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ABSTRACT

The paper presents the control principle for a PWM single-phase inverter, using the capabilities of 80C552 microcontroller. The basics of control program are described. How the characteristics of the presented inverter essentially depend on the features of control system, only few microcontrollers can match the necessities for high performances. One of them is Philips 80C552. The powerful T2 timer gives its useful feature in our application. 

1. INTRODUCTION

The field of inverter applications requires usually a low content in harmonics of the AC voltages. One of the wide acceptance solutions consists in the PWM techniques that are moving the spectra towards high harmonics to achieve an easier filtering. The higher modulation frequency is, the smaller filters are necessary.

Using a higher modulation frequency is therefore an efficient method to improve the characteristics of PWM inverters. Unfortunately, a higher modulation frequency imposes high performances control systems. Only a reduced number of general-purpose microcontrollers could match this requirement.

Despite these contradictory aspects, the solution could be implemented using microcontroller techniques. The advantages of these techniques are too evidently to be stated. 

2. SOME CONTROL ASPECTS

To achieve the control system a Philips 8XC552 microcontroller was used. This one is a stand-alone high performance microcontroller designed for use in real-time application such as instrumentation, industrial control and automotive systems. The device provides in addition to the 80C51 standard functions, number of dedicated hardware functions for these applications [1], [2].

The timer T2 delivers the hardware function used in this application. Timer T2 is a 16-bit timer consisting of two registers TMH2 (HIGH byte) and TML2 (LOW byte). The 16-bit timer/counter can be switched off or clocked via a prescaler from one of two sources: fOSC / 12or an external signal. When T2 is configured as a counter, the prescaler is clocked by an external signal on T2 input. A rising edge on T2 increments the prescaler, and the maximum repetition rate is one count per machine cycle (1 MHz with 12 MHz oscillator) [2].

The timer T2 is a count-up one and is not loadable. It can be reset by the RST signal or by a rising edge on the input signal RT2, if enabled. Setting bit T2ER of TM2CON special function register enables RT2. The rising edge on RT2 also clears the prescaler.

Other useful feature of timer T2 is the compare logic. Each time timer T2 is incremented, the contents of the three compare registers CM0, CM1, and CM2 are compared with the new counter value of timer T2. When a match is found, the corresponding interrupt flag in TM2IR special function register is set at the end of the following cycle. When a match with CM0 occurs, the controller sets bits 0-5 of port 4 if the corresponding bits of the set enable register STE register are at logic 1.

When a match with CM1 occurs, the controller resets bits 0-5 of port 4 if the corresponding bits of the reset/toggle enable register RTE register are at logic 1. If RTE is "0", then P4.n is not affected by a match between CM1 or CM2 and timer T2. When a match with CM2 occurs, the controller "toggles" bits 6 and 7 if the corresponding bits of RTE are logic 1. 

Eight of the nine timer T2 interrupt flags are located in special function register TM2IR. The ninth flag is TM2CON.4. The CMI0, CMI1, and CMI2 flags are set during the cycle following a match. A match will be recognized by the interrupt logic (or by polling the flags) two cycles after the match takes place. 

For better characteristics, a modulation frequency of 5 KHz was used. In the Table 1 are shown the switching moments for a semiperiod of a 50 Hz single-phase PWM inverter. The corresponding pulses must be delivered by the microcontroller system. In a 10 ms time period there are 100 pulses. The values must be quantified taking into consideration the clock value of the microcontroller system. The system used has a 12 MHz crystal clock, and therefore the machine cycle is 1 microsecond. This value of 1μs is the quantified time unit of PWM control system. To be used in the control system the theoretic switching time moments are rounded considering the quantified time unit of 1 μs. 

In the Table 1 both theoretical and quantified time intervals are indicated. How the symmetry axis for the semiperiod is placed at 5,000 μs, (quarter period), in the Table 1 are presented only the switches up to 5,100 μs. The switches up to 10,000 μs could be easily determined.

