CL8800 Design Guidelines

Worksheet Usage
Automatic optimization
Manual optimization
Adding new LEDs
Capturing graph data
LED PCBs




Worksheet
Usage

Serially-connected LEDs (Nser)

String segment Parallel-connected LEDs (Npar)

LED string

Segment 3 Segment 4 Segment 5 Segmen

Zener substitution

i

lTap current (Itap)
Transient TAP1 TAP2 TAP3 TAP4 TAP5 TAP5
AC Ilne protection BIAS CL8800
D4
SET1  SET2  SET3  SET4  gETHD,  SET6 GND
o—— O O .

Current-setting resistors (Rset) \&

Rset ground




Worksheet

Usage

Used to specify the operating conditions and the components and their characteristics.

Choose the LED by entering
the number of the LED on the
left side LED list.

Temperature of the
. LED for simulation.
Line frequency

Line voltage range.
Vac(lo), Vac(nom), and Vac(hi) are
the normal operating range,
Vac(max) is the highest continuous iy

voltage the lamp must survive but Conditions___—___ N
not necessarily meet spec. m_1 I

For convenience, Vac(lo), Vac(hi),

and Vac(max) may be referenced
to Vac(nom) (e.g. —15%, +15%,
and +20%).

Mot all LEDs canwertedtonew vl and|Eegs. [ LED Temp] 55]°C

Hz 0: Default () 20mA 3.20v 129Lm/W
VRMS 1: Cree CLM3C-WKW (Datasheef) 20mA 320V 66Lm/W
VRMS 2. Osram LCW JDSH EC (Datashesf) 120mA 320V 98Lm/W
VRMS Select LJD =: A-YHORG-0C (Datashesf 20mA 148Lm/wW
VRMS 4 : M =)

. Toy [ d)

f Diode Bridge missing data 5: -Gosel A-YHO46-0C (Measured) 40mA 310V 94Lm/W

Voll,tea(gﬁigrr?r? t%feab?ilgglee — Vd] 065V default used 6: Ciizen CLLAD0-010A1-30AM1AZ (Daiashesi) a0mA 320V 941 mAW
ge. Transient Protection see LEDs" 7: LieON LTW-M1405Z530 (Datashest) 20mA 340V a8Lm/W

Series R 22|10 8: Al ATHBBOWPES (Daiashesi) 20mA 320V TALm/W

Total resistance in series with the AC line
(normally used for transient protection.
120VAC = 22

220-240VAC = 55)

ENTER DATA INTO YELLOW CELLS ONLY!




Worksheet
Usage

Tap currents are
referenced to this value.

Sets the current for
each tap as a fraction
of Itap Ref Must be
monotonic.

Refer to the LED
PCB section.

Otherwise, enter
‘1” and uncheck.

When ‘LED PCBs’ is
set to 1, this is the
number series LEDs
for each segment.

Initial guesses shown in blue cells.

Activates zener
substitution.

e —————

Itap rati

Help
\ Tjap or Segment Znr Iv]Znr
\ 2 j 4 5 6
Znr Index 58.0° 53.0
41.9 Ratio Gu

LED PCBs

88 total series

(xx¢ = Rset GND} Itap limit

........................................ 1. 1.0 1.0]
ParLim 30 Parallel LED 2.0 1.0 1.0 1.0 1.0 1-'?.1,
Par LED PCBs _[ | Calc Zener 200 200
e e e Rl Znr Ovride \ v
Tol 0% @®1% (35%\ Calc Asel 1910
Rset GND s \psstOveed |
Itar% 1.000 Itap

50 90

Standsfd resistor values: click \+' to left.

Leave blank when
using Solver.
When setting the
current-setting
resistors (Rset)

Limits the number of
manually, enter ‘5'.

parallel LEDs that
Solver chooses.

The current-setting resistors
may be manually selected by
entering the values in this
row. Otherwise leave blank.

Sets the number of parallel
LEDs for each segment. When
‘Par LED PCB’ is checked,
Solver will use the value
entered in ‘LED PCBs’.

ENTER DATA INTO YELLOW CELLS ONLY!




