[bookmark: _GoBack]
   Customer use LM5160 as fly-buck controller to provide Aux power for IGBT gate driver application, and reported several issues for startup/overcurrent/Cbst drop down. 
 The system setting is list as below: 
· Input Range:  15~18V[Typical: 16.5V]
· Primary Output:  7V @ No load;
· Secondary Output: 24V @ 0.13A; 
  And the system setting are list as below excel file, the schematic shown as below:
[image: ]
[image: ]



Reported Issues:
1> Could not build the output voltage while in no load operation,  test waveform as figure 1: 
	[image: ]
CH1: Input Current   CH2: Input Voltage
CH3: EN/UVLO PIN   CH4: Secondary output(Setting to 25V, [+14 – (-11)];



2> The input current reach up to 4A during start-up, no matter output is ready or not, shown as figure 1& Figure 2;
	[image: ]
CH1: Input Current   CH2: Input Voltage
CH3: EN/UVLO PIN   CH4: Secondary output(Setting to 25V, [+14 – (-11)];



3> The bootstrap(CBST) capacitor voltage would dropped down, shown as figure 3;
	[image: ]
CH3: CBST Voltage




Support Needs:
1) Could you kindly review the schematic and the parameters setting, and give comments on issue 1/2/3;  
2) For Issue1, could you kindly give comments why the no load/light load may not build correctly output?
3) While using LM5160 as fly-buck controller,  the Primary-side output should less than ½ of input minimum,   the general understanding is for helping minimize the secondary peak current and improving load regulation,  could you kindly share more information?
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D, Isolated Recitifier Diode: V

F

Vin range Iripple Iodc_maxPo_dcmaxNet Output Power

Calculated Values are in the White Cells.

14.5

0.781617 1.729191 12.53664 6.65863

Ignore Cells with Gray shading. Vin Range

16.5

0.889426 1.675287 13.82112 6.65863

Max Vpri possible at Min Vin for proper regulation 9V 4.50

18.5

0.997236 1.621382 14.99779 6.65863

Step 1. General Requirements Desired Primary Output Voltage: V

PRI

7.00 V 8.00 6.50

20.5

1.105045 1.567478 16.06665 6.65863

Desired Secondary Output Voltage: V

SEC

24.00 V 12.00 8.50

22.5

1.212854 1.513573 17.0277 6.65863

D, Isolated Recitifier Diode: V

F

0.70 V 0.70 10.50

24.5

1.320663 1.459668 17.88094 6.65863

Reqired transformer turns ratio: n 0.28 0.28 12.50

26.5

1.428473 1.405764 18.62637 6.65863

Selected turns ratio: N 0.28 0.67 14.50

28.5

1.536282 1.351859 19.26399 6.65863

Actual Secondary Output Voltage: V

ISO 

24.30 V 24.30 16.50

30.5

1.644091 1.297954 19.79381 6.65863

Minimum Input Voltage: V

IN

(min) 15.00 V 18.00 Voltage close to nominal Vin from the Vin range 16.5 18.50

32.5

1.7519 1.24405 20.21581 6.65863

Nominal Input Voltage: V

IN

(nom) 16.50 V 24.00 Ouptut power at this Vin 6.65863 20.50

34.5

1.85971 1.190145 20.53 6.65863

Maximum Input Voltage: V

IN

(max) 18.00 V 32.00 22.50

36.5

1.967519 1.136241 20.73639 6.65863

Secondary Load Current: I

OUT,sec

0.13 A 0.40 24.50

38.5

2.075328 1.082336 20.83497 6.65863

Pirmary Load Current: I

OUT,pri

0.46 A 0.00 26.50

40.5

2.183137 1.028431 20.82573 6.65863

Net Load Current: I

OUT,PRI'

