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Abstract

To reduce cost and complexity, the original Electronics Australia EDUC—8 microcomputer
from 1974 was limited to 256 bytes of static RAM and two serial input and two seria output ports
(two 1/0 ports). To increase its usability, Jamieson Rowe in his EDUC-8 book gave a schematic
that added 16 1/O ports up to a maximum of 128 /O ports. To increase memory, 256 bytes could
be added to each 1/0 port extension. Data could be stored in this memory or copied to internal RAM
for execution, but thiswould be very slow. We present a port extension similar to Rowe's scheme,
but a memory extension similar to that used in the Digital PDP-8, which EDUC-8 is based on. We
name this extension EDUC-8ME (pronounced “Educate Me").

Introduction

The EDUC-8ME requires changing the EDUC-8 motherboard (to ESL/C, which also includes
modifications to include alink bit) and adding a new horizontal board (ES8ME/B) to the bottom of
E8L/C. This new board buffers various signals from EDUC-8 to up to eight EDUC-8ME units.
Each EDUC-8ME adds eight 1/0 output ports and 8K B of static random access memories (SRAM),
using 64 1Kx1 SRAMs. With eight EDUC-8ME units this allows an expansion of up to 64 1/O ports
and 64KB of RAM. Alternatively, 64KB can achieved wih two EDUC-8ME units using 4Kx1
SRAMSsor one unit using 32 16Kx1 SRAMs.

EDUC-8ME consists of five different boards. The front panel board is the same as EDUC-8
(E8/F) and is used only on the first EDUC-8ME unit. The other boards are the motherboard
(EBME/C), decoder (EBME/D), 1/0 port multiplexer (EBME/I) and memory (EBME/M). The de-
coder board (used only in the first EDUC-8ME unit) provides the interface from EDUC-8 to all
the EDUC-8ME units. The multiplexer provides the interface to the eight 1/0 ports and the memory.
Up to four memory boards can be used, each containing up to 16 SRAM chips. The memory board
is designed to accept either the Intel 2102 or 2125 1Kx1, 2147 4Kx1 or 2167 16Kx1 SRAMS, even
though they all have different pinouts.

The main design philosophy isto use technology availablein 1974, that is 74 series TTL. If de-
sired, more modern technology such as 74LS series TTL can be used. 1Kx1 memories available
in 1974 include the Intel 2102, Signetics 2602B and Mostek MK4102P which all have the same
pinout. These RAMs use NMOS technology and were recommended by Jamieson Rowe in his
EDUC-8 book. If desired, more modern SRAMs can be used, such as the 2125 from 1976, 2147
from 1977 and 2167 from 1981. Note that the 2125 is pin equivalent to the Fairchild bipolar 93425
(the tristate version of the open collector (OC) 93415 or 2115, as used by EDUC-8) and Harris
CMOS 6508 from 1976.

The memory expansion method used is Similar to that in the Digital PDP-8. Each field of mem-
ory addresses the full 256 bytes available to EDUC-8. Each EDUC-8ME has up to 32 fields for
8 KB of RAM using 1Kx1 SRAMs (128 fields with 4Kx1 and the full 256 fields with 16Kx1). Two
8-hit registers are used to control access to which field is being used. These are the Instruction Field
Address (IFA) and Data Field Address (DFA) registers. To prevent wild address jumps, the IFA is
only updated during IMP or IMS instructions and is used to select which field of memory isbeing
used to access instructions and direct data. The DFA isonly used during indirect AND, TAD, 1SZ
and DCA instructions to select the indirect field data. A multiplexer is used to select either the IDA
or IFA to produce the field address (FA), which is used to select afield. The lower 11 bits to the
RAMsis used to serialy access one byte of the 256 bytesin afield. These address bits are provided
from E8/M to EBME/B to EBME/D to EBME/I to ESME/M.



The /O expansion usestwo 6-hit registers, the input data address (IDA) and output data address
(ODA). The lower three bits are used to select one of the eight input or output ports. To reduce com-
plexity, the IDA and ODA are aso multiplexed to FA. A three bit DIP switch is used to compare
the EDUC-8ME unit number (0 to 7) with the top three bits of FA. If the values are the same then
the appropriate memory, input port or output port is enabled.

Similar to that proposed by Rowe, one EDUC-8 input port (ID1) and one output port (OD1)
isused for access to the EDUC-8ME input and output ports. Note that Rowe used 1DO for the input
port which used a custom 16-bit interface for access to a paper tape reader. However, we use ID1
instead of 1DO, so that the ports have the same number. This also allows access to the paper tape
reader for original EDUC-8 machines. In order to program the IDA or ODA, ODO was used with
an LDB instruction (load output buffer, reset flag) and a 74164 address buffer (AB) serid to paralléel
converter. The most significant bit of AB was used to select writing the datato IDA or ODA during
the flag reset operation.

In our case, we have four registers we need to program (IFA, DFA, IDA, ODA). Using Rowe's
scheme, we could use the top two bitsto select the register, but thiswould limit usto 64x256 = 16KB
of RAM. In order to implement subroutines with different 1/0O ports and to return from subroutines
in adifferent field, it would also be convenient to also read these four registers. We could use IDO
for this, but this now leaves us with no EDUC-8 ports for other purposes (such as a keyboard or
paper tape reader).

