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Means Success In Electronic Servicing 

Understanding The TV Horizontal Output Stage 

One of the biggest mysteries in television 
receivers and vi deo monitors is the 
operation of the horizontal output stage. 
The basic concept of this stage has not 
changed for many years, but scan derived 
supplies and startup and shutdown 
circuits have made the horizontal output 
stage one of the most feared circuits in 
television recievers and NTSC video 
monitors. 

Many servicers have difficulty relating 
horizontal output symptoms to the 
possible cause, and often mis interpret 
circuit voltages and other troubleshooting 
clues. Many of these difficulties arise 
because servicers don 't have a good , 
practical understanding of how the 
horizontal output stage functions . This 
Tech Tip explains the operation of the 
horizontal output stage in terms of the key 
components, currents and voltages. 

Key Components 

All horizontal output stages operate 
virtually the same regardless of make or 
model. All output stages drive a sawtooth 
current into the primary winding of the 
flyback transformer and receive power 
from the main B+ supply. The B+ supply 
can deliver peak currents of several amps 
while maintaining a regulated voltage of 
about 130 voe. The peak-to-peak current 
required by the output stage depends on 
the CRT size, the number of scan derived 
supplies, and whether the chassis is color 
or B&W. 

Figure 1 shows a simplified horizontal 
output stage. It consists of six key 
components: 1) horizontal output 
transistor (01 ); 2) flyback transformer 
(flyback); 3) retrace timing capacitor or 
"safety cap" (Ct) ; 4) damper diode (01) ; 
5) horizontal yoke; and 6) the yoke series 

capacitor (Cs). Let's take a closer look at 
the role that each of these components 
plays in the operation of the output stage. 
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Fig. 1: Simplified horizontal output stage. 

Output Transistor 
The horizontal output transistor (HOT) is a 
switch. It provides a path for current to 
flow through the flyback 's primary 
winding and horizontal yoke as shown in 
Figure 2. The HOT is switched on and off 
by a signal applied to the base. Because 
the this is a power transistor, a current 
drive signal is needed. This drive current 
is supplied by the horizontal driver and 
driver transformer. In addition to current 
step-up, the driver transformer provides 
impedance matching. 
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The horizontal output transistor passes 
current levels ranging from 200 mA in a 
small B&W chassis to 1.5 amps in large 
screen color chassis that have multiple 
scan derived power supplies . These 
values are the average value and peak 
current may reach 4 amps. 

If you remember your transistor theory 
you know that the collector current equals 
the base current multiplied by the current 
gain (beta). Therefore , the base drive 
current must be sufficient to produce the 
required collector current and may be as 
much 100-300mA. If the base drive is 
insufficient the emitter-to-collecto r 
resistance of the conducting HOT will be 
too high and the transistor will get too 
hot. Sufficient drive is also important for 
fast switching. 

The hor izontal output transisto r is 
switched on and off at the horizontal 
frequency of 15,734 Hz. The horizontal 
oscillator (which controls the driver stage) 
begins to turn the horizontal output 
transistor on approximately 30 -35 µS 
before horizontal sync as shown in Figure 
3. The HOT conducts until the start of 
horizontal sync and then is abruptly 
turned off. 

The time it takes to switch the HOT from 
on to off is important. As the transistor is 
switched , the emitter-to-collector 
resistance changes from <5 ohms (on) to 
>10 megohms (off). The current flowing 
through the transistor during the on/off 
transition prod uces heat, and, the longer 
the transition the greater the heat buildup 
and the greater the chance of thermal 
failure . 

- - - Yoke Deflection Current The drive current produces a voltage 
waveform at the base of the HOT that is 

Fig. 2: Horizontal output transistor current similar to a squarewave Schematics 
conduction paths · 
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Fig. 3: The horizontal output transistor is turned on 30-35 µsec. before horizontal sync and is 
turned off at horizontal sync. 

show peak-to-peak values ranging from 5 
to 30 volts, but much of the amplitude is 
due to voltage spikes caused by the 
switching action. The waveform only 
confirms the presence of drive to the HOT. 
It cannot confirm if the base current drive 
is adequate for normal operation . Reduced 
or improper drive results in transistor 
heating, reduced deflection (width), picture 
foldover, and shortened HOT life. 

Flyback Transformer 
The output transformer is called the 
flyback or IHVT. (An IHVT is a flyback 
transformer that includes the high voltage 
multiplier) . The flyback is primarily 
responsible for developing high voltage. It 
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Fig. 4: The Flyback transformer contains one 
primary winding and several secondary 
windings. 

is constructed wi th a powdered iron or 
ceramic core to work efficiently at high 
frequencies . 

The flyback includes one primary winding 
and many secondary windings. The main 
secondary winding suppl ies voltage pulses 
to the voltage multiplier. Other secondary 
windings supply CRT f ilament power, 
keying pulses, and scan-derived power 
supplies, as shown in Figure 4. 

