate latching current or misfire by ringing current

Solutions: Increase AC damping resistor.

i B HE EX ST NG MR SR A% <A W

Ringing pu_rrent Damping the ringing
cause misfire current to avoid misfire

2090 V ot} Q101 20,0 V o) A0 0w
TELEDYNE LECROY TELEDYNE LECROY

Inadequate AC Damping Increase AC Damping

g Suggested AC Damping Resistor for 120Vac mains: R--20~1000hm



http://www.diodes.com

AL1692/7 Dimmer Compatibility Optimization & Debug

» 120Vac Mains Dimmer Compatibility Debug Experience

3) Flicker at start-up when power on/off dimmer quickly \V
N IN-AC cC
Solutions: Increase dummy load current.

A small step
cause flicker

2§ O VoMol 5050V oy
TELEDYNE LECROY

Using smaller dummy load resistor

Accordlng to output voltage/power loss to use proper dummy load resistor.
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AL1692/7 Dimmer Compatibility Optimization & Debug

» 120Vac Mains Dimmer Compat-ibility Debug Experience
4) Flicker at low end caused by inadequate VCC supply

Solutions: Decrease start-up and VCC supply resistor.

= BOHE R IT W% MR SR LR BN L 0 OMHET X OIT NG MR SE BN SRR W

f \ b N ) N e [ - ] TN [N ) [ P ™ N | [, _,"

| ~

Al |
|

! ;

. . : '

Insufficient VCC supply, | Enough VCC supply at low |

: . | i '
caused UVLO and flicker | conduction angle ]

! [

l‘ | :’-u*w»“"-‘s"‘"-a“—\—"d\"’*.\.’ﬂl‘kg“‘a\ﬁes"\-.."\.ﬂku,v"--.q-u../‘-\m ~~~~~ Py v/ b,J'

.\\mvr'n“\.‘lll .\anv‘*")'.‘\'\w ‘ ; [

2010 ¥ ofv} 5059 V ofat
TELEDYNE LECROY

fL.-- Ps-- P
mﬂ
A1V2017 BT SBAM

Large start-up or VCC supply resistor Reduce start-up or VCC supply resistor

N T—— W

207 0 V ot}
TELEDYNE LECROY

If occurs VCC UVLO at low angle, decrease start-up or VCC supply resistor.
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AL1692/7 Dimmer Compatibility Optimization & Debug

" » 120Vac Mains Dimmable Solution Simplification(Remove RC Latching)

To reduce BOM cost and improve advantage for competition, or for some application
has size limitation(filament), system can be simplified by removing RC latching.

RC latching removed, EMI using LC filter,
suggested L:4.7~6.8mH, C:330nF/250V
A

>
/ S

AC damping resistor AN
should be used large _
enough to limit inrush
current and avoid misffire,
Here using 33R*2 for
10W driver. :

i

ROIES. AL1692-30B-120Vac, 45V/185m A _
°°°°°°°°°°° www.diodes.com
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" » 120Vac Mains Dimmable Solution Simplification(Remove RC Latching)

