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GENLOCK — THEORY OF OPERATION

(In the following discussions the 74LS221 and 74LS123 with clock input pins 1 and 2 will be designated
by an A suffix and pins 9 and 10 by a B suffix. The 74LS74 with clock input pin 3 will be designated
by an A suffix and pin 11 by a B suffix.)

When the genlock is attached to the Amiga computer, the system clock for the computer comes from
the 28 MHz VCO in the genlock unit. During the power-up sequence the Kickstart configures the com-
puter into an external synch mode. The genlock unit extracts the horizontal and vertical timing informa-
tion from the external source video and resets the horizontal and vertical counters of the computer,
so that the computer video is synched to the external video. When the external video source is removed,
the computer is self-synchronized.

The genlock unit also allows for video overlay of the computer graphics over the source video and audio
mixing of the computer audio (or other source like microphone) with the audio of the source video. The
incoming composite video is decoded into RGB components, and the computer’s RGB is keyed in over
the external video RGB. The combined RGB signal then goes to the RGB output to drive an RGB monitor,
it also goes to a color encoder to drive a composite video monitor or a VCR.

The major system blocks of the genlock unit are: VCO and horizontal beam counter; synch separator
and detector; PLL; synch generator, color decoder timing generator, and horizontal and vertical reset
generator; color decoder and video overlay circuit; color encoder; and audio mixer circuit. Each section
is described in detail below. The section numbers correspond to the section numbers in the Trouble-
shooting Procedures.

VCO and Horizontal Counter

The VCO (voltage controlled oscillator) consists of CR7, Q13, Q12, and associated circuits. Q13 and
varactor, CR7, are the active elements of the 28.63636 MHz oscillator. The frequency changes approx-
imately +/—- 1 MHz as the VCO control voltage is varied —/+ 7 V around the 4.2 V nominal operating
point. The error voltage corresponds to the difference in phase between the horizontal synch of the
source video and the computer, so when they are in phase the oscillator is sitting at 28.63636 MHz.
The horizontal beam counter consists of divide-by-four prescaler, U16 and U25, and divide-by-455 counter,
U6, U10, U13, and U4. The RGH is the regenerated horizontal signal that mirrors the horizontal counter
of the computer in both phase and frequency. The 3.58 MHz clock from the computer is used to generate
the 7.16 MHz prescaler output, so that it would have a known time relation to the color clock of the
computer. This insures that the horizontal reset signal, which is derived from the RGH, has a proper
set-up and hold times when sampled by the computer’s color clock.

Synch Separator and Detector

The source video synch separator consists of Q16, Q7, U3, and associated components. Q16 amplifies
the incoming 1 Vp-p signal six times. The diode bias circuit, CR3 and CR4, rolls off the white peak
of the video signal. The amplified signal then goes to the synch separator, U3, through a buffer, Q7.
The U3 is a comparator which slices the clamped synch signal at the voltage level set by R49. The
detected composite synch goes to rest of the board and to the external synch detector, U1B. If there
are more than 8 lines of external synch missing, the synch detector circuit switches the synch source
of the genlock to the computer, so that computer will self-synch.

Phase Locked Loop

The phased locked loop consists of VCO and horizontal counter, which were described previously, phase
comparator (consisting of ramp generator circuit, strobe generator circuit, sample-and-hold, and voltage
comparator), and integrator amplifier. The basic theory of the operation of the PLL is to convert the
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Theory of Operation (continued)

relative positions of the horizontal synch of the source video and RGH, which mirrors the horizontal
synch of the computer, to an error voltage to control the VCO. The RGH signal is used to generate
a ramp signal. The ramp generator circuit consists of U17A, U11B, and Q22. The U17A and U11B delays
the start of the ramp relative to the positive edge of RGH, so that when the PLL is locked the strobe
is sampling the proper portion of the ramp. The trimmers R133 and R162 allows for adjustment of the
delay to compensate for the tolerances of the one shot and ramp timing. The ramp circuit, Q22, charges
up quickly during the delay time, and discharge slowly after the delay time. The position and the dura-
tion of the ramp is chosen so that the strobe pulse, which occurs at the leading edge of the external
synch, is sampling the proper portion of the ramp when the PLL is locked. The strobe generator, U14
and Q21, generates a narrow strobe pulse at the leading edge of the source horizontal synch and samples
the ramp voltage. During off-time the voltage is pulled down to —5 Vdc to cut off the JFET of the sample-
and-hold. The sampled voltage is held by Q25, C78, and U20. The sampled voltage is compared with
a reference voltage to give the phase error, and the error voltage is filtered and amplified before going
to the VCO. The phase-comparator consists of inputs to U20, pins 5 and 6. The reference voltage of
2 V is set by R156 and R157. When the PLL is locked both pins 5 and 6 will be at 2 V.

Synch, Video Decode Timing, and Reset Signals

The horizontal synch separator, U12B, triggers on the leading edge of the horizontal synch. The timing
is set for 48 usec to ignore the equalization pulses. The outputs of the U12 go to the field detect circuit
and U19A which recreates the 4.7 usec horizontal synch for the RGB connector. It also goes to the
strobe generator, described above, and the sandcastle generator.

The sandcastle generator consists of U2A, U7B, Q5 and Q6. U2A is triggered on the leading edge of
the source horizontal synch and times out the horizontal blanking interval. U7B is triggered on the trail-
ing edge of the source horizontal synch and times out the color burst gate interval. The output of the
two oneshots are summed and amplified by Q5 and Q6 to generate the 12 V two level signal to be used
by the color decoder.

The horizontal reset circuit consists of U17B and U14B. The reset signal occurs on the alternate cycle
of the horizontal beam counter. The FF U17B is toggled by the rising edge of RGH, and U14B is trig-
gered by the rising edge of the U17B output. A 32 usec reset pulse is sent to the computer at the begin-
ning of every other line.

The vertical synch separator consists of Q3, U11A, and U12A. The Q3 has an integrator input which
filters the vertical synch information from the composite synch. The buffers at the input and output of
the integrator gives reliable voltage levels for the vertical synch detector. The U11A triggers on the leading
edge of the detected vertical synch and oneshot timing is set for 14 msec. It acts as noise exclusion
circuit to minimize false vertical triggering. The output of the U11A goes to U12A which fires at the
same time. The output of the U12A goes to the vertical reset circuit, vertical synch generator U19B,
which recreates the 192 usec vertical synch for the RGB connector, and U1A, which creates a 15 line
frame pulse to be used by the color decoder U8.

The vertical reset pulse is generated on the even fields to reset the vertical beam counter of the com-
puter. The field detect circuit consists of U12B, U2B, and U24. U12B generates a 48 usec pulse from
the leading edge of the source horizontal synch, and U2B generates a 16 usec pulse from the leading
edge of the source horizontal synch. By clocking in the detected composite synch into U24A and U24B
DFFs using the trailing edges of the two oneshots and NANDing the outputs of the two DFFs, one can
determine whether the start of the vertical synch is coincident with the beginning of a line or shifted
by half a line. The circuit is configured to detect even fields, and is connected to the vertical reset logic
so that the reset to the computer is sent on the even field. The vertical reset circuit consists of U15A
and U15B. U15B is the field ID FF, and U15A generates a 64 usec pulse immediately after the detected
vertical synch. The start of the pulse is clocked by the output of U17A to meet the setup and hold times
of the vertical reset sample clock of the computer. NAND gate gates the reset pulse during the even field.










































