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TPS92314 THD Design Consideration

Tony Huang Power Management/Field Applications

ABSTRACT

The TPS92314 device can be implemented in an LED driver with primary-side regulation and flyback topology.
It is an off-line controller specifically designed with the primary-side sensing, constant on-time and quasi-
resonant switching techniques. The TPS92314 application circuitry gives high power factor (PF), good EMI
performance, and high system efficiency. Also, using the TPS92314 device allows easy design of low external
component count application solutions. This paper describes the design consideration for THD and PF, as well
as the design example.
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1 Introduction: THD (Total Harmonic Distortion) and PF (Power Factor)

PF correction is inherent if the TPS92314 device is operated in the constant on-time mode with an adaptive
algorithm, and single stage flyback topology like PMP4347.

Considering a specific condition:

AC input voltage (RMS):VAC; Line AC frequency: fAC; Rating Power: Pin
Output voltage: Vo; Transformer turn ratio: n = Np/Ns;

Let: ¥~ 27 e ;

In the primary side, it is essential that the transition mode single stage can generate the following switching

current and input average current shown in Figure.1. During a high-frequency switching cycle te(r, r+T5W], the
duty cycle and primary-side peak current should follow the following equations:

NCYIR

[ peak (t) = % Sm(a)t)
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Here a delay time can be defined in Figure 1.
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Figure 1. The Delay Time Definition
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| = Ve t
m 2 |_ ON
And p (Eq.1)

Then the duty cycle:

D(t) = ! - ; and peak current peai (1) = 21, Sin(ot)
m+ K x Sin(awt)

As a results, during a high-frequency switching cycle te[r, r+TSW], the input continuous current can be derived
as shown in Equation 2:

o Sin (wt)
' (1) = e T Sin (0 1) (Eq-2)

Considering the practical design for the peak current mode, the K should be greater than m.

Equation 2 showed that the input current is not a pure SINE waveform, but that it contains high-order harmonic
elements.

The input total RMS current can be derived as shown in Equation 3:

[l Mdet [ Sin 2 (wt)
I‘"_\/ 7 _Jﬂ_\/Io (m + K x Sin (wt))?d“)t

Then,

_ (K =VKE=mD),
| —tn f K BR-m) Ko m ) (Eq.3)

Tk T T K —m?) m JKE —m?

Considering the harmonics elements of the input current, the first harmonics RMS current should be:

Sin® (wt)
m + K x Sin(wt)

12 J3 o
l1rms :E;L I, (t)Sin(wt)dawt :7'[0 I,

Then:

5 Zman((Kﬂ/Kz—mz))
Lo :ﬂ[zK—mm m ] (Eq.4)
K2 /K2 _m?
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“lrus “is the fundamental harmonic element of the input current.

Practically, the input power comes from the fact that the input line AC voltage times the first harmonics RMS
current. Equation 5 shows the total harmonics distortion (THD):

12 -17
THD =+ % (Eq.5)

I 2
1RMS

Figure 2 shows how THD changes with different “K”.
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Figure 3. THD versus m (K = 3)

Figure 2. THD versus K (K =Vp/nVo)

Figure 2 shows that increasing K causes an increase of THD. Thereby the transformer turn ratio, n (n = Np/Ns)
should be high enough to realize a lower K. Hence, the higher the input voltage, the higher the THD.

Meanwhile, the increasing m causes a decreased THD. It means if delay time is increased during the off-time
of the switching, the THD can decrease (see Figure 3).

It is possible to increase the m by increasing tpy,. It is known that:

7z,/LpCds

tDIy =
2 (Eq.6)

So that the larger Ly, or Cg4s can improve THD. For example, an additional capacitor in Cy4s can improve THD.

According to the TPS92314 data sheet, the DLY delay time can be programmed as shown in Figure.4.

4 TPS92314 THD Design Consideration
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Figure 4. TPS92314 Delay Time Definition

The equation is: Ry, = Ky (tp, —105ns) (Eq.7)

Where: K, =32MQ/ns

Therefore, based on Equation 5 and Equation 6, improved THD results are possible.

2 TPS92314 Loop Design Consideration

The TPS92314 device employs a discontinuous current mode with adaptive frequency. Figure 5 shows the
internal block diagram of the TPS92314 device.

TPS92314 THD Design Consideration 5



I3 TEXAS
SNVAG685 INSTRUMENTS
Ve
1
L
BIAS & VREF
LD -3 —% Mok TH  VREF Ve }_E]
i‘— Ve taam T GATE
HGND[ | GO WO T
- MCC_ON —
’ L[] FeND
- Vs o TH
T=D
RV A o
zcD [ CONTROL Vo ¢—] 0T
LOGIC
LES
acE == — ] I5NS
DCD_OWVP -
Tiski #
O
VacE TH -
Vit
Infbermal
? -
=
| ole— TiE !
4— DRV
COMP
[]_ ’ OFT =
2 L—_—
-+ ..rl.-"ﬂ.".

Figure 5.

