TPS92070 Design Calculator worksheet

e Yellow Highlighted areas are User defined inputs, bordered areas are calculated results
e Assume worst case for calculations

e Using Cree XLamp MX-6 warm white LEDs as a reference for LED specifications

Unit definitions:

mQ = 10 -0 MW= 10 W ns:=10 %  nC:=10 °-C H=100%H  mi= 110

Input Parameters: need to allow for input voltage sag for the VACmin value to prevent ficker at
minimum current. Also note that dynamic range of the device does not lend itself to Universal input range

AC INPUT: Enter the input voltage range for the specific application

VACmin = 180V
VaCmax = 265V

VaCnom = 230V
fLINE := 50Hz

VINmin = \/E'VACmin

ViNmin = 254.558 V |

ViNmax = \/E'VACmax

ViNmax = 374.767 V |

VINnom = \/E'VACnom

ViNnom = 325269 V |

The LED load: calculations for design, use maximum LED voltage for mass market design calculations

I gp:= 370mA  Enter the desired LED current for the specific application

NLEp:=5 Enter the number of LEDs in the series string for the specific application
V| EDmax = 38V V| EDnom = 33V

VouTmax = VLEDmax "LED VouT = VLEDnom "LED

VouTmax =19V | VouT = 165V |

PouTmax = VouTmax ILED Pout = VYouT'ILED

PouTmax =703 W | Pout = 6105 W |

Differential resistance of LEDs, which is the change in forward voltage/change in current for the
LEDs. Assume they are all similar to CREE (approximating with a straight line at || ).
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AV gp =1V Enter the estimated change in voltage using extrapolated straight line
at desired output current

Al gp := 800MA — 75mA

_ AViep
RLED= 7
LED
RLEp = 1379 @ | Estimated dynamic resistance per LED

Design Expectations/ Assumptions:

fswmin = 30kHz| Minimum design frequency at max power, minimum input. Do not
want to operate at the 20kHz minimum frequency clamp listed on the
T _ 1 data sheet as this may result in flicker at the frequency limit during
SWmax -~ ¢ _ transients
SWmin

Towmax = 33-333 19

Load Line Operating Point:
e switching frequency at Vbulk_min set to fg,,;; t0 calculate inductance.
e As the bulk voltage increases, the switching frequency will increase up to a max of 146kHz (maximum

max frequency clamp, actual max frequency will depend upon the final transformer design).
As Vin increases, frequency increases for a given Pmax

Mode 1, Transition Mode: From Pmax to P2, variable Ipeak, variable fs, with valley detect. Vpwm ranges
from 0.6V at Pmax, down to 0.065V at P2; VCOMP will be from 3.7V (Pmax) to somewhere around 2.6V (P2)

Mode 2, DCM: From P2 to P1, maximum fixed frequency, variable Ipeak, with valley detect, ends when
Vcomp = 2.6V, Vpwm = 0.065V throughout entire mode (hence the fixed frequency)

Mode 3, Frequency Foldback: From P1 to Pmin, fixed peak current, variable frequency, with valley detect,
VCOMP is between 2.6V and 1.63V,

Mode 4, Open Control Loop: Below Pmin, fixed frequency , fixed minimum peak current, no valley detect
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Fmax —— \ \ —\
\ \ \Vbulk_max

A

Vbulk_min
Fmin —
I »  Power
Pmin  P1 P2
Pmax
n = 0.82 Anticipated full load efficiency
PFmin:= 0.8 Required PF for residential lighting is 0.7 but circuit will have a higher
PF when operated without a dimmer, thanks to valley fill PFC
) PouTmax
PINmax =
n
PINmax = 8:573 W
| ) PINmax
IN_RMSmax -~
- ViNmin PFmin

lIN_RMSmax = 42.098mA

e Fuserating will be dependent upon user input voltage requirements

e Input varistor rated for 300V placed after diff. chokes to take advantage of the choke impedance

e Differential mode chokes worked better than single common mode choke on the input. 7.5k resistors
in parallel for damping orf input surge

e X2 capacitor placed after diff. mode choke, 10nF, high value capacitors may interfere with triac
dimmer, testing may indicate using a lower value

e Varnish Differential mode inductors to reduce audible hum, but some hum still evident, need
potting? swap out ceramic caps?

