IRIS4015开关电源演示板

设计报告

1、 名称：IRIS4015开关电源演示板

2、 规格：

1. 交流输入电压：V= 90~245V, f = 45~60HZ

2. 输入冲击电流：最大60A
3.电源效率：最大负载时86%，低电压时 82%。

4. 输出特性：       

	输出电压
	负载范围
	调整率(V)

	
	最小
	最大
	

	24V
	0A
	5/( 7)A
	23.2~24.8


5. 启动时间： <1sec，90V，满负载。
6. 维持时间：80msec (230V输入电压，满载)，10ms (90V输入电压，满载)

7. 短路保护
8. 输出上升时间：最大1ms(10~90%)

9. 过电压保护
10.开关频率:50~300kHz

3、 电路简述：

电路主要由工频整流滤波、高频逆变、高频整流滤波三部分。

工频整流滤波部分由4A600V整流桥与400V470uF电容构成，完成工频交流向直流变换。

高频逆变以IRIS4015为核心，加高频变压器和吸收电路。电路为反激式拓扑结构，完成隔离、变压。

高频整流滤波部分由肖特基半桥43CTQ100、滤波电容等构成，完成高频整流输出。
4、 计算概述：

整流桥计算：电路输出功率为24V5A；计120W，设电源效率80%，功率因数0.7，最低输入电压AC90V，交流输入电流有效值为：

Ia=120/(0.8x0.7x90)=2.38A。取4A整流桥。

AC245V最高输入电压时整流桥最大承受反压为346V，取冗余系数1.5，要求整流桥能承受519V。选600V耐压整流桥。

工频滤波电容计算：设滤波时间常数40ms，最低输入电压AC90V，滤波后直流电压约110V，输出24V5A时等效负载电阻为80Ω。选滤波电容值为470uF电容。

高频变压器计算方法见AN1024。

IRIS4015电流计算同高频变压器一次侧。

高频整流桥电流计算见AN1024中变压器二次侧电流分析部分。
5、 IRIS4015工作原理见以下英文介绍： 
Circuit Description
    The IRISMPS4 reference design is a complete tested power supply circuit. It is designed for a universal AC line input and will provide a 24V, 5(7)A full load DC output.

The design uses a flyback converter topology, with an IRIS4015 as the main switch and control device. The initial startup current for the IRIS4015 is provided by a dropper resistor from the DC bus. Once the circuit is started the Vcc power for the IRIS4015 comes from the bias winding of the main transformer. The primary current control circuit consists of a current sensing resistor which feeds a voltage proportional to the transformer primary current into the feedback (FB) pin of the IRIS4015. The secondary voltage control loop uses TL431 as the reference and an optocoupler to feedback the information across the transformer isolation boundary back to the control circuit of the IRIS4015.

Test Circuit Set-up
   The circuit is designed for a universal AC line input. To safely test and evaluate this      
circuit it  is recommended that an isolation transformer or a synthesized and isolated AC source (such as a Pacific Power Source 115-ASX) is used to power the board, with a voltage in the range of 90-245VAC, with a frequency of 45/60Hz. The AC input signal is applied to the connecter J1 marked on the board.

For the output the best load to use is an electronic load which will allow easy changes in the output load, e.g. something like a Chroma 63102. Another simple alternative is use a High power resistor for the load.

Circuit Operation

The front end of the circuit consists of an EMI Filter, a diode bridge rectifier, and a DC bus filter capacitor. These are all fairly common circuit components used to create a DC voltage at the top end of the transformer.

