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A remake of the EA 2650 mini system 
By Craig Southeren, craigs@postincrement.com,  

Version 5, 16 November 2022 

In May 1978, Electronics Australia described a small development board based on the 
Signetics 2650 microprocessor. For many people in Australia (the author included), this was 
the first computer that was cheap enough to buy and build even if you were a student or 
beginner.  

 

This update to the simple and elegant design of the 
original provides a new PCB that evokes the original 
while adding modern alternatives to some of the hard-
to-get parts of the original.   

The original article text is included at the end of this 
document. It contains a full description of the board 
and it’s features. 

The new board has three options over the original.   

• A crystal oscillator instead of the original 

monostable circuit. 

 

• A variety of EEPROMs up to 32 pins instead of the 

PIPBUG ROM (note that the picture above is of 

the original board version – the current version 

has more pads for the bigger packages) 

 

• An external 5V DC supply instead of a centre-

tapped transformer 

 

• A TTL serial interface instead of 20mA current 

loop 

 

• A power LED 

 

Build instructions 

1. Insert the parts for the selected power supply 

option from table 3 or table 4. Measure the power 

supply voltage with a voltmeter and ensure it is 5V. 

 

2. Insert the parts for the selected oscillator option 

from table 5 or table 6. If possible, observe the 

signal with an oscilloscope and ensure it is a 1MHz 

square wave. 

 

3. Insert the jumpers for DBUSEN (JP1), ADREN (JP4), 

INTREQ (JP5 & JP6), and at least five of the chip 

select jumpers to the right of U3. 

 

4. Add jumpers JP2 and JP3 to disable interrupts 

 

5. Add the required parts from table 1, and optional 

parts from table 2, but do not insert the ICs into 

their sockets at this time. 

 

6. Insert the parts for the selected ROM option from 

table 8 or table 9. Note that the socket for the 

EEPROM is offset from the socket for PIPBUG. It is 
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possible to insert pins for both options, if required, 

using header sockets instead of DIP sockets.  

 

7. Insert the parts for the selected interface option 

from table 7 or table 8. Note that the TTL interface 

allows use of a 74LS00 instead of a 74LS38 and pull 

up resistors. 

 

8. Insert the CPU, PIPBUG or EPROM, 74LS138, and at 

least one pair of 2114 RAM chips 

 

9. Add the LED and resistor, if required. 

The board should be ready to go! 

Running 

If using the EPROM option, select the required boot 

image using J17 and J18. The table below gives the 

EPROM offsets selected for each combination of 

jumpers. 

Note that J17 must always be inserted for operation 

with a 2716 (VPP) 

 No 
jumpers 

J18 
Only 

J17  
Only 

J17 & 
J18 

2716 Do not 
use 

Do not 
use 

0x000 0x400 

2732 0x000 0x400 0x800 0xC00 

2764 0x0000 0x400 0x800 0xC00 

27128 0x2000 0x2400 0x2800 0x2C00 

27256 0x6000 0x6400 0x6800 0x6C00 

27512 0x6000 0x6400 0x6800 0x6C00 

27010 0x6000 0x6400 0x6800 0x6C00 

 

For the PIPBUG 300/4800 EPROM supplied, 300 baud 

operation will always be at the address in green, and 

4800 board at the address in blue.   

Connect a serial terminal to the TTL or 20mA output, 

apply power, and press the RESET button. The FLAG 

output should toggle at the appropriate baud rate.  

Parts List 

Table 1 – Required parts 

6 C2-C6, 
C11 

0.1uF Unpolarized capacitor 

1 C9 1.5uF Polarised capacitor 

7 R1, 
R12-R14 10k  Resistor  

1 R8 2k2 Resistor 

1 R10 10R Resistor 

1 U1 2650   

1 U3 74LS138 Decoder 3 to 8 

2 U8-U9 2114 1k x 8 Static RAM 

1 U1 40 Pin DIP 
Socket 

 

1 U3 16 Pin DIP 
Socket 

 

1 U4 14 Pin DIP 
Socket 

 

2 U8-U9 
 

18 Pin DIP 
Socket  

 

Table 2 – Optional parts 

1 SW1 SPST Push 
button 

Jaycar SP0602 or 
equivalent 

6 U10-U13 2114 1k x 4 Static RAM 

6 U10-U14 18 Pin DIP 
Socket 

 

 

Table 3 - Original on-board power supply 

1 C1 2500uF/16V Polarised capacitor 

1 D1 EM401 Diode 

1 D2 EM401 Diode 

1 U14 L7805 1.5A 5V Linear 
Regulator 

1  Transformer 15V center tapped 

 