e Capacitors on either side of differential mode inductor L1 should be smallest recommended value to
try to get the best PF possible.

e Safety Y1 capacitor 3300pF, large enough to eliminate the CM choke
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Bridge rectifier:

IBRIDGEavg = 10'IN_RMSmax

VBRIDGEblocking = VINmax

VF_BRIDGE = 1.0V

PBRIDGE = VF_BRIDGE IN_RMSmax

PBRIDGE = 0:042 W

Valley fill circuit: two stage circuit allows power to be drawn from line over larger portion of AC line cycle
...capacitors set up so they charge in series (each to half the bulk voltage for two stage), discharge in
parallel...results in passive power factor correction. First capacitor must be sized for peak bulk voltage,
second for half bulk voltage. Because valley fill and dimmers don't play well together, the TDD signal will
turn on the Q1 valley fill swich when a dimmer is detected. In that way, only the first capacitor is in circuit
and the rest of the valley fill components are not. Dimmer existence is confirmed when the time it takes for
SEN to cross 1V rising threshold to 5V rising threshold is less than 100us...typical 50-60 Hz line voltage would
take 300us to 1.1ms. If flickering...check to see if SEN is configured to drop below 1V...

From 150 degrees to 210 degrees on the input sine wave the capacitors will be discharging (the time
period when the amplitude of the sine wave is below 1/2 peak), ...

1

fLINE

1
Aty = <

) \/E'VACmin
VBULKvVf = —

VBULKvf = 127279 V |

VBULKmin = 0-75-VByLKvf

VBULKmin = 95459 V

AV = VgyLkvf ~ VBULKmin

AV = 3182V

2P \Nmax AtvE

60 degrees out of 360 degree cycle the valley fill capacitors
are delivering current

Required hold up time for valley fill capacitors

Bulk voltage that valley fill capacitors charge and discharge
in atwo stage design

Assuming | let the capacitors discharge 25%

Allowed minimum bulk voltage during valley fill discharge time

Allowed droop during valley fill discharge

CvVFtotal =

2
VBULKvF ~ VBULKmin

CVFtotal = 8064 1A

2
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CvVFtotal

Cypi=—"T"-—
VF 2
Cyf = 47uF Enter the Actual value of valley fill capacitors used

Vel = ViNmax

Veyfr = 374.767 V Capacitor on first stage rated for 400V min required
) VINmax
Voviz'= =,
Veyfe = 187.383 V | Capacitor on second stage could berated for 200V min

2 2PINmax'A'[VF

VBULKmin = |VBULKvF ~
2-Cyr

VBULKmin = 100.597 V |

Or can use arule of thumb of 0.5uF per W for 230Vac design, 1uF per Watt for 115Vac:

. 0.5uF 1uF
CvalleyFill = 'f[VACnom > 200V, W “PINmax W 'PINmaxj

CvalleyFill = 4-287 1A same result, and easier (1)

The VF resistor reduces input surge and smoothes out the current spike at the transition from series to
parallel connection of the valley fill caps and will be subjected to huge surges, surge rated for 250W for 1ms
everytime AC is switched on...larger values smooth out spike better but cost on efficiency. If resistor is not
surge rated it will burn right off the board after multiple start ups; PF minimum requirement met when the
resistor was replaced with a short to maximize efficiency, PF > 0.8 at nominal input. Select standard diode,
such as 1N4007 1A, 1000V.

VF FET switch: must have voltage rating equal to half peak voltage and Rdson of 2 Ohms is good.

