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1 - Some Background

Ly mprc F dGdSIFY 2F w/! SyaiySSNE fSR o6& WSNNE | SNi 23
process called COSMOS (Complementary Silicon/Mexiidé Semiconductor). The 1802 was designed to

incorporate the COSMAC (Complementary Symmetry MitwolArray Computer) architecture developed by

Joseph Weisbecker in the early 1970s.

One of the items | have had on my bucket list for yeans, is creating a complete computer desigased
around the RCAEDR802microprocessor

My visionwasto createan 1802 based computer system witte look and feel found imintage computers like
the original Altair 880@eleased in70s These early computenssedsimplelightsto showthe current memory
addressputput data andto monitor system statusYou contrded the system usingggle switches for system
control, address and data inpat

.01 Ay ai KSou3airefient & joRrsyfdmiaddaanuallytoggled in programsvia the toggle
switchesand hopped to get the results you were looking for on mhary lightsthat made up the display

In my finaldesign kended up creating multiboard solution Themainboardbeing theCPUwith the 1802
microprocessorlt containedeverythingneeded to ruras astandaloneunit. The second board contained all the
electronics needed to createnaptionalfront panelfor userinterface.The front paneilvould allow the user to
program monitor andcontrol the operation of the systetlike day of old

1.1z The 1802CPU Bard

The CPU board is not depended on the front paflelingusein standaloneapplicationsHere is locatedhe
heart of Retro EIf, th&802microprocessotandits supporting electronics.

The use ofow power CMOS components hekeep thed 2 | N@&v@raneeds to a minimunThe CPU board
onlyuses 95mA of current with B2 voltDCpower supply A simple on board 5 volt DC voltage regulator is
implemented to power theeompletesystem (CPlslow clockoard,front paneland expansion boa)d This
regulator can supply 5 volts at up to half an amp when &28/0ls DC input is supplietb the board A
protection diodeis used to help protect against accidental reversal of input power.

The system clock is provided by an on board oscillator modle ldbeled oscillatomodulefrequency is

divided by twobefore entering the 1802 So if the oscillator imted 6MHz the 1802 would see 3MH2ne
AYGSNBaAaGAY3 FSIGdzNE 2F GKS mMynuQa /ah{ I NOKAGSOG dzNB
tod KS LINRPOSaaz2NRa NI (SR the Kgupnzbay & ne. The, optidmal Slbwy/Clogkd Sy @S
on boardtakes advantage of this arcdnadjust the processor frequency during operation allogwou to see

each fetch and execute cycle operation of running code via the front panel.

All 64K bytes odupportedmemoryhas been split in to two 32K chunks dmalre been addressed in to two chip
sockets.Onboard jumpersprovided configurability foead of the two socketsas needed Themost common
default setuphasa static RAMn the first sockeaddressedrom 0000H to 7FFFH and EEPROM/EPRse#l the
second socketddressedrom 8000H to FFFFH.
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An2y 0 2| NaRI Nil 6L2¢B pwdddWdzanienaked, the 1802is tricked into start running code from
8000H after a clear (reset). jumper selectabléoot-strap clear signal can come from eitlaehigh on the

MYy n @ kihd or any I/O operation.

An onboard battery backup circuit is also implementedotovide 3V DC t&8RAMvhen normal power is lost.
The use of a low power CMOS SRAM should be used to allemnérmalstandbybattery life.

Simple software (bibanging) seral can be provided usingthey n 1 Q& v 2 dzii LJdzi fjunpe8 | y R

selectableEF input linesBoth the serial input and output can be setup as normal or inverted again via on board

jumpers. A MAX232A integrated circuit is use

to cate standard RS232 signal legalthe serial lines. This

allows for easy connection tmost terminals or computer serial ports supporting RS232 signaling.

The ®-pin expansion headdsrings out most of theny n v Qa a A 3y | &5 vdit DG iesolrée Ités S
via this header that the front panel will be connectiadaddition to anyother future expansion boards that my

come.

Two groups of status LEDs have been provided to indicate operational status of the CPU board. The group of

four LEDs provide status on the besitap circuit, the +5VDC powegerial RXRnd serial TX[aka ¥ ns1Q@
LED. The group of three LEDs provide processor status; RUN,ANNRESET. If all three LEDs are off the
microprocessor is in a LOAD mode not normally seen while in standalone operation.

1.2 - Front Panel

The front panel gives the user a window irthe operations going on within the 1802. Key information is
provided via LEDs that monitor the memory addrggecessor state (fetch, execute, DMA or Interrupt) and
process mode (load, wait, reset and ruAn additional eight LEDs are used as an oypuit

Thirteentoggle switches are used faystemcontrol and data inpu Fourtoggleshandle Clear, \alt, Memory
Protect and InputOne toggle is used to support the Slow Clock opfidre remaining eighibggleswitches are
used for user data port infitOR data to be written to the current memory location while in processor load
mode. The hput toggle switch is a spring return type returniitgo the down position for each operational cycle

for the switch.

1.3-Expansion Board

The expansion boaridicrease the number of features available to the Retro EIf system.

The use of low power CMOS components B SLJ 6§ KS o02F NRQ& LI SSN) ySSRa
5 volt DC voltage regulator is implemented to power éx@ansion boardThis regulair can supply 5 volts at up
to half an amp when an-82 volts DC input is suppli¢ol the board A protection diodds used to help protect
against accidental reversal of input powEour jumpers are provided to select how the Retro EIf system will be
powered. The complete system (CPUhrit panel, slow clock boardnd expansion board) can be powered by

etherthe CPQANJ SELJ yaA 2y
paneland slow clock boargeparately from tle
the power needs for each application.

0 2 | NRrsamezabes §ad maydReed pboer tha @B
expansion board. These four jumpers allow the flexibly to setup
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Locations forwo COM ports usind6550, high speedserial UART chipse included. Each COM port is

interfaced using MAX232\ integrated circuit to peate standard RS232 signal lewalthe serial lines. This

allows for easy connection to most taimals or computer serial ports supporting RS232 signddiath COM

ports support hardware handshaking to allow for the faspossible transfer of seriakdia. Two jumpers for

each of the COM port channels are used to select if DTR/DSR or Rg&@re€dignalingwill used to support
handshaking.Four diagnostics LEDs are provided for each COM port channel that show the status of TX, RX and
both handshake fies.

A 40pin header is suppliethat conformsto most ofthe standard AT/ specificatios and supportspretty
much any ATA device that conform to:

a. Supporfor 8-bit transfer mode.
b. Supporffor logical block addressing (LBA) mode.

This connector can be used to attach an exted®lice likedisk drives or many versions @@ompactFlash cards
that meet the aboveequirements.

A four pin header is also supplied that allows the additiorstbeamingexternal interfaces that support these
of an audio tape recordesr streaming floppyo save programs.

RealTimeClock support is provided using an Epson RTC72421 madthiseRTC module providegghly
accurate timekeeping andsupportstime and date for hours, minutes, seconds, month,,dsar and dayf-
week.An on board backup battery provides continues operation of the RTC even when no power is being
supplied to the EIf. The RTC can also be programmed to supplypéxied interrupts to the EIf system.

ey
-- - - o o el ™ *

ol e S TN R sl R

v
§ SPAST
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2 - Theory of operation

2.1- CPU board
Details on theevision BCPU board such as part locations, parts list and schematics, are located in appendix A.

The core of the CPU boarddof the Retro EIf projectself, is the CDP1802 microprocesgt¥l)originally
developed by RCi 1975. All other electronics ohé CPU board are designedsiapportthe operation ofUl

Over time variants of the 1802 where created that where mostly pin compatible to the origumaper JP&
provided to allow support for thesether versiors of the family. If a classic CPD1802 is used, JP6 must be
installed.

¢tKS mMmynnQa Of 201 A& adzZlJ ASR o6& G(EIandphezh@ifiof FORCN) dzA (i
D flipflop (U10. The 74HC7# setupto divide the original oscillator frguencyby two. So f the oscillator is
6MHZz after the 74HC74he 1802 wouldeceive an input clock of 3MHz.

¢ KS wMQCUEAR Beld high using one of the 10K resisters in resistor network Glaringhe 1802 is then
accomplishedy pulling thecCLEARNe low. Power on clear and on board reset buttorlbaincingis supplied

by a DS1238J8) The DS123Ras an open collector output. monitors the power supply voltage and will pull
YR K2f R ¢OLEARneMoyv mniil@ dafe operational voltagerestored. The DS1233 will also act as-a de
bounce circuit foresetbutton (SWJ. The 0.001uFC17)capacitor helps the DS1233 setpperde-bounce
timingwhen SW1 is pressed to clear the 1802

¢ KS wmejght da@adbusinesare pulled high by the 22K resistor network RN1. This helps place the data bus in
a known state during high impedance operatiavisen no device is using the data buskewise 10K resistor
networks RN2 and RN3 are uses to pull high all four EF inputs alkbnipe-CLEARWAIT, -INTERRURPIDMA:
INand-DMA-QOUTsignals

Since the 1802 uses a multiplexed address bus, some form of high address range latch is needethéo latch
high address lineA8-A15.This operation is handled by a 74HC3U2) Thel1802 ugs the TPA control line to
signal latching The falling edge of TPA latches the higfiniebit of the address in to the 74HC373

Thefull 64K of 1802 memory is divided in to two 32K ran{dé® socket at3 is placed within the range from

$0000 to $7FFF hile the socket all4 is placed within the range of $8000 to $FFFF. Configuration jumpers JP7,
JP12, JP13 and JP14 allow U3 to be configured for SRAM, EPROM ot.BEiRGe JP8, JP9, JP10 add JP
allow U4 to also be configured for SRAM, EPROM or@#PWhile you can set the memory up as needed for
your particularapplication,if you are setting up the default Retro EIf which includes the front panel,

schematic showthe default configuration with U3 as 32K SRAM and U4 as 32K or EEPROM.

