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The LGB0 was a commercial computer,
released in 1956. Due to its simple design and
relatively low cost, it may be seen as the first
G LISNE 2 Y I f ¢tde Wskdday Sshhgle
user agheira RS &1 O AchitrSiHNE
your desk, and happened to be the size of a
desk.) Designed in the age of vacuum tubes, if
needed onlyl13tubes in total, of which only
24 were used inthe CPU itselfThis simplicity
was achieved by a b#erial CPU design,

which was tjhtly integrated with the

magnetic drum storage unit. The magnetic
drum contained not only the main memory,
but alsothe/ t | tif2e®e 32bit registersand
several tracks with timing signals to control
the instruction decoding and execution.

This documat describes aeplicathat istrue
to the bit-serial implementation and its
timing, but uses modern components. The
CPU and the magnetic drum storage are
recreated in an FPGby implementing the complete logic equations published by the-@GPQ a
inventor(iY I &O0OASYOGATFTAO LI LISNIFYR Ay GKS O2YLWzi SNDa
implemented in oAboard memory insidéhe FPGA, is made tangible via an optional video display of

its contents.

This way, one can play with all the quidéghe LGFB0, ncluding the timing behavior of programs,

which depends critically on the position of instructions and data on the magnetic drum. For those

who want to really dive into the details of the isierial design, the clock rate can be slowed down (all

the way tosingle step, biby-6 A i Of 201 Ay 30 I | YR U-basedilpfopscédhypel a 2 F
inspectedon an LC[all 15 bits of them!).

License terms and credits

This material, the PCB layout and the FPGA cod€apgright © 2016 Jirgen Mller, juergere
basteln.de. Use for commercial purposes requires my explicit permission in writing. Use for non
commercial purposes is granted free of charge, but | ask that you disclose the source and include this
copyright notice. | would appreciate if you let me knarhen you reuse this stuff.

Use of the following "8 party componentss gratefully acknowledged. These may bring their own
license restrictions; please check before you publish this code or use it commercially:

A Minimal DVI Encoder framework by Mike Field,
http://hamsterworks.co.nz/mediawiki/index.php?title=Minimal DWI
A TMDS Encoder by Jean P. Nicditin://www.fpga4fun.com/HDMI.html



http://hamsterworks.co.nz/mediawiki/index.php?title=Minimal_DVI-D
http://www.fpga4fun.com/HDMI.html

A Serial UART by Ken Chapman, Xilinx Ltd,
http://ohm.bu.edu/~dean/Xilinx KCPSM6_Release7 30Sept13/UART and_PicoTerm/UART6
User_Guide and_Reference Designs 29March13.pdf
A LCD font by Benedikt Kattp://www.mikrocontroller.net/topic/54860

The populated fronend ard with the Numato Mimas FPGA board
which does the heavy lifting.


http://ohm.bu.edu/~dean/Xilinx/KCPSM6_Release7_30Sept13/UART_and_PicoTerm/UART6_User_Guide_and_Reference_Designs_29March13.pdf
http://ohm.bu.edu/~dean/Xilinx/KCPSM6_Release7_30Sept13/UART_and_PicoTerm/UART6_User_Guide_and_Reference_Designs_29March13.pdf
http://www.mikrocontroller.net/topic/54860

Building the Replica

What you will need

bdzYl 42 daAYlaé¢ {LINIlIYy c¢c CtD!
Custom PBand dectronic componentssee appendix
Cables:

02 NR

> > >

0 Serial connection:9in SubD male to femaleonnection, wired straight through
(when connecting to a standard PGER port, with 9 pin male output)
0o USB connection (to configure the FPGA) and power supply:

Mini-USB type B, angled connector, to regular USB type A.
o0 HDMI, length < 1.5m recommended
A Hand oldering tools

0 Soldering iron (pen or chisel tip), solder (resin core, 0.5mm diameter or less), wire
cutters, tweezers etc.

o AuxxGe3d LISy 2NJ AStod L y2N¥Itta R2yQi

dza S
the solder, but flux is definitelyaeded for solderinghe HDMI connector!

| SNBE Q& ¢ioiahd mdtiin side of the populated board



Populating the circuit board

Most soldering on this board is straightforward. Even if you have not soldered SMD components
before, the discrete comgnents (Rs and Cs), as well as the SOIC (MAX3232), should not present a
problem. Soldering the H@ connector can be a bit hairipwever; please see the hints below.

I recommend populating the board in the order of the following sections.

1. HDMI connector

| recommend soldéngthis connector first, while no other components can get in the way. The
OKIttSy3aS Aa (2 I @P2AR a2f RSNIJoNAR3ISa 0Si6SSy (KS
from the PCB. The recommended approach is to first tin thads on the PCB, then place and solder

the connestor without adding more solder.