Output Capacitors: LEDs are very tolerant of voltage and current ripple, minimal output capacitance is
acceptable, the loop will take care of the line frequency ripple and the switching frequency ripple is
negligible (it's a don't care) for LEDs. Assume 1uF per 1W of nominal output power, add 20% derating for
temperature, LEDs are very tolerant of output ripple so no output inductor used

1uF
Cout = (W'POUTmax)'l'z

Cout = 10uF Add enough margin for temperature to meet the capacitance and size
requirements and Enter actual value used here
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Flyback Inductor: For ZVS switching, set Turns Ratio of transformer such that the flyback voltage is
equal to the maximum bulk voltage. tpezapmve iS €qual to 1/2 the resonance of L, and Cpg,, Cpg,is the sum

of Coss + Cextps, CLpPRI, Creflectedpiode.--- DUt iNitial calculations just use Cygg...actual deadtime calculated
after FET sellected

VELYBACK = VINmax 'O strive for zero voltage switching, maximize efficiency

VELYBACK = 374.767 V

1
Tswmax = f ]
SWmin

Towmax = 33-333 19

Tsw = toN + IDEMAG *+ 'DEADTIME

VE = 0.65V Forward drop of the output diode

VELYBACK
VouTmax + VF

Npg = 19.072 Calculated primary to secondary turns ratio

Npg := 185 Enter the Actual primary to secondary turns ratio, as supplied by
magnetics manufacturer

Nps :=

VeLvBack = Nes'(VouT + VE)

VELYBACK = 317275 V |

VDs_PRI = ViNmax T VFLYBACK

Vpbs_pRi = 692042 V

Primary Inductance: Balanced volt*seconds ...tpeaprve €Stimated to be 500ns until actual deadtime (0.5
times the resonance of Lpri and Coss) is measured

toN = Tsw ~ 'DEADTIME ~ IDEMAG

Volt Seconds IN:

VBULKmintoN = LpIpRIpeak
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Volt Seconds OUT (demagnetizing):

L
P
(VouT * VE)tbEMAG = —"IPRIpeak Nps
N
PS

(VouT * VE)toemac Nps = Lp'IpRipeak

Make them balance:
VeuLKmintoN = (VouT * Vi) tbemac Nes
VeuLkmintoN = (VouT * VE) (Tsw_FMmin — tDEADTIME ~ ton)'Nps

tDEADTlME := 500ns ASSUmption for now

(VouT * VE)-Nps'(Tswmax — tDEADTIME)
VeuLkmin + (VouT + VE)Nps

ton =

toN = 24.929 19

Calculate the Primary Inductance:

| _ VBULKmin'toN
PRIpeak ~
p Lp

2
Lp-lpRipeak “fswmin

P =
INmax 2
v 2
BULKmin 'ON
Lp: Lp 'fSWmin
P =
INmax 2
v 2
BULKmin 'ON
Lp: Lp 'fSWmin
P =
INmax 2

2
(VBULKmin'ton) fswmin

L =
Prom 2'PINmax
||_F,nom = 11.004 ml—1
Lp:= 13.80mH Enter the Actual inductance from magnetics manufacturer
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Assuming the primary inductance is +/- 10%:

Lpmin= 0.9Lp

|Lpmin = 1242 mH

|Lpmax = 15.18 mH

Maximum Peak primary current: Maximum value calculated using minimum primary inductance

| 2'PINmax
PRIpeak =
P I-Pmin'fSWmin

IpRIpeak = 214.518 mA

Maximum On-time:

_ IPRIpeak"-Pmin
toN = .
BULKmin

toN = 26.485

Primary Current Sense (PCS) Resistor:

VPwMthreshold_typ = 0-°V

Vpcs = VPwMthreshold_typ

_ Vpcs
Rpcs =1 ———
PRIpeak

Rpcg = 2331 O

Rpcg = 2.37Q  Enter the Actual value used for primary current sense resistor

VPCSmaX = 650mV

VPCSmax

| =
PRIpeak -
P Rpcs

IpRIpeak = 0-274 A
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| _ IpRipeak | fon
PRIrms -~ '
\/§ Tswmax

IpRIrms = 0-141 A |

2
Prpcs = IPRIrms Rpcs

PRPCS = 0.047 W |

IPRIpeak
Vout + Vk)Nes

IDEMAG = LPmin'(

tDEMAG = 1073613

Primary side over-current limit: Calculate minimum threshold to make sure not within normal operating
conditions

