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Introduction 

 
At the output stages of modern horizontal deflection 

generators (HDG) bipolar transistors (BT) are used most 
often, which have typical high nominal collector voltages 
(1500-1700 V). Switching characteristics of such BT are 
related to the base excitation conditions. It is possible to 
reduce losses in the transistor during switching process by 
optimizing these conditions [1]. In HDG the MOSFET 
(Metal Oxide Semiconductor Field Effect Transistor) and 
IGBT (Insulated Gate Bipolar Transistor) type transistors 
are used, but the allowable maximal operating voltage of 
modern MOSFET type transistors is not sufficient.  

The newest IGBT type transistors would be suitable 
for HDG according to allowable operating voltage and 
power, but the sufficient reduction of switching connection 
process losses is problematic, since they are strongly 
related to the magnitude of the switched current during 
optimization the gate control due to peculiarities of its   
characteristics.  

Since BT switch-off characteristics are influenced by 
the basis excitation conditions, therefore switching losses 
can be reduced by optimizing the base excitation 
conditions.  

When comparing the operation of BT, MOSFET and 
IGBT in HDG, it was found that it is most beneficial to use 
BT [2]. 

It was found that these specific operating conditions 
are characteristic to the transistor of each output stage 
model [2], [3]:  

- Total base excitation current, especially at the end 
of Ib line; 

- The shape of the base excitation current signal (rise, 
peak, decline (drop); 

- The rate of base excitation current decline during 
switch-off. 

Most of efforts were made in order to optimize the 
shape and amplitude of the base excitation current. The 
problem consists in the dispersion of amplification 

coefficient values of high-power BT. It is also influenced 
by the dispersions of the values of other parameters, but 
they are more easily eliminated. 

The structure of horizontal deflection module is 
shown in Fig. 1.  

The problem becomes even more intricate if it is 
needed to implement the possibility for a rapid change of 
the maximal value and frequency of horizontal deflection 
current. 

 

Fig. 1. The structure of horizontal deflection module with 
scanning processor  
 
Transitional processes in the output stage  
 

In order to form the excitation current of the output 
stage transistor in most cases the transformer is used 
between output and base driving stage.  

At first, it separates conditionally low voltage circuits 
from high voltage circuits. Secondly, it is possible to 
receive positive and negative base current of needed shape 
by using only one positive voltage power supply in the 
base driving stage.  

Output stage transistors (OST) mostly fails due to 
incorrect base circuit excitation or incorrect selection of 
the excitation mode. If the base excitation is too weak (or 
OST amplification coefficient is too small), then the 
saturation voltage is formed which is too high and it 
determines the increased (compared to nominal) 
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conductance losses. If excitation is too strong (or OST 
amplification coefficient is too high) ST is switched off too 
slowly, and the losses during switch-off process are 
increased. The optimization of base excitation process 
allows minimizing these losses. 

The secondary breakdown can be the other reason of 
OST failure, which is formed when unfavorable base and 
collector current and voltage combination is formed, even 
during the period of one line. 

Specific resistance distribution in the transistor 
construction is characteristic to the BT used in output 
stages. The collector region is usually relatively thick, with 
high resistance, in order to receive high allowable 
collector-emitter junction voltage Vce, and the base-emitter 
junction region is thin and with small resistance (the 
smaller the saturation voltage). The reverse voltage can be 
formed in the base-emitter junction during switch-off 
process due to such resistance distribution, if the excitation 
stage is inappropriately selected, and the base-emitter 
junction can be closed tightly. Thus the switching process 
is stopped. In this case the collector current starts to flow 
to the base, i.e. a process similar to diode switching is 
taking place. In other words, conditions are formed in the 
collector-base region, similar to diode, to which the reverse 
voltage is applied. The recuperation process grows slower 
due to the big amount of charge carriers contained in the 
collector; the transistor dissipated power is increased, 
especially in case of inductive load. Furthermore, local 
overheat points can emerge in the crystal and the thermal 
PT breakdown as a result, after which, for example for 
transistor BU2527DX, the resistance of base-transistor 
junction is decreased by 29-30 Ohms.  