A Put flux on the PCB pads. (Needed! There is no solder mask between the pads, and the solder
will create bridges between them if no flux is applied.)
A Tin the PCB pads.g6lde bridges are created, they are removed relatively easily with selder
wick or a suction pumgf the solder does not want to flow towards the pads, add a bit more
flux. ¢ The small pads, especially those without a trace connected tmtti& off the PCB
jdZA GS Stk aiateod | Sy OSswiththe sGideMBKodpgump: Y R R2y Qi da
tdzi 42YS Y2NB FtdzE 2y G(G(KS GAYYySR LI R&a | yR 2y
Position the HDMI connector. The two throughi2 £ S& NBIAAGSNI g AGK (GKS O
pins. | recommed clamping the connector down with a small clamp or clothes@iack
the alignment of pins and pads with a magnifier, and-figust.Do not solder the four
mounting tabs yet, in case you need to unsolder the whole connector in the subsequent step.
A Sober each pin individually, with a fiseped iron. Try to avoid creating solder bridgby
carefully centering the tip with each pad/pin. If a solder brifigenss (1 NB  itabdgzt € A y 3 €
from the connector with the tip of the iranAlternatively, you canarefully apply soldewick
to the pins and padg; If you have access to a hair soldering station, this should work well
for this step.
52y Qi Y2@S GKS (AL 2iNsholl&rdt tGuchthl @iNdere he)| (22 FI 1
angle upwards, away frortihe PCB! Solder bridgtsat form between the pins in this region
are very stubborn.

(
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2. SMDIC

The SOIC package of the MAX3232 is still large enough to be soldered pin by pin. If you have not
done this before; | like the approach shown in the following video
https://www.youtube.com/watch?v=fq8A95AQFYU

3. Discrete SMD components

The resistors and capacitors are all in 0805 format, which is large enough for conventional hand

soldering. Please note that several capacitors are on the top side of the board (where they will later

0S KARRSY dzy RSNYSI i K 1 KS sHowirgth@soldeyir@Steps: 3 Ay~ KSNBC
https://www.youtube.com/watch?v=IrDyUj7ZfVI.



https://www.youtube.com/watch?v=fq8A95AQFYU
https://www.youtube.com/watch?v=lrDyUj7ZfVI

The revision 2 board has one diode (D1, near the HDMI connector). Soldering technique is the same
asfortheBaAadG2NB yR OF LI OAG2NBEZI 0dgihe banil of thépckay® & SN S
must match the white stripe on the silkscreen.

4. LEDs

LED polarity matters. The flat side of the plastic package must match the footprint shown on the
silkscreen. Iffiis is hard to see for your LERsp & SNIBS (G KS RAFFSNByaket SyaiKa
sure that the long leg is always oriented towards the switch which corresponds to the respective LED.

The LEDs look best if they are nicely aligned. | recommend imgént LEDs with straight legs,
soldering only one leg first, and adjusting/resoldering them if needed before soldering the second

pin.

Recommended LED colors:

A LED 16, 1116 green show on/off status of toggle switches
A LED 710 yellow aK2g KGR 2yE @egAGOK Aa Sylrof SR
A LED 1719 red status indicators

Note that one LED and switch (LED14 and SW14) are spares which do not currently serve a function
in the LGP0 replica You can leave them unpopulated if you prefer.

5. Switches & Encoder

The switcheswhen pushed firmly into the PCB, should register precisely and can be soldered
without further alignment.They can be inserted in two orientations which both work. For the
encoder, sldering the two mounting tabs is recommended for mechanical stability.

A small knob will help ihandling the encoder. The onaédhe parts lis{see appendix) is cheap and
unobtrusive but needs to be drilledutA ¥ & 2 wantR & Eitvery high: 7 mm diameter drill,
about 6 mm deepWrap the knobwith a few turns of making tape before clamping it in a vis¢he
plastic is quite soft.

6. Pin headers & socket strips

The two large pin headers P1 and P2 (2*20 pins each) need to be populated lwottitra side of
the PCB, to mate with the Numato Mimas boaftie same is true for the single +5V supply pin (near
0KS Sy O2chiédednaén revisioh 2 PCBs only.)

The 2*6 pin header P3 is optional. Depending on the FPGA configuration, it may be used to output

test signals for debugging, or vertical and triggignals for an analog oscilloscope display. (See the
oscilloscopet SO A2y AV replikasS QKK RIF SN KSNJ RS I R3urpopu L N
lated unless you have a need for it. If used, it is meant to be populated dvottem side of the EB

too.

&
¢

The LCD should be socketed, using precision (turned) socket f&tr good mechanical contact:

A The two LED supply contacts in the back (2 pins eaak)be socketed, because one of
them is located above the 32 connector ldering in the corplete LCassemblywould
prevent soldering of the R&32 connectorand vice versaMount these socket pins before



installing the R&32 connector!Clip the pins of this socket flush with the PCB before
soldering, so they do not interfere with the 32 @nnector in the following step.

A The 20 pins in the front can alternatiydbe soldered without a socket, to place the LCD at a
slight angle But | recommend using a socket strip as well, in case the LCD needs to be
removed for troubleshooting.

7. RS232 connector

RS232 connectors come in two slightly different mechanical packages. This PCB layeamhifor
theUSTE I O2NE 6AGK | RAAGEFYOS 2F T1ToHYY 06SG6SSy (GKS
row of pins

The pin numbering is for a female SDID pin connector. Thisill be connectedl:1 to the male
connector found in PCs, for use with af¥Sed terminal emulator program.