Table 1

Switch state
Interval
Theoretic

(μs)
Quantified 

(μs)
Cumulated

(μs)
Moment

OFF
0 - t1
193.94
193
193
t1

ON
t1 - t2
12.55
13
206
t2

OFF
t2 - t3
181.44
181
387
t3

ON
t3 - t4
25.031
25
412
t4

OFF
t4 - t5
168.913
169
581
t5

ON
t5 - t6
37.461
37
618
t6

OFF
t6 - t7
156.54
157
775
t7

ON
t7 - t8
49.721
50
825
t8

OFF
t8 - t9
144.412
144
969
t9

ON
t9 - t10
61.886
62
1031
t10

OFF
t10 - t11
132.3
132
1163
t11

ON
t11 - t12
73.765
74
1237
t12

OFF
t12 - t13
120.688
121
1358
t13

ON
t13 - t14
85.253
85
1443
t14

OFF
t14 - t15
109.281
109
1552
t15

ON
t15 - t16
96.371
96
1648
t16

OFF
t16 - t17
98.336
98
1746
t17

ON
t17 - t18
107.212
107
1853
t18

OFF
t18 - t19
87.646
88
1941
t19

ON
t19 - t20
117.321
117
2058
t20

OFF
t20 - t21
77.809
78
2136
t21

ON
t21 - t22
127.481
127
2263
t22

OFF
t22 - t23
67.794
68
2331
t23

ON
t23 - t24
136.950
137
2468
t24

OFF
t24 - t25
58.626
59
2527
t25

ON
t25 - t26
145.843
146
2673
t26

OFF
t26 - t27
49.967
50
2723
t27

ON
t27 - t28
154.056
154
2877
t28

OFF
t28 - t29
42.065
42
2919
t29

ON
t29 - t30
161.734
162
3081
t30

OFF
t30 - t31
34.665
35
3116
t31

ON
t31 - t32
168.779
169
3285
t32

OFF
t32 - t33
27.906
28
3313
t33

ON
t33 - t34
175.188
175
3488
t34

OFF
t34 - t35
21.854
22
3510
t35

ON
t35 - t36
180.974
181
3691
t36

OFF
t36 - t37
16.407
16
3707
t37

ON
t37 - t38
185.974
186
3893
t38

OFF
t38 - t39
11.760
12
3905
t39

ON
t39 -t40
190.107
190
4095
t40

OFF
t40 - t41
7.971
8
4103
t41

ON
t41 - t42
193.729
194
4297
t42

OFF
t42 - t43
4.724
5
4302
t43

ON
t43 - t44
196.314
196
4498
t44

OFF
t44 - t45
2.513
3
4501
t45

ON
t45 - t46
198.314
198
4699
t46

OFF
t46 - t47
0.896
1
4700
t47

ON
t47 - t48
199.305
200
4900
t48

OFF
t48 - t49
0.126
0
4900
t49

ON
t49 - t50
199.865
200
5100
t50

We can observe that the time interval under 500 ns will be omitted. To achieve the control a strategy based on timer T2 proprieties was used. How the timer T2 may be read "on the fly", but not possesses extra read latches, the software must take into consideration this feature.

The idea of the control principle is to exploit the propriety of timer T2 to be used separately to set and reset the pins of the P4 port. When a long logic 1 is followed by a short logic 0 (even of 1 μs period) a interrupt routine based on CM0 compare register is used - CMI0 interruption flag. Consequently, when a 0 logic is followed by a short logic 1, a interrupt routine based on CM1 compare register is used - corresponding to CMI1 interruption flag. To switch the legs of the single-phase bridge an interrupt routine based on CM2 compare register (CMI2 interruption flag) is userd every 10,000 microseconds.

In the figure 1 is presented the structure of control system using 80C552 microcontroller. The switching devices are only generic presented, their specific problems being not the matter of study in our paper.

In the figure 2 is presented the principle of control based on switching the interrupt routines depending on the 1 logic and 0 logic time intervals. Also is explicit the principle of legs switching in the single-phase bridge. The critical time moments, correspondingly to the values in the Table 1 (when the interrupt type routine is changed) are mentioned.

In the figure 2 and in the following CMI0 interrupt routine is denoted by "INTSET', CMI1 interrupt routine is denoted by "INTRES" and CMI2 interrupt routine is identified by "INTTOG".


Figure 1. 80C552 pins assignment for the control system of PWM single-phase inverter


Figure 2. Waveforms for the control system. There are indicated the interruption routines used and associated time moments.

Taking into consideration the complexity of the waveforms in the figure 2, and the wide range of values for the switching times in the Table 1, only a powerful time control can achieve the features of control system. The timer T2 achieves these time control necessities. Its outlook allows the time control in sophisticated application such as engine management [3]. 