Worksheet
Usage

This table is used to specify the desired performance of the lamp and presents results of the simulation. Solver uses
this information to optimize the design. Since compromises are frequently needed, both a target criteria and a minimum
acceptable criteria are provided. Each set of criteria is assigned a weighing factor to designate the importance (higher
= more important). A ‘zero’ means the criteria is unimportant and Solver will not try to optimize for it.

Solver first attempts to meet all the minimum acceptable criteria. Once (or if) the minimum requirements are met,
Solver will try to attain the targets, with priority given to those criteria with a higher weighing factor.

When using measured LED data, simulation predictions are typically within 5% of the actual circuit.

Sets the goal as an Results of the simulation.
Simulation results shown in tan cells. upper limit, a lower limit, Color-coded:
o or exact value. May be grey = unimportant
Minimum changed by typing in red = does not meet minimum acceptable
acceptable ‘min’, ‘nom, or ‘max’. purple = meets minimum but not target

Ideal green = meets target

Degree of importance The margin between target or acceptable and

the result of the simulation. Expressed as a
ratio. Positive values exceed requirements.
Color-coded:

grey = unimportant

red = does not meet goal

green = meets goal

Light output.
Luminous efficiency

Variation in light output as
voltage varies.

Number of LEDs

| —

—

Additional LEDs relative to the Help
number of LEDs when driven at the Summary and C[ptimization Repeal|l Solver for dif. :renf results. ] _
‘steady-state nominally rated current.. Parameter  Wgh Fctr Target Accept Dir Result Units Conditions  Mgn Trgt Mgn Acpt

y y == Light 7 810 750 ‘min 816 Lm nom line 0.7% 8.8%
™ Lum Eff 3 100 90 min 111 LmiW nom line 11.1% 23.4%
An approximation of the LEDs’ Line reg, hi 1 10 15 max 12.2 % hi line 22.3% 18.5%
safe Operatlng area. Values over Line reg, lo 1 -10 -20:max 216 % lo line -116.2% B8.1%
r— Nled 6 160 200 max 120 — 25.0% 40.0%
1 exceed the LEDs SOA. Extra LEDS 4 40 50 max 2 % — 45.7% 56.6%
. max Pled 2 125 125 max 91 mw lo-max line 21.5% 27.5%
Minimum tap current can be Pout 0 10 10 nom 6.4 W nom line 35.7% 35.7%
specified to accommodate PF 2 0.9900 0.9000 min 0.9881 nom line 0.2% 9.8%
; ~ LED SOA 9 0.850 0.900 max 0.766 nom line 9.9% 14.9%
phase dimmers. Pdrv 3 0.650 0.800 max 0.770 W lo-mazx line 18.5% 3.7%
Elec Eff 0 92.0 85.0 min 88.6 % nom line 3.7% 4.2%

Line current THD is calculated in the == min ltap 0 33 min 26.3 mA — -20.4% —
t|me domaln, SO resu|tS W|” be Sllghtly THD 5 10 20 max 14.5 % nom line 45.2% 271.4%

different to actual frequency domain
measurements.

ENTER DATA INTO YELLOW CELLS ONLY!




Worksheet
Auto Optimize
Solver may be used (with various degrees of success) to automatically find the most optimal design given the choice of

LED, operating parameters, and performance goals. Success depends in large part on the initial guesses for design
variables. Use the suggested values in the blue cells.

If the results do not meet expectations, adjust the goals and weighing factors. Also try manually tweaking the design
variables. Sometimes rerunning Solver will improve the results.

Check your version of Excel on how to open Solver. There is no need to adjust anything in the Solver window — just

click ‘Solve’.
Solver Parameters _?|£|
Set Targek Cell; SalverGoal B3 Solve I
EqualTo: & Max  ( Min ¢ Walueof: |0 Cose |
—By Changing Cells:
|ItapRati-:u,Eidx,$D$?3:$I$?3,Npar,1tap5cl :ﬁ_] GUESS |
—Subiject to the Constrainks: Options |
r)1/e $D$339: 415339 <= $§97 = Add |
at $0473:$1473 = inkeqger =
| $D451:$1$51 <= $D$a2: 41452
$EH3Z 3414323 == ITapatep ﬂl Reset Al |
1o $E$331:41$331 <=0 Delete =
$HET1 == $A$370 hd —l— |
at _ b |
g
Is to
et If Solver cannot find a feasible solution check the Design Variables table for red
d | lettering and adjust yellow cells appropriately. Sometimes rerunning Solver will
n clear the ‘cannot find a feasible solution’ problem.