0.92 A 0.92 28.50

42.5

2.290947 0.974527 20.70869 6.65863

VIN HYS 2.50V 30.50

44.5

2.398756 0.920622 20.48384 6.65863

Step 2. EN / UVLO  Desired V

IN, RISING

 Threshold 10.00 V VIN,RISING 10.00V 15.00 32.50

46.5

2.506565 0.866717 20.15118 6.65863

 Desired V

IN

 hysteresis 2.50 V RUV2 125KoHMS 36.00KOHMS Selected 2.50 34.50

48.5

2.614374 0.812813 19.71071 6.65863

Recommended value of R

UV2

125.00

k

Ω RUV1 5.09589KoHMS 5.10KOHMS Selected 125.00 36.50

50.5

2.722184 0.758908 19.16243 6.65863

Select the value of R

UV2  

36.00

k

Ω VIN,RISING(ACT.) 9.99294V 127.00 38.50

52.5

2.829993 0.705004 18.50634 6.65863

Recommended value of R

UV1

5.10

k

Ω 5.10 40.50

54.5

2.937802 0.651099 17.74245 6.65863

Select the value of R

UV1  

5.10

k

Ω 11.40 42.50

56.5

3.045611 0.597194 16.87074 6.65863

Resulting V

IN, RISING

 Threshold 9.99 V 9.99 44.50

58.5

3.153421 0.54329 15.89122 6.65863

46.50

60.5

3.26123 0.489385 14.8039 6.65863

Step 3. Feedback Resistors Required ratio of R

FB2

/R

FB1  

2.50 2.50 48.50

62.5

3.369039 0.43548 13.60876 6.65863

Select the value for R

FB1

19.60

k

Ω 2.00 50.50

64.5

3.476848 0.381576 12.30582 6.65863

Recommended value for R

FB2

49.00

k

Ω 49.00 52.50

65

3.503801 0.3681 11.96324 6.65863

Select the value for R

FB2

51.00

k

Ω n 0.28 6.04 54.50

65

3.503801 0.3681 11.96324 6.65863

Resulting actual V

OUT

7.20 V Vf 0.70V 7.20 56.50

65

3.503801 0.3681 11.96324 6.65863

Vpri 7.00V 58.50

65

3.503801 0.3681 11.96324 6.65863

Vsec 24.00V 60.50

65

3.503801 0.3681 11.96324 6.65863

Step 4. Switching Frequency Maximum Allowed Switching Frequency 1000.00 kHz Vsec-iso 24.30V 1000.00 62.50

65

3.503801 0.3681 11.96324 6.65863

Desired Nominal Switching Frequency 309.00 kHz Iout,pri' 0.92429A 300.00 64.50

65

3.503801 0.3681 11.96324 6.65863

Recommended value for R

ON

233.14

k

Ω VIN,MIN 15.00V 233.14 65.00

65

3.503801 0.3681 11.96324 6.65863

Select the value for R

ON

233.00

k

Ω VIN,NOM 16.50V 301.00

65

3.503801 0.3681 11.96324 6.65863

Resulting Nominal Frequency 309.19 kHz VIN,MAX 18.00V 309.19

65

3.503801 0.3681 11.96324 6.65863

VO,PRI 7.00V

65

3.503801 0.3681 11.96324 6.65863

Step 5. On-Time Calculations Minimum on-Time 1.29

µ

s FSW 309.00kHz 1.29

65

3.503801 0.3681 11.96324 6.65863

Nominal On-Time 1.41

µ

s PRI/SEC: N 0.28 1.41

65

3.503801 0.3681 11.96324 6.65863

Maximum On-Time 1.55

µ

s Min HS peak  1.8A 94.6818594% RIPPLENOMINAL 1.55

65

3.503801 0.3681 11.96324 6.65863

IOUT,SEC 0.13A

65

3.503801 0.3681 11.96324 6.65863

Step 6. Transformer Value 37.80

µ

H IOUT,PRI 0.46A 1.3901096A PRIMARY PEAK CURRENT AT MAX VIN 37.80

65

3.503801 0.3681 11.96324 6.65863

15.00

µ

H CalculatedI,pri,ripple 1.75143A 82.00

65

3.503801 0.3681 11.96324 6.65863

0.807 Ap-p L,min, PRI 3.8E-05H 0.807

65

3.503801 0.3681 11.96324 6.65863

0.875 Ap-p L,min (

µH),PRI

37.7987µH 0.875

65

3.503801 0.3681 11.96324 6.65863

0.932 Ap-p if SELECTEDL,min (

µH),PRI

15.00µH 0.932

65

3.503801 0.3681 11.96324 6.65863

1.39 A then theoritical I,pri,ripple 0.80731A at min Vin then theoriticalI PRI HS Peak1.327941043A 1.39

65

3.503801 0.3681 11.96324 6.65863

94.68 % then theoritical I,pri,ripple 0.87513A at nom Vinthen theoriticalI PRI HS Peak1.361851165A 94.68

65

3.503801 0.3681 11.96324 6.65863

then theoritical I,pri,ripple 0.93165A at max Vinthen theoriticalI PRI HS Peak1.390109599A

65

3.503801 0.3681 11.96324 6.65863

Step 7. Soft-Start Time Desired Soft-Start Time 19.000 ms 15.000

65

3.503801 0.3681 11.96324 6.65863

Recommended Value for C

SS

0.100 µ

F

0.100

65

3.503801 0.3681 11.96324 6.65863

Select the value for C

SS

0.100 µ

F

100 0.082

65

3.503801 0.3681 11.96324 6.65863

Resulting Typical Soft-Start Time 19.048 ms 19.048

65

3.503801 0.3681 11.96324 6.65863

65

3.503801 0.3681 11.96324 6.65863

65

3.503801 0.3681 11.96324 6.65863

Step 8. Output Ripple Configuration Required Output Ripple Configuration Type Type 3 Type 3