Remove RC latching also can get good dimmer compatibility. “

Ringing currentis small, maintain
turn-on state of triac dimmer

020V L'I',' 2020V ',-"'.f
TELEDYNE LECROY TELEDYNE LECROY

Large Conduction Angle Small Conduction Angle

rid ..
ATl : :
............ www.diodes.com


http://www.diodes.com

AL1692/7 Dimmer Compatibility Optimization & Deb

» 230Vac Mains Dimmer Compatibility Debug Experience

AL1692/7 230Vac Mains Dimmer Compatibility Optimization Summary
Item | Common Incompatible Issues Reason Analysis Solution
Shimmer or flicker at low Distorted or dirty mains input
1 [conduction angle for distorted or |waveform cause asymmetrical |1)Increase dummy load current;
dirty 220/230Vac mains input input current 2)Adopt output ripple suppressor.
: : 1) Adjust input EMI CBB capacitor;
. : Severe distorted mains cause : :
Flicker at high angle caused by . . [2) Increase AC damping resistor;
2 . : input current lower than holding . :
severe distorted mains voltage 3) Adjust RT resistor.
current
Flicker caused by inadequate Inadequate latching current or [1)Adjust RC latching parameter;
3 |latching current or misfire by ringing current caused triac 2)Increase AC damping resistor or
ringing current misfire inductor
_ Can't provide enough ICC _1)Decrease start-up _res!stor and
Flicker at low angle caused increase VCC capacitor;
4 : current at low angle and pull
by inadequate VCC supply 2)Decrease start-up and VCC
down VCC .
supply resistor.
5 Flicker at high angle for partial Large filter capacitor after Decrease filter capacitor after
trailing edge or universal dimmer |bridge bridge properly.

DTOUES

www.diodes.com
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AL1692/7 Dimmer Compatibility Optimization & Debug

» 230Vac Mains Dimmer Compatibility Debug Experience
1) Shimmer or flicker at low conduction angle for distorted and dirty 220/230Vac

itions: Ador
Solutions: Adopt and adjust output ripple suppressor =55 X LED

v
va""‘-'\w N—*-fw Pr""“k" {JPM\L\M Hﬁ""‘"w L

Shim'mer or flicker

A

’ \ .A\\ (\\4 ,ﬁ'\ A\’, \

EE 'w'w""v-j 38 OV ~v-~v,-: 000 A ofs
TELEDYNE LECROY TELEDYNE LECROY

8 No output ripple suppressor Poor ripple suppress effect -
"""""""""" VV.LHTOCIE @
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AL1692/7 Dimmer Compatibility Optimization & Debug

» 230Vac Mains Dimmer Compatibility Debug Experience
1) Shimmer or flicker at low conduction angle for distorted and dirty 220/230Vac

itions: Ador
Solutions: Adopt and adjust output ripple suppressor =55 X LED

R e ..
C L ] W] ] Sy L L.
S ST - Y Y | : M
‘ i 2 O ‘“"‘,fm"” (jN S /’M L
§} T Steady LED Current

TELEDYNE LECAOY N

,,,,,,,,,,,, Adjust ripple suppressqr_and get good effect I
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AL1692/7 Dimmer Compatibility Optimization & Debug

» 230Vac Mains Dimmer Compat-ibility Debug Experience

2) Flicker at high conduction angle for severe distorted and dirty 220/230Vac
mains input.

Vin.ic

Severe distorted mains voltage
cause input current may be

: lower than holding current

Solutions:

N/_/\' » Adjust input EMI CBB capacitor;

» Increase AC damping resistor;
» Adjust RT resistor.

Severe distorted mains voltage

www.diodes.com
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AL1692/7 Dimmer Compatibility Optimization & Debug

> 230Vac Mains Dimmer Compatibility Debug ap_e_rieﬁce
3) Flicker caused by inadequate latching current or misfire by ringing current
Solutions: Adjust RC latching parameter

2T NG MR SR AN AR

|

Late latcling curré
ing due to gmall cap

UL, -
100 n','::-,g 020 A ofs
TELEDYNE LECROY QIO 7 25045 PM

Too small latching Cap Increase latching cap to 150nF
=g (100nF+470R) (150nF+470R)

A T R R
Adequate Iatchin% for ‘

a1 3 Do 000 = ofe
TELEDYNE LECROY

Suggested RC latching parameters for 230Vac: C--100~150nF, R-390~560R
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AL1692/7 Dimmer Compatibility Optimization & Debug

> 120Vac Mains Dimmer Compatibility_/ Debugap_erie_nce
4) Flicker at low angle caused by inadequate VCC suppl
Solutions: Decrease start-up and VCC supply resistor.

