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The story begins with a very nice Marconi/IFR model 2031 2.7GHz synthesized signal generator with a 

defective Liquid Crystal Display (LCD). Fundamental settings like frequency, power, and modulation can 

only be read off the display, so the instrument was useless (unless you used the remote HPIB bus to 

program it). I searched the web for a replacement or substitute LCD to no avail, so I decided to emulate 

it. I have no manual, and could find no data on the LCD display, so I embarked on a study of what was 

happening inside. 

A manual is available! See http://www.ko4bb.com/getsimple/index.php?id=manuals&dir=Marconi  

Also, displays are apparently available for about 200 British pounds from G6HIG@Yahoo.com .   

And, there is another approach, using a microcontroller. See the excellent work by Tim Barnes at  

https://groups.io/g/Marconi-Test-Instruments/topic/70882610#6624  

The manual would have made this a little easier, but there are not many details about the display 

interface in the manual. Page 4-2-59 & 60 has a brief description. However, if I had known that a new 

display was available, I probably would have taken that route. Tim’s solution is very different than mine 

(and I considered a computer-based solution at one point, but the hardwired solution played to my 

strengths) and I’d probably recommend it for more computer-literate people. I have decided to keep my 

solution; it’s unique, functional, and I will leave the shrinking supply of displays for others.  

Inside the instrument, the display interface has 14 pins, and a quick look with an oscilloscope showed 

that there were essentially 7 salient pins: 4 pins with random-looking data, and three with regular 

waveforms: a clock, a line-end (like a horizontal sync), a First line Marker (like a vertical sync).  

1 D1 Video Data 

2 D2 Video Data 

3 D3 Video Data 

4 D4 Video Data 

5   

6 Clk Clock for the Video Data, data valid on falling edge 

7 FLM First line marker, a 150us pulse at a 68Hz rate, like vert sync 

8   

9   

10   

11 Line Pulse at beginning of each line, like horiz sync, ~ 6.8kHz 

12 +11  

13 GND  

14 +5  
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This numbering differs from the Marconi Schematic. On the Marconi schematic, 14 is 1, 13 is 2, 12 is 3, 

etc! 

The video data was just a random 5V digital square signal. The Clk is not quite a regular clock. It has a 

regular waltz-like rhythm. Below, it is shown at a 10MHz sample rate. I determined that the falling edge 

was when the data appeared to be valid. 

 

 

I captured about 20ms of each signal with a digital ‘scope and uploaded the data into a huge spread-

sheet. I plotted the data (it took some smart logic to convert the serial streams into pixels on an Excel 

scatter plot) and fiddled around until I got a clean-looking plot that looked like the IFR display (in the 

user’s manual). The picture below is from an excel spread-sheet plot, based on waveforms captured on 

the synthesizer.  

  

Figure 1 The scatter plot from the spread-sheet 

From this I determined that the screen was 200 lines of 400 pixels each, and written in halves (the 1st 

line, then the 101th line, then the 2nd line, then the 102st line, and so-on) and the 4 data lines are for 4 

adjacent pixels on one line. So, the first 100 clocks gave us the 400 pixels on line 1, the next 100 clocks 

gave us line 101, the next 100 clocks gave us line 2, the next 100 clocks gave us line 102, and so on until 

line 100 and line 200. The screen rate was about 68Hz, close enough to a regular NTSC rate that I could 

use a standard TV monitor, but I would need to smooth out the irregular clock rate, serialize the 4 data 

lines, and recombine the top and bottom screens. To do this, I designed a circuit that reads the data into 

a 32k X 8 memory in one order, and reads it out to the monitor in a different order.  

Here’s how it works. The circuit has 2 modes: a write mode (writing from the instrument into memory), 

and read mode (reading the memory to the external monitor). It flips back and forth between these 

modes.  



The write (Write=high, Read=low) mode, starts with the FLM, indicating the beginning of the raster. 

(U10A generates a brief FRAME pulse at the rising edge of FLM) U6 and U7 are the address counters 

(that drive the address bus of the memory, U5), and they are reset by the FLM signal. U7 (the 

“horizontal” counter) is clocked directly from the clock pulse from the instrument, storing the first 100 

pieces of 4-bit data into the “upper block” (Pin 21=low) of memory. (The memory write cycle is 

performed by U10B, which provides a brief write pulse to the memory chip for each downward edge of 

the clock from the instrument) At 100, U9B resets the counter, and sets U8B, so that the next 100 pieces 

of data go into the “lower block” (Pin 21=high) of memory. After another 100 counts of the clock, the 

“Line” pulse from the instrument indicates the beginning of another line of data, and U7 (horizontal) is 

reset, and U6 (vertical) is incremented. The next 200 counts are read into memory, U7 is reset, U6 is 

incremented, and so-on, until the end of the stream of data. At the end of this, the two blocks in the 

memory contain the contents of the entire screen. 

To understand the read mode (Write=low, Read=high) you must first understand the horizontal timing 

circuit. The monitor needs to see a consistent horizontal frequency (Hsync), and this is determined by 

the ~7.4MHz Colpitts oscillator (Q1) and the subsequent dividers, U1 (divide by 4) and U2 (divide by 

100). These generate the horizontal sync pulse. Note though that a CRT monitor requires a finite time 

for retrace, and this is provided by U11. After the horizontal line is drawn and the Hsync signal is 

generated, U11 disables U1 for 10us or so, giving time for the CRT trace to return to the left of the 

screen.  