When the shape of the excitation signal applied to the 
base is incorrectly selected and when the negative 
switching voltage amplitude is too high, charge carriers are 
quickly sucked out of the areas close to base junction, 
therefore emitter is completely separated from the rest part 
of the transistor. The high-resistance collector area is 
relatively small.  

The two stage structure, as shown in Fig. 1, is used in 
horizontal deflection channel most often. This scheme is 
simplified, the correction circuits are discarded.  

If base current decreases more slowly during switch-
off process, the reverse voltage is not formed in the base-
emitter junction and the switch-off process continues. 
Emitter remains conductive, all injected charge carriers are 
pumped out and all transistor regions become non-
conducting at the same moment of time. Because of this 
the collector current switch-off time is significantly 
shortened, dissipated power is decreased and the thermal 
breakdown possibility is eliminated. Certainly, the 
transitional processes will be longer in this case, but they 
are acceptable in the deflection generators. 

Opposite course of action must be present during 
transistor switch-on: it is needed to achieve that the 
possibly larger part of high-resistance collector area would 
become conductive as quickly as possible. In order to 
achieve that, the base current must grow high sufficiently 
rapidly, till it reaches the needed amplitude – charge 
carriers have to be injected into high-resistance collector 
area as quickly as possible. Thus the base current in the 
beginning of switching has to be significantly bigger than 

it is required in order to saturate the transistor in the main 
part of switch-on process.  

The low-voltage stage has to satisfy these conditions 
[2]: 
• Rapid direct base current growth did/dt is required for 

the fast switch-on of the power stage transistor; 
• Base current has to be sufficiently large, so that 

opened transistor would be fully saturated in order to 
minimize conductance losses; 

• Controlled reverse base current did/dt for the removal 
of charge carriers contained in the transistor base, 
accelerating its switch-off in this way.  

 
When using the matching transformer between low-

voltage and power stages, the voltage acting on the base of 
power stage transistor can be described as  
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here  D – the duty ratio of low-voltage stage transistor 
current; np and ns are the number of primary and secondary 
winding turns, respectively; uc1 – low-voltage stage 
transistor collector voltage.   
 Under apriority assumption, that the square-shaped 
pulse with ½ duty ratio and sufficiently short rise time is 
applied to the base of base driving stage transistor, it 
follows from the (1) that low-voltage stage can control the 
shape and amplitude of OST base signal. 

OST switching peculiarities: when OST is open, the 
positive base current has downward slope, and the 
collector current has upward slope; collector current varies 
from zero to the maximum; the base current of opening 
transistor is not large; base current of closing OST is large, 
and highest switching losses arise during switch-off – the 
largest collector current flows during the switch-off.  

So, the OST switching losses are related to the 
magnitude of base current and the shape of its slope. They 
should be optimized in order to minimize GLT losses.  

Various techniques are used to optimize base current, 
which are associated with particular stage implementation 
[4]. 

In order to reduce OST power losses it is purposeful 
to speed-up the removal of charge carriers out of transistor 
base using additional means, as it is shown in Fig. 2. 
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Fig. 2. Experimental circuit  
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On the basis of transitional analysis it was decided to 
use inductive element for additional removal of charge 
carriers and their injection into base of transistor Q1. 
Currents vary only slightly in the inductive element during 
the transistor switching process – that is suitable for 
additional removal and injection of charge carriers. But it 
is not simple to connect the inductive element to the base 
of transistor Q1.  

The inductive element, connected to the base of 
transistor Q1, should be saturated before closing transistor, 
and at the closing moment it should suck the positive 
charge carriers out of the base. In order to saturate the 
inductive element it should be connected to the power 
supply, but disconnected from the base of transistor Q1, 
and contrarily in the transitional moment – it should be 
disconnected from the supply and connected to the 
transistor base.   

