oost LED Driver with current mode contro
or Automotive Application




1 INTRODUCTION L&[DRIVERS

An LED Driver is an electrical device that regulates the power to an LED or strindgtB)sofThe driver
responds to the changing needs of the LED by supplying a constant amount of power to the LED as its
electrical properties change with the temperatuie forward voltage (Vf) of a higtower LED changes

with temperature. As temperature areases, the forward voltagdrop of the LED decreases, causing the

LED to draw more currenif the source is a constant voltage sour¢ae LED will continue to get hotter

and draw more current until the LED burns itseffich isknown aghermalrunaway

ConstantCurrent Drivers

Constantcurrent drivers power LEDs that require a fixed current and a range of output voltages. There
will be only one output current specified, labeled in amps or milliamps, along with a range of voltages that
will vary degnding on the load (wattage) of the LEIDe constant current LED driver compensates for
the changes in the forward voltage while delivering a constant current to the LED.

ConstantVoltage Drivers

Constantvoltage drivers power LEDs that require a fikgalt voltage with a maximurmput current. In
these LEDs, the current is already regulated, either by simple resistors or an internal canstant
driver, within the LED module. These LEDs require one stable voltage, usually 12V DC or 24V DC.

1.1 TYPICAAPPLICATIODFLEI3

Automotive applications for LEDs include interior lighting such as dome, dash and footwell lagiding
indicator and telltale lights Some other applications are infotainment backlightiegterior signaling
functions such as tail ligs, turn signals, brake lightsenter highmount stop lamps (CHMSL), parking
lights, side marker lights, fog lamps and daytime running lights (DHI.s)

In some cases, the capabilities of an LED driver can enable more than one application to be addressed
with the same LEDShe ease of controlling LEDs also makes them a natiuoédefor intelligent lighting
systems that adjust based on vehicle sensor inputs.

1.2 SCOPE OF THIESIGNEXAMPLE

This design is a Boost LED Driver using current mode control PWM controller UC1843 with battery
Input voltage ranging from-26V. In this design bigry input voltage is boosted to 40V power 10to 14
LED'sof a Day Time running Lamp (DRL)xonstant voltage mode with peak current limitation. The
maximum allowed current througtime boostinductor is limited to 2.2A in the worstcase and the switghin
frequency is chosen as 400kHz.

The design is tested for varied input voltages and temperature conditions against the design
specifications. Also, a Fault analysis is performed to check the design perfordfmanseme fault
conditionsin design



2 BOOS1TEDDRIVERSCHEMATIC SABERD

The schematic ahe Boost converter design is ahownin Figurel below.
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Figurel Schematic of Boost LEDverusing UC1843

2.1 DESIGNBPECIFICATIONSDBOUNDARY CONDITIONS

The belowTablel shows thenominaldesign specifications for the LED driver.

Name Symbol Value

Input Voltage Vin 9V to 16V
Output Voltage Vout 40V
Switching Frequency Fsw 400kHz

Max. Ripple Voltage on Vout nVout 200mV (0.5%)
PkPk Inductor Ripple Current | nlL 20%

Output current lout 400mA

Tablel Specification for typical input values



3 (HOOSING THE COMPORSHORTHEDESIGNBPECIFICATION

3.1 (HOOSIN®& CONFIGURATIORR_EDRIVER

In automotive applications, the typical supply is 12V battery supply. In this applicatiobafdgime
Running Lightit is common to use around 12 LEDs. This would require a 40V boost output and an
output current of around 400mARefer to the datasheet of generic LEDs used tfogse kinds of
applications

As it is a low power and low voltaggplication, asingle swich DGDC Boost converter configuration is
suitable for this application.

3.2 (HOOSING A SWITCHRREQUENCY

The switching frequency in an inverter or converter is the rate at which the switching device is turned on
and off. Typickfrequencies range from aviekHz to a few megahert2Q0kHz-2MHz). Increased switching
frequency reduces size of associated components such as the inductors, transformers, resistors and
capacitors in addition to reduced space requirements on the board and case.

The RF spectrum hasrae free areas in the 100 kHz to 500 kHz band. In our example, we choose

Fsw = 400 kHz.

3.3 CALCULATION OF THETS®IMING DUTY CYELE
The Dutycycle equation for a Boost converter approximated is as below.
wé 6 Qe
wé oo
The worstcase duty cyclaw be calculated using lowest input voltage Vin(min) and highest output
voltage Vout(max).
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The ON and OFF times of the switching MOSFET can be calculated using the duty cycle.
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3.4 (HOOSING@ PWMCONTROLLER

A discrete components circuit or an integrated cirqi@)may be used as an oscillat&n ICoscillator
module can be used to generate a square wave switching signadsltan advantage of simplifying the
design process.

