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Introduction

• Conventional PLL 1975 Patent
Hybrid Wide-band Re-configurable Synthesiser

• ADS Behavioural Model
• VHDL Simulation (Using Test Bench)
• Mixed Signal Simulation (Verilog AMS)
• Mathematical Analysis of Loop Operation
• Hardware Tests (Open Loop and Closed Loop)



Conventional PLL

• At lock ff is equal to fref

• When fref changes to a new value, the PLL tracks fref
adjusting the phase difference between fref and ff

• The phase transfer function characterises the loop, with the 
VCO contributing a single pole to the transfer function
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US Patent 3913028 (1975)

At lock, fref = ff

R.J. Bosselaers proposes a frequency synthesiser
using both digital and analogue circuitry
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Features of the 1975 design

• Digital circuitry used 2 ALUs
• One ALU clocked by fref

• Other clocked by ff

• Problem: 2 ALUs waste power
• Problem: Clock contention



For the water level in the lake to remain constant the loss of water
caused by evaporation must be compensated by the gain due to

periods of rainfall. 
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Elements of Verilog-AMS Model
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t

Vd

Vref = m1*t

Vf = m2*t + Vo

Vo

(m1 = k1/Tref = k1*fref)

(m2 = k2/Tf = k2*ff)

k1

Tref

Tf

k2

Vd = (m1*t + m2*t + Vo)/2 = Vo/2= 
CONSTANT

Acquisition of desired output frequency can be speeded up 
with application of correct initial conditions

Output of the Digital Circuit
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VHDL Simulation at 50 MHz Logic Clock



Expanded View of the Falling Edge of the LPF Output



VHDL Simulation at 50 MHz Logic Clock



Expanded View of the Rising Edge of the LPF Output
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ADS Behavioural Model
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Verilog-AMS Simulation with Frequency Ratio 4:3 and 
fVCO=4.8GHz



Expanded View
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Hardware: Open Loop Test Set-up
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Hardware: Closed Loop Test Set-up
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Interim Hardware Set-Up

12-bit DAC development board donated by Analog Devices



DAC Output for 4:3 Ratio



Selected Parameters of the SN74LS624 VCO

TTLOutput Signal Voltage

2MHz/VEstimated Conversion Gain (Ko)

5VControl Voltage (VC) Range

20MHzOutput Frequency (fO) Range



DAC Output for 4:3 Ratio (Detailed View) 
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Summary
•Hybrid Synthesiser

•Mathematical theory for loop transfer function

•Mathematical analysis to be further developed

•Spurious noise signals analysis

•Simulation under further development

•Hardware open loop and closed loop tests
completed

•Work under progress: RF board design