ca min reco 1000pf cb 0.1Uf

cout pri 3.8E-05f 37.6650942uf

COUT SELECTED 1.00E-04F

Recommended Value for Cr 1000 pF max ripple 3.76650942 1000

Select the Value for Cr 10000 pF 1000

Maximum Recommended Value for Rr 24.22 k

Ω

24.22

Select the Value for Rr 20.0 k

Ω

51.1

Recommended Value for C_ac 0.10

µ

F 0.10

Minimum Recommended Value for C

OUT,PRI

37.67 µ

F

37.67

Select the value for C

OUT,PRI

100.00 µ

F

20.00

Maximum Ripple Voltage at V

OUT,PRI

3.77 mVp-p 3.77

Minimum Recommended Value for C

OUT,SEC

2.02 µ

F

COUT,SEC 2E-06F COUT,SEC 2.019333µf 2.02

Select the value for C

OUT,SEC

100.00 µ

F

cout, sec selected 100.00uf 20.00

Maximum Ripple Voltage at V

OUT,SEC

1.96 mVp-p Max Vout2 Rip 1.96332mVp-p 1.96

Step 9. Input Capacitor Minimum Recommended Value for C

IN

2.87 µ

F

2.87

Select the value for C

IN

200.00 µ

F

7.00 Desired Vout  F13 Vref =  2 4.87

Input Ripple Voltage at minium V

IN

0.01 Vp-p 15 Min Vin F14 On-Time K = 1

x 10

-10

0.01

16.5 Nom Vin F15 Ron offset = 0 kW

                               R

FB1

 = 19.60

k

Ω These two resistors set 18 Max Vin F16 Vin offset = 0 V 2.00

R

FB2

 = 51.00

k

Ω the output voltage. 0.46 Max Io F17 Delay = 0 ns 6.04

R

ON

 = 233.00

k

Ω Sets the switching frequency. 309 Desired Fs F28 Peak-Min CL = 1800 mA 301.00

L1 = 15.00

µ

H Determines the ripple current. 7.2041 Actual Vout W115 Peak-Typ CL = 2500 mA 82.00

C

SS

 = 0.100 µ

F

Sets the soft-start time. 15 Selected L1 F35 Peak-Max CL = 3300 mA 0.082

Output Ripple Configuration = Type 3 19.0 Req SS time  F48 SS Current = 10.5 µA Type 3

CA = 10000.00 pF Ripple Generation 1000.00

RA = 20.00

k

Ω components for R

FB2

/R

FB1

 =  2.5 51.10

CB = 0.10 µF Type 3 Configuration Recommended Rfb2 = 49 kohms 0.10

C

OUT.pri

 = 100.00 µ

F

Actual Vout = 7.204081633 V 20.00

C

OUT.sec

 = 100.00 µ

F

20.00

C

IN

 =

200.00

µF

4.87

C

BYP

 = 0.47 µ

F

See Note 1 Max Fs at Max Vin = 2668.178382kHz 0.47

C

VCC

 = 0.10 µ

F

Max Fs at Min Vin = 1000kHz ?? 0.10

C

BST

 =

0.02

µF

Smaller Fs = 1000kHz 0.02

R

Pre-Load 

=

2.00

kΩ

2.00

V

OUT,pri

 = 7.20 V Recommended Ron = 233.1418004kohms 7.20

V

OUT,iso

 = 24.30 V Ron selected 233.00kohms 24.30

Nominal Switching Frequency = 309.19 kHz Ron based on max allowed freq = 72.04081633kohms 309.19

Nominal frequency = 309.1880529kHz

1) Values shown for C

BYP

, C

VCC

,C

BST 

and R

Pre-Load

 are default values, and do not require calculation. Max on-time = 1.553333333µs

2) Pre-load decides the minimum current required to limit the secoundary output voltage at no load Min on-time = 1.294444444µs

On-time at nominal Vin = 1.412121212µs

L1 based on 40% of Io(max) at Vin(max) = 75949.54649µH

Io-ripple at Min Vin = 807.3106576mAp-p

Io-ripple at Nom Vin = 875.1309008mAp-p

Io-ripple at Max Vin = 931.6477702mAp-p

Peak current at Io,max(@ Vin(max) = 466.2838851mA-peak

Peak current at Max CL = 4231.64777mA-peak

Io at CL(@Vin,min) = 1396.344671

Io at CL(@Vin,nom) = 2062.43455

Io at CL(@Vin,max) = 2834.176115

uvlo fix necessary

ESResxt>ESRcritical DESRED SOFT START TIME 19.00ms

Recommended Css = 0.09975uf

ESRcritical=ton,max/(2*Cout) Resulting SS time = 19.04761905ms Css selected 0.100uf

ESRcritical 0.007767Ohms Type 1

Type 2

Type 3

Min. Vout Ripple for Type 1 = 90.05102041

Min R3 for Type 1 = 0.111544446

Min R3 for Type 2 = 0.030967013

R3 for Type 1 or Type 2 = 0.030967013

Min Cff = 1141937.864

Va = 7.204081633

RA x CA = 0.242193197 10000uf CA selected

Max Recommended RA = 24.21931973

Min Cout for 10mV ripple = 37.66509417

Max ripple Type 1 & 2 = 0

Max ripple Type 3 = 3.766509417

Min Cin = 2.871447619Uf RIPPLE AT Vin min 0.007178619V

selected  Cin 200.00uF

ESResxt>ESRcritical

ESRcritical=ton,max/(2*Cout)

ESRcritical 0.007766667Ohms

Desired Vout = 7.00

Min allowed Vin = 4.5

Larger of the above = 7

See Note 2

Affects the ripple at V

OUT

.