Five voltpower regulation is provided by is simple analog voltage regulator circuit made up of D1, C5, U5 and C6.
Power is presented vieonnectorJ3. The positive side is passed throtigd IN4001 diodgD1). The 1N4001

helps prevent accidental reversals onelpower supply input voltage. Inormal operation the 1N4QDis

forward biased allowing current to flothrough. If the voltage becomesversedthe diode will bereverse
biasedblockingcurrent flowing in to the regulatocircuit. The 220uF electrolytic capacitarlocation C5
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provided some DC input voltaggple stabilization. Th&805 regulatoi(U5) is used to regulate any input
voltage between 8 and 12 volts @BwnN to a regulated 5 volts DC at up to one half an aifipe 78® should be
mounted to an appropriate heat sink when input voltage are at 12 volts DC and the optional front panel is
installed.TheluF capacito(U6) is used to stabilize thfinal regulatedoutput voltage ofthe 7805 Ten0.1uF
capacitorgC1, C2, C34CC7, C12, C13, C14, C15 and ak6used to help decuplC generategbower line
noiseon the 5 volt supply

A power monitor LED is provided and is made up of LED D4 and the 1K ohm current limiting resistor R3.

The Retro Elf is setup to suppoitnple oftware (bitbanging) sedl. Driver hardware is provided to support the
MYNnHQa v 2dzildzi tfAyS FyR 2y S 2frthis KiRtiod BvdaNerterdadoeddmM) & S f
the 74HCO04 (U&re usedor both the serial input and outputo setup for normal or invertedsingling. umpers

JP1ds usedor serial out and JP1ig usedor serial in Voltage level conversion is supplied by AX232 (U7)

and four 0.1uF capacitof€8, C9, C10 and Q1The four capacitors allow the MAX232A to create a voltage

pump and also a voltage inverter used teate the standard RS232 signal lewal the serial linepresent at J1

This allows for easy connection to mostrteénals or computer serial ports suppory RS232 signalinghe four

jumper JP2 (EF4), JP3 (EF3), JP4 (EF2) and JP5 (EF1) are used to select which of the four 1802 EF lines will be u
to monitor serial inputs. The 1N4148 switching digDé&) is place in line between the selected 1802 EFdimg:

the serial input driver. This allows for a simple diode OR @atke selected EF line allowing that liteebe

shared if neededTwo LEDs are provided to monitor both therial receive and serskrial signals. LED D3 and

1K current limiting resistoR2monitor the RXD (receivesignalwhile LED D2 antiKcurrent limiting resistor R1

are for TXD (send).

AnATRE6VE&B GAL(U12)is used to reducéogic chip count and provide flexibility for possible future design
changes. In the current design, U12 sopiggthree functions.

The first operation supported by U12 ismbde memory ranges for thehip selects o3 and U4

The second function is supporting the second hathef74HC74U10)in creating a Bootstrap lo&d. After the

C(CLEAR signal is cycléte Bootstrap disables U3 and places U4 in to the lower memory address between

$0000 and $7FFFF. Depending of the sgttif JP18, the Bootstrap statecieared by settingk S MY H Q&
output line or performing any type of input/outpudperation Jumper1 can be used to disable the bootstrap
process completely. Useful when the optional front panel is used. LED D6 and current 1K current limiting resistor
R4 provide a bootstrap stas indicator. The LED will be while the bootstrap is enabled.

The final b of U12 is @ating three process statusitputs allowing the useto monitor what mode the 1802 is
currently in. Each monitored channel is made up of an LED and a 1K current limiting resistor. RUN consists of D7
and RSWAIT consists of D8 and Radfinally RESET (aka CLEédRisists of Dand R7

A 40pin onnector(o NA Yy 3 2dzi Y2ad 27 (pis&lesasource ®a5 valtd DO/ukbfithe | Y R
front panel orany expansion cards.
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There is a special jumper labeled JP15 use to conn8cttmy nH Qa a2 w fAyS (2 GKS { w!
inserted any time the CPU board is not used with the optional front panel. If the front panel is used, JP15 must
be removed since the front panel augments the MWR function.

A DS121QU1)) is used to creaa SRAM battery backupf the DS1210 detects that the supply voltage drops
below normal operation range, it will use the optional on board 3 volt batBdyto power socketU3. While
U3 can support many types of SRAM, EPROM or EEPROM, to take adohtitagoackup feature, a low
current SRAM (like the AS6C62256) must be used to alloanfomal battery life.

2.2 - Front Panel
Details on therevision Bfront panelsuch as part locations, parts list and schemates,located in appendix.B

Theinterface between the CPU board artktfront panel is made via a 4in ribbon cable connected to J1 of
the front panel board.

Sixteen LEEF NB dzA SR (2 RAaLX & GKS mynuHQad Odz2NNBy (i-D26RRNB 3 :
1Kcurrent limiting resister network RN5 and theb# latcha 74HC373U7)p ¢tKS mMmynuQa ¢t! A
74HC373 tdatch the upper bits Likewise the lower eight bits are made up of LEDsD®¥, 1K current limiting

resister network RN6 andH8it latch another 7HC373U8 ¢ KS f 26SNJ 6A G a | NEeaAdyl f

Eight LEDs are used to display thg n sta@ud(fetch, execute, DMAand Interrup) andits mode (load,clear,
wait and un).

The status is determined by decoded the state ofthg n +CKERand-WAITcontrol signals. Theontrolsignal
aredecoding usingpalf of 2to-4 line decoder a 74HC1896) The decoded status is then passed in to LEDs D3
D6 and four 1K current limiting resister within RN4 for display.

[ A1SsA&aS (KS wmmyined sy decodiagRHe SG0zandBSliisi§hhtssecond half of the-®-4 line
decoder inthe 74HC139U6) is used. The decoded mode is then passed in to LEIDE D&nd the remaining
four 1K current limiting resister within RN4 are used.

Eightmore LEDs @ used to construct a simple eight bit data output pdrhe data bus output is latched via the
-WRLED signal provided by U1 in tHeit3atch a 74HC37@J5) The eight latched bits are then passed to LEDs
D11-:D18 and current limited via the eight 1Ksigters within resister network RN3.

Toggle switches SW&W12 are used to construct a simple eight bit input pavthen the toggles arswitched
down (ow state), the corresponding data bis connected to groundA 10K resistor networkRN2)s used to
pull high any bits where the corresponding toggle switdioggledup (high) which disconnects that
corresponding bit fronground. Theoctal buffera 74HC244U4)interfaces the switche®thS My nH Qa
When the 74HE44is not selected, ibutputs are placedn to high impedancésolating the switches from the
data bus.U4 remains in high impedance until tHeRDSW like &m U1 issettrue. The switch data ishen placed
onto the data budor reading.

pufi
et

The front panel provideive SPDToggle switches to control the operation of the systehe firstswitch SW1
is used to manage the systamide clear(reset)signal while SW2 is used to manage $igestem widewait signal.
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SW3signals UplacesanyRAMplaced in U3n to a write protect mae. Finally SW4 is used to strobe the

My ssHFQ line as well as clocking the next byte in to RAM when the 1802 is in the load3Watles the only

toggle switch to have a spring return to dowirhecenter common m of each of theefour toggles areomect

to ground while the NO and NC pins are connected to one of the eight 10K pull up resistors in resister network
RN1. TheCD4044U3)contains four R/S latches. Each of the four toggle switch channels are connecter to one of
the four R/S latch channeler switch debouncing.¢ KS My nu Q& Of SINJ tAyS Aa KSER
CPU boardlt is possible for mre than one devicéo pull the clear line lovindicating gprocessor lear. D35 is a
1N4148switching diodelt is placed on the outputide ofthe R/S latchwithin the CD4044hat supportsthe

clear signatoggleswitch. This diode preventsshort type condition when the output of the CD4044 is high

(toggle switch not set talearcondition)and another device requesting-@LEARyY goes low.

The final toggle switch (SW13)xishree position, oroff-on, designed to control the Slow Clock option. This
toggle isa pinfor-pin connectiorto the 3-pin connector J2A three wire interconnection cable is used to
connect J2 of the Front Pahnto 1 on the Slow Clock boartf.the Slow Clock option is not used, this toggle may
be omitted or used for other user defined purposes.