A sine wave or square wave oscillator is usually used to cotiverbattery dc voltage to a higher
frequencysignal In theSwitched Mode Powesupplies$SMP $where higher frequencies are useabulse
width modulation PWM ) or pulse frequency modulatiorPEM) controller may be used tdefinehow the
MOSFET, power traistor or thyristor is turned Oldnd OFFby the oscillator signal. THRWM modifies
the duty cycle of a fixed switching frequency and thus garthe time the device stays ON or OFF

The PFMadjusts a variable switching frequency thereby controlling the number of times the device
switches on and off per secon8oth modulations areypicallyused on square wave switching signal
which is much easier to filter and regulatéencompared to sine wave.

To boost the battery voltage to 40V as pie specification we need a voltage feedback loop for
monitoring the output voltage and cordlling the PWM. Also, here since the max LED current must be
limited, we need a current control loop to monitor and limit the peak current and control the PWM. Hence
we go for a currentnode PWNMcontroller IC for this application.

In SaberRD, weanuse he parametric search option to find a suitable model using the filterghis
examplewe needduty cycle>=80 and number of outputs=1.
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Figure2 Parametric search from SaberRD for PWM component

From the resulted list, & chooseUCB43 Current mode PWM controller from T$pecification andhe
functional block diagram from datashef@ is as shown below.



5 Device Comparison Table

uvLo

TURNON AT 16 V TURNON AT 8.4 V.
TURNGOFF AT 10V TURMNOFE AT 7.6V TEMPERATURE RANGE | MAX DUTY CYCLE
SUITABLE FOR OFF-LINE SUITAELE FOR DC-DC
AFFLICATIONS APFLICATIONS

UC1842 uc1843 —£5°C to 125°C
UC2842 uC2843 —40°C to 85°C Up to 100%
UC3842 UC3843 0°C to 70°C

UC1844 UC1845 -55°C to 125°C
UC2844 UC2845 —40°C to 85°C Up to 50%
UC3844 UC3g4s 0°C to 70°C

PWRGND

Figure 11. UCx842 and UCx843 Block Diagram, No Toggle

Figure3 Functionablockdiagram of U@843 from Tl datasheet

Youcan choose anPWM orLED drivers available from market and check for a simulation model to start
the designand validate using SaberR8liternatively, aPWM controller can be built using the behavioral
components from SaberRD library which can be characterized to match the specification from datasheets.

Help onPulse Width Modulators is availablen SaberRD onlindocumengation under the below
topic:

Saber Component Library Reference Manual > Catalog of Component Types
> Pulse width Modulators

- >Building Your Own Component

3.5 (HOOSIN&/OLTAGE LOOP FEEDBREHSTORS

Reference voltage for error amplifier is 2.5V from the block diagram atodé/out=40V
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We choose Rfb1=45K Rfb2=3k.

3.6 CALCULATE TEBBOSTNDUCTOR

The average currentdlgthat flows through the boost inductor is dependent on the output current lout
required and the worstcase dutycle Rorstcase
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Figure4 Inductor current waveform

Considering the) =0.4A, for voltage mode operation, the calculation of Boost inductor is:
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With the calculated Boost inductor value, from simulation we can see thap thef 0.4 is not sufficient

to reach the peak current limit in one cycle of PWM. We observe that it takes 3 cycles for the inductor
current to reach peak currenf@.2A.For continuous current mode epationwith peak current limitation

of 2.2A the approximatecalculation of Boost inductas found through simulation.

The switching resets every third cycle, i.e the ripple on $witgfrequencys 133kHz.

Optimized value olL=100" Hisfinalizedafter simulatingwhich gives mor@reciseresultwith other circuit
parameters considerations in schematic

3.7 CALCULATE THE CURMIENISE RESISFOB
The Rcs resistor is needed to limit the current through the external MOSFET switch and the iaddctor
used in the current control loop for the boost regulator to measure the current through the switch.

The switch peak overurrent threshold (VSWCS) inet datasheet is required to tiermine the proper
value for Rcs
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3.8 CALCULATE THE OUTEARACITOR
When the MOSFET is (dNe output capacitor Cout must supply the loadere we use the Fsw=133kHz
instead of 400kHas we need three cycles to reapbakcurrentusing the current contrainode.
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3.9 SWITCHINMOSFETONSIDERATIONS

An Nchannel MOSFET is used for Boost cardigpn with 5V gate voltage compatibilityhe breakdown
voltage should benore than40V with sufficient margirand it should have low gate input capacitance.
IPD25N06S4B0 from Infineon[10] ischosen.