Step 10. Summary

Minimum  Allowed Primary Inductance for Tx

Select the value for Tx

Minimum Primary Ripple Current Amp with selected Tx

Nominal Primary Ripple Current Amp with selected Tx

Maximum Primary Ripple Current Amp with selected Tx

Primary Peak Current in at V

IN,max 

with selected Tx

Nominal Ripple % at Net Primary Load Current

                LM5160 Fly-Buck Regulator Quick Start Calculator

TERMS OF USE
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If this cell turns RED, it means the primary peak current is more than 

HS current limit 2.12A (min.)

 One will need to choose another set of load or tune the Tx.
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Instructions 

		

				LM5160 Fly-Buck Regulator Quick Start

				Component Calculator

				START WITH STEP 1, AND THEN WORK DOWN ON THE

				CALCULATIONS WORKSHEET.



Step 1. General Requirements.
Enter the values in the blue shaded cells to define the power supply parameters. If a particular specification is not known, enter an estimate. It can be changed later, if necessary, to optimize component values. Cells with a red mark in the corner have a comment to provide additional information. Hold the cursor over the cell to read the comment.

Step 3. Feedback Resistors
Enter a value between 1kW and 10kW for RFB1 (the lower feedback resistor). Based on that entry, a recommended value for RFB2 is displayed. Then enter a value for RFB2 from standard value resistors that is equal to (or as close as possible to) the recommended value. The resulting actual VOUT is calculated and displayed. If a suitable value for RFB2 cannot be found from available values, change the value for RFB1. The ratio of RFB2/RFB1 may be helpful in selecting the resistors.

Step 4. Switching Frequency
The minimum on-time (150 ns) sets a limit for the maximum frequency at the maximum input voltage. The minimum off-time (200 ns max) sets a limit for the maximum frequency at the minimum input voltage. The "Maximum Allowed Switching Frequency" is calculated and displayed based on those limitations. Enter a desired nominal switching frequency that is less than the maximum allowed frequency.

Selection of the operating frequency is usually a trade-off between the conversion efficiency and physical size. Operating at a high frequency generally results in physically smaller components (inductor, input & output capacitors) but usually provides a lower efficiency and generates more heat. A lower frequency normally provides higher efficiency.

The recommended value for RON is calculated for the desired frequency. Select a value for RON from standard value resistors. The selected value can be higher or lower than the recommended value in order to set a lower or higher frequency, respectively. The resulting nominal frequency is displayed in the next cell.

Step 6. Transformer Value
The recommended minimum inductor value is calculated using a ripple current amplitude equal to 40% of the maximum load current listed in Step 1. 

Enter a value for Tx from a standard value of primary inductance of a transformer. Generally, the selected value should be larger than the recommended value. The choice of transformer determines the primary peak current limit at the particular desired load. In the fly-buck the circuit must always operate in continuous conduction mode for a proper operation.

The selected transformer should be rated for the peak inductor current when in current limit to ensure current runaway does not occur. If the peak inductor current exceeds 1.8A (Typ.) when in current limit, the cell is highlighted red. The inductor value must be increased to reduce the peak current.

Step 5. On-Time Calculations
The calculation of the on time is essenetial for determining the ripple current component over the entire range of the input voltage. This ripple component aids in determining the peak ripple current at maximum load and maximum input voltage. More details are given in the next step.

Step 7. Soft-Start Time
Enter a value for the desired soft-start time. A recommended value for Css is displayed. Select the closest available value for Css from standard available values.

Step 8. Output Ripple Configuration and Output Capacitors
The LM5160 when used in the Fly-buck topology needs Type 3 ripple generation circuit for proper operation. In the Type 3 configuration, a ripple waveform is instead generated by RA and CA, and supplied to the FB pin via CB. In this configuration the ripple voltage at VOUT is minimal, determined primarily by the characteristics of the output capacitor (COUT).
- For Type 3 enter a value equal to, or smaller, than the recommended value for RA. Default values for CA and CB are automatically provided.

A minimum recommended value for COUT is displayed, based on a maximum of 10 mVp-p across a ceramic capacitor. Enter a value for COUT equal to, or larger, than the recommended value. Other system considerations, such as transient response or start-up time, may determine the optimum value for COUT. A low ESR ceramic capacitor is recommended.

The Maximum Ripple Voltage at VOUT is calculated and displayed. For Type 3 the calculation uses the Maximum Ripple Current Amplitude and the selected value for COUT, assuming the use of a ceramic capacitor. Use of a different type of capacitor, with higher ESR, results in higher ripple at VOUT.

Step 9. Input Capacitors
The Minimum Recommended Value for CIN is calculated based on a maximum ripple voltage of 0.5V at VIN. A higher input ripple voltage is acceptable as long as the lower peak of the ripple waveform does not reach the VCC UVLO threshold.

Step 10. Summary
This section lists all the component values determined in Steps 2 through 9. The values shown for CBYP (adjacent to the VIN pin), CVCC (at the VCC pin), and CBST (at the BST pin) are default values which requires no calculations.