Make sure that you have the two socket pins for the LCD (located on the top sideosite the RS
232 connector) populated first! See step 6.

8. LC Display

The DOGML32 displays (132*32 pixel graphical LCDs) come in different versions. The recommended
EA DOGM1325is gtimized for inverted operationwith bright pixels on black background, and

meant to be used with a backlighEA LED55X3% is a yellow/green backlight, which results in a

color scheme similar to the original L@@ oscilloscope. Other models of the DOGRP series,

including transfletive versions without a backlight, can be used alternatively.

When using a displayith backlight:

A Remove the protective foils from the display back and backlight front.

LyaSNI Fff RAALI I @ LIAYya Aydz2 GKS ol O1fAIKGEQA
Install the LCD+bé&tight package into the sockets soldered previously.

Solder the 2*2 LED supply pins from the top, to electrically connect the backlight board to

these pins.

> > >

9. Visual inspection

Congratulationg, your LGF30 replica is fully populated! Before you move ondwiew the power
supply options in the next section, | recommend a thorough visual check of your work so far:

A Have all SMD components been populated, and with the right values?

A s the polarity of all LEDs correct? Besides looking for the flat side pladticyou can also
see the electrodes inside the slightly turbid plastic. The larger electrode is the negative one,
and should be on the side away from the push button.

A Any solder bridges? Inspect the MAX3232 IC and the HDMI connector in particular. The
headers P1, P2 and P3, as well as the sockets for the LCD, also deserve a closer look.

A Have all pins actually been solderdt® easy to miss some of theush-0 dzii (iphy; &rQ
saome of the pins on the large headets.addition to malfunctions right from thstart, his
can lead to annoying problems with intermittent guactionslater on.

You will be able to follow up with a functional test once you have configured the EPl@dse see
the respective section below.



Power supply options

The Mimas board anddnt-end PCB require a +5V regulated supply, witturrent rating o800 mA

or more. | have measured 240..260 mA current consumption with an HDMI monitor connected, and
~40 mA less without a monitor. Any regular USB port or smalsty&Bpower supply sbuld be
adequate.

The following discussiamnly applies if you use revision 2 of the E&PFPfront end PCB (black PCB,
with DCpower jack on board, dated 9/2016). This revision of the PCB has a connection to the +5V
supply on the Numato Mimas board, whichuised to provide +5V on the HDMI output. It also has
the option to supply power to both boards via the more easily accessible coaxial connector on the
piggyback board (rather than the USB connector on the Mimas board).

To use these featuresnake the fdbwing changes on the Numato Mimas board

A t2Ldz 4GS GKS a+x9-¢é¢ O2yySOi2 Ninfeyialeliesddr b dzY | (2 ¢
This will mate with the single +5V pin on the piggyback board; the ground connection will be
established via the two large 48in connectors.

A Configure the power selection solder jumper (right behind the VEXT connector).
Two options here, depending on your personal preference:
o Connect pins 2 and 3 only: Power will always have to be supplied viGjaekon
the piggybackoard, even when a USB connection for programming is made.
0 Connect all three pins: Power can be supplied either via USB or ViztlgckMore
convenient, but some attention is required: You maost supply power via both
connections at the same time! ®Bwould result in the two power supplies fighting
2P0SN) KS REBFAY AR YO2d® B LR IGSYGALIf & RIYI:
LT &82dz R2y Qi gt yi (0 arededir®y a teWstHn BB PCByoliicardiedvel G | £ =
VEXT unpopulated, leave theldger jumper in the 12 position, and always suppbpwer tothe
boards via the Mimas USB connector. In this case, you can also ledv€pbever jackunpopulated.
Flatscreen TVs and some (mostly older) monitors imayevernot recognize the HDMI outputi
this configuration

Configuring the FPGA

To configure the FPGA with an available .BIN binary fileqdt isecessary to install the Xilinx
development environment. (See the next section for details on that package.)

A Obtain the BIN file for this proje¢see appendix).



Download the FPGA Configuratiomol, mimasConfig.exdérom Numata
http://productdata.numato.com/assets/downloads/fpga/mimas/mimasConfig.exe

Download theUSBDriver fromNumatod | y LI O1 GKS %Lt FAf S> 0 dzi
http://productdata.numato.com/assets/downloads/common/numato _lab_usb_cddver.zip
Connect the Numato board to the PC via a USB calole can do this either with the bare

Mimas board, or with the freshly soldered piggyback board already plugged in.

When prompted on the PGnstall the USB driver.

Run mimasConfig.exe, which doeot require installation. Select the correct COM port

60KSO]l Ay (GKS RS@GAOS YIylFraSNI AT dzyadza2NBO | yR

After programming is complete, the FPGA will automatically start up. You should see the LCD
light up and display its traseand register letters, similar to the picture on page 2. Several
LEDs should also light up, and you can toggle them by pressing the mode switches
(Normal/One Op/Manual) and the toggle switches in the bottom row.

R:

If this is the case congratulations, youLGP30K | & 2dza G &aSSy aFANRG f A3IK

Y208 2y G2 G(KS 4! aAy3 (GKS wSLIEAOIE aS0GAazyo

recommend going back to another careful visual inspection as the first step of
troubleshooting.