A solution to this problem is noting that for an IOT instruction, the least three significant bits
are used for the instruction type, but there are only four valid instructions: 6x1, 6x2, 6x4 and 6x6,
where x isatwo bit value for the port. We call x the memory expansion address (MEA). We propose
using 6x3 and 6x7 to read and write to the four registers, respectively, where x is used to select the
register (O for IFA, 1 for IDA, 2 for DFA and 3 for ODA). We selected 1 for IDA and 3 for DFA
as these are the same values for ID1 and OD1. This scheme frees up IDO and ODO to be used for
other purposes and increases the amount of available memory to 64KB. Theoretically, we could
have up to 256 1/0 ports, but due to space limitations at the back of each EDUC-8ME unit, thisis
limited to atotal of 64 1/O ports. The list of the eight new instructions are given below.

Code Mnemonic Operation

603 IFR Instruction Field Read
613 IDR Input Device Field Read
623 DFR Data Field Read

633 ODR Output Device Field Read
607 IFL Instruction Field Load
617 IDL Input Device Field Load
627 DFL Data Field Load

637 ODL Output Device Field Load

Buffer Board (ESBME/B)

E8/IOT Modification

In order to use 6x3 and 6x7 instructions, we need to disable E8/IOT when these instructions are
used. Thisis done using the new E8L/C board (described in a separate article [1]) and EBME/B
board, as shown in schematic EBME/B1. Three signals are used to control the IOT board,
CLR_IOT_FLAG, IOT_SHIFT and SKP_ON_IOT_FLAG from the E8/D decoder board. Wesm-
plify these signal namesto CLR, SHF and SKP, respectively. These three signals are sent from ES/D
to EBME/B through some logic and then to E8/IOT as CLRM, SHFM and SKPM.

For 6x3 and 6x7 instructions, the least significant bit is aways one, implying that signal
T14-21.SKP from E8/D will be active. However, since SKPM stays low, the skip instruction is
never implemented as |OT_SKP from E8/IOT remains high. The second least significant bit isalso
one, implying that IOT_SHIFT from E8/D will be active, which is desired since al 6x3 and 6x7




instructions require the shift operation. However, the SHFM input stays high to prevent the ES/IOT
board from shifting data. For the 6x7 instruction, the CLR_IOT_FLAG signal from E8/D will be
active, however CLRM isforced high, to prevent the E8/IOT board from resetting an 1/O port.
The Karnaugh maps for the signals are below, where we have used positive logic. Inputs O
(needed for nonH OT instructions), 1, 2, 4 and 6 should remain the same, while inputs 3 and 7 should
be mapped to 0. Input 5 is left undefined as it is not a valid instruction. Thus we have CLRM =

CLR.SKP, SHFM = SHF.SKP and SKPM = SHFE.SKP.

SHESKP SHESKP SHESKP

AN 00 01 11 10 N 00 01 11 10 N 00 01 11 10
ololo|o]|oO ololo|o]|1 olo|1]o]o0
11 0|1 1|0 0|1 1|0 o|o
CLRM = CLR.SKP SHFM = SHF.SKP SKPM = SHFE.SKP

/IFAE and /SDF Sgnal Generation

After the IFA has been written to the AB, we have to wait until afollowing IMP or IMS instruc-
tion to write the output of AB into the IFA register at the start of EXECUTE. Thisis performed using
set reset flip flop (SRFF) Q to generate the instruction field address enable (/IFAE) signal. In gener-
al, an SRFF can be implemented with two NAND gates, each with two or more inputs. For two input
NAND gates we have

Q=570
IQ=R.Q

where Sisthe active low set input (which sets Q high and /Q low), R is the active low reset input
(which sets/Q high and Q low), with /Q being the inverse of Q. With more than two inputs to each
gate, additional set or reset signals can be used.

We first set Q using the SQF signal when the instruction 607 (IFA write) is used during T13 of

EXECUTE. That is SQF = MB4.MB3.CLR.SHF.SKP.T 13, as shown in schematic ESME/B2. As
CLR =I0T.MB2, SHF = I0T.MB1 and SKP = IOT.MBO, where |IOT = EXECUTE.IB7.1B6.IB5,
where IB7, IB6 and IB5 are the instruction decoder register valuesfor MB7, MB6 and MB5, respec-
tively, the condition is satisfied.

If the Q register is set, then during a IMP or IMS instruction, the IFA register isloaded at the
start of EXECUTE. That is/IFAE = Q.(IMS+JMP).TO[B, as shown in schematic ESME/B1. We

have IMS+IMP = IMS.IMP, where JMS and JMP are obtained from E8/D. As IMS = EX-
ECUTE.IB7.I1B6.1B5 and IMP = EXECUTE.IB7.I1B6.I1B5, the condition is satisfied. A 7437 buffer
is used to distribute /IFAE to the firss EDUC-8ME unit. At the end of EXECUTE for the IMS or
JMP instruction, we need to reset Q using the signal (IMS+IJMP).T22[8. We aso need to reset Q
at power up using the MR signal. That is we have

Q= MB4.MB3.CLR.SHF.SKP.T13./Q

Q= (IMS+IMP).T225.MR.Q
/IFAE = Q.(OMS+JMP).TOB

For the two field address registers, IFA and DFA, we need to generate asignal to select one of
the addresses that is used to select the appropriate memory field. The DFA is selected during EXE-
CUTE when performing an indirect AND (0Oxx), TAD (1xx), ISZ (2xx) or DCA (3xx) instruction.
The indirect bit MB4 for the instruction needs to be available during EXECUTE. However, asMB4
to MB7 are overwritten during T23 of FETCH with the four bit page address, thisinformation is



lost. Thus, we use an SRFF P, to store this information before T23 of FETCH, but after T14-21
when the instruction is written to MB.