Solver sometimes does not achieve the most optimal design. Manual tweaking, as
explained in the following 4 pages, can improve Solver’s results.




Worksheet

Manual Optimize

The Driver Dissipation graph shows the power dissipation of each linear regulator in the CL8800 as line voltage varies. It gives
an idea which regulators are being underutilized and which are being overused. If the voltage drop across an LED string
segment is high, the power dissipation in the preceding stage will climb too high before the next regulator takes over.
Conversely, if the voltage drop across a segment is too low, the downstream regulator will take over before the upstream
regulator has been fully utilized. For this reason, this graph is used to configure the number of series LEDs per segment and
the zener voltages.
B Femer SRR 320! 392
GOOd Cale ZEer:ni: [ X % l
Ser Guess < e e 1= et 12
.. serpch 98 et el W L8 ]| Overall dissipation (thick black line)
is reasonably flat over a wide input
w0 Driver Dissipation / V0|tage range.
_n3 ; .
%g:g FA S N Y el
i e —— Individual peak regulat
Eu.ﬁ e : ndividual peak regulator
B A ~ = dissipation is fairly equal in the
Zq i 7 il A ¢ input voltage range.
&% / i > 2N
ot 7 7 A
1] a0 00 150 200 250 300
&1C Line [¥RRMS)
B - —_;.-. 220 | mealv
Cale Zener 54 43|V The last regulator overheats at
Bad Ser Guess Fer 7 2 16 30 10 high line voltages. Voltage must
Ser/PCB | 110 250 230 70 10 10 . )
! ; be increased in upstream stages
Regulator 1 turns on b ——— by increasing the number of series
too early, resulting in a0 priver Disstpation LEDs or increasing zener voltage.
high regulator voltages__| 525
at the other end of the B AT
input voltage range, 2.5 N\ ! A
causing excessive A\ -~ Pardba
power dissipation. 2 \ ] o ) Regulators 3 & 4 are
Increase the voltage of =0 I i L underutilized. Increase the
0o i
§egmer_1t 1 by ; - ” - " - - voltage in segments 4 & 5.
increasing the number AL Line [VRMS]
of LEDs.




Worksheet
Manual Optimize
The LED Efficiency graph combines the LEDs’ efficiency curve with the LED drive currents. It shows how

efficiently the LEDs are being driven. Ideally, the drive currents should be on the left side of the graph
where LED efficiency is highest.

Drive current duty cycle indicates the relative importance of the point — higher duty cycles have more of
an effect than lower duty cycles.

Good Bad
The LED drive points are on the left The LED drive points are towards the
side of the graph, where LED middle and right side, where LED
efficiency is high. \ efficiency drops off. \
_ED EFficiency LED El:fit:ie/t:!
fa0 a0
Eg ] % @ _ 160 - /. 4.4 _
= M0 - - 20 £ 10 ®
5 § X = 120 %ﬁ : L op 2
g a0 02 g 30 2 i
= ED = = 0+
40 5 S 40 . =
20 : s 0 g’ -
|:| - \ |:| |:| ,-. I| |:|
’ 2”.:...\..1. (ma) o 0 20 0 60
Carrent [mA)

/

Try to keep the drive points
within this general area.

To correct, reduce tap current or
parallel LEDs.




Worksheet
Manual Optimize

The LED SOA graph is an approximation of the safe operating area of the LED. Peak currents are
maintained and the duty cycle is adjusted to obtain the average LED current. Time restrictions may apply.

Good Bad
 Parallel LED 20 o i R 1 o
I Parallel LED 20 10 1o 1o 10 14|
Average LED Current for A” the tap Currents at UL T o T P = e el A . i it L A -l
each tap at nominal and the various line
max line voltage . voltages are shown.
\ 0 LED Z0A
LED S0A //
12 100
7 T
100 E zo
= 1 z
E &0 \ / 5 EO
= < 2
2 / a2
s B0 7 240
2 \ { / S - *
Nominall g =0
y = 7 i 0
rated LED 2 5 o
o / (I 1 10 100 1000
Cu I'rent 1] v Equivalent Dty Cyele [5]
\ \_M 10 100 1000
Equivalent Dty Cycle [5)

: : L The SOA is exceeded at high line
The LED drive points are within the SOA. voltages. Lower current or parallel LEDs




Worksheet
Manual Optimize

While the Regulator Dissipation graph is primarily used to determine the number of
series LEDs and zener values (voltage), this graph is used to determine tap currents.