Documentation fromNumato can be found dittps://docs.numato.com/doc/mimas
spartan6-fpga-developmentboard/

FPGA development

If you want to dive into modifying thEPGA coddree developmentools for the Spartaf6 FPGA
family are available from Xilinx. They are a bit unwieldy, however:

A

A

A Xilinx Account is needed to download the tools. Free registration under
https://secure.xilinx.om/webreg/createUser.do
DownloadXilinx ISE Webpa¢& 6 GByte download!)
https://secure.xilinx.com/webreg/reqgister.do?group=dlc&htmlfile=&emailFile=&cancellink=
&eFrom=&eSubject=&version=14.7&akdm=1&filename=Xilinx ISE_DS Win_14.7 1015 1.tar
Xilinx ISEs no longer maintained and is not fully compatible with Win8 and Win10. The
License Manager and Project Navigator both just close when you try to openThfiecan
be fixed as followsquoted from http://www.eevblog.com/forum/microcontrollers/quide
gettingxilinxise-to-work-with-windows-8-64-bit/ :
o Fixing Project Navigator, IMPACT and License Manager
Note: | am assuming you are using ISE 14.7 and have installed it to the default location
0 Open the bllowing directory: GXilinx 14.AISE_D$SElib\nt64
Find and rename libPortability.dll to libPortability.dll.orig
o0 Make a copy of libPortabilityNOSH.dIl (copy and paste it to the same directory) and rename it
libPortability.dll
o Copy libPortabilityNOSHIdigain, but this time navigate to
C\Xilinx14. AISE_D®ommonlib\nt64 and paste it there
0 In CiXilind14. AISE_DS®ommonlib\nt64 Find and rename libPortability.dll to
libPortability.dll.orig
0 Rename libPortabilityNOSH.dIl to libPortability.dll

A A brief utorial for first stepswith Xilinx ISEhttp:/langster1980.blogspot.de/2014/10/elbest

v2-fpgatutorial.html

L
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Using the Replica

The real LGP-30

If you have decidetb buld this kit, you have probably familiarized yourself with the design and
operation of the original LGBO to some extent. Several nice web pagéth LGP30 descriptions
technical documentation, and reminiscences of the early days of programming are easdy f
online.

The University of Stuttgart hosts the most comprehensive site, with technical documentation, a
software collection on AS@lbnverted paper tapes, and a description of their own, working-BGP
Please see the Appendix for links.

The LGB0 (perating Manual ispecificallirecommended as a starting point for your exploration of
the LGP30: ftp://bitsavers.informatik.unistuttgart.de/pdf/royalPrecision/L GRBO/LGP
30_Operations_Manual.pdf

Getting Started

Connecting peripherals
Only two connections to the L&® replicaare required:

A Power supply: +5V either via the USB port on the Mimas board which you have already used
to configurethe FPGA, or (if you have board revision 2) via the DC power jack on #80LGP
board. Seethéd SOGA2Y 2y Gt 2¢gSNJ adzLJL) & 2LIiA2yaé o020
while the LGP0 front end is installed, an angled USB mini connector is required.
A Seriall2 NIY 'y SEGSNYyFE ' {/LL GSNXAYIf Aa NBIdza N
GSNXYAYlLte aSOlAz2y o0St26d
Further optional connections (HDMI monitor for drum display, oscilloscope festgld register
display) are discussed in the respeetsections below.

Loading programs
There are three ways to load programs into the £3BReplica:

A Readingpapertapes
0 Text files are uploaded vieourterminal program to simulate paper tapes.
0 The 10.4oaderprogram is already preinstalled on theS LJf dku@ - Q &
0 Press the following control panel buttons to start the loader:
Manual¢ Clear¢ Normalc Start
o Tell your terminal program to send the paper tape text file.
0 Most paper tapes will end with a command that sets firegram counter to the
start address, so you simply have to press Start once more to start the newly loaded
program.
A Loading previously stored drums

10


ftp://bitsavers.informatik.uni-stuttgart.de/pdf/royalPrecision/LGP-30/LGP-30_Operations_Manual.pdf
ftp://bitsavers.informatik.uni-stuttgart.de/pdf/royalPrecision/LGP-30/LGP-30_Operations_Manual.pdf

o Complete drum contents can be stored andeaded if you use a termin@rogram

that supporsthe oldXModemfile transfer mode. (197 Q&4 G SOKy2f 23& YSSi

computer!)

o {SS XvKkdenid a SO0 Af@ getais St 2 &

A Manual bootstrap from an empty drum

0 ¢KS KIFENR gle&x FT2N) aNBFf LINPINIYYSNRBRE T
The papertape for the 10.4 loader begins with an interestingesalnding
bootstrap sequenceThis is enteredh a semimanual way; then théoot loader can
read the main program from the remainder of the tape.