Vpcs pcL

| =
PRI OCLpeak -
—OVEP Rpcs

[PRI_OCLpeak = 0-283 A |

ISEC_OCLpeak = 'PRI_OCLpeak NpPs

SEC_ocLpeak = 523 A |

Bias Winding: now that the on-time and demagnetizing times are better known

Vgias = 12V Bias voltage desired

VEpias = 0.7V Forward voltage drop of diode on bias winding

VBULKmin'toN
(VBIAS * VEbias) 'DEMAG

Npg = 19.54

Npg = 23.12 Enter the Actual primary to bias turns ratio, as supplied by magnetics
manufacturer

Npp =

VBuULKmin'toN = NP IDEMAG VFbias

VBIAS = Nt
PB IDEMAG
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Vg ag = 10.034 V

MOSFET rating:

Vs = ViNmax * VELYBACK * 0-3-VINmax

Vpg = 804.472 V Use FET with good avalanche rating. A capacitor across Drain to source
will slow down the rise time and avoid adding a snubber and help with
EMI.

Input the MOSFET characteristics of the actual device that will be used. Example shows STD3NK802T4
parameters but the User MUT input the specific characteristics of the MOSFET used

IpRIpeak = 0-274 A te = 40-ns Rpson = 450 Qg = 19-1C

2
PEETcond = IPRIrms "RDson

|PFETcond =0.09 V\'1

VDsswitching = VINmax ~ NPS'(VOUT + VF)

VDsswitching = 57492

2
) COSS'VDstitching VDstitching' IPRIpeak'tf
PEETswitching = fswmax > + >

|PFETswitching = 59.795 m\/\1

PrET = PFETCONd * PFETswitching

PreT = 0149

Resonant ringing:
1

f - =
RES
2n[Lp-Coss

fRes = 0179 MHZ

Timing to hit first valley:
1

RES

t =
DEADTIME o.f
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tDEADTIME = 2-786 M% Thi_s is amore accurate estimate than the 500ns initial
estimate

1

I
SWmin -
toN * IDEMAG * 'DEADTIME

fs\wWmin = 24.995 kHz| Actual minimum switching frequency

Output Diode: use a Schottky to minimize losses

ISECpeak = PRIpeak NPs

ISECpeak = 5074 A |

 Isecpeak |'DEMAG
IsECrms = NG '

TSWmax
ISECrms = 1.663 A |
VEdiode = 0.62V Enter forward drop of diode used
\/
INmax
VDrating = (— + VOUT]'l'3

VDrating = 47.785\/1

PDIoDECond = VFdiode ILED

PDIODECond = 0-229 W

Secondary side current during an OCL:

~ Nps'lpri_ocLpeak |'DEMAG
ISECocI_rms = \/5 ' Tow
max

ISECocl_rms = 1.714 A |

~ Nps'lpri_ocLpeak 'DEMAG
ISECocI_avg = 2 ’

TSWmax

ISECocI_avg =0.842 A
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Secondary Side LED Current Sense Resistor:

Ves

R EDsense = |
LED

R EDsense = 0-27 Q

R EDsenge = 0-27Q Enter the actual value of the LED current sense resistor used

~ Vcs
ILeD = R
LEDsense

ILgp = 037 A

. 2
PRLEDsense = ISECrms 'RLEDsense

|PRLEDsense =0.746 W |

VEDsense = RLEDsense’'LED

|VLEDsense =01V |

Use a half Watt 1206 resistor

TPS92070 Pins:

Pin 1 BP: ABS MAX =-0.3to 7.7V, Per pin description for bypassing internal 7V regulator that
powers the gate driver, ceramic, 10V, place close to IC. BP can supply 1mA max so do not

connect any other circuitry to BP. Also want the capacitor on BP low enough so BP is allowed to
discharge completely when the dimmer is off, otherwise the LEDs will FLASH; data sheet says 1uF
but I recommend 0.68uF to avoid flashing at turn off under all operating conditions

Pin 2 VDD: Current thru the internal Zener on VDD (21Vmin, 25Vmax) will initiate an OVP response so
plan bias windings accordingly! UVLOon = 8V. Use a smoothing resistor to prevent peak charging due
to leakage inductance spike, if this resistor is too high, such as 40 Ohms, the LEDs flicker. Connected to
source of FET driven by VZ for rapid charging of VDD capacitor