Good Bad
| MapRef . 422 Mtap ratio 0.300 0.350 0.950 0977 0.930 1.000
FLANLF Pl T T PWVULELF WL (DR EL o . [N P - [ - L - [ e -
tap Ref | 0.0 Hap ratio 0.480 0.800 0.950 0.977 0.990° 1.000
g Fener il H heT= el BT
The curve Current flattens-out in the
resembles a normal input voltage

L The current continues to vary
sine wave range, providing better

| _ in the input voltage range.
line regulation. \ \

\ Tap ¥YI / ) Tap VI \
V \\ % % 5 o
)?“/" N\ ' %
% 7 5/////
w4 7

o
=

o
=

o
)

=
=

e
=

ra

]
ra
)

Current [maA)
Current [rm)

D\
™
N

0 100 200 sy 400 1] 1noa 200 300 400
Yoltage [V ] Voltage [V ]
— [
\ . The curve is rough and does
Steeper leading edges improve line Keepithe CUIVE N [ ———" T

regulation but increases THD. this general area.




Worksheet

Adding LEDs

From the LED datasheet

Type Color Luminous Luminous |
temperature |Intensity'' #2520 Flux ' page 20
|7 20— ] = 20 mA
/ I, (mcd) I, (mim)
LCW JNSH.PC-BRET-5HTI-1_{5000K 2100 ...2550 7400 (typ.) | Q
LCW JNSH PC-BERBT-ELTY-1 IdEIDGK 2100 ...2550 /- 7300 {typ.) [l
L § LCW JNSH .PC-B{]BT-EVSTJ /mnnx 1940 ...zagy 6200 (yp.) | Qi

Durchlassspannung % 5% imin.) | ¥ 28

Forward voltage® 29220 ityp.) | Ve B.E}E | Ay
L=20mA (max.) |V 34 \

/]

From the Excel worksheet, LED page
Help Enter X’ to select the
Do it erter in ol Bl Index — o | 2 LED. The active

LED Mfg Osram Default Osram LED is indicated by a

LED PN LCi JOSHEC LW JOSHEL g -
|General Select Override (x) — i vertical red strlpe.
Source Datgﬁllj%t Datasheet
I By SLL
I s . 18 Jund? Better results can be
Candela to lumen calculator obtained using
LED Characteristics (italic = default sub) measured data.
Nominal lled 120.00 mA 20.000 120.000

I Vied SH % 3.200
Vled Model 0.
A candela to I TC Vied -2.00 mVIFC 5 6
lumen 1 Br!ghtness — Lmu 6 000
u | TC Brightness 0.00 %/°C 0.000 Thi ue i
converter is | Luminous Eff” #VALUE! LEHW HVALUE! 97917 <= is value is
. . Color Temp — " _

available if I Lum Bin = _ calculated fr(?m VE,
the LED ! Colot Bin 7 = Inowm, @and Brightness
datasheet | Series LEDs/Pkg 1.00 3 1660

|LED Ratings
does not 7 lpulse(max) 300.00 mA 430 300 000

i I @ Duty . 10 0,500

SpeCIfy | ldefmax) 180.00 mA 180 180 000
lumens. I Power -19.14 mW g 4303573




Worksheet
Adding LEDs

From the LED datasheet
Absolute Maximum Ratings (Ta=25C)

Parameter Symbaol Rating Lnit
Reverse Voltage Vg ] v
Forward Current Iz

Feak Forward Current
(Duty 1/10 @1KHz)