0 To start from scratch and remove the pirestalled 10.4 loader, first loadn empty
drum viaXModem

0 The bootstrap process is describedhe 1963 edition of the Programming Manual.
German version available hegesee page 27
ftp://ftp.informatik.uni-stuttgart.de/pub/cm/Igp30/docs/EC1-3
022_Programmierungsanleitung_Apr1963.pdf

General hint: Paper tape files shouldt have a carriage return (or other characters) after their final
aconditional stog character! When reading a peptape, this character wittmainin the RS232

input buffer and may get in the way of subsequent operations, e..Mademdownload. Many of

the Stuttgart paper tape files do have a final carriage return; | recommend removing it. To flush the
buffer ofpending characters, switchthe L@Pn (12 al ydzZt € Y& RISFpédssbly | Ol A DI
several timesuntil no further input is received.

Control panel

LGP-30 Control Panel

All relevant buttons and indicators from the L-G® control panehre present. See theGP30
operationmanual for a detailed explanation of their function.

A Top row: Mode switches (Normal, One Operation, Manual). Pushing one button selects its
mode and releases any other mode. The LEDs indicate the active mode.

A Middle row: Operation buttongStart, Clear Counter, Fill Instruction, Execute Instruction).
Pushinga buttontriggers an operation. Depending on the Mode selection, only some of
these buttons are active. The LEDs indieaitéch buttonsare active.

A Bottom row: Toggle switche@reakpoints, 4/6 bit input, Transfer Control).

Each push toggles their state, and the 8 EBowthe current state.

The LG n v@er-ug standby anghutdown functionality is noteplicated

Flexowriter controls
The block on the righhand side has twbuttons normallylocatedon the Flexowritet

A &Connect agAGOK o0G233tS0Y /2yGNRPfa 6KSGKSNI GKS

U ¢

o

GO2yRAGA2Y It ad2L¥ OKI NI OGSNI NIE3D.Rhisstouldibk S Ct SE

enabled most of the time, buwill need to be disabled e.g. for a semanual bootstrap

11
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procedure (The bootstrap involveseading word for word from the tap&achfollowed by
manual fill/execute instruction commands).
A awSl Ré&:Aivaay$a GKS Tdzy Ol A StaftRead T RS G Cli 3 ER wRK &
buttons. It will start and stop the paper tape readein case of theeplicaby setting or
Oft SFNARyYy3 (GKS aRRfpdt. aAdylt 2y GKS w{

Encoder

The Encoder in the upper right corner operates in two mod@sican toggle between thee modes
by pushing down on the encoder button. The active mode is indicated by the LED above the encoder

A Normal mode (LED off, active after startup): Shifts the HDMI drum display left and right.
A Clockmode (LED on): Controls the -@PCPU clock rategation speed of the drum in
bits/second).The sandard speed is 125 kHz; it can be increased up to 1.25 MHz and
decreased down to 1.25 Hz in three steps per decade.
At speeds of 250 Hz and below, the HDMI drurgpthy will switch to animated mode,
showig thedrum rotation and theposition of the read/write headsTurning the encoder
further left from 1.25 Hz enters single step mode: Efacther encoder step to the left will
then move the drum by one bit. (Note that this is much slower than the-oGfOné
hLISNI GA2yé Y2RSS gKAOK SESOdziSa 2yS /t! 2LISNI

Option switches

Four switches on the front edge of the Numa#iimas boardmay be configured to control options of
the replica At thistime the following are supported:

A SWa4: Disable the gsnded information in the LC display. True to the original-BGRonly
the CPU register contents will be displayed:-figp and clock rate display will lksabled.

A SWB: In R&232 output, dsable the VIL00 ESC sequence for black/red color shifting. This
maybe useful when using a non MU0 terminal, or when capturing L&® output to a text
FAES 6aLMzy OKAYy3I + (1 LISE0D

LCDDisplay

¢CKS [/5Qa YIAyYy GFal Aa G 2clldsdpstdisply i the LBKIGshoWslzy OG A 2 y
the CPU registersfrom top to bottom: Program counter C, instruction register R, accumulator A. 32

bits are displayed, including the spacer bit in the rightmost position. The most significant bit (sign

bit) ison the left.

In additionthe LCOdisplays the stats of the LGB n Q& wmp  S-flofsQas Wal i@ cufentA LJ

CPU clock rate. Thesésplays were not pesent onthe original LGB0Q & dza S NJ QdthoigNR f LI y
the flip-flop circuit boards had ren bulb indicators for troubleshootinglhe additional display items

are on by default, butan be toggleaff via option switchlSWA on the Mimas board.
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| op| | Track | Sector|

Counter
Instruction

‘ ‘ | Track | Sector|
Accumulator Op

Is 1a lg li2 lie l20 l2a l2g ls2 Is la Is h2 lie 20 l24 l28 32

Optional: Print and cubut one of these cardboard overlays to read the bit
positions on th&.CDmore easilyThe &ft overlay shows the CPU registers only,
the right versionleaves room for the clock rate and ffipp display.

Serial terminal

Settings

An ASClerminal with serial (R832) connection is required to use th&P30 replica It replaces the
Flexowriter and its paper tape reader and punch. If a terminal programX@¥tbdemcapability is
used, it can also be employed to store aedall the contents of the mangtic drum memory. (See
the separate section below.)