This model is characterized using MOSFET tool from SabEnRBIOSFETodelis characterized for 3

temperatures from the datasheet information and is optimized for best accuracy.
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3.10 OQUTPUDIODE SELECTION
The diode must handle the maximumductor current= Lya=2.2A

wThe minimum reverse voltage should be greater than the maximum Vout voltage(40V)
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Diode selected forttisexample:

Schottky diode3 A / 60 V(V3F6from Vishay[9])

PRIMARY CHARACTERISTICS

lrang 3.0A

Varm 60V

Irsm 60 A
Veatle =3 A (Ta=125°C) 0.49V
T, max. 150 °C

Package SMF (DO-219AB)
Diode variations Single

Figure6 Diode specifications from datshe¥8F6

The diode model fow¥3F6has been characterized using SaberRD diode Tool for three temperatures.
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Figure8 Diode characterization for capacitanaad reverse recovely3F6

3.11 CHOOSING THED

3.11.1 LED forward characteristic

The LEDuxeon F CWg chosen for this example. Thaward characteristic frondlatasheef[7] isas
shown below.

Forward Current and Voltage Characteristics

1000

Faka rd Current [mA]

If=400mA ** 4 s

1
|

g..‘, 2.7 .8 3.1

Vi=2.97V

Figure 4a. Typical forward current vs. forward voltage for LUXEON F Cool White at T=85°C.

2.9
Forward Vaoltage [V]

Hgure9 LED forward characteristic from datashéetkeon F CW

The maximum number of LEDs you can run from a single driver is determined by dividing the maximum
output voltage of the driver by the forward voltage of your LED{®.LED forward Voltagat 400mA is

2.97V.With 13 LEDsn seriesthe total required supply voltage132.97=38.61V which is close to our
design specificationf 40V,



The normalized light output of the LED also varies with the current through the LED and the
temperature as shown in thEigurel0 below. At 400mA, we see the normalized light output as 1.2.

Narmalized Light Qutput [-]

i i
Mo am

i i i
A0 500 00
Ferward Current [mA]

i
300

Figure 3b. Typical normalized light output vs. forward current for LUXEON F Cool White at T =85°C.

FigurelOLED Light Output characteristic from datasheet Luxeon F CW

3.11.2 LEDorward Voltage

Electrical and Thermal Characteristics

Table 3. Electrical characteristics for LUXEON F Cool White at 20ms MP test current, T = 85°C.

TYPICAL THERMAL RESISTANCE—
TEMPERATURE
EORWARD UNCTION TO CASE (*C

VOLTAGE"™ () DYNAMIC | COEFFICIENT OF J e

PART NUMBER L RESISTANCE® FORWARD RO el RO, real®
@R, VOLTAGE®™ Je Je
MINIMUM | MAXIMUM (mV/C) AV, /AT, | TypicAL | MAXIMUM | TYPICAL | MAXIMUM

LEMH-C1A-Oso0x 255 32 03 21 24 27 34 38

Forward Voltage Bins

Tygical fai

SD51-51, |ESDS1-14,

Table 8. Forward voltage bin definitions for LUXEON F Cool White.

FORWARD VOLTAGE™ (V)

MIMNIMUM MAXIMUM
B 255 279
C 279 303
] 303 327
75 a telerance of £00EV an forward voltage measurements
2. Several bins are outined; product availability in 3 parmicular Bin vanies by production run and product perfonmance

Figurell LED specifications from datashéetxeon F CW

The LED forward voltage drop is dependent on the junction temperature Tj and load currntoliv
temperature,the LED hakigher forward voltage drop



3.11.3 LED forward Voltageriationwith temperature
LED characteristicgich as luminosity, wavelength and forward voltag# vary depending ofunction

temperature Tjwhich includes ambient temperature and LED heat generation during opefatidifoad
current.

Vf change is an important consideration in circuit desfghanges in Vf are caused by variations in the
emission wavelength and semiconductor bandgap. When the temperature rises Vf decreases by 2mV/°C.

When the LED operates at constant currerit hange should pose no serious problemshascurrent is

constant. However, at constant voltages Vf will drop as the temperature rises, causing an increase in
current.

As the current rises Tj will continue to increase, resulting in a further drop in Végatilibrium is reached.
In contrastat low temperatures Vf increases, causing the current to drop, which may make it difficult to
obtain the required luminosity during constant voltage operation.

Forward Voltage Shift [WV]
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Figure 4b. Typical forward voltage shift vs. case temperature for LUXEON F Cool White.

Figurel2 LEDforward voltage shift with respect to casemperature fromdatasheetLuxeon F CW

3.11.4 LED modeCharacterization andalidation

In this example, iy dzF | O GpietlBdHBEas beentranslated to Saberand used here The
manufacturerprovided thetyp, min and nax modeldor the device After translation using SST tool from
SaberRD, the MAST templatestyif, min and max modelsire combined intoa single template and an

additionalnumbertype parameterhas been added. Using tlparametertype, we can choose thenodel
behavioramongtyp, min or max.