Fower Dissipation Pd

e

Electrostatic Discharge ESD

From the Excel worksheet. LED page

SATIITT LA Yy LG 1

4.3 |LED Ratings

44 Ipulse{max) 10000 mA B

49 @ Duty 10.00 % 10):::0

L1 ldc{max) 30.00 mA 30 i

&7 Power 110,00 mw 123.0926996 560.000 110.0]  To——

40 1 FN VI Cnefficients




Worksheet
Adding LEDs

[EE ﬁraﬁ‘ﬁicientﬁ I NN
Vnom 218V 3 / 2180
Rled 13.80 0 10 { 13.800 ’
Knee 235 2 \. 2350
I ENA T harontaciaflon \ /
|Voltage ~ Current
Current Actual V Model WV Erra2 e o e
] 5172 2733 2732 1.72E-01 =3 e
| 10.591 2873 2874 3.53E-01 et Target Cell:
' 19.951 3.080 3.067 5.65E-01 EgZTo:  Max @ Min (/v . |0
| 33.251 3.313 3.307 1. 11E+00 By Changing Cells:
I 45 754 3.580 3.581 f =
d ] Gl
Optimize Target 3.78E+0D
L Subject to the Constraints:
- Add
Change
-B.eset All
= Help
LED Bl Coefficients
Slope 028 0.000
k 3.04 3.333
e Knee 019 ]
L En D o P
Brightness ~ Current
Current Actual Brt Model Brt Err22
5366 0.201 0.194 5 80501E-04
12.927 0456 0.434 0.000318913
20.488 0.710 0.640 0.004063313
34.878 1134 0.956 0.033908143
50.000 1.515 1.207 8
Optimize Target -D.1E1153492)-—
30.00 0.859




Worksheet
Adding LEDs

Active LED (‘X in the ‘Select override’ row.

Solver does not always find the best fit.

Column should be highlighted.)

e F B RRARIE ST

LED VI

B0 olt — Current

50 » C;\

o~ - Actual o

F Y _ Model
[ ]

3

E .

Tt o

10 P C]

e {J
]
1.8 2.3 28§ (v, 370 3.8 4.3

The curve is offset on the voltage axis. Change ‘Vnom'.
E0 Yolt - Current

50 .O

& [
40 » clua
-3 -- Model LT
v

£ e

E -

T e

2 Tle

L
0
1.8 2.3 v V) 3.3 3.8

The curve pivots about the middle. Change ‘Knee’.

—

218V
1380 0
235
1] Yolt — urrent
50 Q 9
40 - Actual . “
....a.._ModeI L
e
g 3.0
E .
o __@.
10 g
(®
1]
1.8 2.3 2.8 3.3 3.8
¥ [¥]
The higher points diverge more. Change ‘Rled’
EO Volt — urrent
50 @
. - Actual LT
..-.G...Model -
g 9
E
rafll] 2
10 ‘@',
-
0
1.8 2.3 2.8 3. 3.8
¥ [V]
Acceptable fit.




Worksheet
Adding LEDs

Active LED (‘X in the ‘Select override’ row.
Like the VI curve, Solver does not always find Column should be highlighted.)
the best fit.
028 0.0001/ 0.283
2.04 3333 3,040
‘ 019 0 0.189
I N g
Brightness - Current Brightness - Current
2.0 ) 140 1.6 Py 180
:2 3 120 L 1 T8t
Ok Py 1.2 o
14 100 — ®
3 e o 0 fan) 120
= 12 a0 | = K s 100 E
@, N = Dé 0.8 =
- &0
E 0.8 f . (3] TR 50 = S 0.6 2. AetoaT ] .=
=2 R . I} = AT . leow
" 0.6 F ‘Q g Modsl [ 4DD ®x 0.4 {!} o - Model | | 4DQ
0.4 E - ¥ Maominalf— 20 E 0.2 ,." b4 Mominal| | 5
.2 @& T : \@ = 20
o.o I i} D.{I—/ I i}
f 10 VED Current [.11,3.4]D 20 et \ 10 Yep Eurar?anl[mh4lu o0 Bl
The Slope differs and the curve is offset vertically. Adjust The curve pivots around the*lowest point. Change ‘k’.
‘Slope’.
Brightness - Current Brightness - Current
16 160 16 1410
L @
1.4 140 1.4 - 120
1.2 D 120}‘? 1.2 1DD§-
- 10 by _. mu_E - 10 B 0 E
m m
= 0.8 . gn = = 0.8 & =
.- o 150
zc' 0.6 = é‘ - Actual —-BDHLE zn 0. = : - Actual [ Eﬁ-
W 0.4 _@" G- -- Model | Lup g W 0.4 o ceeie-. Model |40 =
o X Mominal L L ¥ Marminal __2D|-|J
o2 ® (EFF § = 02 | @ u -
0.0 . ] 0.0 0
] 10 20 a0 40 50 60 0 10 20 a0 40 50 ]
LED Current [mA] LED Current [mA]
The location of the knee is not at the lowest point. Acceptable fit.
Change ‘Knee’.