To allow the Retro EIf to be programmed without any software support, a hardware method to load RAM
memory is neededWheno 2 (i K { K-SLEABNndr\WAPTEnputs arelow (true), the 1802 is placed ito the

load mode ADMA cycle is setup to take data from timput porttoggle switchegSW5SW12)and placeét onto

the data busThis byte is then writteim to the current memory location pointed to by the address bus. It is via
this process thaa user can usthe input porttoggle switches to place programs in the RAMis process also
places the content of the data bus on to the output port LEDs {D118) allowing the users to see what data

byte is there. Th®MA logic used to control the load mode function is provided using half of a CD46t&dflip

O] HOUO ¢RVSIN signal is Stdbed each time the user toggles the Input switch (SW4)trébis s
AYyONBYSyia GKS mynuQa | RRNBaa O2dzyi (2 GKS ySEG f2C
in to RAMIf the user has enabled the memory protect toggle switch, all RAM writes are inhibited. This would
allow the current contents oRAM to be displayed on the output port after each cycle of the Input toggle switch
(SW4) without destroying the data in the RAM.

The final section of the front panel is the select and control logic.flihidion is handled by U1 an AFGV&.

The GAL (&@e Array Logicleceivesi KS My n H Qrils @R, TARRAIT -ELUEAR,

-MWR, NO, N1, N2jhe Q signahnd the user enablegrotect (PROTEQSignal. The internal logic then

generate outputs to select the input toggle switcheRSW)atch thedata LEDsWRLED)write the SRAM if

the system isiot in a protect mode-{VE) drive LED D38 and 1K resistor R3 indicate the system is in memory
LIN2EGSOG 2NJ RNAGS [ 95 501 FYR MY NBaAaduz2Nl wh (2 &aK29

2.37 Expansion Board
Details on the revisiofB ElIf Expansion Boasdch as partocations, parts list and schematics, are located in
appendix C.

The 40pin socket J1 is used to connect the expansion board to the CPU board. Four 22mm M3 hex standoffs are
used tospaceand suppot the expansion board ithe Retro Elf systenThe resulting board stack places the
expansion board on top of the CPU board.
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The 40pin header J2 is used to pass through all the signaling from socket J1. There is no active electronics or
isolation betweetWm | YR WH® { Ay OS GKS /t! Qa WH O2yyé&dd SN Aa
expansion boards needed to connect thdront panel.

Five volt power regulation is provided by is simple analog voltage regulator circuit made up of D4, C1h8, C19 a
U10. Power is presented via connector J7. The positive side is passed through the 1N4001 diode (D4). The
1N4001 helps prevent accidental reversals on the power supply input voltage. In normal operation the 1N4001
is forward biased allowing current tafl through. If the voltage becomes reversed, the diode will be reverse
biased blocking current flowing in to the regulator circuit. The 220uF electrolygaxciar in location C18
providessome DC input voltage ripple stabilization. The 7805 regulattd)i$ used to regulate any input

voltage between 8 and 12 volts DC down to a regulated 5 volts DC at up to one half amp. The 7805 should be
mounted to an appropriate heat sink when input voltage are at 12 volts DC. The 1uF capacitor (U19) is used to
stahilize the final regulated output voltage of the 78@even).1uF capacitors (C1, C2, C3, C4, C5, C6127,

C13, C2@nd @1) are used to help decuple intergraded cirggnerated power line noise on the 5 volt supply.

The four jumpers at JP1, JPZ23 3Rd JP4 are provided to select how the Retro EIf system will be powered. In
most cases the complete system (CPU, front pasielv clockand expansion boag) can be poweredby the

/[t Qa 2y 0 2Ilhskiing AllBodrguimpeis HiNihterconnedt hoards and systems in to one power
bus. If this option is selected, you may disregardittsailationof D4, C18, C19 arndil0 on the expansion board.
In some cases you may need to power the GRW clock boar@dnd front panel separately from the expansion
board.If this is the case/ou only need to install JP3 and JP4.

Interfacing between the CPU and expansion board is handled by2and U3U1 is an eight bit bus

transceiver (74HC245) used to interfacethg n H Q& RI (| 0 dza (da&abisKRisahex. D y & A 2y

type flip-flop (74HC174) used to construcsix bit output port on input/outputport 2 in the 1802 system. Port 2
isused to create more input/outputontrollines beyond the very limited sen supported by the native 1802
system.These new control lines will besed by all the supported devices the expansion board.he following
table details each of the newly created control signals setup on port 2:

1802 Data Bus Description Name
Bit 0 Register select 0 RO
Bit1 Register select R1
Bit2 Register selec R2
Bit3 Device select 2 DS2
Bit4 Device select 1 DS1
Bit5 Not used
Bit6 Not used
Bit7 Device select 0 DSO

The ATF22V10C GAdcated atU3, is used togenerate the chigelects and set up control logic for each of the
supported devices on the expansion boadd® takes input signals for NO, N1, NARD TPA and TPB from the
1802 along with DSO, DS1 and DS2 from port 2 otuB2hen decodes these inputs to generate chip selects for
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¢COM1-COM2, PORTZACS1FX (ATAbug, -CS3FX (ATRbus). Two input/output control signalORD and
¢IOWR, are also generated.

U5 and U8 make up twlnigh-speed, hardwar€€OM ports usinthe 16550 UART integrated circui

2.4576MHpdscillator at UGs usedas a clocking sourde supportthe internal baud rates generators djoth of

the 1655G. Both COM ports support hardware handshaking to allow for the fast possible transfer of serial data.
Fourjumpersare usedo select if DTR/DSR or RTS/CTS pairs will used to support handski&lérig.used to

selects DTR or RTS on COM 1 while JP11 is used for COM2. Likewise JP10 is used to select DSR or CTS on CON
while JP12 is used for COM2.

One inerter on the 74HC04 (U4) along with a 1N4148 switching diode at D1 and the jumper at JP5 are used to
enable 1802 interrupt support for COML. Likewise a second inverter on the 74HC04 (U4) along with another
1N4148 switching diodat D2and jumper JP6 suppiointerrupt enabling for COM2.

Each COM port has four diagnostics bitinitorsmade up of aed LED ané 1K current limiting resistoiThe
LEDs/resisters at locatioi¥/R3, D7R4, D§R5and DIR6 monitor the status oRX TX, handshakeut and
handshakein on COM port 1Likewise LEDs D10, D11, D12 and D13 monitor the status of REnd3hakeout
and handshakén on COM port 2.

Voltage level conversion for both COM channels are supplied by 282 (U7 and U9) and eight 0.1uF
capacitors (C8, C9, G111, C14, C15, C16 and CEgch COM channel usiesir of the 0.1uFcapacitorgo
alloweachMAX232A to create a voltage pump and a voltage inveréeded tocreate the standard RS232
signal levedon the serial linepresert at J4 (COM 1)and J5 (CQMThis allows for easy connection to most
terminals or computer serial ports supporting RS232 signaling.

The40-pin headerat J3conformsto most of thestandard AT/ specificatios and supportspretty much any
ATA device that conform to:

a. Suppoling an 8-bit transfer mode.
b. Supporinglogical block addressing (LBA) mode.

This connector can be used to attach an external device like disk drives or many versions of CompactFlash cards
meet the above requirements.

Note: J3 is NOT buffered separately fritwv other electronics on the expansion board. It is indeed connect to the
same orboard data bus as the other chifgSare needs to be taken to limit the length of any interconnecting
cables used between J3 and any externally connected devices.

Red LED D1470 ohm current limiting resister R2, 2N3906 PNP transistor Q1 and 1K resistor make up a simple
drive enable monito.ED opin 39 of J3-DASP)The LED D14 will light whenever pin 39 is low.

Like other devices on the expansion board, pin-B4TRQ) 0d3 is connected to a 1N4148 switching diode and
enabling jumper JP7. When JP7 is inserted and simple diode OR gate is created out of the 1N4148 diodes. The
1802 can then receive a service interrupt from the connected device on J3.
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RealTimeClock supporis created using an Epson RTC72421 maoahil#l 1 TheRTC module provided highly
accurate timekeepingprovidingtime and date support for hours, minutes, seconds, moiuly, year and day
of-week. A3 volt batteryat Blalong withaDS1210 at Ul@nd adecupling capacitor at C3fovide continues
operatioral powerto the RTC even when no power is being supplied to the EIf.

A 2 4 A X

¢tKS we¢/ Qa {¢5dt LAY Aa O2yySOGSR (2 | wmbnmnserted 6 A G OK
asimple diode OR gais created. The 1802 can then receive fiytiod interrupts from the RTC module.

The bur pin headeat J6 is supporthe addition on externastreaminginterfaces. These interfaces can support
the use ofdevices likeaudio tape recordes and streamin@oppiesto save programs. Pin 2 on J6 is used for
input and uses JP8 is to select betweBR1 orEF2 on the 1802in 3on J6is an output from oe invertes on

the 74HCO04 (U4Thisinverter is used drive and invettte 1800 & v . PidzliohJdBd used for +5 volts DC
and pin 4 is connected to ground.