> S OHE OEX OIT T MR SR O S%N XX B I 00 HEX OBEY OIT ONE MR =R 1

'1’/* f ' a
Enough VCC supply at Iow(
conduction angle

e T M —— e — e~ —— —————— )

0 ,«‘.;qu” |'1 @ mA ofat 0 my .:;'-Ia: 0 , 20000 mA Edge &
TELEDYNE LECROY TELEDYNE LECROY A7 I5T4E P

Large start-up or VCC supply resistor Reduce start-up or VCC supply resistor

N T—— W

If occurs VCC UVLO at low angle, decrease start-up or VCC supply resistor.
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AL1692/7 Dimmer Compatibility Optimization & Debug*™

» 120Vac Mains Dimmer Compatibility Debug Experience

4) Flicker or restart at high angle for partial trailing or universal dimmer
Solutions: Decrease EMI filter capacitor properly

"\1 r:w\’a, jw\ "A\w T f "\ ", ‘ ﬁ\‘t f’\w W
X ,

'! I N W ‘ v |
«,ff" ‘f M ] A A f,/' v

—— i s b e ey | f————tn e U —— — ——— e e b e et e e e g B 8

Too | rge CBB cap used Normal phase cutting and operation
result in AC cycle lose

LT . (U]
Tilﬂ;VNE'lECﬁOv p— wm T!ﬂb‘v ——— m MM
Large total CBB cap used Reduce EMI filter cap

Trailing or universal dimmer requires not too large input filter cap for quick

discharge in each phase cutting cycle.
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AL1692/7 Dimmer Compatibility Optimization & Debug

> 120Vac Mains Dimmer Compatibility Debug Ex Experlence

4) Flicker or restart at high angle for partial trailing or universal dimmer
Solutlons Decrease EMI filter capacitor properly

R S 8 B H | NN LN LN LI /"\ f"a ,r“\ /ﬁ a

] Too la used }

result s
‘W M
=

W { l
HIHH M” ””HH H[H ” | 4 m[ w” Normal phase cuttlng and operat|on
— Al I
< s - el e Wm
Large total CBB cap used Reduce EMI filter cap

Trailing or universal dimmer requires not too large input filter cap for quick

discharge in each phase cutting cycle.
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AL1692/7 Dimmer Compatibility Optimization & Debug

% 230Vac Mains Dimmable Solution Simplification(Remove RC Latching)

To reduce BOM cost and improve advantage for competition, or for some application
has size limitation(filament), system can be simplified by removing RC latching.

RC latching removed, EMI using PAI filter,
@ suggested L:3.3~4.7mH, C:33~150nF/400V

l >

\
MM
¥
AN
|
=l

1) AC damping resistor ) —
should be used large N_I

enough to limit inrush
current and avoid misfire}
2) Here using 120R*2 for
10W driver, also the power
loss of resistor at dimming
should be considered.

Nl
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% 230Vac Mains Dimmable Solution Simplification(Remove RC Latching)

Remove RC latching also can get good dimmer compatibility. “

Large enough damping resistor dampens
spike current fully, no ringing current

404 0V ofo) 404 0V ofo)
TELEDYNE LECROY TELEDYNE LECROY

Large Conduction Angle Small Conduction Angle

i ..
ATl :
............ www.diodes.com
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AL1692/7 EMI and Audible Noise Optimizat

e -

> AL1692/7 EMI Optimization
AL1692/7 operates in BCM mode for easy EMI/EMC design.

1) EMI Conduction
— PAI(CLC) Filter: L inductance used 2.2~6.8mH; two CBB

capacitance used 22nF~220nF/250V, according to output
120Vac mains EMI] power to select suitable cap.

filter suggested _ o
LC Filter: Used for some small power or low cost application,

— L,C should be larger(4.7mH, 6.8mH), C(220nF, 330nF)

— PAI(CLC) Filter: L inductance used 2.2~6.8mH; two CBB
capacitance used 22nF~220nF/400V, according to output
230Vac mains EMI] power to select suitable cap.

filter suggested

L+PAI(CLC) Filter: Consider trailing dimmer compatibility,
— PAI filter capacitance is limited(10~47nF), so need one more
inductor before bridge to pass-EMI conduction.