Internal Block Diagram of TPS92314 Device

DLY

Figure 6 shows the control block diagram of the TPS92314 device.
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Figure 6. Control Block Diagram of TPS92314 Device
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According to the TPS92314 data sheet:

Here: |.cr = 27uA;Gm s =96uUmho;T, =21us/v

onmodule

— 2% | Lep % Rons

And, by the DCM analysis, [(1- D)— N

DIy
|
e

sw

peak SNS

For the DCM flyback power stage, according to reference [3], it is possible to get the small-signal circuitry
shown in Figure 7

| + T i i |
! AT | Ezr1 E=t2
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- - —— . _ .
Figure 7. Small-Signal Circuitry for DCM Power Stage
V 2\/ 2
V2 2L, (m+ nVI )2V
Here, M 'V ST, = v t (Eq.8)
2L (M+— WV, i Lon
nVout
Therefore, the overall small-signal circuitry shown in Figure 8 can be obtained.
ISNS-FB  peak 2 GM 96u
T T F L =1 1 Esr1 Esr2
CS >|< i ' >< &L Ton-Module 21u r2 i % RLED
+| S/n Cout1 Cout2
I L mi <E %1 = by . T T
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><+
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Figure 8. TPS92314 Overall Small-Signal Circuitry
TPS92314 THD Design Consideration 7
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3 TPS92314 THD Design Consideration
A design example: with 90 to 264 VAC universal AC input, and 40 V/20 W T8 LED driver with 420-mA current.

In the original design, the primary side to secondary side transformer turn ratio is 3:1, and the primary side
inductor is 460 uH.

According to the PMP4347 reference design, with the 6.8k resistor in DLY (pin 5), Table 1 lists the test results:

Vin
(Vac) PF THD (%) | Vo (V) | lo(A) Pin (W) | Eff (%)
264 0.915 23.9 40.07 0.428 19.33 88.7
220 0.944 21.7 40.03 0.423 18.92 89.5
180 0.965 19.1 40 0.419 18.66 89.8
110 0.99 12.8 39.94 0.414 18.72 88.3
Table 1. PMP4347 Test Results

With less than 20 percent THD requirement, the THD in Table 1 must be improved.

According the calculations based on the preceding equations, the following expected results are derived:

Vin Vout .
(Vac) V) n m Lp (uH) lout (A) | Ton (us) r2 MT (k) | Pin (W)

264 40 3 1.6 460 0.42 1.1 213.73 803.99 20
I11RMS . Ipeak Toff-Max tDLY

lin (A) P THD Remark: It is based on a 7.5k resistor in pin
(A) (A) (ps) (ns) )
5 (DLY) of the TPS92314 device.
0.076 0.077 0.89 16.7% 4.07 3394
Table 2. Calculated Results Based on Equations 1 Through 5

We can increase the delay time, or the m, by adding a 220-pF capacitor between drain and source of the Q1
MOSFET. Meanwhile, we can increase the delay setup resistor in pin 5 of the TPS92314device, from 6.8k to
7.5k; this provides the related delay time setup according to Equation 7.

Therefore, the test results with 7.5k DLY resistor are obtained as listed in Table 3:

Vin
(Vac) PF THD (%) | Vo (V) lo (A) Pin (W) | Eff (%)
264 0.92 19.6 40.05 0.425 19.75 86.2
220 0.948 17.6 40 0.418 19.04 87.8
180 0.969 15.8 39.92 0.413 18.55 88.9
110 0.992 10.6 39.88 0.407 18.58 87.4
Table 3. The Improved THD Test Results
8 TPS92314 THD Design Consideration
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Figure 9 shows the comparison between Table 1 and Table 3.

THD comparison test results

30
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o TR
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\ —4—|mproved THD results
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THD (%)

264 220 180 110
Input AC voltage (Volts)

Figure 9. THD Results Comparison
Figure 9 shows approximately 4 percent THD reduction with 26-VAC input.

Compared the Table 2 calculation with the Table 3 test results, with 26-VAC input, there is still some THD gap
with 16.7 percent versus 19.6 percent.

According to the preceding discussion and related equations, with 264-VAC input, PMP4347 small-signal
circuitry can be obtained, as shown in Figure 10:

[
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+ + + L
_>|< / Ton-Module 21u MT 803. 99k r2213.73 RL 25
Cout1 330
1T +I mi Rs/n 315m Y u Cout2 330u
' Ccmp 10u Rcmp 500M = J
— X

nXJ

Figure 10. PMP4347 Related Small-Signal Circuitry

Figure 11 shows the simulation results. This figure shows the cross-over frequency is 49 Hz and the phase
margin is 91 degrees.

It is known that the input 2 = x 50 Hz needs a lower cross-over frequency to damp. A larger capacitor can be
implemented in the COMP pin of the TPS92314 device. We can change it from 3.3 pF to 6.9 uF. After the
update, the cross-over frequency is 23 Hz and the phase margin is 92 degrees.

TPS92314 THD Design Consideration 9
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Therefore, with the capacitor change, the test results showed a new THD:

THD = 17.8% @ Vin = 264 VAC. It is much lower than the THD test results with 264 VAC input in Table.3.
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Figure 11. Simulation Results With 3.3-uF COMP Capacitor
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Figure 12. Simulation Results With 6.9-uF COMP Capacitor
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4 Conclusion

This application note provides the analysis about single-stage flyback in the LED driver, and the solution to
improve the THD results in the LED driver based on the TPS92314 device. Meanwhile, a practical design has
been implemented. This paper explained the solutions and proved they are effective.
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