2.4z Slow Clock Modulgoptional)
Details on thaevisionA Slow Clocknodulesuch as parfocatiors, parts list and scheatics, are located in
appendix E

The optional Slow Clock Module uses siagne oscillator model as the one on the CPU board at locati¢th
Throughout this section default oscillator frequencgf 6MHzwill be assumed for all calculatiansSince the
oscillator on the CPU board needs to be removed to allowctimnectionin of the Slow Clock’ 2 Rdzf S Q&
interface cableYou shoulglace the removed oscillator in to the U1 location on the Slow Clock board.

The6MHzoscillator frequency is feed in to the clock inputadf4HC4040 (U2). The 74HC4040 is-atdge
binary ripple courgr that is used talivide the original clock by*2or 4096 giving a ~15KHz@60,000HZ / 4096
= 1464.8Hz) output at pin 1.

The output on U2 pin 1 is then feed in to a second 74HC4040 (U3) for more dividmgecond stage of
dividing is used to genetathe final selection of frequencies to lsed to feedhe CPU board.

The following table details the four frequencies that are passed on the next stage in the circuit:

U3- 74HC4040 output Power Divisor
2 .4 -366Hz
2 .16 -~92Hz
2 .64 -~23Hz
2 256  -57Hz

The Q10 2*°output of U3pin 14is usedo drive the LED db1through a 1K current limiting resistor at Rthis
status LED will blink at a rate of ~1.4Hz showing that the Slow Ktmbkieis running.

Output Frequency at pin

Two DS1233 (U5 and U6) and two 0.001uF capacitors (C6 and C7) are used to create two channels of switch de
bounce used by the incoming user switch singles freceived via connector J1. The DS1233 is normally used as
a power on rest controller for microprocessors but has a secondary function ebalencing a switch signal.
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The 16V8 programmable logic dexi(U4) performs two function$he first operation perfaned is creating two
channels of input frequency selection. The resulting four frequency ranges from the second stage of the
74HC4040 (U3) are feed in to the 1648!) via the inputs C1 (U4 pin 2), C2 (U4 pin 3), C3 (U4 pin 4) and C4 (U4
pin 5) Two sets ofwo jumpersare used to select which of the four incoming frequencies will be twetthe

two output channel at AOUT (U4 pin 17) and BOUT (U4 pindd8jpers JP1 and JP2 are used to select
frequencies for channel A while JP3 and JP4 are used to seletiainnel B. The following table shows the
frequency selections possible:

Jumper  ~5.7Hz (input C1) ~23Hz (input C2) ~92Hz (input C3) ~366Hz (input C4)
AOor BO In Out In Out
Alof Bl In In Out Out

The second function in the 16\(84) is the selectionf whichfrequencyis to be used. The selected frequency is
based on thdogicalstatus of thetwo incoming signals from Jins 1 and 3 dis connectedi 2 (1 KS CNR y i
connector J2 via a three wire interconnection cable agdgmThe toggle switch &8SPDT, GRFFONused to

select whichfrequencyis to be usedThethree positiors of the toggle switch select which of the three

frequencies wilbe feed to the CPU board viagith 2 In the up positionthe resulting output 8COUT will be at

full clock speeaf the oscillatorat UL In the second, middle positioshannel B will be used routed to COUT

and hence used for the CRlbck. With the toggle set in the down positigou get the A channel selection

Normally the midée setting would be a faster clock like 366Hz and the down position would be slow like 5.7Hz.
If you wisted, you could set theniddle positionto slow and the bottonto the faster speed. It is even possible
to make both middleand bottom the same clock spd.

I contains the COUT output from the 16V8 (U4 pin 19) to be used by the CPU board. In addition the 5VDC

power supply needed by the Slow Clagkdsembly is also provided vl& A shortthree wire,twisted cable

assembly inteconnects J2 on the Slow Clock Assembly to the IC socket at lod&tion the CPU boaréive

0.1uF capacitors (C1, C2, C3, C4 and C5) are connected across the 5V supple by each of the IC locations and are
used a decoupling capacitors.
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3 - Important Assembly Notes

3.1- Shorting backup battery

On revision A and B CPU boarifithe battery isto installed at B1, mke sure that the trace that goingnder the
battery on the top side of the board does not become shottethe battery! Placing a smaligze of high
quality electrical tap®ver the traceon the top of the board just under the battery location shohklp
eliminate any shorting.

3.2 - Omitting the backup battery

If there is no need to use the battery backup feature; U1l, B1 and C15 aamitted from the CPU board. Two
jumpers will also need to be installed at the U11 location between pins 1 and 8, to provide 5 volt power to U3
and between pins 5 and 6, to supply the chip select signal again on U3.

3.3- Front Panel J1 and J2 locations
Onrevision BFront Panel boargithe two connectors J1 and J2 are both mounted on the BSClder Side)f
the board.

3.4 - Standalone CPU

¢CKSNBE Aa | aLISOALE 2dzYLISNI 0SSt SR Wtmp dzasS (2 O2yyS
inserted any time the CPU board is not used with the optional front panel. If the front panel is used, JP15 must

be removed since the fromganel agments the MWR function.

3.5- Slow Clock Option

If you do not plan to use the Slow Clock Option in your final unit. Toggle switch SW13 and connector J2 may be
omitted from the front panel board. You may also wish to install both components to usefocess of your

design. SW13 three pins are all directly connected to the three pins &hedze note thdoil between the

switch and connectoisonly .01 inches wide. You should limit the maximum current draw to 250mA aaréss

the voltage less tha85 volts DC

3.6 - Using the Correct LED

If you are planning to use LEDs other than the ones selected in the parts list provided, please remember the
following. It is important toselectalow currentdraw at full brightnessrersion The goal is to usess than 4mA

of current for each LED.

3.7 - Mounting the LEDs and Toggle Switches

Mounting of the LEDs and toggle switches can be a little triSkyne have contacted me for help on how best
to make sure all lines up correctlijhe best way have foundo mount these devices is to use the cases plastic
front panel as an alignmeiguide.

First mark out all of the holes needed in the cases front panel. Then drill and clean all the holes using the proper
drill bit size.
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Hint: | have found that | get the Beresults using a small pilot drill to first drill all the holes and then follow up
with the correct drill bit size. | also uealya drill press and drill press guide to help assure proper alignment.
Take your time and measure to make sure rylooles ae correct.

Once the front panel is completely drilled out, mount all the toggle switches to the pRashember that there
are two nuts a lock washeand an alignment washdor each switchThe alignment washer is not used and can
be discarded.

Firstd  OS 2yS 2F (KS ydzia FyR GKS 201 é6FakKSNI 2y GKS
in a hole of the case front panel. When a toggle switctogectly mounted on the case front pan#éie front

side nutcan then be installedrhe final resultshouldplace thefront sidenut flush with thetop of the toggles

a ¢ A (tlheadedmounting shafta I { S adz2NB GKF G SFOK agA00K A& | fA3IYSF
(notch)is pointing to the top of the panell.E. facing the LHidles

Do not solder the switches at this time.

Now pace all the LEDs in to tlverrectholeson the Front Panel PC board. Make sure that the LEDs are installed
with the proper polarityDO NOT SOLDER LEDs in tplaceat this time.

Positionthe casedront panel ® that all the toggle switch pins pashroughthe Front Panel PC bodbut again
DO NOT SOLDER.alrRm the toggle switolsas need for a proper look.

Carefullyturn the assembly over so that gravity help yslideeach ofthe LEDs in to eacof their corresponding

holes in the case front panelhe LEDs will have their pins through the Front Panel PC board holes and the LEDs
body through the cases front pan&heckhe alignment andpacing one more time. If all looks correct, first
solderthe switchescenter leadand versify positions again. If all still looks gamdder all the switches leads.

Verify that all the LEDs are still fullgrough the correcfront panelholesand solder each of the LEDs in place.

3.8z Soldering socket J1 o to the bottom of the Retro Elf Plus Expansion Board

The 40pin socket located at location J1 needs to be soldered to the bottom of the expansion board in allowing
the long pins of the 4@in socket create enough gap between the CPU and expansion boagdetclearance

for the components on the CPU board.

I have found that the best method of accomplishing this goal is to plugging then4®cket in to J1 on the CPU
board. Then install the four hex standoffs that will be used to mount the expansion board to the board stack.
Then carefully route the 40 lormgins on the socket so that each pin pass through a matdbuagionon

connector J1 of the expansion boatdse four screws to attach the expansion board on to the four hex
standoffs. Make sure the socket in fully engaged in to J1 on the CPU boaraaréfutly sold the socket in to
place from the component side of the expansion board.
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4 - Using the front panel

The following table shows the relationship between Clear and Wait toggle switches and the operational mode of
the Retro EIf system.

Mode LED Clear Wait Description
Down  Down  Write or read a byte of data in RAM for every cycle of Input.
Up Down  Pause program execution at current memory address.
Down  Up Clear (Reset) the 1802 &default state.

Up Up The 1802 is runningode in memory.

Toggling the Protect switch to its up position will inhibits all further writes to RAM regardless of the operational
mode of the Retro EIf.