Tracer
Capturing Graph

1 Use the Snapshot tool in
Acrobat Reader to copy the
graph onto the clipboard. If the

Snapshot tool is disabled type Tracer 1.7 = oy u
Alt-Print Screen. -
File Ilmage Data Set-Up Trace Help

E Undo Ctrl+Z *l ';}‘l_{k'll _ _ .
Copy image F2 == S ™

iImag  Copy selection

2 Go to Tracer and select ‘Paste

as new image. Paste on image F3
\\ Paste on image special...
\ :
Paste as new image
Paste at cursor F4
Select area
Select all F10

Resize image...
Rotate image..

FHip image vertical
Flip image horizontal

Crop to selection

[0 Erase selection Ctrl+E
Fade selection...
Invert selection Ctrl+I
Filter selection... L4

Colour depth..
I | Vi




Tracer
Capturing Graph

Use this function when
the graph axis is linear

[

K& Tracer 1.7

File Image Data |Set- Up Trace

Graph | Dat
Show/Hide z

EEE. Map coordinatesf.
Transfer functiol

Hely

Ll

ogm

Show/Hide buj.ons
1.

Use this function when the
graph axis is logarithmic

|

=

\

/

-

Tra /sfer functions

q . x O log () 1/

er function, x-data

ek O n [~
WD.EGJ#“JD’ 1/

C y=5 6::2 1ty

r functio|. w-data

Clogid O expiy)
z i =y

~Fostprocessing

TS

output = scale * [ Tr- offsat ]

If Tris the fraced walue (or function of if) then the outputwritten to the grid is:

x-offset *-scale factor

y-offset w-scale factor

0

|1

|1

W OK

X Cancel ? Help




Tracer
Capturing Graph

1 Select graph area by
/ dragging cursor

Tracer 17 ‘i"ﬂ’ﬂ ’

File Image Dafa |Set-Up| Trace Help /i 3 Enter the X and Y graph axis reference points.

| EEE coordinates... The voltage axis is linear so the value is entered directly.
= Transfer functions...

The current axis is logarithmic so log4 of the value is entered
Sample colours

2 Select ‘Map coordinates’

""""""""""""" / Show/Hide zoom l
Show/Hide buttory
w - i Map coordinaj/zs E

7

% image pixels
= Image pixels Locked
e 42 M & Applies to VI graph and
T current—brightness graph.
= . |203 N &
! 258 - _
"o 20 3 10 50— | Currents are in mA.
Forwvard Woltage Ve (V)
/ w |22 -
ﬁ@s: (260, 0) |Data: (260, 100) Cric
| ¥ 0K X Cancel | ? Help

Y1 =log1o(1) =0 [

Y2 = log19(100) = 2




Tracer
Capturing Graph

&1 Tracer 1.7 =N Bol ™
File Image Data 5et-Up Trace Help

BEER

= | = 1 Click the Marker button (+) then click the Manual button (M).
B+ I |"."| = | = | e As long as the Manual button is active, every mouse click
records a data point.

IE — Ve L —2 Click 5 points on the curve to record graph data.
/ . .
100 i One point should be near the nominal rated current.
! Taﬁ
A1 —
- \

\3 Unclick the Manual button.

4 Go to ‘Data’ and select ‘Copy all data’ or Ctrl-C.
10 I

! 5 Switch to the Excel worksheet and paste into a blank area.

Foreard Cument 1r {mi)

. 6 Select a column of data, copy, and ‘Paste Special — Values’
| into the appropriate cells in the LED column.

10 2D I D -~ Repeat for the other column of data.
Forward Voltage Ve (V)

Pixels: (190, 7) |Data: (3.74074, 2.1657 |Colov




LED PCBs

WIth a series connection, the number of series LEDs must be an integer multiple of the number of LED PCBs.
The worksheet has controls for specifying the integer multiple for series LEDs.