The primary wind ing is in series with the 
HOT and B+ power supply, and is driven 
with pulses from the switching action of 
the HOT. The resulting switching pulses 
are typically 700 to 1100 VPP . To 
understand how these pulses are produced 
you need to recall some basic inductor 
theory. 

The voltage induced across an inductance 
is given by the formula V = L(di/dt) , where 
L is the inductance of the coil and di/dt is 
the rate that the current through the coil 
changes . The current in the flyback 
primary raises at a linear rate when the 
HOT is conducting. Th is produces a 
constant amount of induced voltage in the 
flyback windings. But, when the HOT is 
abruptly turned off, the magnetic field in 
the flyback core rapidly collapses and 
induces a high voltage into the flyback's 
primary and secondary windings, as 
shown in Figure 5. 

The rate that the magnetic field collapses is 
controlled with timing components. If it 
weren't , induced voltage sp ikes of several 
thousand volts would be produced across 
the flyback primary. These spikes would 
exceed the breakdown rating of the 
horizontal output transistor and flyback, 

and produce excessive high voltages to all 
flyback windings. 

Retrace Timing Capacitor 
The retrace timing capacitor slows down 
the rate of the flyback 's collapsing 
magnetic field . This is a very critical 
function . If the retrace capacitor's value 
decreases, or if it opens, the amplitude of 
the flyback pulse will increase several 
thousand volts . To minimize this danger, 
several smaller value capacitors are usually 
connected in parallel with the retrace 
capacitor. Also, safety shut-down circuits 
are added to disable the output stage 
should the high voltage increase to unsafe 
levels. Because of the key role that the 
retrace capacitor plays in controlling the 
induced voltage and CRT high vo ltage it is 
often called the "safety capacitor" . 

Damper Diode 
The damper diode completes the resonant 
current path for the flyback primary and 
deflection yoke by turning on during the 
time when the current through the HOT 
reverses . If the damper diode opens the 
HOT is forced to operate in reverse 
breakdown wh ich wi ll cause the transistor 
to fail. The damper is a fast switching, high 
current diode. 

Horizontal Yoke 
The rising and falling sawtooth current 
flowing in the yoke produces horizontal 
electron beam deflection. Because it is part 
of the output stage, the yoke also affects 
retrace timing. 

Yoke Series Capacitor 
The yoke series capacitor has four 
functions: 1) matching the resonant timing 
of the yoke current ; 2) helps establish 
retrace time; 3) prevents a fixed DC bias on 
the yoke; 4) shapes the deflection current 
to match the CRT. 

Understanding Output Stage 
Operation 

Now let's put the components together and 
see how the whole circuit operates. We wi ll 
analyze the output stage in two parts 
according to the major functions it 
performs: 1) Flyback primary current and 
retrace time, and 2) Horizontal deflection. 
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Fig. 5: The rapidly collapsing magnetic field 
of the f/yback transformer when the horizontal 
output transistor is switched off produces a 
high voltage pulse. 

The first function , flyback primary current 
and retrace time , is responsible for 
producing the CRT high voltage, focus 
voltage and scan derived supplies. The 
second function , as its name implies deals 
with deflecting the electron beam . 
Although these two functions interact, 
discussing them separately will help you to 
better understand the operation of the 
output. 

Flyback Primary Current 
and Retrace Time 
Figure 6 shows the flyback action and 
current paths at 4 times during one output 
cycle, beginning with the horizontal output 
transistor turning on . When the HOT is 
turned on current flows into the flyback's 
primary from the B+ power supply. All of 
the power needed by the output stage , 
including the secondaries, is delivered to 
the circuit from the B+ supply during this 
time. The current and magnetic field in the 
flyback's core continue to build until the 
transistor is turned off. 

During the next 3 pe riods the magnetic 
energy expands and collapses in the 
flyback producing current which charges 
and discharges the retrace timing 
capacitor. The current flow through the 
flyback primary winding transfers power 
to the secondary and its loads. 

The magnetic field that was stored in the 
flyback 's core begins to collapse 
immediately after the HOT is turned off. 
This is the beginning of retrace time and 
corresponds with the start of horizontal 

sync. With the HOT switched off the 
retrace timing capacitor is effectively 
placed in parallel with the flyback primary. 
Thus, a resonant circuit is formed as 
shown in Figures 6b & c. The time 
constant of the resonant circuit is 
determined mainly by the value of the 
retrace capacitor and the inductance of the 
primary winding. The yoke components in 
parallel with Ct, (the yoke and Cs) also 
have an affect on retrace timing . 
The collapsing magnetic field causes 
current to flow through the low impedance 
of the B+ supply's filter capacitors and into 
Ct. This current charges Ct and produces 
the large pulse at the HOT collector. 