The Input switch performs two operations. While the Retro Elf in in the run mode, every cyfoielnput toggle
AoAGOK gAff adNRBOS (GKS 9Cn FflF3 2y GKS -imsignali® 2 KSy
da0NRPOSR SIOK GAYS G(KS Ly Llzi DMAaddiess Balirt 1 Rebnext IKcatidn akd/ O NS Y
then placesthe curren data byte on the data bus in tmemory. If the memory protect is not enabled, the data

bus will reflect the current bit pattern on the input port toggle switches effectively writing that pattern in to

memory. If the memory protecis enabledusing theProtecttoggle switch, alinemorywrites are inhibited.

This allovs the current contents omemorybe displayed on the output port foeach cyclef the Input without

destroying thecontents

4.1 - Entering an assembly progranvia the front panel.

First the Retro EIf need to be in the Load mode. Place both the Clear and Wait toggle switch in their down
position. Next make sure thatemory gotect is disabled by placing the Protect toggle switch to its down
position. Place the bit pattern you wish to placetd@ RAM on to the input port toggle switches. Cycle the Input
toggle switch to place the input byte in to RAM and increment memory address to the next location. Note that
memory counter will always start at address $0000 when the Load mode is firsedntéontinue to enter bit
patters in to the input port and cycle the Input to write each successive RAM location.

4.2 - Reading out the contents of RAM via the front panel.

First the Retro Elf need to be in the Load mode. Place both the Clear and Vgt $egtch in their down

position. Next make sure that memory proteckisabledby placing the Protect toggle switch to the position.

Cycle the Input toggle switch to read the RAM contents at $0000 on the output port LEDs. Continue to cycle the
Inputto read each byte from RAM. Note that the address LEDs will indicate the current location being displayed
on the output port.

4.3 - Changing RAM from a memory location other than $0000.

First the Retro EIf need to be in the Load mode. Place both the Clear and Wait toggle switch in their down
position. Next make sure that memory proteceisabledby placing the Protect toggle switch to the position.
While using the address LEDs as yetinance, cycle the Input toggle switch to step through each RAM location
until you reach the address just before where you wish to make chahgwe.disable memory protect by

Revision A.00- Saturday,September 5, 2016 Pagel8



Retro EIf Plus

placing the Protect toggle switch to its down position. Place the bit pagtetnwish to place in to RAM on to

the input port toggle switches. Cycle the Input toggle switch to place the input byte in to RAM and increment
memory address to the next location. You can continue to place bytes in to RAM one after another as needed.
Al you can reenable the memory protect to skip over any locations to wish nchiange

4.4 - Using the Slow Clock option
fGKS {t2¢ /t201 2LIXiA2y 02FNR Aa AyaidlfftSRY &2dz OFy
system clock frequency dhe fly. A total of three clock speeds are supported.

tg2 2F (GKS LlraaroftsS aLISSRa INB oNR1SY R2gy Ay (G2 (6
speed is dependent on the setting of two jumpers on the Slow Clock board that sappairthannel. Jumpers

JP1 and JP2 are used to select frequencies for channel A while JP3 and JP4 are used to select for channel B.
Assuming a 6 MHz clock, the following table shows the frequency selections possible:

Jumper  ~5.7Hz (input C1) ~23Hz (input C2) ~92Hz (input C3) ~366Hz (input C4)

AOorBO In Out In Out
Al of B1 | In In Out Out

The Front Panel adds a thrpesitiontoggle switch lab&ld &Clock to supportthe resulting three clocking
options. The following table shows the resulting clock speedeéah switch setting:

Switch Poisson Speed channel selected

Up Full rated dock speed
Center Channel B selected
Down Channel A selected

5 - The BootStrap process

As mentioneckarlier, the Retro EIf has a built in Bodtap process. It is by thjrocess that assembly coderca
be saved in a ROM type deviglaced in theupper memory space abo\890MH and program execution can then
be redirected to start from that upper memory locatiofhe deception here is for programmer thaish to take
advantag of Bootsrap.

The Boottrap process isnly available ithere is gumper installedat the JP1 locationThen m every systm
clear (reset) cycle the Bodtap process is entered. The Boot LED will ithatte whenever the Bootstrap is in
operation

During this timethe ¢CE RAM signal is inhibited disabling the memory in socket UZCEh&®OM signal is
triggered for both thelower memory space from 0000h to 7FFa&itdl again for upgr memory space from
8000H to FFFFH. In esseaogROMdevice in U4s now starting fronboth 0000Hand 8000H

Clearing the Bootstrap Eccomplishediepending on thesetting jumper JP182 KSy Wt My Q& 2 dzY LIS NJ
B-C,thefirsk A 3K 2y GdtBut limeywill ele@rihe Bootstrap Setting JP18 for-B will useany

Revision A.00- Saturday,September 5, 2016 Pagel9



Retro EIf Plus

read'writing on anyof the eight I/Oportsto clear the BootstrapWhatever condition you selecthae the clear
signal is detected the Boot LED will extinguish indicating thasystem is usingormal memory maping

Within code tvo operations needo be completedn the beginning. First a long branch to 8000H needs to be

performed. ¢ KA & &aSda dzLJ G4 KS wmycorneaddrdsi\ddca thé Bootap & dzgased iNext G K S

the Bootdrap must be clearedepending on your setup of JP18 tither set the Q linénighor performing some
form of read/write to an 1/O port.
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6 - Some fun and useful programs

6.1- PROGRAM NAME: WalkingBit
DATE: August 2011
BY: Unknown
COMMENT: This short program turn on the most significant LED, delays and then rotates (walks) one LED to the
right. Once all eight LEDs are walked through, the program repeats forever.

REGISTERS USED:
Program counter.
Delay counter.
Memory pointer to current bit pattern.

RO
R1
R2

0000
0001
0003
0004
0006
0007
0009
000A
000B
0ooC
000E
O000F
0010
0011
0013
0014
0015

0017

E2
F8 17
A2
F8 00
B2
FD 00
52
64
22
F8 08
Bl
21
91
3A OF
02
76
30 09

00

START:

WALK:

DELAY:

DLOOP:

PATTERN:

SEX
LDI
PLO
LDI
PHI
SDI
STR
ouT
DEC
LDI
PHI
DEC
GHI
BNZ
LDN
RSHR
BR

DB

R2 ; Set X to point at R2.

PATTERN ; R2 points at RAM location with the PATTERN.
R2

00h

R2

00h ; Set the DF to 1 for start pattern.

R2 ; Save the current bit pattern.

4 ; Display the pattern.

R2 ; Undo the increment from the OUT command.
08h ; Set delay in R1 to 8 x 256 = 2048.

R1

R1 ; Decrement delay count in R1.

R1 ; If not done with delay do another round.
DLOOP

R2 ; Rotate the pattern one bit to the right.

WALK ; Do it all again forever.

0 ; RAM location of the pattern byte.
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6.2- PROGRAM NAME: Bytauess
DATE: September 1976
BY: Joseph Weisbecker
COMMENT: This program "think" of a byte, which you must guess in no more than seven tries. When first run, AA
(10101010) is displayed. Enter a guess in to the eight toggle switches and cycle the EF4 switch. If 00 (00000000)
is displayed you win. If 01 (00000001) is displayed you are low. If 80 (10000000) is displayed you are high. After

sever tries the Q LED is turned on and the secret byte is displayed.

REGISTERS USED:

RO
R3
R4.0
RA.0
RB.0

0000
0001

0002

0004
0005

0007

0008

000A
000B
000C
000E
000F

0010
0011
0012
0014
0016
0017
0018
0019
001B
001D
001F
0021
0022
0023
0025
0027

Program counter.

Memory pointer used by display to store data.

Number of tries.

New secret byte for next game.
Current secret byte.

8A START:
AB

R8 00

B3

R 32

A3

RBAA

53

B3

R 07

Ad

64

23

2A SECRE
3F11

3714

6C

8B

23]

33 1F

R 01

30 27

3A25 TEST:
53 DONE:
64

3023

B 80 OVER:
53 SHOW:

GLO
PLO
LDI
PHI
LDI
PLO
LDI
STR
SEX
LDI
PLO
ouT
DEC
DEC
BN4
B4
INP
GLO
SD
BGE
LDI
BR
BNZ
STR
ouT
BR
LDI
STR

RA ; Setup seret byte in RB.O.

RB

HIGH DISPLAY Set R3 as memory pointer used by
R3 ; the display port.

LOW DISPLAY

R3

O0AAh ; Display AA.

R3

R3 ; Set X to new R3 display pointer.
07h ; Setup the number of tries =7 in
R4 ; R3.0.

4 ; Display "AA" pattern for start.

R3 ; Fix memory pointer after OUT.
RA ; Wat for EF4 press. While looping,
SECEr ; decrement newsecretbyte.

$ ; Waitfor EF4 release.

4 ; Get user guess. Putin to D.

RB ; CompareguesgD) to secet (RB.0).
TEST ; Branch ijuess>=seaet.

01h ; guess<seat so display 01h.
SHOW

OVER ; Brach if guess seaet.

R3 ; Display.

4

$ ; Stop.