That is, we want to set P during FETCH and T22[5 and if MB7 islow (for an AND, TAD, I1SZ
or DCA instruction) and if MB4 is high (for an indirect instruction). Note that for an 10T instruc-
tion, MB3 and MB4 are not overwritten and thus can be used for /IFAE. That is

P=FETCH.T22.5.MB7.MB4./P

At the end of EXECUTE we want to reset P. We also want to reset P on power up. Thus

/P = EXECUTE.T22:5.MR.P

We thus generate the select data field (/SDF) active low signal using a 7437 buffer during EXE-
CUTE and if Pishigh. That is

/SDF = EXECUTE.P

Thelogic for generating /IFAE and /SDF is shown in schematic EBME/B1. Signals MB3, MB4 and
MB?7 are obtained from the ES/M memory board. Signals T22[5, T13, FETCH, EXEC and MR are
obtained from the E8/T timing board. Note that we do not use EXECUTE from E8/T since that sig-
nal isfully loaded with 10 UL (unit load, 40 uA high and 1.6 mA low) on E8/D. Thus, we connect
the execute control 7473 JKFF output Q (EXEC) to edge connector spare pin (26) of E8/T and use
EXEC instead of EXECUTE. Dueto alack of inverters, we use TOB from E8/M which is connected
to spare pin (21) of E8/M.

Note that ES/T also needs to be modified so that the power on reset signal MR is connected to
gpare pin (25). Unfortunately, the 7420 4-input NAND gate used for the output of the E8/T reset
(called RST) is already fully loaded. In fact, it is overloaded! It drives the MR input of the
9316/74161 timing counter with 1 UL, reset inputs of the defer and run flags (two 7400 with 1 UL
each) and four Cp inputs of two 7473 dual JKFFswith 2 UL for each Cp input. This gives atotal
of 11 UL with the 7420 able to drive 20 UL high and 10 UL low (20/10 UL). To fix this problem,
aspare 7404 inverter (U20B) is used to generate MR from RST. Note that the DEFER signal needs
to be disconnected from the inverter input. Also, to fix the overload on RST, this signal can be dis-
connected from pin 1 of 7400 gate USA (used to reset the defer flag SRFF) and connected to MR.

MEA Input and Output Port Sgnals

Similar to how the E8/10T board has DATA for output, DATA for input, CLOCK,
FLAG_RESET and FLAG signals, we generate two custom ports to read and write the field address
to the four ME registers. Aswe don’t need to read aflag, the FLAG signal is omitted. However,
we do need FLAG_RESET for both writing and reading, equivaent to LDB (as used by Rowe for
his1OT expansion) and KRB instructions. We use T13 for awrite, so that dataistransferred from
AB to one of the IDA, ODA or DFA registers. /IFAE isused to transfer AB to IFA. For aread, T1
isused so that datais transferred from one of the four MEA registers to a 74165 parallel to serial
converter, so that data can be shifted during T2-9.

The /O ports are enabled if SHF and SKP are high. Signal CLR is used to select the output port
and CLR theinput port. Datais output during T2-9 from the AC_BIT_0 signal. For the output port
we have

ME_OUT DATA = CLRAC BIT 0.T2-9.SHF.SKP
ME_OUT_CLOCK = CLR.MCPB.T2-9.SHF.SKP
ME_OUT_RESET = CLR.T13.SHF.SKP




For the input port data is input non—nverted, but is transmitted inverted to the A-BUS using a 7401
OC gate. We have for the input port

A-BUS= CLR.ME_IN_DATA.T2-9.SHF.SKP
ME_IN_CLOCK = CLR.MCPB.T2-9.SHF.SKP
ME_IN_RESET = CLR.T1.SHF.SKP

All outputs use 7437 buffers. The AC_BIT_0, T1, T2-9, T13, MCPB and A-BUS signals can be
obtained from the connector used for E8/IOT. To reduce the amount of logic and minimise power
consumption, 7408 two input and 7411 three input AND gates are used. The logic is shown in the
ESME/B2 schematic.

The MB3 and MB4 signals are buffered using 7437 gates to MB30O and MB40O, respectively.
Thisis o that the FA selects one of the four registers during a 6x3 or 6x7 instruction. For other IOT
instructions, the FA needs to select either the IDA or ODA regigter. If the memory is being accessed
the FA needsto select either the IFA or DFA (if SDF islow) register. We note that the OPR+10T
=1B7.1B6 signal islow during FETCH (except during T0.0 (the first half of T0), T22.5 and T23),
DEFER Thelogic for thisis shown in the EBME/B1 and EBME/D1 schematics.

Below isatable showing al the loads for al the signals from EDUC-8. For the board columns
the first number is the pin used on the board, followed by the number of ULs.

Signal Name ES/T | E8/D |ES/M |ES/P | ES/A |ES/IOT | ES/F | ESME/B | Total
TOB 212 19-1 3
T1 16-0 12-1|14-1| 13-2| 15-1 17-1 6
T2-9 15-0| 12-3| 11-1|13-2| 12-1| 14-1 16-1 9
T13 140 10-1| 12-3 13-1 15-1 6
T223 30| 3-1 3-3 4
AC BIT_0/ACO 1/3-7| 12-1 | X-1| 14-1 | 10
CLR_IOT_FLAG 6-0 7-0 7-4 4
10T_SHIFT 11-0 10-1| 110 12-2 3
SKP_ON_IOT_FLAG 7-0 8-0 9-5 5
MEMORY_ENABLE 23-0| 234 20-2 6
EXEC 32-1 22-2 3
FETCH 21-1| 19-2 18-1 4
MCPB 11-1 12| 91| 101 11-2 7
MR 25-1 212 3
IMS E-2 D-2 X-1 E-1 6
IMP F-1 X-1 F-1 3
10T G-1 X-1 G-1 3
MB3 4-0 5-3 51 4
MB4 51 6-3 6-1 5
MB3 M-3| M-2 X-1| M-1 7
MB4 31-1| N-2| N-3 X-1 N-2 9
MB7 R-1| R-2 X-1 R-1 5