At power up the DC voltage is applied to the top of the transformer, and the top of resistor R4. R4 allows about 450uA of quiescent current to flow which charges the Vcc capacitor C12. when the voltage at the Vcc pin of the IRIS4015 reaches the positive undervoltage lockout threshold (VCCUV+), the IRIS4015 starts to operate and will turn  on the internal FET. Now the DC bus voltage is applied across the transformer primary winding, the FET and the current sense resistors R9/R10 .The current through the transformer primary, the FET and the current sense resistors will start to ramp up, the rate of the ramp is dependent on the DC bus voltage and hence the input line voltage (for example , the rate at 90VAC in is much lower than the rate at 230VAC in). The current ramps until the voltage across R8/R9 reaches the Vth1 of the IRIS4015 (0.73V typ). During this time there is no current flowing in either the bias winding or the output winding, because this is blocked by the diodes D7 and D6 respectively.

At the point when the voltage across R8/R9 reaches Vth1 this activates a comparator in the IRIS4015 and the internal FET is switched off. Now the energy stored in the transformer causes the voltage at the Drain connected end of the transformer to rise, and as a result the voltage at the bias winding and the output winding changes from negative to positive. The output rectifiers now conduct and the energy is transferred to the output and the bias winding. If there is a fixed full current load on the output it will take a number of cycles for the output voltage to rise to the required level, and also it will take a few cycles for the bias winding to begin supplying power to the Vcc pin of the IRIS4015. Until this happens, C12 holds the voltage above the undervoltage lockout level (Vccuv-) to make sure the circuit does not drop out. During this time the circuit cannot create enough voltage signal though the delay circuit to activate the quasi-resonant operation, so the circuit operates with a fixed off time of 50us (this is the pulse raio control mode or PRC mode).

Once the output capacitor capacitor C6/C7 and the Vcc capacitor C12 are fully charged, the complete quasi-resonant signal is passed through the delay circuit D12/R11/D13 to the feedback (FB) pin. This will give a voltage above the Vth2 threshold of the IRIS4015, and this activates the quasi-resonant operation, holding the internal FET off until all the energy is transferred from the primary side of  the transformer to the secondary and bias outputs. When all the energy is transferred, the quasi-resonant signal at the FB pin will start to fall until it can no longer supply the 1.35mA required by the IRIS4015 internal latch, and the FET is turned back on. This is also the lowest point of the resonant voltage at the drain pin of the IRIS4015, so results in reduced switching losses.
If the AC input voltage changes but the load stays constant, the primary current ramp will now be steeper resulting in a shorter ON time, but still the same off time as it still takes the same amount of time to transfer the same energy to the output. The reduced ON time leads to a higher operating frequency.

 If the AC input voltage remains constant, but the load is reduced, the secondary side voltage monitoring circuit (OE1/R17/TL431) will see an increase in the voltage, as the circuit is still passing the same energy to the secondary side, but less current is being drawn. This causes the zener diode TL431 to conduct, which leads to a current flow in the optocoupler OE1.

Circuit Waveforms
The following plots show waveforms taken from the circuit under various stated conditions

[image: image1.wmf]
Fig1) Drain (D) voltage of IRIS4015 (CH1)   Vout(CH4,24V) and Vcc voltage (CH3) at start-up

   Fig 1) shows the drain voltage of the IRIS4015 and the Vout Vcc voltage during start-up with full load output with a 110VAC input. Note the small dip in the Vout Vcc voltage as the circuit starts to operate, and also the reflected voltage at the drain due from the output, raising the drain voltage above the DC bus.

[image: image2.wmf]
Fig2) Drain (D) voltage of IRIS4015 (CH1), Vout(CH4,24V) and Vcc voltage (CH3) at light load 
Fig 2) shows the drain voltage of the IRIS4015 and the Vout Vcc voltage during start-up with over loading output with a 110VAC input.


[image: image3.wmf]
Fig 3) Drain (D) voltage of IRIS4015 (CH1) and the FB pin voltage (CH3) at

210VAC in/full load output

   Fig 3) shows the drain voltage and the feedback pin (FB)voltage. In this case the quasi-resonant signal swings all the way to zero volts at the drain before the FET is turned on, and hence under these conditions signal shows the current ramp when the FET is on (when the drain voltage is low), and the resonant signal being passed back during the FET off time. Note the operating frequency.
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Fig4) Drain (D) voltage of IRIS4015 (CH4) and ID current (CH2) at start-up 
Fig 3) shows the drain voltage of the IRIS4015 and the ID current during start-up with full load output with a 220VAC input. The drain (D) voltage Fourier-dB. The red picture reflect about EMI/EMC’s characterisitic for voltage.