80h ; Guess>secrd so display 80h

R3 ; Show status.
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0028
0029
002A
002B
002C
002E
002F
0030

0032

64
23
24
84
3A11
8B
7B
3021

00 DISPLAY:

ouT
DEC
DEC
GLO
BNZ
GLO
SEQ
BR

DB

4
R3 ; Fix memory pointer after OUT.
R4 ; Decrement tries counter.
R4 ; If not out of tries, guess again.
SECURIT
RB ; Out of tries, show seet.

;and turn on Q LED.
DONE
0 ; Locationof display data.
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6.3- PROGRAM NAME: RAMtest

DATE: Unknown

BY: Unknown

COMMENT: Here is a memory test program for the 1802. It is a bit match type test of the 32K RAM. It doesn't
check for cross-talk between the memory address lines. This version does check for data line cross-talk. The
LED's will display the current memory page being tested. If there is an error detected the "Q" LED will come on
and stay on. If an error is detected the address that caused the error is stored at memory location 0002h (high
order) and 0003h (low order). If there is no errors detected the data LED's will count from "00" to "7F" (01111111)
and stop.

REGISTERS USED:

RO Program counter.
R2 Points for memory location where RAM being tested pointer is.
R5 Pointer for value for displayed memory address.

RC Pointer to RAM being tested.
RD.0 Current pattern being tested.

0000 3005 START: BR TEST ; Branch to start of RAM test program.
0002 00 DB 0 ; High ordettest address pointer.

0003 00 DB 0 ; Low order test address pointer.
0004 00 DB 0 ; High order address to display.

0005 90 TEST: GHI RO ; Use program counter to set high pointers.
0006 B2 PHI R2

0007 B5 PHI R5

0008 BC PHI RC

0009 F802 LDl  02h ; R2 points at memory location whepeinter is
000B A2 PLO R2

000C F804 LDl 04h ; R5 points at current display memy.
000E A5 PLO R5

000F R842 LDl 42h ; RC points a RAM test beginning.
0011 AC PLO RC

0012 R8O01 LDl  01h ; RD.O is auent test bit pattern.

0014 AD PLO RD

0015 9C TESTL: GHI RC ; Update display current test page.
0016 55 STR R5

0017 B SEX R5

0018 64 OouT 4 ; Display page.

0019 25 DEC R5 ; Fix pointer after display.

001A EC SEX RC

001B 9C GHI RC ; Update current RAM tedbcation
001C 52 STR R2 ; pointed to by R2.

001D 12 INC R2

001E 8C GLO RC

001F 52 STR R2
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0020
0021
0022
0023
0024
0025
0027
0028
002A
0028
002C
002D
002F
0030
0032
0033
0034
0035
0037
0039

22
8D
73
1C

32 2A
B
30 28

FE
AD
3A15
5C
8 01
AD
1C

FD80
3A 15
30 39

NEXT:

DEC
GLO
STXD
INC
SD
BZ
SEQ
BR
GLO
SHL
PLO
BNZ
STR
LDI
PLO
INC
GHI
SDI
BNZ
BR

R2
RD
RC
; Test current RAM pattern.
NEXT ; Junp if current RAM passes.

; Error found turn on Q.
$ ; Stop.
RD ; Change to next text pattern.

RD

TESTL; Loop if still more test patterns.
RC

01h ;Reset test bit pattern.

RD

RC ; Move to next page of RAM.
RC

80h ;Last page?

TESTL; If not do another page.
$ ; Stop
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7 - How to use the V88 image o$pare Time GizmosSoftware
The Retro EIf designt will work with the V88 hex image of the Spare Time Gizmos software. Not all the features
found within the hex image will work on the Retro Réfer to the following list for unsuppied feature:

CLS

SEDIT

SET NVR DEFAULT
SHOW CPU

SHOW DATIME
SHOW IDE

SHOW RTC

TEST UT1802
TEST PIXIE

7.1z Setup using a standalone CPU or CPU/Front Panel combo
The following steps should setup the Retro EIf to support V88:

Go to the Spare Time Gizmos wste and down load the V88 hex file.

Use the file to burn (create) the hex image in to some version of 32K EPROM /EEPROM.

Strap jumper JP6 to use a stand&@DP1802 variant microprocessor.

Install a 32K SRAM location U3 and set jumper JP7, JP13, JARd4R1%0 support

Install the EPROM/EEPROM at location U4 and set jumpers JP8, JP9, JP10 and JP11 to support.
If you are using a standalone CPU Board, enable Bootstrap loadeajyisg JP1. Otherwise remove.
Set serial input to use EF3 by strapping. JP

If you are using a standalone CPU Board, enable memory writing by strapping JP15. Otherwise remove.
Set the serial output for inverted serial outiploy strapping jumper JP16@&

10. Set the serial input for inverted serial input by strapping jumpe7 B C.

11. Set Bootstrap to clear on first I/O by strapping jumper JRB3 A

© 0o N DN E

If you are using a standalone CPU board, power cycling or pressing the clear (reset) button will bring the
bootstrap loader in to play. There will be up to a ten secordydfor the POB (Power On Sefest) to
complete before pressing the enter or space key on a terminal device will generate a reply from the EIf.

When the optional Front Panel is ukanormally the Bootstrap is disabled. After a power up or ¢lgau will

most likely need to use the toggle switches to write a long branch (C3 80 @0bhe first three bytes of RAM.
Then clear and runThe system will run the lodgranch at the beginning of RAM and jump to the beginning of
the V88 code at $8000°he system will again go through the POST process but this tintatae. EDen the

Front Paneshould be changing tdisplay each of the POST cod8s.to the Spare Time Gizmos website for a
listing of the POST codes found in the EIf2K documentd®iess enter(echo charactersr space keydo not
echo characters)n a terminal device to generate a reply from the EIf.
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7.2 Setup wsing a complete system including arExpansion Bard

¢tKS wSGNR 9t FQa SELIYyaArzy o2 G COMGandATAimerfacS)3dmt SR 6 A
supported on the expansion board. The réaie-clock, COM2 and the streaming interface on J6 are NOT

supported.

The following steps should setup a complete Retro Elf Plus system to support V88:

Go to the Spare Time Gizswweb site and down load the V88 hex file.

Use the file to burn (create) the hex image in to some version of 32K EPROM /EEPROM.

Strap jumper JP6 to use a standard CDP1802 variant microprocessor.

Install a 32K SRAM at location U3 and set jumper JP7, BR43add JP15 to support.

Install the EPROM/EEPROM at location U4 and set jumpers JP8, JP9, JP10 and JP11 to support.

While you can use the COM port on the expansion board, we still set serial input to use EF3 by strapping
JP3 just in case we wish to use it

Set the serial output for inverted serial output by strapping jumper JPC6 B

8. Set the serial input for inverted serial input by strapping jumper JPC7 B

9. Set Bootstrap to clear on first I/O by strapping jumper JRE3 A

oo wNRE

N

After a power up or cle@mg, you will most likely need to use theggle switches to write a lonlgranch (C3 80
00) in to the first three bytes of RAM. Then clear and run. The system will run thbrimmgh at the beginning
of RAM and jump to the beginning of the V88 code at $800b@ systenshouldgo through the POST process
with the data LEDs on the Front Panel changing to display each of the POSTGoottethe Spare Time Gizmos
website for a listing of the POST codes found in the EIf2K document#tiarcan ess enter (ech characters)
or space key (do not echo characters)ather the COMO (Bibanging serial) or on COM1 (hardware serial).
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Appendix Az CPU BoardAssembly
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Revision B- CPU BoardParts Locations
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Revision B- CPU Board Parts List