For CLR_IOT_FLAG, 10T_SHIFT and SKP_ON_|OT_FLAG these signals are diverted to
EBME/B and thus have zero loads for ES/IOT. For MB3, MB4 and MB7 we have included one addi-
tional load each for the Page Zero circuit in E8/M where MB3 goes to one input of a 7405 dua input
NAND with the other input tied to VCC viaaresistor. As can be seen, all signals satisfy the require-
ment of 10 or less ULs.

WE Signal Generation

For the 2102A, 2125, 2147 and 2167 data must be held for O, 5, 10 and 10 ns, respectively, after
the write enable WE goes high. However, for the 2102, the data hold timeis 100 ns. Thisisaproblem
since WE = MCPA.(T2-9.(IMS+DCA)+T14-21.(ISZ+DEP)) and the RAM data DIN = C-BUS
where

C-BUS = D-BUST2-9.I1SZ.MEMORY_ENABLE.(T2-9.(JMS+DCA)+T14-21.(ISZ+DEP))
+ T14-21.(IMS+IMP).MAOQ + T14-21.(1SZ+DEP).MBO + DCA.ACO + T2-9.1SZ.SUM
+ (T2-9.JMS+T2-9.(FETCH+DEP+EXM)).PCO

where

D-BUS=DOUTO0.DOUT1
MEMORY_ENABLE = T2-9.(JMS+DCA+TAD+AND+ISZ) +
T14-21.(ISZ+FETCH+DEP+EXM+DEFER)

and DEP isthe deposit cycle, EXM isthe examination cycle and DOUTO and DOUT1 arethe RAM
OC data outputs, where disabled outputs are aways high. The first term of C-BUS outputs data
from the RAM during MEMORY _ENABLE, except during awrite operation or T2-9.1SZ, where
the serial adder SUM is output. For IMS, PCO is written to the RAM, which changes on the falling
edge of MCPB. For DCA, ACO iswritten to the RAM, which changes on the falling edge of T1 for
aRAL instruction (when datais not written) or the falling edge of MCPB. For ISZ or DERP, MBO
iswritten to the RAM, which changes on the falling edge of MCPA. Both MCPA and MCPB are
driven from the Main Gate and are approximately coincidental.

We have that the rising edge of WE corresponds to the falling edge of MCPA, thus data can
change soon after the rising edge of WE, possibly violating the 100 ns hold time. As 74 series data
sheets do not provide minimum delay times, we scale low to high (LH) delay times by 2.4/5 = 0.48
where the minimum and maximum delay times for a 74F00 gate are 2.4 and 5 ns, respectively. Simi-
larly, we scale high to low (HL) delay times by 1.5/4.3 = 0.35.

The minimum delay from MCPB to the clock input for PCO is 22x0.48 (7400 LH) = 10.56 ns.
We then have the following LH and HL delays:

40%0.48 (7496 LH) + 15x0.35 (7401 HL) + 22x0.48 (7400 LH) = 35.01 ns
40%0.35 (7496 HL) + 45x0.48 (7401 LH) + 15x0.35 (7400 HL) = 40.85 ns

This givesatotal minimum delay of 10.56+35.01 = 45.57 ns. The maximum delay from MCPA to
WE is 22 ns (7400 LH). This gives aminimum effective hold time of 45.57-22 = 23.57 ns, which
violates the 100 ns requirement. We have for ACO and MBO

MCPB/MCPA to 7495; 22x0.48 (7400 LH) + 15x0.35 (7400/7404 HL) = 15.81 ns
7495 to DIN:

27%0.48 (7495 LH) + 15x0.35 (7401 HL) + 22x0.48 (7400 LH) = 28.77 ns
32x0.35 (7495 HL) + 45x0.48 (7401 LH) + 15x0.35 (7400 HL) = 38.05 ns



which gives aminimum delay of 15.81+28.77 = 44.58 ns and an effective hold time of 44.58-22
= 22.58 ns. Thus, the critical path for writing datato DIN isfor ACO or MBO, which has aminimum
delay of 44.58 ns. For EDUC-8ME we also need to add the delays for the 7437 buffer in ESME/B
and 7404 driver in EBME/D. Since the 7437 and 7404 have the same combined LH and HL delays,
the delay is 22x0.48 (LH) + 15x0.35 (HL) = 15.81 ns. This gives a minimum delay of Tymin =
44.58+15.81 = 60.39 ns.

The address must also be held for 50 ns after WE goes high. The minimum delay is from the
falling edge of MCPA to the 7493 strobe counter in E8/M to A0 in the EBM/M memory board. We
have

MCPA to 7493; 22x0.48 (7400 LH) + 15x0.35 (7404 HL) = 15.81 ns

7493 to AO (ESM/M):

16x0.48 (7493 LH) + 15x0.35 (7437 HL) + 22x0.48 (7404 LH) = 23.49 ns
21x0.35 (7493 HL) + 22x0.48 (7437 LH) + 15x0.35 (7404 HL) = 23.16 ns

This givesaminimum delay of 15.81+23.16 = 38.97 ns. Since 60.39-100 = —39.61 nsisless than
38.97-50 = —11.03 ns, the critical path for the hold times is determined by ACO or MBO to DIN.