Step 2. EN/UVLO Resistors
The resistors RUV2, and RUV1 enable setting up the rising input voltage thresholds. The value of the RUV2 can be determined based on the internal current source and the required input voltage hysteresis level. The rising input voltage threshold should always be more than 4.5V.



Calculations

		LM5160 Fly-Buck Regulator Quick Start Calculator

		About										= Input Box																		TERMS OF USE

																																D, Isolated Recitifier Diode: VF

																																																																																				Vin range		Iripple		Iodc_max		Po_dcmax		Net Output Power

								Calculated Values are in the White Cells.																																																																												14.5		0.7816170916		1.7291914542		12.536638043		6.6586297376

								Ignore Cells with Gray shading.																																																																								Vin Range				16.5		0.8894263456		1.6752868272		13.8211163244		6.6586297376

																																																																Max Vpri possible at Min Vin for proper regulation										9		V				4.50				18.5		0.9972355996		1.6213822002		14.9977853517		6.6586297376

				Step 1. General Requirements				Desired Primary Output Voltage: VPRI		7.00		V																																																8.00																				6.50				20.5		1.1050448536		1.5674775732		16.0666451251		6.6586297376

								Desired Secondary Output Voltage: VSEC		24.00		V																																																12.00																				8.50				22.5		1.2128541076		1.5135729462		17.0276956445		6.6586297376

								D, Isolated Recitifier Diode: VF		0.70		V																																																0.70																				10.50				24.5		1.3206633617		1.4596683192		17.8809369098		6.6586297376

								Reqired transformer turns ratio: n		0.28																																																		0.28																				12.50				26.5		1.4284726157		1.4057636922		18.6263689212		6.6586297376

								Selected turns ratio: N		0.28																																																		0.67																				14.50				28.5		1.5362818697		1.3518590652		19.2639916785		6.6586297376

								Actual Secondary Output Voltage: VISO		24.30		V																																																24.30																				16.50				30.5		1.6440911237		1.2979544381		19.7938051818		6.6586297376

								Minimum Input Voltage: VIN(min)		15.00		V																																																18.00				Voltage close to nominal Vin from the Vin range										16.5						18.50				32.5		1.7519003777		1.2440498111		20.2158094311		6.6586297376

								Nominal Input Voltage: VIN(nom)		16.50		V																																																24.00				Ouptut power at this Vin										6.6586297376						20.50				34.5		1.8597096317		1.1901451841		20.5300044263		6.6586297376

								Maximum Input Voltage: VIN(max)		18.00		V																																																32.00																				22.50				36.5		1.9675188857		1.1362405571		20.7363901676		6.6586297376

								Secondary Load Current: IOUT,sec		0.13		A																																																0.40																				24.50				38.5		2.0753281398		1.0823359301		20.8349666549		6.6586297376

								Pirmary Load Current: IOUT,pri		0.46		A																																																0.00																				26.50				40.5		2.1831373938		1.0284313031		20.8257338881		6.6586297376

								Net Load Current: IOUT,PRI'		0.92		A																																																0.92																				28.50				42.5		2.2909466478		0.9745266761		20.7086918673		6.6586297376

																																		VIN HYS		2.50		V																																										30.50				44.5		2.3987559018		0.9206220491		20.4838405925		6.6586297376

				Step 2. EN / UVLO				Desired VIN, RISING Threshold		10.00		V																						VIN,RISING		10.00		V																						15.00																				32.50				46.5		2.5065651558		0.8667174221		20.1511800637		6.6586297376

								Desired VIN hysteresis		2.50		V																						RUV2		125		KoHMS		36.00		KOHMS		Selected																2.50																				34.50				48.5		2.6143744098		0.8128127951		19.7107102809		6.6586297376

								Recommended value of RUV2		125.00		kΩ																						RUV1		5.095890411		KoHMS		5.10		KOHMS		Selected																125.00																				36.50				50.5		2.7221836638		0.7589081681		19.1624312441		6.6586297376

								Select the value of RUV2		36.00		kΩ																						VIN,RISING(ACT.)		9.9929411765		V																						127.00																				38.50				52.5		2.8299929178		0.7050035411		18.5063429533		6.6586297376

								Recommended value of RUV1		5.10		kΩ																																																5.10																				40.50				54.5		2.9378021719		0.6510989141		17.7424454084		6.6586297376

								Select the value of RUV1		5.10		kΩ																																																11.40																				42.50				56.5		3.0456114259		0.5971942871		16.8707386095		6.6586297376

								Resulting VIN, RISING Threshold		9.99		V																																																9.99																				44.50				58.5		3.1534206799		0.5432896601		15.8912225567		6.6586297376

																																																																																46.50				60.5		3.2612299339		0.4893850331		14.8038972498		6.6586297376

				Step 3. Feedback Resistors				Required ratio of RFB2/RFB1		2.50																																																		2.50																				48.50				62.5		3.3690391879		0.435480406		13.6087626889		6.6586297376