Cvpp = 10-Cgp

Cvpp = 68 Hﬁ
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Cypp = 6.8uF Enter the actual value of the capacitor used

Rypp = 15 For smoothing of spikes that would peak charge the capacitor
N \Y
PS INmax
Vbbias = VoUT [~ * "o T VBIAS
PB PB
VDbias = 39.446\/1 Required minimum blocking voltage for bias diode

Pin 3 GND: Use as direct return for noise sensitive pins, layout using star connection

Pin 4 VD: Valley Detect Input. Used to detect valley voltage of the Aux winding with a resistor divider in
order to start the next switching cycle. Worst case, peak voltage must be less than 6V and a minimum
of 50uA must be sourced from VD to set the valley detect circuitry.

\/Dmin := 90nA 50uA for worst case BUT better efficiency if you use 30uA
and should work over operating range...

V .
BULKmMIn _ 4351V

Npg

1 VBULKmin

RVD11=N T
PB VDmin

Ryp1 = 87.022kd)

Ryp1 = 86.6kQ Enter the actual value of the standard value used
| VBULKmin
VDmin =

Npg-Rvp1

l\/Dmin = 50.243 A

Rypo: Primary criteria of this resistor is to keep VD less than its Abs Max rating if V5, triggered on VDD so
part not compromised, then check that the voltage on VD is less than 6V under normal bias conditions:

Vv/Dmax = 6V
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VovpPmax Rvb2

V. =
VDmax
Rvb1 + Ryp2

VvDmax Rvb1

Ry/mo =
VvD2:
VDDovpmax — VvDmax

Rypg = 27.347kd)

Ryp2 = 27.4kQ Enter the actual value of the standard value used
VBias'Rvp2
VD Rupy + Ryps
vD1 T RvD2
VVD =2412V well below the 6V maximum recommended value for normal

operating range

_ VDDovpmax NeB
VLEDovp = Nps = VEdiode

VLEDowp = 30623 V

VDDoy/pmax Rvb2

V. -
VDovp *
P Rvp1 + Rvp2

Verify that VD stays below 7V ABS MAX during OVP

VVDovp =6.009 V condition

Can add a capacitor to this pin to tweak ZVS...if needed

Pin 51S0O: Inverting input to the secondary side current sense comparator and isolation transformer
buffer. This pin is driven by the Gate drive signal from the PWM. In non-isolated designs this pin would
be connected to GND. When configured for isolated sensing, ISO is connected directly to the signal
transformer. When the GATE signal goes high, ISO is shorted to ground, capacitor on CS will hold the
voltage on CS during this time for the sample and hold function.

Pin 6 CS: LED current sense feedback and positive input terminal of the transconductance error
amplifier. EVM uses isolated current sense. Corner frequency of LC averaging must be well below the
minimum switching frequency of the controller, set to half the minimum frequency. Must use a high
enough inductance so that the capacitor is relatively small and does not slow down the dynamics of the
circuit. Using a higher inductance results in better performance particularly at low currents

Secondary side coupling capacitor selected first, standard value, much less than 1uF
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CCSSEC = O.22p.F

Corner frequency of the LC circuit set to 1/2 the minimum switching frequency

_ fSWmin

[fLc = 12.498kH7

! =f
- 'LC
2'“'\[ LcsCessec

1

Ly~:=
LC 5

2
4-CcgsecfLe m

L ¢ = 737.161 pH

Lcg = 450uH Available value: must be as high as possible for adequate
opertion at minimum dimming

1

f =
LCactual -
27 [Les Cessec

fl Cactual = 15-996 kHz|

Primary side capacitor sized for half secondary side for sample and hold circuit

] CCSsec
CCSpri = 2

Cespri= 011 “FI

CCSprl = 0.1HF

1

2-m [Les Cespri

Pin 7 COMP: Average current mode control loop compensation output, needs only a dominant pole.
Reccomendation is 10nF to 1uF, the higher the value will result in higher output line frequency ripple

= 23.725kHz

CCOMP = 33nF

16 of 19]
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138kHz '

fowm max i Mode 1 & 2

Mode 3
20kHz ,
Vewm max =0.6V i ;
Vewm E E
E Mode 1 & 2
0.065V ;
Mode 4 :
1.63V 2.6V 3.7V

Vcomp

Pin 8 LP: sets pole for DTC low pass filter. A capacitor to ground will set the response time of the
dimming level detection so want value to be big enough to minimize line frequency ripple but not
too big to adversely effect the response time. ABS MAX is 7.7V.