[ SPICE_Model_LUXEON_F_Cool'White_(LFXHC14)_201411195d E3 % m_luxeon {_coohwhte_vibin_c_mim.sin 3

INSERT BELOW TEXT INTO LTSPICE "STANDARD.DIO" FILE ** 1 template m_luxson_f_coolwhite_vibin _c_ITm P D =Type
o0

* Copyright (c) 2015, Lumileds Holding B.V.. ALl rights reserved. /P, _Max}type=_typ
* WARNING: VF diode model is accurate for following Current ranges: * 5
* LUXEON F Gool White (LFXH-CIA): SOmA to 700ma * Dspd. .model model name
. 7 pspd..model m_1fxh2dcla_vfbin o
SPICE model is provided for each VF bin. * 8 pspd..model m_1fxh2dcla_vfbin o max

pspd..model m_lfxh2dcla_vfbin_c_min

odel 25°

11 [parameters {

481, trsl=-0.006633,

81SE+00 RS=0.000E+00 XTI=-7.000E+00

4 .model LFXH-CIA VFBIN_B_min PRELIM D(IS=5.045E-26 N=l
EG=3.382E+00 TRS1=-1.000E-06 TR32=1.000E-0% TNGM=25 m

15 .model LFXH-CIA VFBIN B D(I5=1.333E-28 N=1.642E+00 RS
TRS1=-1.504E-06 TR32=1.718E-05 THOM=25 nfc:

16 .model LFXH-CIA VFBIN_ B max D(IS=4.562E-21
TRS1=-1.028E-02 TRS2=5.287E-05 TNOM=25 mfg=Lumileds Type=LED)

17  .model LFXH-ClA VFBIN_C_min D(IS=4.562E-21 N=2.¢26E+00 RS=1.875E-01 XTI=-7.000E+00 EG=3.511E+00
TRS1=-1.028E-02 TRS2=5.287E-05 TNOM=25 mfg=Lumileds Type=LED)

15 .model LFXH-ClA VFBIN_C D(I5=4.139E-20 N=2.569E+00 RS=4.551E-01 XTI=-7.000E+00 EG=3.4E1E+00
TRS1=—6.633E-03 TRS2=3.694E-05 TNOM=25 mfg=Lumileds Type=LED)

19 .model LFXH-C1A VFBIN_G max_PRELIM D(IS=1.339E-15 N=3.428E+00 R5=6.527E-01 XTI=-7.000E+00
EG=3.468E+00 TR51=-6.541E-03 TRS2=3.801E-05 TNOM=25 mfg=Lumileds Type=LED)

20  .model LFXH-G1a VFBIN D _min PRELIM D(IS=1.339E-15 N=3 +00 RS=6.527E-01 XTI=-7.000E+00
EG=3.468E+00 TRS51=-6.541E-03 TRS2=3 E-05 TNOM=25 mfg=Lumileds Type=LED)

21  .model LFXH-Cl VFBIN D_PRELIM D (IS: 13E-15 N=3.606E+00 RS=8.335E-01 XTT=-7.000E+00
EG=3.512E+00 TRS51=-6.300E-03 TRS2 46E-05 TNOM=25 mfg=Lumileds Type=LED) else 1f(type==3){

22 .model LFXH-Cla VFBIN D_max PRELIM D(IS=1.301E-13 N=4.166E+00 RS=9.923E-01 XTI=-7.000E+00 30 model_name= m_1fxh2dcla_vfbin_c_max

EG=3.548E+00 TRS1=-6.410E-03 TRS2=4.126E-05 TNOM=25 mfg=Lumileds Type=LED) 31 ¥

SPICE HQDEL 38

umileds Type=LED)
.712E-02 XTI=-7.000E+00 EG=3.455E+00

ED)

2.426E+00 R3=1.875E-01 XTI=-7.000E+00 EG=3.511E+00

5,%c1=-7.0,8¢=3.511,trsl=-0.01023,

Hif(cype=
model_name= m_1fxh2dcla_vfbin ¢
¥
else 1F(TyDi
model_name= m_1fxh2dcla vfbin c min
¥

MAST MODEL

Figurel3LED Spice model translated to MAST model and edited

Thiteen LED models are connected in series and a hierarchyjoabol is created for thBRLassemblyA
parameter LEDtype isadded tothe hierarchical symbdab choose a typical, minimum or maximum model
of each LED.

J
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A O A
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—> ek
| D |a
T v LED cluster| o |a
O |-
e |V O |
T LED type:2
LED_type=1 (minimum model)
LED type=2 (typical model)
LED_type=3 (maximum madel)

Figurel4 Hierarchcal model of DRL with 13 LEDs

4 SMULATIOMNDVALIDATIONI SABERD

The design is simulated foominal conditions usingaried input voltage of battery sour@ad the results
are analyzed. Next the temperature vary analysis is performedaainstantbattery voltageof 12V and
then a fault simulationis donewith a constantbattery Voltage of 12V.The following sections show the
experimentsyesults and summary of tlseanalyses



4.1 SMULATION FOR VAREZDTERY VOLTAGE

4.1.1 Experiment setufor validating the response ¥in
€ 2T 6 x
=1\ Fault_analysis

@ Fault_short_leds
= |,[' Response_to_input_voltage
(&) performance_with_12V/_input

@ performance_with_16Y_input

----- &) performance_with_3V_input
@ Wary_temperature_analysis

Figurel5 Experiments

Open the desigrBoost_LED_driver_using_ UC1843 and run the experimerg under category
Response_to_input_voltage . The parameter battery voltage is set to 9V, 12V and 16V
respectively in these experiments.