								Select the value for RFB1		19.60		kΩ																																																2.00																				50.50				64.5		3.4768484419		0.381575779		12.3058188739		6.6586297376

								Recommended value for RFB2		49.00		kΩ																																																49.00																				52.50				65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

								Select the value for RFB2		51.00		kΩ																						n		0.28																								6.04																				54.50				65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

								Resulting actual VOUT		7.20		V																						Vf		0.70		V																						7.20																				56.50				65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

																																		Vpri		7.00		V																																										58.50				65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

																																		Vsec		24.00		V																																										60.50				65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

				Step 4. Switching Frequency				Maximum Allowed Switching Frequency		1000.00		kHz																						Vsec-iso		24.30		V																						1000.00																				62.50				65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

								Desired Nominal Switching Frequency		309.00		kHz																						Iout,pri'		0.9242857143		A																						300.00																				64.50				65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

								Recommended value for RON		233.14		kΩ																						VIN,MIN		15.00		V																						233.14																				65.00				65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

								Select the value for RON		233.00		kΩ																						VIN,NOM		16.50		V																						301.00																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

								Resulting Nominal Frequency		309.19		kHz																						VIN,MAX		18.00		V																						309.19																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

																																		VO,PRI		7.00		V																																														65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

				Step 5. On-Time Calculations				Minimum on-Time		1.29		µs																						FSW		309.00		kHz																						1.29																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

								Nominal On-Time		1.41		µs																						PRI/SEC: N		0.28																								1.41																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

								Maximum On-Time		1.55		µs																						Min HS peak		1.8		A		94.6818594423		% RIPPLE		NOMINAL																1.55																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

																																		IOUT,SEC		0.13		A																																														65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

				Step 6. Transformer Value		Minimum  Allowed Primary Inductance for Tx				37.80		µH																						IOUT,PRI		0.46		A		1.3901095994		A		PRIMARY PEAK CURRENT AT MAX VIN																37.80																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

						Select the value for Tx				15.00		µH																				Calculated		I,pri,ripple		1.7514285714		A																						82.00																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

						Minimum Primary Ripple Current Amp with selected Tx				0.807		Ap-p																						L,min, PRI		0.0000377987		H																						0.807																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

						Nominal Primary Ripple Current Amp with selected Tx				0.875		Ap-p																						L,min (µH),PRI		37.7986923775		µH																						0.875																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

						Maximum Primary Ripple Current Amp with selected Tx				0.932		Ap-p																		if		SELECTED		L,min (µH),PRI		15.00		µH																						0.932																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

						Primary Peak Current in at VIN,max with selected Tx				1.39		A																		then		theoritical		I,pri,ripple		0.8073106576		A		at min Vin		then		theoritical		I PRI HS Peak		1.3279410431		A										1.39																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

						Nominal Ripple % at Net Primary Load Current				94.68		%																		then		theoritical		I,pri,ripple		0.8751309008		A		at nom Vin		then		theoritical		I PRI HS Peak		1.3618511647		A										94.68																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

																														then		theoritical		I,pri,ripple		0.9316477702		A		at max Vin		then		theoritical		I PRI HS Peak		1.3901095994		A																																		65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

				Step 7. Soft-Start Time				Desired Soft-Start Time		19.000		ms																																																15.000																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

								Recommended Value for CSS		0.100		µF																																																0.100																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

								Select the value for CSS		0.100		µF																100																																0.082																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

								Resulting Typical Soft-Start Time		19.048		ms																																																19.048																								65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

																																																																																				65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

																																																																																				65		3.5038007554		0.3680996223		11.9632377243		6.6586297376

				Step 8. Output Ripple Configuration				Required Output Ripple Configuration Type		Type 3																																																		Type 3

								0

								0																										ca min reco		1000		pf		cb		0.1		Uf

								0																										cout pri		0.0000376651		f		37.6650941664		uf

								0																										COUT SELECTED		1.00E-04		F

								Recommended Value for Cr		1000		pF																										max ripple		3.7665094166																				1000

								Select the Value for Cr		10000		pF																																																1000

								Maximum Recommended Value for Rr		24.22		kΩ																																																24.22

								Select the Value for Rr		20.0		kΩ																																																51.1

								Recommended Value for C_ac		0.10		µF																																																0.10

								Minimum Recommended Value for COUT,PRI		37.67		µF																																																37.67

								Select the value for COUT,PRI		100.00		µF																																																20.00

								Maximum Ripple Voltage at VOUT,PRI		3.77		mVp-p																																																3.77

								Minimum Recommended Value for COUT,SEC		2.02		µF																						COUT,SEC		0.0000020193		F		COUT,SEC		2.0193333333		µf																2.02

								Select the value for COUT,SEC		100.00		µF																												cout, sec selected				100.00		uf														20.00

								Maximum Ripple Voltage at VOUT,SEC		1.96		mVp-p																						Max Vout2 Rip		1.9633225458		mVp-p																						1.96

				Step 9. Input Capacitor				Minimum Recommended Value for CIN		2.87		µF																																																2.87