To fix the data hold problem we use a 74122 multivibrator where input A1 is connected to WE
and A,, B1, B, and Cp are connected to logic high. On the falling edge of WE the gate is triggered
to generate an active low clock pulse from output Q. We want the pulse to go back high before the
rising edge of MCPB, with a minimum pulse width of T,, = 750 ns, as required by the 2102. We
now need to determine the values for the external resistor Rx and capacitor Cx. Using Rx = 10K
and the 74122 data shest, this gives anominal capacitance of Cx = 180 pF. Assuming Cx hasa 10%
tolerance, the resistance for Rx is 10/1.1 = 9.1K and 10/0.9 = 11.1K, when Cx is at its maximum
and minimum variation, respectively. This range can be achieved using an 8.2K 5% resistor and 5K
10% trimpot. The maximum fixed resistance is 1.05x8.2 = 8.6K, which isless than the 9.1K mini-
mum required value, as required. The minimum maximum resistance is 0.95x8.2+0.9x5 = 12.3K
which is greater the 11.1K requirement, as required.

The clock frequency is determined using a 10K (5%) feedback resistor and a 220 pF (10%) capa
citor in the E8/T board. For our EDUC-8 unit, we measured a clock frequency of 430 MHz where
the MCPA high width was 1147 ns. We measured the resistance to be 9.87K. Assuming the fre-
guency changes linearly with R and C, this gives a minimum width of 1147x(9.5/9.87)x[(0.9/1.1)
=903 ns (about 550 kHz).

The maximum delay from the rising edge of MCPA to the falling edge of the WE at the memory
chipsis 15 (7400 HL) + 40 (74122 HL) + 22 (7437 LH) + 15 (7404 HL) = 92 ns. This leaves
903-92-750 = 61 ns data hold time from the rising edge of the buffered WE to falling edge of
MCPA. Adding the Tpmin = 60.39 ns delay time available from the data, this gives 61+60 = 121 ns
hold time, satisfying the 100 ns constraint. If the high width of MCPA is T, and the maximum low
width of WE is Tyymax, then we have Tep—92—Tyymax+60 = 100, or Tymax = Teh—132. For example,
if Teh =903 ns, then Tyymax = 771 ns.

The circuit for the WE pulse generation is shown in schematic ESME/B2. To adjust the variable
resistor, move the jumper so that A1 is connected to MCPB. The cable to the ES/M board and the
first EDUC-8ME unit should be disconnected. Insert a 93415 or equivalent RAM into the lower
position of the E8/M board, so that a RAM without a hold time restriction can be used. As MCPB
isonly active when EDUC-8 is running, load the instruction JIMP 0 (500) into address 000 and run
the program. By measuring the high width of MCPB to determine T, the maximum low width
Twmax = Teh—132 in ns can be calculated. With EBME/B connected to the extender board, adjust
the 5K trimpot so that the Q output of the 74122 has alow width between 750 ns and Tyymax. This
allowsfor any variations due to temperature, voltage and component drift. If a 74LS122 multivibra-
tor is used, the capacitor Cx = 150 pF.



If the 2102A, 2125, 2147 or 2167 is used, jumper X6 can be used to access WE directly and the
74122 and its associated components can be | eft off the board if desired. Note that some versions
of these memory chips can have long data hold times, e.g., the 2102A—6 has a 100 ns hold time and
will thus need to use the 74122.

Memory Sgnal Buffers
In order to use the external memory in EDUC-8ME, we need to buffer the signal's from the first
memory chip in E8/M, which are effectively pin locations A0 to A9, CS, WE, DIN, DOUT and

GND. AsCSis connected to MEMORY _ENABLE.MA7 in the lower memory position, we let A10
= CS=MA7 when MEMORY_ENABLE is high. Note that the upper memory position could also
be used where CS = MEMORY_ENABLE.MA7. We also need to access MEMORY _ENABLE
from E8/D, in order to generate the chip select signals for the EDUC-8ME memory boards
ESME/M. Pin WE is sent to the 74122 (U14) circuit to generate an active low pulse, as described
in the previous section. Note that pin DIN of X4 is actually an output, corresponding to the datato
be written to the RAMs. Pin DOUT is connected to D-BUS and is an input, corresponding to the
datathat is read from the RAMs.

For pins AOto A9, CS, DIN, QB of U14 and MEMORY _ENABLE, we use 7437 buffers to out-
put /A0 to /A10, /DIN, WE and /ME to the EDUC-8ME units as shown in schematics EBME/B2
and EBME/B1. For pin DOUT was use a 7401 OC gate to connect to the D-BUS. The inputsto the
gate are /DOUT from the EDUC-8ME units and MEMORY _ENABLE, to ensure the output is ac-
tive only while the RAMs are being accessed.

A singleresistor R1 isused to tie any unused inputsto Vcc, in order to reduce power consump-
tion and prevent component failure in case of overvoltage. Thisincludes 15 7437 inputs and A2,
B1, B2 and Cp of the 74122. This resistor should range between 1K and 5K, where the maximum
resistanceis

R _ Yecmin — Vou _ 475 — 2.4 _ 58.75 (1)
mex 0.04U, 0.04N, N,

All the inputs have N, = 1, except for CD, which has N, = 2. Thetotal valueis N; = 15+3+2 = 20,
which gives Ryax = 2.938K. To calculate the average we let Ry, = Rmax/2 = 1.469K and a recom-
mended value of R1 = 1.5K. For 74L S serieslogic a pullup is not recommend, R1 should be shorted
or OR.