Location QTY | Description Vendor Vender PN MFG MFG PN
Ul 1 CDP1802AGB Bit CMOS Microprocessor Harris CDP1802ACE
u2 1 74HC373IC OCT TRANSP D LATGHIRO DigiKey 29615915ND Texas Instrument§ ~ SN74HC373N
U3 1 62256 SRAM 32K x 8 DigiKey 14561033ND Alliance Memory In AS6C622585PCN
U4 1 28C256 EEPROM 32K x 8 (Programmed) | DigiKey | AT28C2565PUND Atmel AT28C2565PU
us 1 LM7805+5 Volt Regulator DigiKey | MC7805CGBPMSND | Micro Commercial ¢  MC7805GBP
U6 1 74HC04I1C HEX INVERTEROIR DigiKey 29615665-ND Texas Instrumentg SN74HCO4N
u7 1 MAX232AIC DigiKey | MAX232ACPHD Maxim Intergradeq = MAX232ACPE+
us8 1 DS12331C ECONORESET 5V 10%-B092 | DigiKey DS12330+ND Maxim Intergradeq DS12330+
U9 1 OSC XO 4.000MHZ HCMOS TPINPC DigiKey X202ND ECS Inc ECS2100A040
u10 1 74HC74IC DigiKey 29616025ND Texas Instruments SN74HC74N
ull 1 DS12101C CONTROLLER CHIP B\P38 DigiKey DS1210ND Maxim Intergradeq DS1210+
U1z 1 GAL16V8 DigiKey | ATF16V8B5PUND Atmel ATF16V8B5PU
Bl 1 Battery.ithiun12.5MM Coin PC Pins DigiKey P19IND Panasonic BR1225/HCN
C1, C2,Cs3,
C4,C7,C8,
C9, C10,C11 14 | Capacitor CER 0.1uF 50V 20% Radial DigiKey 399415IND Kemet C315C104M5U5T]|
C12, C13,
C14,C15,C1
C17 1 Capacitazeramic 1000pF 50V 20% Radial | DigiKey | 3993776ND Kemet C320C102M5R5T]
C5 1 Capacitor alum 220uF 20% 16V axial DigiKey | TVX1C221MAID Nichicon TVX1C221MAD
C6 1 Capacitor 1.2uF Tantalum DigiKey 3993533\ND Kemet T350A155K025A
D1 1 Diode 1N40@eneral PurpoSéV 1A DO41 DigiKey 1N4001GGSD ON Semiconducto 1N4001G
DlE)izD‘??’D‘;‘lD,S 7 1 3/4 RED LED DigiKey 7541266ND Kingbright WP7113LID
D5 1 Diode 1N4148 DigiKey 1N4148TAGND Fairchild 1N4148TA
Rle’SR,ZR’6R,3R" 7 | Resistor 16hm 1/8 watt 5% CF axial Digikey | CF18JT1K00OGID Stackpole CF18JT1K00
RN1 1 Resistor Network 22K x 9 SIP 10 DigiKey 4610X1-223LAND Bourns Inc 4610XL01223LF
RN2, RN3 2 Resistor Network 10K x 5 SIP 6 DigiKey 4606X1-103LMND Bourns Inc 4606XL0X103LF
Swi1 1 Switch tactile SRED DigiKey SWAO5ND Omron Electronicq B3F1052
J1 1 Connector headgudsitior0.1 pitch vertical tij DigiKey WM4208ID Molex Inc 22232051
J2 1 Header 40 pin 2 x 20, 0.1 pitch DigiKey WM813MD Molex Inc 901310140
J3 1 Connector headgudsitiorD.1 pitch vertical tif DigiKey WM4200ID Molex Inc 22232021
PWB 1 PC Board, Retro EIFPU Board DTR NA NA NA
u9,ull 2 Socket IC 8 Pin DigiKey AE1001-ND Assmann WSW ARO8HZLTT
U6,uUl10 2 Socket IC 1Rin DigiKey AE1001-AD Assmann WSW AR14HZETT
u7 1 Socket IC 16 Pin DigiKey AE1001-8ID Assmann WSW AR1EHZLTT
U2 u12 2 Socket IC 20 Pin DigiKey AE100158ID Assmann WSW AR20HZLTT
U3, u4 2 Socket IC 28 Pin DigiKey AE1001-RD Assmann WSW AR28HZL-TT
Ul 1 Socket IC 40 Pin DigiKey AE10018ID Assmann WSW AR40HZITT
us 1 Heatsink 7220 DigiKey HS10MND Aavid Thermolloy| 577202B00000G
us 1 Machine Screw Pan Philips M3 x 7 DigiKey 3351149ND APM Hexseal RM3X8MM 2701
us 1 Hex Nut M3 DigiKey H762ND B&F Fastener Supy MHNZ 003
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Location

QTY

Description

Vendor

Vender PN

MFG

MFG PN

JP1, JP2, JPY
JP4, JP5, JP€
JP7, JP8, JPY
JP10, JP11,
JP12, JP13

13

JUMPER SKT BLACK

DigiKey

9522165ND

Harwin Inc

M756#46

JP1, JP2, JPY
JP4JP5, JP6
JP7,JP8, JPY
JP10, JP11,

JP12, JP13

Connector header@@itior0.1 pitch vertical

DigiKey

WM500%36ND

Molex Inc

22284361
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Revsion B- CPU Board Schmatics
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JP1
JP2
JP3
JP4
JP5
JP6
JP7
JP8
JP9
JP10
JP11
JP12
JP13
JP14
JP15
JP16
JP17
JP18

CPU Board Jumperedtings
Jumperto enable the boot strap loaddDefault for standalone boards)
Jumper to use EF4 for serial input.
Junper to use EF3 for serial inp(iefault)
Jumper to use EF2 for serial input.
Jumper to use EF1 for serial input.
Jumper to use atandard CDP1802 microprocesgbefault)
U3 pin 1 select. Jumpd to Bfor +5V. Jumper B to C for A(l@efault for AS6C62256)
U4 pin 1 select. Jumper A to B for AD&fault for AT28C256Jumper B to @r +5V.
Jumperto place +5V on to pin 27 of YBefaultfor AT28C26).
Jumper to place Al4 on to pin 27 of U4.
Jumper to placeWE on to pin 27 of U4.
Jumper to place +5V on to pin 27 of U3.
Jumper to place Al4 on to pin 27 of U3.
Jumperto place-WE on to pin 27 of U@efaultfor AS6C62256
Jumper when CPU board is used statmhe. EnablegWR ling(Default for standalone)
Serial out mode. A to #8r normaloutput. B to Q(default) forinvertedoutput.
Serial in mode. A to B®r normal input. B to C (default) for invertéaput.
Bootstrap clear signal. A totB useany 1/0 select (default). B tofer ¥ A N&

KAIK .2V

>« T D>
Eap, Z'%9 a-B = NORMAL SERIAL
NOTE: oo oo B-C = INVERT SERIAL
JUMPERS SHOWN FOR CPU BOARD STANDALONE "~ " = ABC
OPERATION USING A AS6C62256 SRAM IN U3 Lo AT
AND A AT28C256 EEPROM IN Ud. & & 8§ OP16(@ &) ser out
e ~ = JP17 (@ @=®) SER IN
REMOVE JP1 AND JP1S5S WHEN A FRONT PANEL ZZ &5 ABC
IS CONNECTED TO 48-PIN HEADER J2. Lt FLgts
39 53
SERIAL AND BOOTSTRAP LOADER SETUP TO 0o 0o =P R
SUPPORT ELF2K ROM SOFTWARE V88. @ o @0 5555555
am T m
= =e Jesssdl
> T DT KW
QJE?C Q;Jgec faTRETE
Q00 a 80 %
[ i el = el = 5
o] o B-C = C E E E E E E %
e -C = CLEAR BOOTSTRAP ON FIRST HIGH ON Q LINE W
o —|J| A-B = CLEAR BOOTSTRAP ON FIRST 10 &&&&%%%
i zzzzzzh
o. INSTALL FOR 18@2 OPERATION gococaad
M TsTTOOOa
2D D DD
&
w
JPS(® ® EF1 FOR SERIAL IN i
JP4(® ® EF2 FOR SERIAL IN -
JP3(em®) EF3 FOR SERIAL IN g
JP2(® ® EF4 FOR SERIAL IN L
JP1(@m®) ENABLE BOOTSTRAP LOADER
0000000000 OCBOGCOOGOOOGOOSS
g HOO0OOOOCOOGKONIOOIOOONOOOOS

MY nTHQ
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Appendix Bz Front Panel Assembly
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Revision B- Front Panel BoardPart Locations
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Revision B- Front PanelParts List

Location QTY | Description Vendor Vender PN MFG MFG Pn
u1 1 | GAL16V8 DigiKey | ATF16V8R5PUND Atmel ATF16V8B5PU
U2 1 | CD4013 DigiKey 29620335-ND | Texas CD4013BE
nstruments
U3 1 | CcD4044 DigiKey 29620515ND Texas CD4044BE
Instruments
U4 1 | 74HC244 DigiKey 29615825ND | Texas SN74HC244N
nstruments
uUs, U7, U8 3 | 74HC373 DigiKey 29615915ND Texas SN74HC373N
Instruments
U6 1 | 74HC139 DigiKey 29682365-ND Texas SN74HC139N
Instruments
C1,C2,C3,C4,C7,C{ 8 | Capacitor CER 0.1uF 50V 20% Rad DigiKey 399415IND Kemet C315C104M5U5]
D1, D2, D35, D36 4 | Diode 1N4148 Digikey | 1N4148TAGND Fairchild 1N4148TA
D3 througbh10, D19 3 - N
through D3D38 25 | 1¥%RED LED DigiKey 7541266ND Kingbright WP7113LID
D11 through D18, D37| 9 1 % Green LED DigiKey 7541265ND Kingbright WP7113LGD
R1 4 Resistor 47K DigiKey | CF18JT47KOD Stackpole CF18JT47K0
R2, R3 2 Resistor 186hm 1/8 watt 5% CF axial DigiKey | CF18JT1K00&D Stackpole CF18JT1K00
RN1, RN2 2 Resistor Network 10K x 8 SIP 9 DigiKey | 4609XL01103LMND Bourns 4609X102103LF
RN2, RN3 4 | Resistor Network 1K x 8 SIP 9 DigiKey | 4609X.02102LMND Bourns 4609X10:102LF
SW1,SW2,SW3,SW5,S\
SW7,SW8,SW9,SW10,S| 11 | Switch toggle SPDY130V DigiKey CKN100#D C&K 7101SYCE
SW12
SW2 1 | Switch toggle SPDT 5A 120V DigiKey CKN1478ID C&K 7108SYCQE
SW13 1 | Switch toggle SPDT 5A 120V DigiKey CKN1008ID C&K 7103SYCQE
J1 1 Header 40 pin 2 x 20, 0.1 pitch DigiKey WM8134D Molex Inc 901310140
32 1 | Connector headepditior0.1 pitch | 1y, o WM420ND Molex Inc 0022232013
vertical tin
PWB 1 PC Board, DTR Retro BEfent Board DTR NA NA NA
u2 1 Socket IC 14 Pin DigiKey AE1001-AD Assmann WS AR14HZETT
U3, U6 2 Socket IC 16 Pin DigiKey AE10018ID Assmann WS AR1EHZLTT
U1,U4,U5,U7,U8 | 5 | SocketIC 20 Pin DigiKey AE10015ID Assmann WS\ AR20HZLTT
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Appendix Cz Expansion BoardAssembly
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Revision B- ExpansionBoard Parts List