In the software, the switching times are placed in a table in the program memory area. The data is indexed addressed, using the register DPTR (Data Pointer) as 16 bits base register. Data readings are effected by appropriate interruption routine. How is presented in the figure 2, to load the appropriate time values in the compare registers (both CM0 and CM1), sometimes is used the CMI0 (INTSET) interrupt, sometimes CMI1 (INTRES). We have previously explained that is very important the registers loading order, and the match between the loading order and the use of a specific interruption routine.

For a better understanding of this principle, in the following the blocks of compare registers loading is presented for the two interrupt routines (INTSET and INTRES):

INTSET:
…


…


MOV A, CONTT


MOVC A,@A+DPTR


MOV CML1,A


INC CONTT


MOV A,CONTT


MOVC A,@A+DPTR


MOV CMH1,A


INC CONTT


MOV A,CONTT

MOVC A,@A+DPTR


MOV CML0,A


INC CONTT


MOV A,CONTT


MOVC A,@A+DPTR


MOV CMH0,A


…


RETI

We can observe that in the INTSET interrupt routine first is loaded the register CM1 (that reset the activated bits in port P4) and then the register CM0 (to set the activated bits in port P4).. In this way is possible to obtain very short pulses on 1 logic level (even 1 μs), despite relative long time necessary to load the compare registers.

INTRES:
…


…


MOV A, CONTT


MOVC A,@A+DPTR


MOV CML0,A


INC CONTT


MOV A,CONTT


MOVC A,@A+DPTR


MOV CMH0,A


INC CONTT


MOV A,CONTT

MOVC A,@A+DPTR


MOV CML1,A


INC CONTT


MOV A,CONTT


MOVC A,@A+DPTR


MOV CMH1,A


…


RETI

This time we can observe that in the INTRES interrupt routine first is loaded the register CM0 (that set the activated bits in port P4) and then the register CM1 (to reset the activated bits in port P4).. In this way is possible to obtain very short pulses on 0 logic level (even 1 μs).

CONTT is a software counter used in indexed with DPTR of the switching times table.

In the figure 3 the switching times table (TABTEM) and the way to access data using indexed addressing are presented. Also it results the interrupt routines management.


Figure 3. Switching times table: make-up, data destination and interrupt routines management

The counter CONTT is used in indexed addressing to select the appropriate data at a certain time and also to activate the adequate interrupt routine.

In the figure 2 could be observed the using of another interrupt routine denoted by INTTOG. This routine is activated every 10,000 μs (at the end of every semiperiod of 50 Hz waveform). When a match with CM2 occurs (at the event 10,000), the controller "toggles" bits 6 and 7 enabled using the corresponding bits of RTE. In this way the switching devices SW1 and SW2 (see figure 1) are controlled. It switches also the outputs P4.0 and P4.1 of port P4 to control the switching devices PWM1 and PWM2 (in the figure 1) on the correspondingly legs of the inverter bridge. This control is achieved via special function registers STE and RTE. Also this interrupt routine assures the reset of timer T2. When timer T2 reaches the state "10,000" the pin P4.2 of port P4 is set. The pin P4.2 is connected to the pin P1.5 (of the port P1) with alternative function RT2 - reset timer T2. A rising edge on the input signal RT2, if enabled, will reset the timer T2. To be possible this way of working must be set the control bit T2ER (timer T2 reset enable) in the special function register TM2CON. In the same special function register it was selected the prescaler to use the clock source = fosc / 12. After an adequate time period, the pin P4.2 is reset. In this way the timer T2 could be again reset after another period of 10,000 μs by a rising edge on the input RT2.

This approach makes possible to use the switching times table containing the values for a semiperiod (10,000 μs) to control the inverter for the whole period (20,000 μs).

SUMMARY

We have tested and developed the software for the control system using an evaluation kit with Philips 80C552 microcontroller. It is easy to observe in the figure 1 that there are not necessary any additional hardware in the control system. Only a wire to connect reset timer T2 input (RT2) to the pin P4.2 of the port P4 to make possible the reset of timer T2 every 10,000 μs (every semiperiod) was used.

 Using a crystal clock, the frequency stability reaches of course very high values. 

Also it was effected a set of preliminary tests using power switching devices. These tests have confirmed the high quality of the control based on microcontroller techniques.  
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