The outputs for CLRM and SHFM a so use 7401 OC gates, to reuse some spare gates. The mini-
mum and maximum pullup resistor values (in K or kQ2) are

_ VCC,max — VoL _ VCC,min — Vou (2

= Rmax =

R

where

Ve, max = maximum power supply voltage (5.25 V)

Vee,min = minimum power supply voltage (4.75 V)

VoL = output low voltage level (0.4 V for 74, 0.5V for 74LYS)

Von = output high voltage level (2.4 V for 74, 2.7 V for 74LYS)

loL = output low OC current (16 mA for 7401, 8 mA for 74LS01)

lon = output high OC leakage current (0.25 mA for 7401, 0.1 mA for 74LS01)

UL = summation of input low unit loads being driven (typically 1 for 74 and 0.25 for 74LS)
Uiy = summation of input high unit loads being driven (typically 1 for 74 and 0.5 for 74LS)
No = number of OC outputs connected together

We thus have for 74 series TTL
o 4.85 _ 2.35 3
Remin 16 — 1.6N, Rmax 0.25N, + 0.04N, 3)
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Figure 1: MEA Output Timing

whereN; isthe number of standard 1.6 mA input low and 0.04 mA input high inputs. For 74L S series
TTL we have

. _ _AT5 _ 2.05 4
RLsmin = g— 0.4N, RLsmax 0.1Ng + 0.02N, )
where N; is the number of standard 1.6x0.25 = 0.4 mA input low and 0.04x0.5 = 0.02 mA input

high inputs.

In thiscasewehaveNpo =1and N, =2 and 1 for CLRM and SHFM, respectively. The table below
gives the recommended values, where R2 and R3 are the pullups for CLRM and SHFM, respective-
ly. To reduce the number of resistor values, wetry to choose a2.2K pullup (as used by Rowe in many
of hisdesigns) if it can be used with both 74 and 74LS series TTL.

Table 1. EBME/B Pullup Resistor Values

74 seriesTTL 74LS series TTL 74/74LS
No | N Rmin (€2) Rmax (€2) Rmin (€2) Rmax (€2) Rrec ()
R2| 1] 2 379 7121 660 14643 2.2K
R3| 1|1 337 8103 625 17083 2.2K

Decoder Board (ESME/D)

ESME/D1

The first task for the decoder board is to receive and write the MEA register values. Figure 1
shows the timing diagram for /ME_OUT_CLOCK, /IME_OUT_DATA and /ME_OUT_ RESET,
where CLK, DATA and RESET, respectively, are used as the signa names. TC isthe timer counter
valuein E8/T. Datain the accumulator (AC) register is shifted out least significant bit first during
T2-9. Thereset signal goeslow at T13.

As AC changes after the rising edge of CLK, either therising or falling edge of CLK can be used
to clock data into the address buffer (AB) shift register. The 74164 8-hit shift register has arising
edge clock input, so datais shifted in using the rising edge. The circuit for the AB register is shown
in schematic EBME/D1, where an inverter is used for DATA to restore it to its correct polarity.

Two six bit 74174 registers (for IDA and ODA) and two 8-hit 74273 registers (for IFA and DFA)
are used to write AB to IDA, ODA or DFA (MEA write), depending on MB3A and MB4A during
the low to high edge of /ME_OUT_ RESET and AB to IFA during the low to high edge of /IFAE.
We aso use MB3A and MBA4A to read one of the four register values (MEA read) so these signals
are modified according to the Karnaugh tables below.

Let MB3 and MB4 be the memory buffer values from the E8/M board. If IOT is high then MB4A
=MB4 and MB3A = MB3. That is, for an |OT 6x3 or 6x7 instruction we either MEA read or write
to address x = 2MB4+MB3. The exception isinstruction 607 (write IFA) where MEA write is not
performed since /IFAE isused to write AB to IFA. An MEA read onto the field address bus FA[ 7:0]
also occurs for 61y and 63y instructions (read or write to port 1 withy =1, 2, 4 or 6), where x =




10T,SDF 10T,SDF

mBaN\ 00 01 11 10 mB3\_ 00 01 11 10
O(O0| 1 0 0|0 O 0
11011 1 11]01]0 1

MBA4A = SDF + MB4.10T MB3A = MB3.1I0OT

1 hasFA = IDA and x = 3has FA = ODA.. FA is sent to the EBME/I boards where FA[7:5] is used
to select the EDUC-8ME unit and FA[2:0] one of the eight input or output ports.

If SDF (select datafield) islow and IOT islow, MEA write of AB to IFA occurs (when /IFAE
goes from low to high at the start of EXECUTE following aJMP or IM S instruction) and FA read
of IFA occurs (during DEPOSIT, EXAMINE, FETCH, DEFER and EXECUTE for IMS and IMP
or direct AND, TAD, ISZ or DCA instructions). That is, MB4A = MB3A =0 and we MEA read
from address x = 0.

For SDFishigh and IOT low (during EXECUTE for indirect AND, TAD, ISZ or DCA instruc-
tion), then an FA read of DFA is performed with MB4A =1 and MB3A =0 or addressx = 2, i.e,,
FA = DFA. Note that SDF and IOT can not go high simultaneously.

The FA bus goesto the MEA read shift register, the extended memory and the I/O ports. By using
the same FA read address, we reduce complexity since we don’'t need separate multiplexersfor an
MEA read, addressing the extended memory or addressing the I/O ports. As/MB30O = MB3.10T
and /MB40 = MBA4.10T, we implement the signalsas MB3A =/MB30 and MB4A =/SDF/MBA40,
as shown in schematic EBME/D1.