*-‘ glter -param :Boost_ LED Driver_using_UC1843:v_pulsev_batt:pulse -value 9

- i:] Boost_Design_Main_signals = [graph -title "40% Boost for LED driver™]
{7 Vinput = [graph:plot -pfile tr1 -signal :Boost_LED_Driver_using_/C1843:ve -newregion no -width 2 -label "Boost_Vin"]
I Vout = [graph:plot -pfile ir1 -signal :Boost_LED_Driver_using_lUC1843:vout -newregion no -width 2 -label "Boost_Vout']
{ Vgate = [graph:plot -pfile tr1 -signal :Boost_LED_Driver_using_UC1843:va -label "Vgate]
I} |_led = [graph:plot -pfile tr1 -signal :Boost_LED_Driver_using_LIC1843:shorti_led:i -label *|_led’]
{7 Ind_current = [graph:plot -pfile tr1 -signal :Boost_LED_Driver_using_/C1843:11_boost:i -label "Boost_Ind_current]
,ﬁ; Win = [ate -wf Vinput -log yes]

Wout_avg = [average -wf Vout -xrange {4m 5mi -log yes]

|_led_avg = [average -wf |_led -xrange {4m 5m] -log ves]

Freguency_Vgate = [frequency -wf Vgate]

Vout_ripple = [pesktopesk -wf Vout -xrange {4m 5m} -log yes]

e O O o

IL_ripple = [peaktopesk -wf Ind_current -xrange {4m 5mj -log yes]
- i:] -éioost_Desig n_Internal_signals = [graph -title "40" Boost for LED driver (internal signals)’]
{7 oscout = [graph:plot -pfile tr1 -signal :Boost_LED_Driver_using_UC1343:uc1843.0c1843_1:0scout -label "oscout]
I comp_out = [graph:plot -pfile tr1 -signal :Boost_LED_Driver_using_UC1843:comp -width 2 -label "comp_out]
I} vfb = [graph:plot -pfile tr1 -signal :Boost_LED_Driver_using_UC1843:vfb -width 2 -label "vfb’]
I} Boost_CS = [graph:plot -pfile tr1 -signal :Boost_LED_Driver_using_LIC1843:cs -label "Boost_CS7]
I Osc_rct=[graph:plot -pfile tr1 -signal :Boest_LED_Driver_using_UC1843:ct -label "Osc_rct]
I led_vd = [graph:plot -pfile tr1 -signal :Boost_LED_Driver_using_UC1843:drl sym1:m_luxeon_f_coolwhite_wfbin_c_mtm.m_
led_wf = [abe -wvalue 4m -wf led_vd]
cs_max_initial = [maximum -wf Boost_CS -xrange {0m 1mi]
cs_max_end = [maximum -wf Boost_CS -xrange {4m 5m}]
comp = [at -xvalue 4m -wf comp_out]
freg_oscout = [freguency -wf oscout -log yes]
vib_end = [abc -ovalue 4m -wi vib]

e Op e e i

4 i ]

Figurel6 Experimenperformance_with_9V



We use the typcalmodel for LEBand setVinto 9V. At 9V we expect the controller to be in worstcase
condition and max duty cycle is needed to boost the input voltage to AOY6V, theduty cycle is much
smaller and theperation is mostlyia current control.

Underthese variations of inputoltage, we check if the controlleanachieve the specified output voltage
of 40V and required output current ¢d0OmA.

4.1.2 Simulation results for Vin=§RunExperiment: performance_with_9V )
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Figurel7 Graph result from Experiment vary_@®\+ Boost_Design_Main_signals

There is an input to output diode whiddringsthe output voltage to input level quick(@V)and then the
Boost operation begins. We can see thdedgradually increase® the required current valuence the
Boost_Voutreachesa certain valueto give the expected light outpulWe are meeting the design
specificationwith the switching frequeng of 400kHz boost inductor of 10aAH and other design
parameters set in the schematic for Boost_Vin=9V

Figurel8below shows the signals zoomed in for reference. Jumramary of nominal analysis is available
in

Table2.