www.diodes.com
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AL1692/7 EMI and Audible Noise Optimizat

» AL1692/7 EMI Optimization
AL1692/7 operates in BCM mode for easy EMI/EMC design.
2) EMI Radiation

EMI radiation relates to PCB layout, power Mos/diode switching speed, switching
frequency etc. Some useful methods for radiation improve are listed.

v' Optimize PCB layout, minimize two power loop as small as possible,
reduce switching node cooper area,;

Using relative slow output diode(US1J) or parallel RC snubber with diode;
Reduce switching frequency, 50~60kHz is preferred,;

Add “Y” cap(1nF~10nF) between LED+ and GND for low side, LED- and
Vs for high side;

Series bead in switching power Mos/diode, or before bridge;

For isolated application, optimize transformer winding structure, increase
shielding winding, connect core to GND, etc.

TR S S ¥ www.diodes.com
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AL1692/7 EMI and Audible Noise Optimizatic

» AL1692/7 Audible Noise Optimization
When connected with leading-edge dimmer, large inrush current occurs during
phase cutting, result in obvious audible noise. The major noise source consists

of 3 kinds of component: Differential Inductor, CBB/CL21 filter cap and Power
Inductor/Transformer.

www.13662285275.cn
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AL1692/7 EMI and Audible Noise Optimizatic

> AL1692/7 Audible Noise Optimization
Some solutions to reduce noise are listed as below.

1) Select differential inductor with well-shielding(show as below) and large

saturation current;
't. X'Cap

2) Select low noise EMI filter cap from vender, X-cap also can be used for
better noise reduction;

3) Varnish the power inductor/transformer winding completely and potting with
magnetic core;

4) Increase AC damping resistor, decrease RT resistor(limit T,,_..,), using LC
filter instead of PAI filter, to lower the inrush current during phase cutting.

5) Separate the EMI inductor, CBB cap and power inductor on the PCB.

Bl Nl et W madl . www.diodes.com

Inductor with shielding
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Suggestion for AL1692/7 PCB Layout

1) Keep the two power loop(blue circle) area ,
as small as possible;

BD1

2) Place VCC/COMP capacitor and RT/FB
resistor as close as possible to VCC,
COMP, RT, FB pin and GND pin
respectively, and keep COMP/RT/FB

......

° AL1692/7 5

i | csveccomp RT GND

cl

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

......

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

resistor and track far away from high |

] -0 LED-

+ [
I\

voltage and switching signal;
3) Place FB upper divider resistor sensing

track as close to output E-cap positive
node; '

BD1

4) IC GND for high side and Drain for low

side are switching nodes, do not use large
area cooper for these nodes.

oLED+

' i[D
A AL1692/7

H CSVCCCOMP RT G

Auxiliary

PGND

I W € O " » O R AT §® O

owode B

FB winding
' ' D or Vout
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Suggestion for AL1692/7 PCB Layout

5) For some applications using two EMI inductor, separate the two EMI inductors, if
PCB size is limited, suggest to use below inductor mounting on PCB, keep the
distance between EMI inductor and power inductor/transformer to reduce the
coupling as much as possible;

6) For high power bulb with narrow housing, to solve IC or E-Cap thermal issue, need
to place IC or E-Cap on the input side of PCB.

............ . www.diodes.com
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Suggestion for AL1692/7 PCB Layou

Layout Example 1: AL1697-20C, A60 lamp, 230Vac, 55V/125mA

Separate two inductors VCC, Comp cap and RT

» Mos turns on power loop, white cycle; resistor close to IC pin
» Mos turns off power loop, green cycle.

DIOUES
Wl I Qs el W el : www.diodes.com
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Suggestion for AL1692/7 PCB Layou

aVO J 0 J
A 0Y OB,A300 0 A A 0Y OC,BuUlb 0 48
=5 o L
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?‘v?_,'_-//-o\\ ( o
00", |
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| L“ 9 9 EL
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