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The DG5MK IV Meter – An Accurate Antenna Analyzer
QEXfiles Addendum
Michael Knitter, DG5MK

This material supplements the 
“Putting It All Together – The DG5MK IV-Meter Implementation”
section of the main article. 

The key to the QEXfiles content is:

IV_Meter_V1.1_Bridge_Head_15.07.2016_Production.brd — board layout v1.1
IV_Meter_V1.1_Bridge_Head_15.07.2016_Production.sch — board layout v1.1
P_16_circuit_diagram_V1.1.png —schematic diagram of the IV meter
P_18_board_layout_v1.1.png — board layout v1.1 

P_21_early_prototype_if_band.jpg — early prototype if bands

P_22_assembly_layout_v1.1.png — assembly layout v1.1
P_22_Control_Interfaces_V02.png — Control Interfaces V02
P_24.pdf — Selected sample measurement results.

The Software folder contains the code file IV_Meter_HEX_020b_16X2_07_2016.hex
Referring to the schematic diagram in P_16_circuit_diagram_V1.1.png, and starting on the left side in the middle and lower part, there is the microcontroller and LCD displays (a graphical display is shown for future use). Both display alternatives are shown since the PCB is designed to work with both versions. 

The standard two-line display is connected to the microcontroller via 7 I/O-ports, and the (future) graphical display will need an SPI bus interface with some additional connections for reset, and so on. Since SPI is quiet common for graphical displays, the bus and additional connections will be available at an external connector as well. This allows to use other graphical displays, after modifying the software.
The MCP3911 ADC is in the middle of P_16_circuit_diagram_V1.1.png. SPI bus is connected to the microcontroller, along with an interrupt line. The ADC signals when a new sample is available, and alerts the microcontroller to fill the sample buffer.

At the top right, the anti-aliasing low pass is between the ADC and the 74LVC4066 mixer. The voltage dividers on above the mixer are used to generate an operating point of half the supply voltage. The bridge test head on the very top right side is ac coupled and includes the additional resistors to provide the 50  input impedance to the DUT.

On the right side in the middle, the SI5351 serves as the signal and clock generator for the overall circuit. It is connected to the microcontroller via an I2C bus. This bus connects the EEPROM to the microcontroller, at the right bottom of the schematic. The I2C is also available on an external connector for future use.
The rest of the circuit diagram deals with power supply generation, decoupling, bypassing, and so on. V1.0 of the IV-Meter had LDO regulators for nearly every functional block, as a conservative measure. Further tests showed that they can all be omitted with minimal impact to the final accuracy of the IV-Meter. This not only saves cost, but also decreases power consumption, since all components can be driven from one voltage source without additional loss by LDOs.

At the top left, an MCP1640 is used to generate the needed main voltage (3.3 V) from the batteries. A second MCP1640 is needed for the two-line display since an additional 5  V supply is required. 

There are also a many 10  resistors on the bus lines to prevent spikes and unwanted oscillations. It was not tested if these can be omitted. 
The bill of material is below. Some component numbers are intentionally missing; they are reserved for the future graphical display version. 
The Bill of Materials is below. 

	Parts
	Qty GLCD
	Qty 16x2
	Value
	Package
	Description

	R16, R19, R44
	3
	3
	0
	R0805
	RESISTOR, European symbol

	R20, R21, R22, R24, R25, R26, R36, R37, R38, R40
	10
	10
	10
	R0805
	RESISTOR, European symbol

	R23
	1
	1
	24
	R0805
	RESISTOR, European symbol

	R41, R42, R43
	3
	3
	49.9
	R0805
	RESISTOR, European symbol

	R8
	0
	1
	68
	R1206
	RESISTOR, European symbol

	R27
	1
	1
	100
	R0805
	RESISTOR, European symbol

	R45, R46, R47, R48
	4
	4
	240
	R0805
	RESISTOR, European symbol

	R13, R14, R32, R33, R34, R35
	6
	6
	1k
	R0805
	RESISTOR, European symbol

	R1, R9, R10, R15, R28, R29, R30, R31
	7
	8
	10k
	R0805
	RESISTOR, European symbol

	R12
	1
	1
	309k
	R0805
	RESISTOR, European symbol

	R6
	1
	1
	330k
	R0805
	RESISTOR, European symbol

	R7
	1
	1
	560k
	R0805
	RESISTOR, European symbol

	R11
	0
	1
	976k
	R0805
	RESISTOR, European symbol

	R17, R18, R39
	0
	0
	9999k
	R0805
	RESISTOR, European symbol

	R2
	0
	1
	5k
	RTRIM64P
	Trimm resistor

	C16, C17
	2
	2
	5.6p
	C0805
	CAPACITOR, European symbol

	C14, C15, C32, C33
	4
	4
	10n
	C0805
	CAPACITOR, European symbol

	C2, C13, C18, C21, C23, C25, C26, C28, C29, C34, C35, C36, C37, C38
	13
	14
	100n
	C0805
	CAPACITOR, European symbol

	C30, C31
	11
	2
	1u
	C0805
	CAPACITOR, European symbol

	C1, C3, C19, C20, C27, C39, C40
	5
	7
	22u
	C0805
	CAPACITOR, European symbol

	L1, L4
	1
	2
	4.7uH
	L1812
	INDUCTOR, Fastron 1616FPS-4R7M-01

	L3
	1
	1
	600
	C1206
	INDUCTOR, Ferrit Murata BLM31AJ 601 SN1L

	Q2
	1
	1
	27MHz
	SM49
	CRYSTAL HC49 SMD

	IC1, IC3
	1
	2
	MCP1640
	SOT95P270X145-6N
	Synchronous Boost Regulator

	IC10
	1
	1
	24FC256
	SO-08
	Serial EEPROM, Microchip

	IC11
	1
	1
	SI5351A
	MSOP10
	I2C clock generator, SI

	IC2
	1
	1
	DSPIC33FJ128GP802-I/SO
	SOIC-28
	16-bit Digital Signal Controller

	IC8
	1
	1
	MCP3911A0-E/SS
	SOP20
	Two-Channel Analog Front End,SSOP-20

	IC9
	1
	1
	74LVC4066
	SOIC-14
	Quad bilateral switches

	Q1
	1
	1
	BC848BSMD
	SOT23
	NPN Transistor

	DIS1
	0
	1
	16X2_R2
	TUXGR_16X2_R2
	LCD display 16x2 characters

	S1, S2, S3
	3
	3
	DT6
	D6R
	ITT SWITCH

	JP1
	1
	1
	U_Bat_3V
	1X02
	PIN HEADER

	JP3, JP4
	2
	2
	PGM, SPI LCD
	1X06
	PIN HEADER

	JP6, JP7
	2
	2
	BUTTONS, I2C
	1X04
	PIN HEADER

	X1
	1
	1
	SMA
	J502-ND-142-0701-801/806
	SMA 50 Ohm End Launch Jack

	PCB 1
	1
	1
	PCB
	
	PCB V1.1

	Totals
	93
	94
	
	
	


Image P_18_board_layout_v1.1.png shows the Version 1.1 of the PCB layout, before generating the ground planes. The buttons and the display are assembled from the backside of the board. All other components go to the top side. Most SMD components are 0805 size and can easily be assembled by hand. The most challenging parts are the MCP3911 and the SI5351 with their small outlines. Internet searches provide some good tutorials on how to best solder such components. 
============================================