Locati -
ocation Qty | Description Vendor Vender PN MFG MFG PN
u1 1 | [HC249IC 8 channglnsceivels | p;.yqy 29615845ND Texas Instruments|  SN74HC245N
u2 1 | DHCLTAIC BType posiive TGger 3 pig ey 29615795-ND Texagnstruments SN74HC174N
U3 ATF22V10C Dig-Key ATF22V10C5PUND Atmel ATF22V1005PU
U4 74HC04IC HEX INVERTERDIR Dig-Key 29615665-ND Texas Instruments SN74HCO4N
U5, U8 2 16550 IC UARWith FIFO, 40IP Dig-Key | PC16550DN/NORB Texadnstruments PC16550DN/NOPE
u6 Crystal Osc. 2.4576MHz Dig-Key XC233ND ECS Inc. ECS2100A024
u7,u9 MAX232AIC RS232 Interface DB DigiKey MAX232ACPED Maxinintegrated MAX232ACPE+
u10 LM7805+5 Volt Regulator DigiKey | MC7805GBPMSND Micro Commercial G MC7805GBP
Ull 1 RTC724241C Real Time Clock Mody DigiKey SER323ND Epson RTG72421A:ROHS
u12 1 BﬁDlZlGIC CONTROLLER CHIP-NV DigiKey DS1210ND Maximntegrated DS1210+
C1,C2,Cs3,
C4,C5,C6,C7|
C8, C9, C10,
C11, C1Z313,| 14 | Capacitor CER 0.1uF 50V 20% Rad| DigiKey 399415IND Kemet C315C104M5U5T4
C14, C15,
C16,C17,C20
C21
C18 Capacitor alum 220uF 20% 16V axig DigiKey TVX1C221MAID Nichicon TVX1C221MAD
C19 Capacitor 1.2uF Tantalum DigiKey 3993533ND Kemet T350A155K025AT|
D1 1 Bgﬂi 1N4001 General Purp 50V 14 1 icey | 1N4001GOSD ON Semiconductor 1N4001G
D6,D7,D8,D9,|
10,D11,D12,D| 9 1 3/4 RED LED DigiKey 7541266ND Kingbright WP7113LID
3,D14
D1,D2,D3,D5| 4 Diode 1N4148 DigiKey 1N4148TAGND Fairchild Semicondug 1N4148TA
R1,R3,R4,R5,|
6,R7,R8,R9,R| 9 Resistor 1K DigiKey CF18JT1KO0O&ND Stackpole Electronig CF18JT1K00
0
R2 1 Resistor 470 DigiKey CF18JT470eND Stackpole Electroniq CF18JT470
J1 1 Socket 2x20, 2.54mm pitch, 10.5mn| DigiKey 15281385ND Adafrint Industries, L| 2223
J2,33 2 Header 40 pin 2 x 20, 0.1 pitch DigiKey WM813MD Molex Inc 901310140
4,35 2 Sgﬂﬂiﬁﬁr headepdsitio®.1 pitch | ey WM4203ID Molex Inc 22232051
6 1 | Connector headeposion 0.1 pitch | 1, o WM42021D Molex Inc 22232041
vertical tin
37 1 | Connector header 2ifms0.1 pitch | 1, o WM4200iD Molex Inc 22232021
vertical tin
PWB 1 PC Board, Retro ELF Pkipansion DTR NA NA NA
Board
u6,U12 2 Socket IC 8 Pin DigiKey AE1001-ND Assmann WSW AROBHZLTT
U4 1 Socket IC 14 Pin DigiKey AE1001-RD Assmann WSW AR14HZETT
u2,u7,uU9 3 Socket IC 16 Pin DigiKey AE1001-8ID Assmann WSW AR1EHZIL-TT
U1l 1 Socket IC 18 Pin DigiKey AE10014D Assmann WSW AR18HZLTT
Ul 1 Socket IC 20 Pin DigiKey AE1001BID Assmann WSW AR20HZLTT
u3 1 Socket IC 24 Pin 0.3 inch width DigiKey AE1002RD Assmann WSW AR24HZL-TT
U5, U8 2 Socket IC 40 Pin DigiKey AE10018ID Assmann WSW ARAQHZL/O1IATT
ul1o0 1 Heatsink 7220 DigiKey HS10ND Aavid Thermolloy 577202B00000G

Revision A.00- Saturday,September 5, 2016
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u10 Machine Screw Pan Philips M3 x 7 | DigiKey 3351149ND APM Hexseal RM3X8MM 2701
u10 Hex Nut M3 DigiKey H762ND B&F Fastener Supp MHNZ 003
B1 Battery Lithium 3V Coin 12.5mm DigiKey P19IND Panasonic BR1225/HCN
JP1,JP2,JP3,]
P4,JP5,JP6,Ji
7,JP8,JP9,JP] 13 | JUMPER SKT BLACK DigiKey 9522165ND Harwin Inc M756#46
0,JP11,JP2,JH
13
JP1, JP2, JP3
JP4, JP5, JP6 i .
JP7, P8, Jpg 1 | Connector header 36f@os 0.1 pitch | b icey | WM500226ND Molex Inc 22284361
vertical tin
JP10, JP11,
JP12, JP13
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JP1
JP2
JP3
JP4
JP5
JP6
JP7
JP8
JP9
JP10
JP11
JP12
JP13

Expansion Board Jumper &tings
Power select jumperront panel powered by CPU bodmefault)
Power select jumperront panel powered by CPU bodefault)
Power select jumpeiExpansion board powered by CPU board.
Power select jumpeiExpansion board powered by CPU board.
COM 1 interrupt enable.
COM 2 interrupt enable.
Disk interrupt enable.
J6 input select. B selects EF1 and@®selects EF2 (default).
COM 1 output handshake selectBAselects RT®efault)and BC selects DTR.
COM 1 input handshake selectBAselects DS®efault)and BC selects CTS.
COM 2 output handshakselect. AB selects RT®efault)and BC selects DTR.
COM 2 input handshake selectBAselects DS®efault)and BC selects CTS.
RTC interrupt enable.
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Appendix D- Enclosure
EnclosureParts List

QTY | Description Vendor Vender PN MFG MFGPN
1 G250 Kit, PC Bone PacTec | 618665100393 PacTec 618665160393
1 AC/DC converter 12V 25W DigiKey 2851884ND TDKLambda Americas Ir| LS2512
1 CORD 18AWG 3COND 3.3' SVT DigiKey 8391184ND Tensility International Cq 11:00021
1 Ean axi®l5 X 10mm 12VDC wire DigiKey 5631118\ND Copal Electronics Inc. F251R12LB
9 Screws socket head M3 x 8 Line stock N/A N/A N/A
1 Connector DB9 female solder terminals | DigiKey L77SDEO9ND Amphenol Products L77SDE09S
7 Red terminals lug crimp Line stock N/A N/A N/A
1 Retro EIf PI@PU assemble DTR Eng N/A DTR Engineering N/A
1 Retro EIf Pli#sont Panel assembly DTR Eng N/A DTR Engineering N/A

22 Wire black 22AWG 7/30 stranded Line stock N/A N/A N/A

2 Wire white 22AWG 7/30 stranded Line stock N/A N/A N/A

1 8 0| Wirered22AWG 7/30 stranded Line stock N/A N/A N/A

11 0| Wire Yellow 22AWG 7/30 stranded Line stock N/A N/A N/A

11 0| Wire green 22AWG 7/30 stranded Line stock N/A N/A N/A
2 DB9 Stand Of40 Line stock N/A N/A N/A
1 8pin DIP header DigiKey A10IND Aries Electronics 0860010
1 Connector housingi@ 0.1 with ramp and f DigiKey WM2000ID Molex Inc. 0022013027
3 Connector housingifs 0.1 with ramp and f DigiKey WM200IND Molex Inc. 002201303
1 Connector housingib 0.Wwith ramp and riff  DigiKey WM20038ID Molex Inc. 0022013057
14 Terminal female-22AWG Gold DigiKey WM231-AD Molex Inc. 8550102
2 40pin ribbon cable connectors DigiKey OR92:ND Omron Electronics Inc]  XG4M4030
2 0 | 40 conductor ribbon cable DigiKey MC40G-ND 3M 3365/40 300SH
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Overall Internal View
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Retro EIf Plus
Overall Wiring Diagram
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Front Panel Drill Guide
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Back Panel Drill Guide
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