After the magnetic field has completely 
collapsed , Ct begins discharging whi ch 
causes current flow back into the primary 
in the opposite direction. A magnetic field 
rebuilds in the opposite polarity . This 
action completes the 2nd part of retrace 
and corresponds to the falling portion of 
the HOT collector pulse. A properly 
operating output stages has a retrace time 
(flyback pu lse duration) of 11.3 to 15.9 
µsec. 

When Ct has completely discharged the 
magnetic f ield begins to collapse . The 
collapsing field induces a voltage with a 
polarity that forward biases the damper 
diode . The damper diode serves as a 
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switch and allows the magnetic energy 
(current) in the flyback and yoke to decay 
at a controlled rate . (The damper diode 
would not be needed if the horizontal 
output transistor could conduct current in 
either polarity). 

With the damper diode turned on the 
circuit is highly inductive, so the current in 
the flyback primary once again slowly 
increases. Approximately 18 µS latter the 
horizontal output transistor is once again 
turned on and the cycle repeats . 

The flyback transformer works like any 
other transformer in that the energy in the 
primary is transferred to the secondaries. 
If all of the secondary loads were open 
most of the energy stored in the magnetic 
field would return back to the primary 
circuit. But the secondary circuits draw 
power from the primary. Thus, as the load 
on the secondary wi ndings increases , 
more current flows in the primary and 
more current is drawn from the B+ supply. 
Some problems , such as a sho rt ed 
secondary load circuit or a shorted flyback 
winding, may cause such a great load that 
the circuit cannot compensate for the 
power demand. Th is causes the horizontal 
output transistor to overheat and short, the 
flyback primary to open, or the B+ supply 
to fail. 
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Fig. 6: The alternating flyback current, the current waveform, and the f/yback voltage pulse for 
one complete horizontalcycle. 
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Horizontal Yoke Deflection 
The second major function of the 
horizontal output stage is to provide 
deflection current. The HOT's collector 
current is split between the flyback and 
the horizontal yoke. Both paths share the 
damper diode and retrace timing 
capacitor. 

Capacitor Cs, which is in series with the 
yoke has four functions: 1) it is primarily 
responsible for determining time constant 
of the deflection portion of the horizontal 
output stage; 2) it has an affect on retrace 
time; 3) it prevents a fixed DC bias from 
developing on the yoke that would cause 
improper picture centering ; 4) , it shapes 
the sawtooth rise in deflection current to 
match the slight curvature of the CRT. 

Figure 7 shows the yoke deflection current 
at the same times as Figure 6. When the 
HOT is turned on the bottom side of the 
yoke series capacitor, Cs , is connected to 
the top of the yoke. Because Cs is fully 
charged , it begins discharging through the 
horizontal output transistor. The resulting 
current produces an expanding magnetic 
field in the yoke which moves the electron 
beam from the center of the screen 
towards the right side. 

When the horizontal output transistor 
opens , the retrace timing capacitor is 
added to the circuit, as shown in Figure 
?b. This increases the resonant frequency 
and causes the yoke 's magnetic field to 
rapidly collapse. This is the beginning of 
retrace during which the beam is snapped 
from the right side of the screen back to 
the center . The induced voltage causes 
current to flow and returns the energy that 
was stored in the yoke 's magnetic field to 
capacitors Ct and Cs. The retrace timing 
capacitor is replenished with charging 
current from the flyback transformer and 
becomes the current source for the yoke 
current. 

During the 2nd part of retrace Ct and Cs 
discharge and force the current to flow in 
the opposite direction, as shown in Figure 
?c. The timing is identical to the first part 
of retrace and the beam moves quickly 
from the center to the left side of the 
screen . 

When capacitors Ct and Cs are fully 
discharged , the yoke's magnetic field 
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Fig. 7: Deflection current and beam position for one complete horizontal cycle. 

begins to collapse, as shown in figure 7d. 
The induced voltage forward biases the 
damper diode into conduction. (Notice 
that this occurs at the same time as it did 
in Figure 6). 

The circuit's timing is now determined by 
the yoke and capacitor Cs and agrees with 
the timing during the right trace time. The 
yoke 's collapsing magnetic field produces 
current through the damper diode which 
returns energy to the circuit and charges 
C+. 

When the yoke's magnetic field is 
collapsed , the damper diode stops 
conducting . The horizontal output 
transistor must immediately begin to 
conduct, otherwise there will be horizontal 
non-linearities in the center of the raster. 

To simplify our explanation of the 
horizontal output stage we analyzed the 
flyback and yoke function separately. But 
these circuits are not independent: the 
flyback current is transferred to the yoke 
by the retrace timing capacitor Ct and the 
yoke and flyback currents share the 
conduction time of the horizontal output 
transistor , damper diode and retrace 
timing capacitor. Because of this 
interaction, most problems in the 
horizontal output circu its affect both the 
flyback and yoke current 

For More Information, 
Call Toll Free 1-BOOSENCORE 

(1-800-736-2673} 
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