40% Boost for LED driver
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Figurel8 Graph result from Experimeperformance_with9V- Boost_Design_Main_signals_zoomed in




A0V Boost for LED driver (internal signals)
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Figurel9 Graph result from Experiment vary_@®\¢ Boost_Design_Internal_signals

At time zero, we see due to the voltage feedback loopmp_out or error amplifier output voltage
reaches 6\due to the gain setThecurrent sense voltagBoost_CS reaches its maximum specification
of 1V (equal to 2.2A) and maximum duty cycle is appliedgate to reach aBoost Vout of 40V
quickly.

Once theBoost_Vout has reached 40V, the comp pin voltage statid drop slightly and the current
sense limit also reduces accordingtiznce duty cycle to the gate voltaygate is reduced and the circuit
operates in steady stat@.hetypical LED voltage drofe@_vd )is 3.029V Refer to the block diagram
(Figure3) from datasheefor more details on the working of the controller model.

drcuit specification caalsobe verified from theExperiment Report below.

Task Label es
[ Boost_Design_Main_signals Boost_Design_Main_signals = [graph -title “40V Boost for LED driver”] Complete

Vin Win = [atx -wf Vinput -log yes] 90 Complete
Vout_avg Vout_avg = [average -wf Vout -xrange {4m 5m} -log yes] 39.387568367355 - Complete
|_led_avg |_led_avg = [average -wf |_led -xrange {4m 5m} -log yes] 0.34766223102082 : Complete
Vout_ripple out_ripple = [peaktopeak -wf Vout -xrange {4m 5m} -log yes] 0.1059685650063535 : Complete

IL_ripple IL_ripple = [peaktopeak -wf Ind_current -xrange {4m 5m} -log yes] 0.4301661258337 " Complete
Boost_Design_|nternal_signals = [graph -title "40V Boost for LED driver (internal signals)”] Complete
freq_oscout = [frequency -wf oscout -log yes] 403850 84210748 Complete

Figue 20 Experiment report from Experiment vary @80V



4.1.3 Simulation results for Vin=1ZRunExperiment: performance_with_12 V)
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Figure21 Graph result from Experimeperformance_with12\- Boost_Design_Main_signals

Task Label =

1 Boost_Design_Main_signals Boost_Design_Main_signals = [graph -title 40V Boost for LED driver”]
Vin = [atc -wf Vinput -log yes] 120 Complete
Vout_avg = [average -wf Vout -xrange {4m 5m} -log yes] 35.645263034458 Complete
|_led_avg = [average -wf |_led -xrange {4m 5m} -log yes] 0.37963660992107 Complete
Vout_ripple = [peakiopezic -wi Vout -xrange {4m 5m} “log yes] 0126880537173 Complete
IL_ripple = [peaktopeak -wi Ind_current -xrange {4m 5m} -log ves] 0.4341543310142 Complete
1 Boost_Design_Internal_signals Boost_Design_Internal_signals = [graph -title "40V Boost for LED driver (internal signals)™] Complete
.| freq_oscout freq_oscout = [frequency -wf oscout -log yes] 4033313386258 Complete

Figure22 Experiment report from Experimeperformance_with_12V




4.1.4 Simulation results forin=16M{RunExperiment: performance_with_16 V)
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Figure23 Graph result from Experimeperformance_with 16\~ Boost_Design_Main_signals

= Boost_Design_Main_signals Boost_Design_Main_signals = [graph -title "40Y Boost for LED driver’]

Win Vin = [ate -wf Vinput -leg yes] 16.0 Complete
Vout_avg Vout_avg = [average -wf Viout -xrange {4m 5m} -log yes] 39 BEREDERTR4TT Complete
I_led_avg |_led_avg = [average -wf |_led -xrange {4m 5m} -log yes] 0407181967534 Complete
Vout_ripple Vout_ripple = [peaktopeak -wf Vout -xrange {4m 5m} -log yes] 2 Complete
IL_ripple IL_ripple = [pezktopezk -wf Ind_current -xrange {4m 5mj} -log yes] Complete

-] Boost_Design_lnternal_signals Boost_Design_Internal_signals = [graph -title "40V Boost for LED driver (internal signals)”] Complete
: freq_oscout = [frequency -wf oscout -log yes] 414468 77035576 Complete

Figure24 Experiment report from Experimepérformance_with_16V




4.1.5 Summary of Simulation resultith nominal condition€ Vin=9/,12V,16V

Name Symbol| Value Vin=9V | Vin=12V | Vin=16V
Input Voltage Vin 9V to 16V 9V 12v 16V
Output Voltage Vout 40V 39.38V 39.64V 39.8V
Switching Frequency Fsw 400kHz 403%Hz | 408Hz | 414kHz
Max. Ripple Voltage on Vout | nVout | 200mV 109mvV 127mV 105mV
PkPk InductoRipple Current | plL 20% 0.330A 0.434A 0.39A
(0.4A for max=2.2A)
Output current lout 400mA 347mA 379mA 407mA

Table2 Summary of Simulation results with nominal conditions @ Vin=9V,12V,16V

From the summary, we can see that the Inductor ripple current is not linearly varying due to the different
time constants involved in thdesign The overall design specification is met with varied input battery
voltage.