When transistor Q1 is open, very small current flows 
through the diode D2, compare to base current of transistor 
Q1, thus it is needed to select the diode D2 with respective 
current-voltage characteristic, and also transistor Q2 is 
open at the same time – the current flows through it and 
the coil, which saturates the coil L3.  With the drop of 
voltage Uin transistors Q2 and Q1 are closed, and current 
flowing through the coil L3 doesn’t stop flowing and it 
sucks out the positive charge carriers from transistor Q1 
over the diode D2.   

In order to make that the current does not flow 
through the diode D2 when transistor Q1 is open and in 
order to make that when the coil L3 sucks out the positive 
charge carriers they would be forced to flow from the base 
of transistor Q1 over the diode D2, and not from the emitter 
of transistor Q2, it is required that current-voltage 
characteristics of all three elements satisfy the conditions, 
illustrated in Fig. 3.  

 

 
Fig. 3.   Current-voltage characteristics of transistors Q1, Q2 and 
the diode  
 

Thus transistor Q1 should be opened when the 
smallest voltage is present, and transistor Q2 – when the 
highest voltage is present. Diode opening voltage value has 
to be between opening voltage values of both transistors. 
Then when transistor Q1 is open, current will not flow 
through the diode D2 or its magnitude will be very small, 
in this case the opening of the transistor Q2 is assured by 
resistor R2 (Fig. 2).  In the moment of transition – during 
the closing of the transistor Q1, transistor Q2 will be also 
closed, and the current will not stop flowing through the 
saturated coil and it will suck out all the charge carriers 
from the base of transistor Q2 over the diode D2 only in 

case if the diode opening voltage will be higher than the 
opening voltage of the transistor Q2. 

 
Experimental results  
 

Simulation (OrCAD 9.1) results are presented in Fig. 
3 and Fig. 4. Here the momentary power is normalized 
according to the maximal momentary power of the circuit 
without additional stored charge removal. 
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Fig. 4.   Time diagram of the normalized momentary power 
without additional charge removal 
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Fig.  5.  Time diagram of the normalized momentary power in the 
circuit with additional charge removal 
 

Initial modeling data: Q1 – BU508; D1 – BY249; 
L1=7.36mH; RL1=2Ω C1=7.8nF; L2=1.8mH; RL2=1.8Ω;  
C2=1µF; L3=15µH; RL3=1Ω. 

Modeling results have shown that when selecting the 
inductance of the element L3 it is possible to optimize the 
duration of transitional processes – the transistor closing 
time decreased almost three times. The momentary 
transistor dissipated power varies when varying the 
resistance value of R2, but the shape of the current flowing 
through the deflection coil L2 also varies. So it is possible 
to decrease the transistor Q1 current only until the shape of 
the current flowing through the coil L2 corresponds to the 
scanning linearity requirements.  

The OST base current and simultaneously the losses 
in the OST may be controlled varying base driving stage 
supply voltage without affecting the shape of the current 
flowing through the coil L2. OST temperature was 
measured during the experiment. The results of the 
experiment are shown in Fig. 6.  
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Fig. 6. Output stage transistor temperature dependence on the 
supply voltage of the low-voltage stage  
 
Discussion 

 Bipolar transistors are used most often in the output 
stages to generate CPT horizontal deflection currents. 
Their operation mode is strongly related to the shape and 
magnitude of base current. Classic circuits are usually 
unsuitable for large diagonal CPT ant monitors. Various 
techniques and measures are offered for optimization of 
the power stage, but they are useful only in particular 
cases.  

The offered technique of charge carrier injection into 
the base region permits the partial solution of power stage 
optimization. Experiments have shown, that the shape of 
the power stage transistor base current can be effectively 
varied when selecting the parameters of elements of 

primary winding „snubber“ (shunt) circuit of matching 
transformer. 
 
Conclusions 
1. When designing controlled output stages for 

horizontal deflection current generators for large 
diagonal CPT it is more beneficial to use bipolar 
transistors in these stages.  

2. It is possible to reduce significantly the duration of 
transistor switching processes by using additional 
injection of charge carriers into the base of power 
stage transistor. 

3. Charge carrier injection into the base significantly 
reduces the power loss in the power stage transistor 
during the switching processes.  
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