The read cycle starts with FLM. U6 (vertical) and U7 (horizontal) are reset immediately, but U7’s 

(horizontal) reset remains enforced. U7’s reset comes from U56A. U56A is a S-R FF, and it is set (to reset 

U7) at FLM. It remains set (preventing U7 from advancing) until the end of the retrace. So, until the first 

retrace pulse after FLM, the memory address is at 0 (the “upper block” of memory). The shift register U4 

repeatedly loads 4 bits of video from the memory when ShRegMode is low, then shifts the data out at a 

~7.4MHz rate when ShRefMode is high. Until U7 is allowed to advance, this is just data from address 0. 

Once U7 is advancing, the video data is loaded and shifted out at each count of U7. U7 counts up to 100 

(completing line 1 on the display) then U9B resets U7 to 0. Simultaneously, U2 also resets (because it is a 

divide by 100 counter) to 0, and the falling HSYNC causes U6 to advance, and line 2 begins. This repeats 

until U2 reaches 100. At 100, U9A resets U6, and also sets U8A, which causes pin 21 of the memory to 

go high, causing subsequent memory reads to be from the “lower block” of memory. This continues 

until the “lower block” is finished. In fact, it continues beyond that, reading parts of the memory that 

are unwritten. 

The circuit flips back and forth between the read and write modes, based on the FLM signal. U54 does 

the necessary switching for each mode, based on the signal from U55. U55 controls which mode is on 

(by setting Read and Write), and I configured it so you could do multiple reads for a single write 

(depending which U55 output connects to U55 reset pin). Of course, while in write mode, the monitor 

goes blank. I had hoped that doing multiple reads would make the flicker during the write unnoticeable, 

but I did find it a little annoying. In In the end, I made 2 similar circuits, a slave and a master, and had 

them operating out-of-phase so one was in read mode at all times, and the monitor never flickers.  

The circuit that I came up with had about 17 DIP ICs, so very complicated to hand-wire. And, it would be 

far too difficult to drill and etch a board myself. So, I decided to try having a custom board made. 



The Digikey web site recommended “KiCad” as a free tool to design circuit boards. 

https://www.digikey.ca/en/resources/design-tools/kicad There are also a series of Youtube videos that 

take you slowly through the process. I entered the schematic diagram (I guess I could have simulated it, 

but I didn’t), then placed and routed the conductors on the PCB. The tool has almost all component 

footprints already installed. The tool checks design rules and verifies that the PCB matches the 

schematic. It was surprisingly easy to learn and very robust. The final result is a set of “Gerber” files that 

any PCB manufacturing company can use. I found a Chinese manufacturer that sent me 5 samples of 

double-sided boards with plated-thru holes (in fact, over 400 holes per board!), solder masks, and 

silkscreen for under $16 CAD, including shipping and tax! https://jlcpcb.com/ At this price, it’s not worth 

messing around with etching your own boards. I received them in about 3 weeks (the boards were made 

in about 2 days, the rest of the time the boards were in transit). Contact me if you want boards or 

gerbers or the design space, or whatever. 

The schematic is too big to cut and paste here, so I refer you to the Raster_Converter .pdf file. The bill of 

materials for the active components also available. Below are some outputs from KiCAD, and the 

resulting assembled board. 

 

  

https://www.digikey.ca/en/resources/design-tools/kicad
https://jlcpcb.com/


   

Figure 2 The board 

 

Long story short, I corrected two tiny board design mistakes (swapped Vcc and GND on the ribbon 

connector to the synth, and got the footprint of Q1 messed up), and it works. 

Well, almost. One problem was that my monitor’s video input had a 75ohm input impedance, and this 

was a bit much for a CMOS gate. So, I added a simple buffer. I added buffers to the Hsync and Vsync too. 

The other problem was vertical retrace time. I was losing several lines at the top of the monitor (with 

this scan rate, there are about 30 extra lines at the bottom). To fix this, I needed to advance the Vertical 

Sync (which comes from FLM), which I did by delaying it by 224 (using a divide by 32 and divide by 7) 

lines. You might or might not need these modifications, depending on the monitor you use. This circuit 

was hand-wired. The schematic of the barnacle is shown below: 



 

Note that you can extract video from pin 11 or 12, depending on whether you want white characters on 

a dark screen or vice-versa. 

As I said, I have 2 raster converters working out-of-phase to avoid any flicker. The slave board does not 

need the horizontal circuit, and uses the read and write signals (swapped) from the master. The slave 

board is built without the Colpitts oscillator, U51, U1, U2, U11, U56, and U55. I stacked the boards and 

used header pins to connect master and slave boards at J1, ShRegClk, ShRegMode, NHsync, Hclk 

Frame_Dly. Pin 3 of U55 on the slave board goes to Pin 2 U55 master. V1 from slave goes to pin 14 of 

U54 on master. The instrument connects only to the master board.  

Here’s a poor photograph of the CRT. 

And a poor schematic of the whole thing. Please refer to the KiCad project if you are serious about this! 

Regarding the connector to the Marconi: my numbering differs from the Marconi Schematic. On the 

Marconi schematic, 14 is 1, 13 is 2, 12 is 3, etc! My Marconi uses the NanYa display. Apparently, earlier 

instruments use an Epson display which seem to have a different style connector. 

A couple of notes on parts: The inductor for the Colpitts oscillator is wound for a 7.4MHz oscillation. I 

used an adjustable ferrite core form. I show it in the schematic as 2 inductors, but that is just to create 



an appropriate footprint. C15 is not used. There is a footprint for the flat cable that is used in the 

synthesizer. The circuit can be powered by the synth. 

 

 

Figure 3 Here’s a poor photograph of the CRT. 

 

Schematic: 

 

Clock chain. 

 



Memory Address Circuit. Multiplexer. 

 

Output. 



 