4.2 SMULATIORESUISFOR VARYING TERATUREITHMIN MODEUSETFORLE3

4.2.1 Experiment setup foraningtemperature
From theory,

1 As the temperature increases, the LED forward voltage drop decreaskas Vout is constant,
the |_led increases.
1 The diode mitmum model has highest curretffiow at a given forward voltage.

KM
€ 21 3 x =
=\ Fault_analysis
@ Fault_short_leds
= ql Response_to_input_voltage
@ performance_with_12V_input
@ performance_with_16V_input
@ performance_with_SV_input
@ Vary_temperature_analysis

Figure25 Experiment Vary_temperature_analysis

Experiment Vary_temp erature_analysis uses theminimum model for LEDby setting the
LED_type parameter to 1 using the alter commariek temperature ivaried by lisinput set to 25, 85 &
125 deg and inpubattery voltageis set to 12V.

Usingalter commands andary loop feature in Experiment Analyzer, thétup andanalysisan be done
easily



*-‘ alter -param :Boost_LED_Drniver_using_UC1843 led_cluster led_cluster_1:led_type -value 1
*-‘ alter -param :Boost_LED_Driver_using_LUC1843:v_pulsev_batt:pulse -value 12
E}yﬁ vary -progress 500 -param :ai_std:header:temp -type list -vlist {25 85 125} -gueue

- L—_] Boost_Design_Main_signals = [graph -title "40V Boost for LED driver with temperature variation”]
[} Vinput = [graph:plot -pfile tr_wc -signal :Boost LED_Driver_using_UC1843:vc -newregion no -width 2 -label "Boost_Vin]
[} Vout = [graph:plot -pfile tr_wc -signal :Boost_LED_Driver_using_UC1843:vout -newregion no -width 2 -label "Boost_Vout"]
[} Vgate = [graph:plot -pfile tr_wc -signal :Boost_LED_Driver_using_UC1843:va -label "Vgate]
I} I_led = [graph:plot -pfile tr_wc -signal :Boost_LED_Driver_using_lUC1842:short.i_led:i -label °|_led]
[} Ind_current = [graph:plot -pfile tr_wc -signal :Boost LED_Driver_using_UC1843:1|_boost:i -label "Boost_Ind_current’]
Y8 Vout_avg = [average -pfile tr_we -signal :Boost_LED_Driver_using_UC1843:vout -xrange {4m 5mi]
M. |_led_avg = [average -pfile tr_we -signal :Boost_LED_Driver_using_UC1843:short.i_led:i -xrange {4m 5m }]
M Vout_ripple = [pezsktopezk -pfile tr_we -signal :Boost_LED Driver_using_UC1843vout -xrange {4m 5mj]
&M |L_ripple = [peaktopesk -pfile tr_we -signal :Boost_LED_Driver_using_UC1842:1|_boosti -xrange {4m 5m]]
- E] Boost_Design_Main_signals_measurements = [graph -title "40V Boost for LED driver with temperature variation”]
[} Vout_avg_plot = [graph:plot -wf Vout_avg -linestyle 0 -symbol triangle -label "Vout_avg’]
I} I_led_avg_plet = [graph:plot -wf |_led_avg -linestyle 0 -symbel triangle -label °I_led_avg']
[ Vout_ripple_plat = [graph:plot -wf Vout_ripple -linestyle 0 -symbol triangle -label “Vout_ripple’]
I} IL_ripple_plot = [graph:plot -wf IL_ripple -linestyle O -symbel triangle -label "IL_ripple’]