A 74155 dua 1 of 4 decoder is used to generate /IDAE (input device address enable active low),
/DFAE (datafield address enable active low) and /ODAE (output device address enable active low)
from MB3A, MB4A and /ME_OUT_RESET. These signals go to the clock inputs of the IDA, DFA
and ODA registers where the data from AB is written during the rising edge of /IDAE, /DFAE and
/ODAE, respectively. Thisis shown in schematic EBME/D1 for IDA and ODA and EBME/D2 for
DFA. The other half of the 74155 1 of 4 decoder is used to decode MB3A and MB4A to four active
low outputs (/IFB, /DFB, /IDB and /ODB).

The signal /MR is used to reset the four registers on power up, Smilar to the master reset signal
signal used in E8/T. This allows EDUC-8ME to be used for programs written for the EDUC-S,
without having to set up the four MEA registers. Instead of two inverters, a spare 7408 two input
AND gateis used.

SignalsID1 DATA, /ID1 FLAG, /OD1 FLAG and/DOUT are 7438 OC outputs and thus re-
quire pullup resistors (R3 to R6). With up to Ng = 8 OC outputs, Io. =30 UL (48 mA) and N, =
1 standard inputs, this gives Ryin = 105 Q and Rpax = 1152 Q. For the 74LS37, we have lg =15
UL (24 mA), which gives R|_g min = 201 Q and R|_s max = 2500 Q. For 74 and 74L S compatibility,
aresistor value between 201 Q and 1152 Q2 (average 676.5 Q) can be used. Choosing the closest
standard resistor value this gives R3 to R6 = 680R.

The pullup for unused inputs R1 has N, =17, which gives Ryax = 58.75/17 = 3.456 kQ. We have
Rav = Rnax/2 = 1.738 kQ2 and let R1 = 1.8K.

ESME/D2

In order to externaly program the separate fields and for running programs, we need to initialise
the IFA and DFA registers. We perform this using the switch register (SR) from EDUC-8 and the
external load field address signal (called /EXT_LFA) from the front panel of the firss EDUC-8ME
unit. As shown in EBME/D2, two 74157 quad 2 to 1 multiplexers are used to either select AB or
SR for input to IFA and DFA.

Two 7408 two input AND gates are used to select either /EXT_LFA or /IFAE for the IFA or
/EXT_LFA or /DFAE for the DFA. In order to meet the data hold requirements of the IFA and DFA
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registers, /[EXT_LFA isdelayed using a spare 7408 AND gate. The delayed /EXT_LFA signdl is
then used to select SR when low or AB when high.

Asall three AND gates are from the same integrated circuit, at the same temperature and voltage
and with a greater load for the delayed /EXT_LFA signal to the 74157 multiplexers, the select line
to the multiplexers will be very close to the rising edge of the clock inputsto the 74273 FFs. Thus,
the delay of the multiplexers only needs to be greater than the required hold time of 5 nsfor the
74273 FFs. The minimum delay of the buffered /EXT_LFA signad to the datainputsis min(23x0.48,
27x0.35) = min(11.04,9.45) = 9.45 ns, which exceeds the required 5 ns hold time.

Asthe SR register will be driving an additiona |oad, we need to check that the 10K switch pullup
resistors used on E8/F in EDUC-8 are not too high. The number of loadsfor the SR registersisthree
(two for EDUC-8 and one for EDUC-8ME). This gives Rmax = 58.75/3 = 19.583 kQ. Thus, the
10K switch pullups on EDUC-8 can continue to be used. The/EXT_LFA switch input aso hasthree
loads and thus can also use a 10K pullup. As recommended by Rowe for /EXT_LA, the switch capa
citor should be 1 nF in value [4, page 66]. Note that if an external |oader, such as a paper tape reader
or boot ROM is attached, parallel pullup resistors will need to be added as Ryax 1S 6.351 k2 with
7401 or 7437 OC gates.

The /EXT_LFA signal isaso sent to EBME/B viathe IDC40 pin connector to EDUC-8. This
signal should be connected to pin (11) of the DB15 parald port at the back of EDUC-8. Thisalows
an external loader to load external programs into memory viathe SR inputs. The first input could
be the address with /EXT_LA going low, followed by the field addresswith /EXT_LFA going low,
followed by the instructions, with /EXT_DEP going low for each instruction. At the end of each
field, the process then repeats.

As E8/F does not have OC invertersto drive the PC7 (IFA7) and MA7 (DFA7) LEDs, we use
the 7405 OC invertersfor MB3 (ID3) and MB4 (ID4) as ID3 and ID4 are always low. That is, the
LEDs and resistors for MB[4:3] (ID[4:3]) and AC[4:3] (OD[4:3]) should not be used. Instead, the
IFA7 and DFA7 signals should be connected to the MB3 and M B4 inputs and the/MB3 and /M B4
inverter outputs should be connected the LED resistors for PC7 and MA7, respectively.

Signals/IFB, /DFB, /IDB and /ODB should be passed to the /OPR, /10T, /ISZ and /DCA inputs
of E8/F, respectively. These inputs are selected since they al go to one of the two 7417 OC buffers.
However, we want the /IFB and /DFB signalsto go to the AND amd TAD LEDSs, so that they are
next to their IFA and DFA LED’s, respectively. Thisis achieved by connecting the /OPR and /IOT
buffer outputs to the resistors used for the AND and TAD LEDS, respectvely.