Table 4 - External DC input 

1 JC1 DC Input 
Socket 

Jaycar PS0520 or 
similar 

 

Table 5 – Crystal oscillator 

1 Y1 1 MHz 
oscillator 

Digikey CTX745-ND or 

equivalent 

1 Y1 8 Pin DIP 
Socket 

 

 

Table 6 - Monostable oscillator 

1 U5 74LS123 Dual retriggerable 
Monostable 
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1 U5 16 Pin DIP 
Socket 

 

1 RV1 10k Potentiometer 

1 C7 270p Unpolarized capacitor 

1 C8 47p Unpolarized capacitor 

1 R6 6k8 Resistor 

1 R7 22k Resistor 

 

Table 7 - 20mA current loop interface 

1 U4 74LS38 Quad Nand 2 inputs 
Open collector 

2 D3, D4 1N914 Diode 

1 
Q1 BC548 

NPN, Small Signal 
Transistor, TO-92 

1 C10 1U5 Polarised capacitor 

1 R2 1k Resistor 

1 R3 150R Resistor 

1 R16 1K Resistor 

1 R17 2k2 Resistor 

1 R18 10k Resistor 

 

Table 8 - TTL Interface 

1 J1 0.1” 
header, 3x1 

 

1 U4 74LS00 Quad Nand 2 inputs  

 

Table 9 - EEPROM Original PIPBUG 

1 U2 PIPBUG Signetics CN0035 
mask programmed 
ROM 

1 U2 24 Pin DIP 
Socket 

 

 

Table 10 - EEPROM 

1 U15 2716/2732 Pre-programmed 
EEPROM with PIPBUG 

1 U15 24 Pin DIP 
Socket 

 

2 J18, J19 0.1” 
header, 2x1 

 

2 J18, J19 0.1” 
jumper 

 

2 R4,R5 10k  Resistor  
 

Table 11 – Power LED 

1 D5 LED  

1 R19 150R  Resistor 

 

 

Modifying PIPBUG for faster baud rates 

The serial routines within PIPBUG use software timing 

to operate at 110 baud. This timing is created by 

performing repeated BDRR instructions, each of which 

uses nine clock cycles at  the CPU clock frequency. The 

count required to achieve a specific bad rate is given 

approximately by the following formula, but at higher 

baud rates the time spent outside the delay routine 

tends to dominate the time.  

count = fCPU / baud / 9 

For 110 baud at 1 MHz, PIPBUG uses a count of 997 

(0x100 + 0x100 + 0x100 + 0xe5).  The empirically 

derived values for different baud rates are: 

Baud 0x2aa 0x2b0 

300 0xB9 0xB9 

4800 0x07 0x07 

 

Original PIPBUG delay routine at 110 baud 

02A8 20   DLAY  EORZ     R0 
02A9 F8 7E         BDRR,R0 $ 
02AB F8 7E         BDRR,R0 $ 
02AD F8 7E   DLY   BDRR,R0 $ 
02AF 04 E5         LODI,R0 H’E5’ 
02B1 F8 7E         BDRR,R0 $ 
02B3 17         RETC,UN 

Generic PIPBUG delay routine using half cycle count. 

02A8 C0   DLAY  NOP 
02A9 04 nn         LODI,R0 H’nn’ 
02AB F8 7E         BDRR,R0 $ 
02AD C0   DLY   NOP 
02AE C0         NOP 
02AF 04 nn         LODI,R0 H’nn’ 
02B1 F8 7E         BDRR,R0 $ 
02B3 17         RETC,UN 

Note that PIPBUG resets the FLAG output just before 

executing a user program. At 4800, this can lead to the 

terminal losing sync with the character stream.  
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Schematic page 1  

CPU, PIPBUG, primary RAM, and miscellaneous logic 
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Schematic page 2  

Additional RAM, EPROM, and clock 
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Revisions 

1 8 March 2018 Initial version 

2 28 August 2018 Fixed problem with description of J18 and J19 to select 2716 ROM location 

3 28 December 2018 Added installation of JP2 and JP3 to prevent user programs from crashing when 
interrupts are enabled. 
Change recommended 4800 baud constants for PIPBUG 
Add note on resetting flag output just before executing user programs 

4 26 September 2019 Added information on LED and 32 pin EEPROMs 

5 16 November 2022 Fixed typos and added more information on 32 pin EEPROMs.  
Thanks to Brian Cockburn! 

 