- Vout_avg_25 = [atx -xvalue 25 ~wi Vout_avg_plot -log yes]
Vout_awvg_85 = [abe -ovalue 85 -wi Vout_avg_plot -log yes]
Vout_avg_125 = [abc -wvalue 125 -wf Vout_avg_plot -log ves]
|_led_avg_25 =[ate -xvalue 25 -wf |_led_avg_plot -log ves]
|_led_awg_ B85 = [ate -xvalue 85 -wf |_led_avg_plot -log ves]
|_led_awvg_125 = [atx —ovalue 125 -wf I_led_avg_plot -log yes]
Vout_ripple_25 = [ate -xvalue 25 -wf Vout_ripple_plat -log ves]
Vout_ripple_85 = [at -ovalue 85 -wi Viout_nipple_plot -log yes]
Vout_ripple_125 = [at« -xovalue 125 -wf Vout_nipple_plat -log yes]
IL_ripple_25 = [at« -xvalue 25 -wf IL_ripple_plot -log yes]
IL_ripple_85 = [at« -xvalue 85 -wf IL_ripple_plot -log yes]
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IL_ripple_125 = [ate -xvalue 125 -wf IL_npple_plot -log yes]
- L—_] Boost_Design_Internal_signals = [graph -title "40V Boost for LED driver with temperature variation (internal signals]’]
[ comp_out = [graph:plot -pfile tr_wc -signal :Boost_LED_Driver_using_UC1843:comp -width 2 -label "comp_out’]
[F} vib =[graph:plot -pfile tr_wc -signal :Boost LED_Driver_using_UC12843:wfb -width 2 -label "vfb]
[ Boost_CS = [graph:plot -pfile tr_wc -signal :Boost_LED_Driver_using_UC1843:cs -lsbel "Boost_CS57]
I Osc_rct = [graph:plot -pfile tr_we -signal :Boost_LED_Driver_using_UC1842:ct -label "Osc_rct]
[} led_vd = [graph:plot -pfile tr_wc -signal :Boost_LED_Driver_using_UC1343:led_cluster led_cluster_1:m_luxeon_f_coolwhite_vfbi
M. led_vf = [average -plile tr_wc -signal :Boost_LED_Driver_using_UC1843:led_cluster led_cluster_1:m_luxeon_{_coolwhite_wfbin_c_m
M. cs_max_initial = [maximum -pfile tr_wc -signal :Boost_LED_Driver_using_UC1243:c5 -xrange {0m 1m}]
- }:] Boost_Design_Internal_signals_measurements = [graph -title "40% Boost for LED driver with temperature variation (internal signals)”
[ led_vi_plot = [graph:plot -wt led_vf -linestyle 0 -symbol triangle -label “led_vf]
cs_max_initial_plot = [graph:plot -wi cs_max_initial -linestyle 0 -symbol triangle -label "cs_max_initial"]
fﬁe_ led_vf 25 = [ate -uvalue 25 -wi led_vf_plot -log ves]
led_vf_85 = [abs -uvalue B5 -wiled_vi_plot -log yes]
led_wf_125 = [ate -wvalue 125 -wi led_vf_plot -log yes]

A
A

Figure26 Experiment ¥ry temperature_analysis

Note: To boost the simulation speed for iterative analysis, we used the Multicore option in SalérRD.
enables the CPU to run parallel executions of the loops using multiple cores.

Thereport from experimentvVary _temp erature_analysis isshown below.



Boost_Design_Main_signals_measurements

Boost_Design_Main_signals_mezsurements

Wout_avg_25 = [abc -xvalue 25 -wf Vout_avg_plot -log yes] Complete

VDLrt,avg,ES = [atx -xvalue BE i Wout_awvg_plot -log yes] 37738373403807 Complete

Wout_avg_125 = [abc -xvalue 125 -wi Vout_avg_plot -log yes] 36.472215616373 Complete

|_led_avg_25 =[atx -xvalue 25 -wf |_led_asvg_plot -log yes] 05E44760819179 Complete

I_Ied_avg_EB = [abx -xvalue B St |_led_avg_plot -log yes] Complete

_led_avg_125 |_led_avg_125 = [atx -xvalue 125 -wf |_led_avg_plot -log yes] Complete
'out_ripple_25 Wout_ripple_25 = [abx -xvalue 25 -wf Vout_ripple_plot -log yes] 0.16444812216 Complete
omﬁr\pplejis VDLrt,rippIejS = [atx -xvalue 85wt Vout_ripple_plot -log yes] 0.148449976744 Complete
'out_ripple_125 Wout_ripple_125 = [atx -xevalue 125 -wf Vout_ripple_plot -log yes] 0138585708059 Complete

: IL_ripple_25 IL_ripple_25 = [atc -xvalue 25 -wf IL_ripple_plot -log yes] 0.3998742610048 Complete

<L ripple_85 IL_ripple_85 = [atx -xvalue 85 <wf IL_ripple_plat -iog yes] 0338844 74684001 Complete

i IL_ripple_125 IL_ripple_125 = [atx xvalue 125 -wf IL_ripple_plot -log yes] 0.3103077309526 Complete
[21- Boost_Design_Internal_signals_measurements Boost_Design_Internal_signals_measurements = [graph -title "40V Boost for LED driver. Complete
U led 25 led_vf_25 = [atc -2ovalue 25 -wf led_vf_plot -log yes] 2.9895363999407 Complete
ed_vi 85 led_v_85 = [at -xvalue 85 “wiied_vf pict -log yes] 7 BRAASDEARIEST Complete
led_wt_125 led_vf_125 = [ate -wvalue 125 -wf led_vi_plot -log yes] 2.8055550474132 Complete

Figure27 Experiment report from Experimeviary_temperature_analysis

The resulant simulationgraphs from experimenvary_temp erature_analysis

are as belowThe

summary ofsimulation results with varying temperatur@ Vin=12\s available ifTable3.

Figure28 Graph result from Experimekfary_temperature_analysisBoost_Design_Main_signals