Set the R&32parameters to

19200 Baud

8 data bits

1 stop bit

No parity

Hardware handshake (RTS/CTS)
A No local echo

LD D D> D D

Thereplicatranslates the Flexowriter-6it code to ASCII. Plain ASEXt is used, with one exception:
¢KS Ct SE26NRAGSNDA saitchastbetwerBldC of récktypenaitd 8hbondsk A O K
translated into VI100 escape sequences to toggle between normal and boldface charddseref
theseescape sequence can be disabled by option switch SW3 (on the Mimas FPGA board); it is
enabled by default.

The physical data rate is chosen quite high, to enxiMedemtransfers of complete drum contents

at reasonable speed. (19200 Baud is the fastest rate handled by rd@O0M€&rminals, in case you

want to connect one.) But the effective transfer speedagular LGB0 operation will be much

slower: Approx. 200 cps (characters per second) when reading, and 10 cps when printing. This
matches the speeds of the high speed tape reader and the Flexowriter, respectively. The slower
speeds are required becaudeet CPU timing during input and output operations needs to match the
I/0O timing. When running the CPU at lower or higher clock rates, I/O speed is adjusted accordingly.

Special characters and control buttons

The ESC key has a special function: It simulatésS G Bk NJi ¢ 1 Sé& 2y ( Kidenti€al SE2 6 NA (

AY Tdzy Oii A giy GRzidiRy @i KNS 02y iNBf LI ySt o

13



Reading @& (dbnditional stop) character from the keyboard or from a text file also triggers a
G{G1FNI¢ arayrf o LriiputbRdRearingittie \CES flawicondral dghddut VilldeN D K S
re-enabled by the next Input instruction executed the L3BP

Twobutton2y (G KS NBLX AOIFQa O2yGNBf LI ySt LINRPOARS O2yi
Flexowriter

A ¢KS dawS|l Réatedodrthaiepliye® da O2y G NRf LI yStz Aa | (233t
G{i2L) wSIFRé YR a{dIFI NI wSIRé¢ agAioOKSa 2y GKS
start and stop input from the serial terminal by changing the state of the CTS h&edsha
signal. Note that, different from the real Flexowriter, treplicawill not accept input from
GKS 1S@062FNR ¢6KAf S ((ilce ke CIFSLSI§alwill bf cd8rée stbpaall & G 2 LILK
RS232 input.)

A ¢KS a/2yySOilé¢ odzidiz2ys Ffaz 2y GKS O2y iNBf LI
Ct SE26NAGSNI® ¢KS af{ G NIi ¢ &0A Fyndifioaal siopflA 33 SNB R 0 ¢
character will only be sent to the logic unit when the Cectrswitch is on. Ishould be @ in
regular operation, but needs to be switched off e.g. for a manual,-tegsésted bootstrap.
0{SS G(GKS aDSGlGAY3 &l NISRé¢ aSOliA2yd0

A ¢KSNB Aa y2 a4/ 2y RA lrdpicy Onfthe fedl El&a@writ€r hisicandd 2y G K¢
usedtosuppresst® aa 2L GKS GF LIS NBFRSNE TFdzyOlAzy 27
any use for this in theeplicaand assume that it was only needed if one wanted to copy a
GF LIS 2y GKS CtSE26NAGSN® {2 (GKS GO2YVRAGAZYI f
al2LXisrepfcxXi KT &2dz NHzy Ayid2 GKS ySSR (2 RA&alof
know!

Terminal programs

Areal VF100 terminal should basable, but | recommend a terminaiulationprogram on a PC.

Thesecan also send and receive text fildészg NB LI F OS (GKS Ctf SE24NAGSNR& LI
The papertape files available on the internet are directly usagecificalljthose from the Stuttgart

computer museumftp://ftp.informatik.uni -stuttgart.de/pub/cm/Igp30/papertapes/

If the terminal program supports th&XModemfile transfer protocol, this can be used to load and
store complete images of the magnetic drgsee the chapter oxModembelow.

Under Windows]| like Tera Term, a free program which is still actively maintained:
https://ttssh2.osdn.jp/index.html.en If you useTera Term, insert or edit the following entries in
teraterm.ini:

;. XMODEMeceive command
XModenRcvCommand3

Blackt extand yellowish background colors
; for normal characters
VTColor=0,0,0,255,255,229

Set fboldo typeface to r&dqlorshii match LGP
EnableBoldAttrColor=on
VTBoldColor=2 22,0,0,255,255,230

The Flexowter ¢ at least some models had talulator stops that were easily adjustable depending
on the current application. The complete set of tab stoa@s arranged on a removable tabulator
rack pttp://homepage.cs.uiowa.edu/~jones/flexo/tour.shtmlwWhile | am not sure whether this was
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the case for the Flexowriter model shipped with the LZBRit appears that tab settings different
from the 8characterincrementscommon today weréndeedused. Tl output from the weltknown
Blackjack program is correctly aligned éaabulator spacngof 12 or larger.

The VT100 terminal ha useradjustable tab stops asw¥ll ¢ K §o 9 {4 S1j dzSy O0S G St f a
toclearallpreRSTFA Y SR (| 0 sets & Bl iof at thedc{irfent ¢ugsor positidhyour

terminal program correctly emulates the \I00,you can prepare text files to set the tabs at various

positions Thiswillallowyout& Ydzf I §S GKS Ct SE26NAGSNNRE ljdAadOl1te §
replaying the desired taisetting file.Tera Term has a command line option to replay a file upon
startup:"ttermpro.exe/R=tab12.tty¢ A f t adF NI | euerBINY ORI NI XN ENEEl 6 F
how youhaveset up the tab12.tty file.