1
Inr Index
Itap Guess 40.1 Ratio Gues {
tapRef 435 ltapratio
.Emlr Gum ..........................
........................................ E‘.ﬂlr!PCB J ] 1 J I 1 f[ I 1
LED PCB= 2.0 Ser Tot T b T b )¢ {
& & S = Ry Ny £k =& Ry Ny
ParLim 30 Paral 2l LED & & SIS 0 3 § Ry Ny =K & RNy Ry
Ilar LED;‘C;E ;D . c ﬁzenjr 7 W7 ¥ S22 W Ry Ny =K & Ry Ny
Tt s A OEE Saae B e 8% n/ Ovride
Tol ®0% (1% (O5% .alc R=et f I f f I f f '[ j
Rset GND 5 Pfiet Ovride Q b < ? b 1 1
Itap x 1.000 Itap K & Ry Y & & Ny Y A <& Ry Ny
(xx = Rset GND)/ _ Itap limit P N Ny Ny A& & RNy Ny =& & Ry Ny
Btandard resistor valies: fdick +' fn l=ff 4 L 4 1 B J5 L d =
& K S 25 B W ¥ RNy Ny A =& NY Ny
O X L A L tI\ fo)

Set this cell to the
number of LED PCBs.

Solver will then choose TAP1 TAP2 TAP3 TAP4 TAP5  TAPG
an integer multiple of — OBIAS CL8800

this value for the SET1  SET2  SET3  SET4  SET5  SET6 GND
number of series LEDs.

1
o
o

O




LED PCBs

In this simplified example of LED PCB routing, 4 LED string segments are shown, represented by red,
yellow, blue, and green.

Inr Index

Itap Guess 40.1 Ratio Gues
~ Itap ratio

Ser Guess

)
)
)
)
)
)

(xx = Rset GND) Itap limit

Standard resistor valiies- click '+ fn leff

7 Ser/PCB
/ V E 5 LED PCBs Ser To
:j :: > 4 Multiplying ‘LED Bar Li borallel LED
reg My ’ arLim ErELLE [LELL
o M v M PCBs’ by 2 assures Par LED PCBs [ Calc Zener
= o o . an even number of et o (5 e 1 ar 5% 2or Dvride
i g e . LEDs. (e.qg. if there Tol ®0% {31% {35% Calc Rset
re < e = are 2 PCBs, multiply Rset GND 5 Rset Ovride
“ A red
% AN < by 2 to get 4) Itap x 1.000 Itap
=

o |

Yellow and Green have an even
number of LEDs, keeping start
and end on the same half of the
PCB. This makes routing
straightforward

Red and Blue have an odd
number of LEDs, placing start
and end on opposite halves of
the PCB, making routing difficult.




With a parallel connection, the number of parallel LEDs must be an integer multiple of the number of LED PCBs.

The worksheet has controls for specifying the integer multiple for parallel LEDs.

1
Inr Index
Itap Guess 40.1 Ratio Gues {
ltapRef 435  ltapratio
Ser Guess

LED PCBs=s

Tol @ ﬂ% D 1% D 5[ .D ..........................
Rset GND oot ovide i
ltap x - L

(xx¢ = Rset GI/D), Itap limit

Standard resisfor valief:: [k 4+ #n laff

!

2 LA
)

PN :ﬁraza

LED PCBs

Set ‘LED PCBs' to the
number of LED PCBs
and check ‘Par LED
PCBs’. Solver will then
choose an integer
multiple of this value for
the number of parallel
LEDs.
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LED PCBs

Currently, the worksheet cannot handle this configuration, but will be available in the future.
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LED PCBs

Since LED string segments extinguish at low line voltages and during dimming, dark gaps will appear in the LED string.
Zener substitution alleviates this problem, but care should be taken to distribute the LEDs to avoid cold spots.

LEDs from adjacent

segments should be spaced LEDs within a segment should o

apart as much as possible be fairly evenly spaced. Keep in mind that
spacing continues to
| adjacent PCBs.
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Use a graphics program to construct an LED distribution diagram.
If drawing program is unavailable, a spreadsheet could be used.




LED PCBs

To provide more uniform light distribution, the gaps between multiple LED PCBs should be minimized.
The following technique eliminates the gaps altogether.
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Top and bottom solder bridges provide enough mechanical strength and rigidity for handling and assembly
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