								Select the value for CIN		200.00		µF																				7.00		Desired Vout		F13				Vref =		2																		4.87

								Input Ripple Voltage at minium VIN		0.01		Vp-p																				15		Min Vin		F14				On-Time K =		1		x 10-10																0.01

																																16.5		Nom Vin		F15				Ron offset =		0		kW

				Step 10. Summary				RFB1 =		19.60		kΩ		These two resistors set																		18		Max Vin		F16				Vin offset =		0		V																2.00

								RFB2 =		51.00		kΩ		the output voltage.																		0.46		Max Io		F17				Delay =		0		ns																6.04

								RON =		233.00		kΩ		Sets the switching frequency.																		309		Desired Fs		F28				Peak-Min CL =		1800		mA																301.00

								L1 =		15.00		µH		Determines the ripple current.																		7.2041		Actual Vout		W115				Peak-Typ CL =		2500		mA																82.00

								CSS =		0.100		µF		Sets the soft-start time.																		15		Selected L1		F35				Peak-Max CL =		3300		mA																0.082

								Output Ripple Configuration =		Type 3				Affects the ripple at VOUT.																		19.0		Req SS time		F48				SS Current =		10.5		µA																Type 3

								0						0

								0						0

								CA =		10000.00		pF		Ripple Generation																																														1000.00

								RA =		20.00		kΩ		components for																						RFB2/RFB1 =		2.5																						51.10

								CB =		0.10		µF		Type 3 Configuration																						Recommended Rfb2 =		49		kohms																				0.10

								COUT.pri =		100.00		µF																								Actual Vout =		7.2040816327		V																				20.00

								COUT.sec =		100.00		µF																																																20.00

								CIN =		200.00		µF																																																4.87

								CBYP =		0.47		µF		See Note 1																						Max Fs at Max Vin =		2668.1783824641		kHz																				0.47

								CVCC =		0.10		µF																								Max Fs at Min Vin =		1000		kHz		??																		0.10

								CBST =		0.02		µF																								Smaller Fs =		1000		kHz																				0.02

								RPre-Load =		2.00		kΩ		See Note 2																																														2.00

								VOUT,pri =		7.20		V																								Recommended Ron =		233.1418004095		kohms																				7.20

								VOUT,iso =		24.30		V																						Ron selected				233.00		kohms																				24.30

								Nominal Switching Frequency =		309.19		kHz																								Ron based on max allowed freq =		72.0408163265		kohms																				309.19

																																				Nominal frequency =		309.1880529036		kHz

								1) Values shown for CBYP, CVCC,CBST and RPre-Load are default values, and do not require calculation.																												Max on-time =		1.5533333333		µs

								2) Pre-load decides the minimum current required to limit the secoundary output voltage at no load																												Min on-time =		1.2944444444		µs

																																				On-time at nominal Vin =		1.4121212121		µs

																																				L1 based on 40% of Io(max) at Vin(max) =		75949.5464852608		µH

																																				Io-ripple at Min Vin =		807.3106575964		mAp-p

																																				Io-ripple at Nom Vin =		875.1309008452		mAp-p

																																				Io-ripple at Max Vin =		931.6477702192		mAp-p

																																				Peak current at Io,max(@ Vin(max) =		466.2838851096		mA-peak

																																				Peak current at Max CL =		4231.6477702192		mA-peak

																																				Io at CL(@Vin,min) =		1396.3446712018

																																				Io at CL(@Vin,nom) =		2062.4345495774

																																				Io at CL(@Vin,max) =		2834.1761148904

																												uvlo fix necessary

																		ESResxt>ESRcritical																DESRED SOFT START TIME				19.00		ms

																																				Recommended Css =		0.09975		uf

																		ESRcritical=ton,max/(2*Cout)																		Resulting SS time =		19.0476190476		ms		Css selected				0.100		uf

																		ESRcritical		0.0077666667		Ohms																Type 1

																																						Type 2

																																						Type 3

																																				Min. Vout Ripple for Type 1 =		90.0510204082

																																				Min R3 for Type 1 =		0.1115444464

																																				Min R3 for Type 2 =		0.0309670135

																																				R3 for Type 1 or Type 2 =		0.0309670135

																																				Min Cff =		1141937.86407767

																																				Va =		7.2040816327

																																				RA x CA =		0.2421931973				10000		uf		CA selected

																																				Max Recommended RA =		24.2193197279

																																				Min Cout for 10mV ripple =		37.6650941664

																																				Max ripple Type 1 & 2 =		0

																																				Max ripple Type 3 =		3.7665094166

																																				Min Cin =		2.871447619		Uf		RIPPLE AT Vin min				0.007178619		V

																																		selected		Cin		200.00		uF

																																				ESResxt>ESRcritical

																																				ESRcritical=ton,max/(2*Cout)

																																				ESRcritical		0.0077666667		Ohms

																																				Desired Vout =		7.00

																																				Min allowed Vin =		4.5

																																				Larger of the above =		7



The minimum input voltage must be at least TWO times MORE than the desired PRIMARY output voltage for a regulated output at both primary and secondary side

This is the nominal input voltage for the majority of the circuit's operation, and must be in between the minimum and maximum input voltages.