¥ Tera Term - [disconnected]) VT
File Edit Setup Control Window Help
5 - ¢ 7T - s
4 ~ s
Card? yes 9 - s
Card? & - h
total - 18 total - 17 score = §1.00
J-h Q -d
K ~-h
Card? 2 - s
Jd - ¢
total - 20 bust score = $2.00
10 - h 4 - 4
7 - ¢
Card? Q@ - s
9 -4
total - 17 bust score = §3.00
10 - ¢ K -c
3 - s
Card? ves K -4 A-c
bust blackjack score = §2.00

With the rightcolor scheme, font, and tab setting, the terminal does a credible job at
O2y @SeéAy3d (KS CtSE26NRAGSNI 2210 6b2 &2dzy R&AI
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Drum memory display (HDMI) z optional

Use of the drum memory display is entirely optional. The real3@dHd not havesuch a display, and
the replicacan be fully used without it. When you really want to follow the operation of the-3@GP
on a bit level, the display may be useful.

Finding a suitable monitor

A monitor with an HDMI input is required. DVI inputs can also be used, with a cheap adapter. (HDMI
and DVI video signals are electrically the same, so only a passive adapter plug is reghizaddeo
output has XGA resolution, 1024*768 pixels.

Revisian 1 boards(8/2016)have aHDMI outputwhichdoes not fully meet the HDMI standarti

does not provide a5V outputline, since not5V supply is availabten the board Apparently many
computer graphics castake the same liberty, so mostcentcomputermonitors should accept the
signal without complaints. Many T¥ad old monitordhowever seem taequirethe +5V line, and are
hence not suitableBoard revision 2 (9/2016, with additional power jack on the board) fixes this
limitation.

Display modes

The dsplay always shows all 64 tracks of the E8BRmain memory. Register contents and control
signal tracks aralsoshownin the bottom Track numbers are indicated on the left and right side of
the screen, sector numbers on top. Note that the display shissectors in their physical order on
the drum; therefore the logical sector numbéddlow the 7-step interleavepattern used by the LGP
30.

The displayhows a 1@vord segment of each track. Low bits are shown on the rigiurd
boundaries and word staiure are delineated by blue bands, with track, sector and opcode fields
highlighted in brighter shades.

In normal operation, the display is static and can be scrolled left and right with the encaoaler
(Encoder must be in normal modeith its LED off).

At slow CPU clock rates (250 Hz and below), the display will switch to scrolling mode. A stationary
column of 64 read/write heads is shown in green, andRhe Xzlit(pattern scrolls across it from

left to right. The active read head is indicated Hyighlighted frame; during write operations this
frame switches to red color.

The three dedicated write heads for the-ceculating registers are shown in ragpstream from the
read headsWhen register contents change, you can observe how the write hefagshes the

whole track content with the same repeating pattern, by continuousiwr#ing what the read head
sees 32 bits downstrearithe additional read head for the accumulator, used during multiplication,
isnotshowrg i KS R NXzY R 2 S an tiyedogic uif rgadsdhis heakaByway.

16



The drum display shows all 64 tracks as well as the CPU register and sync tracks, but only 10

sectors at a time. Rotate left or right with the encoder knob.

S

d/wdite BeadS Wil bR 2 ¢ Y

0 ea

uQa aadfbelow]thex

O dzy A

t23A

S

i K
displayed, and the drum will move across the heads in real time.
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Drum memory storage ( XModem) z optional

The magnetic drum of theeal LGP30 retainsits contentsg main memory and registerswhen the
LGP30is stopped and shut down. After restarting the computer, a progreenbe resumed at the
exact point it had been stopped.

In contrast, thigeplicastores the drum content in RAM memoidata arelost when theFPGAs
powered off To make the use of complex programs easierg the ACT compiler and libraries, which
have to be read from multiple tapesdrum contents can be stored and retrieved ¥&lodemfile
transfers.To use this feature, you must use a terminal program thapsuts the classiXModem
protocol:

Operation
A The tassicXModemprotocol is used, with 128 Byte blocks anbtiyte checksums (not CRC).
A Main memory (64*64 words) and register tracks (A, R, C) are stored.

A Downloadof the drum contents from thePGAs stated via the terminal program. The
simulator will recognize the NACK control character sent by the terminal program and will
automatically start the transfer. This is part of the standdidodemprotocol andshould
work for all terminal programthat implement XModem

A Uploadof drum contents to théFPGAs also started from the terminal program. It requires
sending the reservedé O K | thl3igOal Stiddsfer to theeplica which will then enter
reception mode and send a NAGKK A & F dzy’ Qi ha@agter 2ndt anXKM&lenw
standard feature, but a convention adopted for the L&Preplica only.

tK& aOly SAGKSNI 6S aSyd Ylydzaftfte FNRBY (KS
be started max. 100secondsafterwards. Alternativelysometerminal prograns are

configurable to send aKModemupload command automatically®e thedSerial Terminal
sectionabovefor an exampleconfiguration forthe Tera Term program