CLp:= 0.22pF Recommendation is 220nF < C, , < 1uF.

the LP voltage will be converted to 0.2V to 0.4V when between 1V (33% triac conduction) to
1.98V (66% conduction) which is internally set

Pin 9 MIN: sets the minimun LED current during dimming,

I
I EDmIn = LED Set for a 25:1 current range

25

'LEDmin = 14.815mA

Ves_min = RLEDsense’ ILEDmIn

|VCS_min =4 m\/1
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RMIN = 5625 kO

RMIN = 56.2kQ Enter the actual value of the standard value used

250V-Q

| -
LEDmin -
RLEDsense'RMIN

I EDmin = 16476 mAi minimum LED current is only achieved with dimmers that can
actually dim this low

Pin 10 SEN: Dimmer sense input, used in conjunction with DTC which adds a weak bleeder when the SEN
pin determines the rectified line voltage falls to 50V to discharge SEN capacitor, then a stronger bleeder
kicks in at 10V to load the triac. Two 1IMQ resistor in series for top resistor divider.

VAcweakbleeder == 50V May ne_ed to adjust this for a higher_threshold depending
upon dimmer performance, some dimmers have enough
ripple that would prevent SEN from falling below 1V. Had
to adjust this value to kick in at 70V instead of 50V to
accommodate all of the dimmers tested.

VSEN_Hmin = 475V

VAcweakbleeder RSEN2

=V .
SEN Hmin
Rsent + Rsenz -

RSEN1VSEN_Hmin

RSEN2 = 3 v :
ACweakbleeder — YSEN_Hmin

RsEN? = 209.945 k)

One dimmer had enough leakage that SEN did not go below
RgeN? = 162kQ 1V and flickering resulted so threshold was changed to 70V
to initiate discharging the SEN capacitors sooner

Rsen2 + Rsent

VAaCweakbleeder = VSEN_Hmax’ R
SEN2

V ACweakbleeder = 70-065 V
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Pin 11 VZ: Zener voltage clamp for start up from bulk voltage, and provides drive for DTC FET which is
used to rapidly charge the VDD capacitor, need I,,, at least 10pA worst case to start up and 10mA for DTC.

A 5.1V zener is needed on VZ to prevent the driver from failing input surge testing. This is because the VZ
pin is too weak to hold down the gate of the DTC FET during surge testing.

VVZ = 13V
L. lotc
BASE = 100
ViNmin ~ vz
Ry»i= —————
vz | |
BASE T vz

Ryz = 2.196 M)

RVZ = 2MQ

Pin 12 DTC: Dimmer trigger circuit input. Connected to the source of NFET cascode device and is used to
load the triac dimmer, a 205 Ohm series resistor added to limit the current

Pin 13 PGND: Power ground of IC, star connect to GND

Pin 14 PCS: Primary current sense (refer to current sense resistor section). Despite having an internal
200ns blanking time to avoid false tripping of the comparator due to capacitive charge spikes, an
additional blanking time is needed to prevent flickering on designs that require deep dimming. If the
on-time is about the same as the internal blanking time, the part will switch off as soon as the internal
blanking time is over which would be at deep dimming and result in flickering. Set blanking time for
approximately 1.5us to start. Too low and will flicker at deep dimming, too long and output current
regulation will be too high and line regulation will not be as tight as it should be

tLEB = 15“,5
CLgg = 3.3nF maximum recmmended value
. YLEB
LEB -—
CLeB

RLgpg = 454545 Q

Pin 15 TDD: Triac dimmer detect, drives the bypass FET on the passive valley fill circuit when dimming is
detected. Connect directly to Gate of VF switch

Pin 16 GATE: connect directly to the gate of the primary side switch
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