The maximum allowed input voltage is 65V

Typically, the maximum allowed load current should not exceed 1.5A

Insert a value between 1k and 10k ohms.

Choose from a list of standard value resistors.

This value is calculated based on a minimum on-time of 150 ns, a minimum off-time of 200 ns, and the maximum and minimum input voltages listed in Step 1.

Enter a value less than the maximum allowed frequency. A higher frequency results in errors at the input voltage extremes.

Select a value equal to, or as close as possible to the recommended value.

The minimum primary inductance of the Tx is calculated based on 40% ripple on the NET primary load.

Generally the selected value should be  larger than the minimum value such that the primary ripple current measures close to 40% of the Net Primary Load current.
The designer might need to recalibrate the Tx value if the primary peak current cell turns RED

Select a value equal to, or as close as possible, to the recommended value.

Only Type 3 Ripple injection circuit can be used with Fly-Buck mode of operation

Select a value equal to or larger than the minimum recommended value.

Enter the desired soft-start time.

The Minimum Ripple Current Amplitude occurs at the minimum input voltage.

The Maximum Ripple Current Amplitude occurs at the maximum input voltage.

This is calculated at the nominal input voltage.

This value, based on the selected values for Rfb1 and Rfb2, is used in the remaining calculations below.

This recommended value is based on the Desired Nominal Switching Frequency.

Typically, the maximum allowed load current should not exceed 1.5A

If this cell turns RED, it means the primary peak current is more than HS current limit 2.12A (min.)
 One will need to choose another set of load or tune the Tx.

Welcome to the LM5160 Fly-Buck Quick Start Calculator!
This stand-alone tool facilitates and assists the power supply engineer with design of a DC/DC Fly-Buck regulator based on the LM5160 Wide Input 65V, 1.5A Synchronous Step-Down DC-DC Converter. As such, the user can expeditiously arrive at an optimized design by virtue of the following:

- Determine the desired primary and the secondary output voltages
- Transformer turns ratio, transformer primary inductance, and input and output capacitances
- Select components for soft-start, input UVLO
- Review the Fly-Buck schematic


IMPORTANT: You must enable macros if Microsoft EXCEL asks as the file is being opened.
U.S. English notation is used throughout.

http://www.ti.com/ww/en/analog/power_management/widevin/

Rev 1.0, Sourav Sen, Texas Instruments, Inc.

Texas Instruments:

Limited Use Policy
You must treat this software and documentation like any other copyrighted material.
 
You may not:
- Copy documentation of the software
- Copy this software except to make archival or backup copies
- Reverse engineer, disassemble, decompile or make any attempt to discover the source code of the Software 
- Place the software onto a server so that it is accessible via a public network such as the internet 
- Sublicense, rent, lease or lend any portion of the software or documentation.

Texas Instruments is not responsible for the validity of any design created with this software and urges all designs to be fully tested and carefully verified. Refer to the LM5160 product datasheet and EVM user guides for more details

Rev 1.0, Sourav Sen, Texas Instruments, Inc.

F_(sw, max(@V_(IN,max)))=V_OUT/(V_(IN,max)  x  T_(ON,min) (ns)) 

F_(sw, max(@V_(IN,min)))=(V_(IN,min)-V_OUT)/(V_(IN,min)  x  T_(OFF,min) (ns))

R_FB2/R_FB1 =V_OUT/V_REF -1

V_OUT=(V_REF   x (R_FB2+R_FB1))/R_FB1

F_sw=V_OUT/(R_ON  x 1 x 〖10〗^(-10) ) 

T_ON=(R_ON  x 1 x 〖10〗^(-10))/V_IN  

R_ON=V_OUT/(F_SW  x 1 x 〖10〗^(-10) )

I_(HS peak)=I_(OUT,pri)+  1/N  I_(OUT,sec)+  I_(L,  pri-ripple)/2

L_min=( (V_(in,max)-V_(O,pri)))/(I_(L,  pri-ripple)  x  F_SW )    V_(O, pri)/V_(in, max) 

I_(L,  pri-ripple,max)=( (V_(in,max)-V_(O,pri)))/(L_min  x  F_SW )    V_(O,  pri)/V_(in, max)

Type 3
Minimum Ripple
Configuration

C_(OUT,pri)=I_(L,ripple (max))/(8 x F_SW  x V_ripple )

V_a=V_out
R_r  x C_r=((V_(in, min)-V_a ) T_(on, max))/50mV
R_r=(R_r  x C_r)/1000pF

C_IN=(I_(O,   max)  x T_(on (max)))/0.5V

C_SS=(T_SS  x 10.5µA)/2V

Net Primary Load Current = Primary load current + secondary load current reflected on the primary side.
I_(OUT,pri′)=I_(OUT,pri)+  1/N  I_(OUT,sec)

Start New Design!

User Guide Selection

Wide VIN DC/DC Solutions



Calculations

		



Po_dcmax

Minimum Operating Input Voltage (V)

Maximum Output Power (W)

Maximum Output Power
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