[N
w»
pd

Data format

la f2y3 +a &2dz 2dzad aG2NB yR NBUIONASGOS RNMHzY FAf S
Here it is anywayNote thatfor technical reasonghe file format isnot compatible with the format

dza SR o0& /KNRAGALIY /2NIAQa [Dton{La®9: 9H

A Data files & 18,432 byte binary files.
A First 16,384 bytes are the main memory data:
Track 0..63 in ascending orgderach starting witHogical sector 00, followed by sectdrs
physicabrdero6 A ®S® f 23A0Ff aSOG2NR nnx ptv3 pnx XO0T f
A Following 2048 bytes arethe register data:
Eachstoredbyte containsone bit each from the A, R, C register tracks, with the following
structure:an n n o on ! w /€& OFADGS LI RRAYy3I I SNRa Ay
Bytes are stored in the ordén whichthey appear on the physical tracks, starting with drum
positionO (logical sector 0 on the data tracks)
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Oscilloscope connection z optional

The LGB0 used an oscilloscope to display the register contergscumulator, instruction register,
and programcounter. This type of display was needed since, due to thedrial architecture, the
bits only showed up one at a time, at 120 kHz clock rate.

The replica has an LCD to display the same graphical information, so the oscilloscope is not needed. If
youg  yid G2 Ayaidltt 2yS 2dzad F2N {A01az KSNBQa K2g
the LCD, since it follows changes quite a bit faster!)

The test and expansion connector, P3, provides the required signadgister output, which

alternaes between bitstreams of the A, R, and C registers, and two offset outputs, which create the
vertical offsets . All signaheed to be added via a simple resistor netwqnilease see the circuit
diagram anl layout suggestiomelow. A trigger signal, whitoccurs at the beginning of each register
word, is also provided.

| GND T~ ~2 ]6ND scope 60 [MT~] Ry 4k
SCOPE_TRIG

o3 88 ' 8l r2 1

—— O O R3 3k9

— oo 12 Qe R4 3k9

Schematic and layout f@n oscillsscope adapter for the expansion port.
Easily hanewvired on perfboard as shown below

In the only image of a working LGP display that know of, the traces have a large vertical width

606dzi FNB jdzA GS ONRALI Ay (GKS K2NRT2yidlf RANBOUGAZY
whether the LGE30 scope was supposed to look like this, but find that it makes the display easier to

read.| SyO0Ss | aFF G GNI OS¢ O2YLRYSYyld o6p all aadaylrto
signalvia R4o makethe traceappear widerTo reduce the width of the trace, increase the value of

R4, or vice versa.
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LGP30 Display.
Image from http://compuermuseum.informatik.upstuttgart.de/dev/Igp30/Igp30_3.html

The polarity of the provided signals is such that the traces will appear in the same order as in the
LGP30: Counter on top, instruction register in the middle, accumulator below. Howeverijtthe b
order will be the wrong way round: The L-G®drum always outputs the low bit first (needed for
ripple carry during addition and subtraction), and its oscilloscope scafnaedright to leftto show

the bits in the conventional order, with the low bibhdhe right. Your oscilloscope is probably fixed to
scanning from left to right; and unfortunately the FPGA cannot easily output a ramp signal for use
with an X/Y scope.

There is an easy solution to this problem: Turn your scope upside dpyn!
Youwill f 82 ySSR (G2 AYy@SNI (GKS ao2LI5Qa Ay LJdzi

5

2« [EHN0Z) 222-A 3dOJSOTIOSO [IHOVLH@! ¢

‘ l‘

Wi COUNTER —— -
INSTRUCTION U [T

LI ]
L R ]

ACCUMULATOR . B =
| |

ORDER TRACK SECTOR
I I | |

subwwbe SR B

g e

This scope scans from right to left, showing low bits on the rght ;
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Appendix

Download links

A All my project files (FPGA source code and binary, and the latest version of this documen
can be downloaded froomww.e-basteln.de/lgp30

A Tools and documentation for the Numato Mimas Spartan 6 development board are available
from http://numato.com/mimasspartan6é-fpgadevelopmentboard/.

A For download links to the Xilinx development tools, see the section on FPGA development.
A ¢KS | YADBSNEBAGE 2rmusdun bad algieht Ndile@tin odIBPinfinriatoN.]

o Program documentation and AS€binverted paper tapes:
ftp://ftp.informatik.uni-stuttgart.de/pub/cm/Igp30/.

0 Manuals and more program documentation:
ftp://bitsavers.informatik.unistuttgart.de/pdf/royalPrecision/L GBO/

0 History and repair of their original, working L-G®
http://computermuseum.informatik.unistuttgart.de/dev_en/Igp30/Igp30.html

A The Operation Manual and Programming Manual are specifically recommended as starting
points for exploring the LGRO:
0 Operation Manuaftp://bitsavers.informatik.uni
stuttgart.de/pdf/royalPrecision/LGB0/LGP30_Operations_Manual.pdf
o0 Progamming Manuattp://bitsavers.informatik.unt
stuttgart.de/pdf/royalPrecision/LGB0/LGP30_Programming_Manual Apr57.pdf
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Schematics
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