[image: image5.wmf]
Fig 5) Drain (D) voltage of IRIS4015 (CH1), the FB pin voltage (CH3) at 210VAC in/0.1A load output
   Fig 5) shows the same details as in fig 4), but at 210VAC input, in this case you can see the on time is very short as it takes very little time to get the energy required into the transformer..
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Fig 6) Drain (D) voltage of IRIS4015 (CH4) and ID current (CH2) at start-up
   Fig 6)       X: ID current (CH2)       Y: Drain (D) voltage of IRIS4015

The picture is FET on-off ‘s characterisitic.


[image: image7.wmf]
Fig7) DC BUS(CH1)   Vout(CH4,24V) and Vcc voltage (CH3) at set down Input.
Fig 7) shows the drain voltage of the IRIS4015 and the Vout Vcc voltage during set down with full load output with a 110VAC input.

  Efficiency
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6、 实物照片：
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7、 外形尺寸：
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8、 原理图：
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9、 电路板符号图
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10、 PCB图


[image: image13.png]



11、 材料表
	序号
	符       号
	规   格
	数量
	备注

	1
	CL、C13
	222/2KV
	2
	

	2
	CR1 CR2 
	CT4 1u
	2
	

	3
	C1
	0.33UF/275V AC
	1
	

	4
	C2                                   
	224/AC275V
	1
	

	5
	C3
	CD293 400V /470UF
	1
	

	6
	C4
	CBB18 1n/630V
	1
	

	7
	C5
	CBB18 10n/630V
	1
	

	8
	C6、C7、C8
	CD293 63V1000u
	3
	

	9
	C9
	CT4 334
	1
	

	10
	C10、C11
	CL11 1000p
	2
	

	11
	C12
	CD11 50V/100u 
	1
	

	12
	C14
	CT4 104
	1
	

	13
	F1
	AC 270V/4A
	1
	

	14
	L3
	4.7uH/8A
	1
	

	15
	OE                              
	PC817C
	1
	

	16
	OE1                             
	TIP197
	1
	

	17
	R1、R2、R3             
	2W 47k
	3
	

	18
	R4                   
	1/2W 240k 
	1
	

	19
	R5                   
	1W 2.7K
	1
	

	20
	R6、R7、R12、R18
	1/4W 1k 
	4
	

	21
	R8 
	3W 0.15
	1
	

	22
	R9、R10
	1/4W 470 
	2
	

	23
	R11
	1/4W 2k
	1
	

	24
	R13
	1/4W 2K2
	1
	

	25
	R14
	1/4W 5K6
	1
	

	26
	R15
	1/4W 240K
	1
	

	27
	R17
	1/4W 47K
	1
	

	28
	RN                                          
	NTC 5-18
	1
	NTC

	29
	T1
	EMI 2.5A 25mH
	1
	

	30
	U1
	EC40 变压器
	1
	

	31
	V5                   
	10DF6
	1
	

	32
	V11、V12、V13
	1N4148
	3
	

	33
	V21
	43CTQ100
	1
	TO-220

	34
	WY
	1/2W 18V
	1
	

	35
	B1
	
	1
	

	36
	B2
	IRIS4015
	1
	

	37
	TL431
	TL431
	1
	TO-92

	38
	SW、J2
	2.54mm 短路器
	2
	

	39
	
	短路块
	2
	

	40
	J1、J3
	8mm 端子
	2
	


实验报告：

器材：

IRIS4015电源演示板一块

        
LT224示波器一台

      
 电子负载（自制）一台

      
8050A万用表一块

      
DT890C+万用表一块

      
WT130功率分析仪一台

        测试线路：
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 测试数据：

1.全电压范围电源负载特性:


	交流输入电压(V)
	交流输入电流(A)
	交流输入功率(W)
	直流输出电压(V)
	直流输出电流(A)
	效率

(%)

	89.8
	0.088
	4.8
	23.43
	0
	0

	89.9
	0.495
	32.2
	23.41
	1.052
	0.764824

	90.8
	0.855
	57.6
	23.4
	1.991
	0.808844

	90.2
	1.254
	86.8
	23.38
	3.052
	0.822071

	89.6
	1.618
	113.5
	23.36
	3.982
	0.819555

	90.5
	1.98
	142.8
	4.978
	23.35
	0.81398

	110.7
	0.076
	4.7
	23.43
	0
	0

	109.8
	0.419
	32.2
	23.41
	1.059
	0.769913

	109.6
	0.718
	57.4
	23.4
	2.008
	0.818592

	109.5
	1.011
	83
	23.38
	2.962
	0.834356

	109.8
	1.323
	111.9
	23.37
	3.997
	0.834762

	110.2
	1.636
	140.2
	23.35
	5.009
	0.834238

	135.7
	0.071
	4.8
	23.43
	0
	0

	134.7
	0.349
	32.4
	23.41
	1.073
	0.775276

	134.9
	0.598
	57.9
	23.4
	2.047
	0.827285

	135.7
	0.852
	84.9
	23.38
	3.07
	0.845425

	136.1
	1.084
	110.7
	23.37
	4.019
	0.848456

	134.7
	1.346
	138.3
	23.35
	5.03
	0.849244

	160.8
	0.065
	5.1
	23.43
	0
	0

	160.2
	0.293
	31.5
	23.42
	1.034
	0.768771

	159.9
	0.505
	57.2
	23.4
	2.01
	0.822273

	159.8
	0.722
	83.3
	23.38
	3.011
	0.845104

	159.4
	0.938
	109.7
	23.37
	3.998
	0.851716

	159.2
	1.153
	136.7
	23.35
	5.001
	0.854231

	180.1
	0.063
	5.2
	23.43
	0
	0

	180.6
	0.271
	31.5
	23.42
	1.035
	0.769514

	180.5
	0.466
	58
	23.4
	2.047
	0.825859

	180.2
	0.646
	82.7
	23.38
	3
	0.848126

	180.7
	0.837
	108.9
	23.37
	4.003
	0.859046

	180
	1.029
	136.2
	23.35
	5.017
	0.86011

	199.2
	0.065
	5.8
	23.43
	0
	0

	199.2
	0.251
	32.2
	23.41
	1.029
	0.748102

	200.6
	0.422
	57.9
	23.4
	2.014
	0.813948

	199.4
	0.599
	84.5
	23.39
	3.047
	0.843424

	200.9
	0.767
	109.8
	23.37
	4.017
	0.854984

	199.8
	0.935
	135.8
	23.36
	5.02
	0.863529

	219.3
	0.074
	6.3
	23.43
	0
	0

	220.7
	0.237
	33.2
	23.41
	1.051
	0.741082

	220.2
	0.394
	58.5
	23.4
	2.03
	0.812

	220.1
	0.552
	84.4
	23.38
	3.029
	0.839076

	220.8
	0.689
	108.8
	23.37
	3.984
	0.855754

	220.1
	0.854
	135.7
	23.35
	5.011
	0.862246

	240.1
	0.072
	7
	23.43
	0
	0

	239.1
	0.224
	33.7
	23.41
	1.044
	0.725224

	240.4
	0.371
	59.1
	23.4
	2.015
	0.797817

	239.4
	0.521
	84.9
	23.39
	3.055
	0.841654

	240.1
	0.654
	109.8
	23.37
	4.016
	0.854772


2.全电压范围7A过载特性:

	交流输入电压(V)
	交流输入电流(A)
	交流输入功率(W)
	直流输出电压(V)
	直流输出电流(A)
	效率

(%)

	90.7
	2.151
	142.3
	17.83
	6.498
	0.814191

	110.6
	2.07
	164.9
	19.2
	7.058
	0.821793

	134.4
	2.031
	194.9
	23.32
	7.025
	0.840549

	159.1
	1.768
	192.8
	23.32
	7.041
	0.85164

	179.6
	1.604
	191.9
	23.32
	7.053
	0.857092

	199.8
	1.462
	191.7
	23.32
	7.061
	0.858959

	220.4
	1.358
	191.4
	23.32
	7.074
	0.86189

	239.2
	1.088
	189.4
	23.32
	7.023
	0.864712


3.全电压范围待机及负载特性:(仅供参考)

	输入待机电压(V)
	输入待机电流

(mA)
	输入待机功率(W)
	输出平均电压(V)
	输出电流

(mA)

	89.8
	18
	0
	23
	0

	89.8
	18
	0
	22
	1.63

	89.9
	18
	0.1
	20
	3.02

	89.5
	18
	0.1
	20
	4.51

	89.6
	18
	0.1
	18
	5.98

	90.1
	18
	0.1
	18
	7.55

	90.1
	18
	0.1
	16
	9.68

	109.8
	22
	0
	23
	0

	109.8
	22
	0
	22
	1.27

	109.8
	22
	0
	21
	3.88

	109.8
	22
	0
	20
	5.43

	109.8
	22
	0.1
	19
	6.25

	109.8
	22
	0.1
	18
	8.47

	109.8
	22
	0.1
	17
	9.86

	134.5
	27
	0
	23
	0

	134.5
	27
	0
	22
	1.48

	134.5
	27
	0
	21
	3.76

	134.5
	27
	0
	21
	5.51

	134.5
	27
	0.1
	20
	7.66

	134.5
	27
	0.1
	19
	8.43

	134.5
	27
	0.1
	18
	9.63

	159.5
	32
	0
	23
	0

	159.5
	32
	0.1
	23
	1.61

	159.5
	32
	0.1
	22
	2.93

	159.5
	32
	0.1
	22
	4.14

	159.5
	32
	0.1
	21
	5.21

	159.5
	32
	0.1
	20
	7.39

	159.5
	32
	0.1
	19
	9.82

	179.1
	36
	0.1
	23
	0

	179.1
	36
	0.1
	23
	1.41

	179.1
	36
	0.1
	22
	3.74

	179.1
	36
	0.1
	21
	5.71

	179.1
	36
	0.1
	21
	6.95

	179.1
	36
	0.1
	21
	7.81

	179.1
	36
	0.1
	20
	9.87

	200.8
	40
	0.1
	23
	0

	200.8
	40
	0.1
	22
	2.14

	200.8
	40
	0.1
	22
	3.84

	200.8
	40
	0.1
	22
	5.18

	200.8
	40
	0.2
	21
	7.74

	200.8
	40
	0.2
	20
	10.06

	220.8
	44
	0.1
	23
	0

	220.8
	44
	0.1
	23
	2.08

	220.8
	44
	0.1
	22
	4.5

	220.8
	44
	0.2
	22
	5.61

	220.8
	44
	0.2
	21
	6.95

	220.8
	44
	0.2
	21
	8.33

	220.8
	44
	0.2
	20
	10.84

	240.5
	48
	0.1
	23
	0

	240.5
	48
	0.1
	23
	1.65

	240.5
	48
	0.1
	22
	3.55

	240.5
	48
	0.2
	22
	5.08

	240.5
	48
	0.2
	22
	6.17

	240.5
	48
	0.2
	21
	8.71

	240.5
	48
	0.2
	21
	10.41


结论：

数据显示；电源指标达到设计要求。
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