Note that the 74LS05 OC inverter and 74LS07/74LS17 OC buffers with Ug. =5 (8 mA) has
amaximum lg that istwice thisvalue, or 16 mA [2, page 3-4]. The output low voltage of a 74LS
OC output transistor at room temperature is about 0.09+29.3I . volts (25°C curve for Vo versus
loL from [1, fig. 2-13]). Thus, the maximum voltage across the LED is V¢c max—0.09+29.3+
180%x0.9)I. = 5.16-191.3l; using 10% tolerant resistors. The LED diode voltage is about
1.84+17.61 (I vs V; curve for the 9 mecd 5 mm red LED from Altronics [3, fig. 3]). Solving, this
gives|; = (5.16-1.84)/(191.3+17.6) = 15.9 mA, which isjust within specification.

ESME/D3

Four 74153 dual 4 to 1 multiplexers are used to select one of the IFA, DFA, IDA and ODA regis-
tersto the FA[7:0] bus using the MEA address MB4A and MB3A. A 74165 8-bit paralel to serial
converter is used to output the FA datato the AC register. The timing diagram is shown in Figure
2.

During T1, FA[7:0] is asynchronously loaded into Q[0:7] of the internal shift register using the
active low input of /ME_IN_RESET. Since the output isfrom Q7 and the input isin reverse order,
thefirst bit to be output is FAO. On the rising edge of /ME_IN_CLOCK (equivalent to the falling
edge of MCPB) this bit is shifted into AC. Simultaneously, the next bit is output. Note that we can’t
use the falling edge of /ME_IN_CLOCK to shift data out, as this would cause the first bit to be
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shifted into AC being FA 1, instead of FAO, with the last bit being a1, as DS (serid input in) is high.
A 7437 buffer is used to output the datato ME_IN_DATA.

7437 buffers are a so used to distribute /FAO to /FA7 to the EBME/I boards of each EDUC-8ME
unit viaan IDC 40—pin connector, including the first unit.

Input/Output Port Multiplexer Board (ESME/I)

The EBME/I board provides decoding and access to the memory boards and interfacing to eight
1/O ports. When accessing memory, three different configurations can be selected, depending on
the type of RAMs used. We summarise this below.

1) For 2102/2125 1Kx1 SRAMs, FA[7:5] is used to select one of eight EDUC-8ME units,
FA[4:3] is decoded to /CY[3:0] for selecting one of four memory boards, FA[2:0] and A10 going
to the memory board decoders to select one of 16 SRAM chips and A[9:0] going to each SRAM
chip.

2) For 2147 4Kx1 SRAMs, FA7 is used to select one of two EDUC-8ME units, FA[6:5] is de-
coded to /CY[3:0] for selecting one of four memory boards, FA[4:1] going to the memory board
decoders to select one of 16 SRAM chips and FA[O] and A[10:0] going to each SRAM chip.

3) For 2167 16Kx1 SRAMs, FA7 is decoded to /CY 1:0] for selecting one of two memory
boards, FA[6:3] going to the memory board decoders to select one of 16 SRAM chips and FA[2:0]
and A[10:0] going to each SRAM chip.

Two jumpers X3 and X4 are used to select the appropriate address inputs for the above three
configurations so asto generate /CY 3:0]. Inputs/A[10:0], WE, /DIN and /FA[2:0] areinverted and
sent to the memory boards. For the 2147 or 2167, U22 is optionaly used to invert /FA[7:3] and /A10
(using the three input jumper X5) and sent to the memory boards.

A DIP switch and three 74136 exclusive OR (XOR) OC gates are used to generate the FAE (FA
enable) signal. With 1Kx1 SRAMs we have FAE = (S20/FA7).(S1U/FA6).(SOL/FAS5) where
(S2,51,90) isthe EDUC-8ME unit selected. The 2x4 jumper X6 is use to select FAE and output
to FAEM. For example for the first unit (number 0) we have (S2,S1,30) = (0,0,0), which is selected
by having the DIP switches in the closed position. The next unit (number 1) would be (0,0,1), etc.
With 4Kx1 SRAMs, the FAE signal is not used. This allows FAE to independently select the I/0O
ports. Instead, we use X6 to select either /[FA7 for the first EDUC-8 unit or FA7 for the second
EDUC-8 unit. For 16Kx1 SRAMs X6 is used to select the logic HI signal (tied to VCC viapullup
resistor R9). FAEM is used aong with /ME from EBME/B (via EBME/D) to produce the /CY3:0]
signalsusing a 74155 dual 1 of 4 decoder.

If the 1/O ports are being used, then FA[2:0] and FAE are used to select one of the eight 1/O ports
in each EDUC-8ME unit. As FAE is not dependent on the type of RAMs used, the full number of
64 1/0 can be obtained with additional EDUC-8ME units. For example, with 16Kx1 SRAMs, the
first EDUC-8ME unit could contain all 64KB of RAM and eight I/O ports, while a second unit
could contain another eight I/O ports.

7438 OC buffers are used to send FA[2:0] to the I/O circuits and memory. A spare 74136 OC
XOR gate is used to send A10 to the memory boards. Due to the three memory configurations, the
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Figure 2: MEA Input Timing
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high and low loads are different for A10, FAO and FA[2:1], asgiven in Table 2. R5, R6, R7 and R8
are the pullups for A10, FAO, FA1 and FA2, respectively. The term U;4/U; is used to indicate the
number of standard input high and input low units used, with 0.04 mA per unit for high and 1.6 mA
per unit for low signals. The 7438 has U = 30, the 74LS38 has Ug = 15, the 74136 has U, =
10 and the 74LS136 has Ug. = 5. No = 1 for al signals.

We have that FA[2:0] drives four standard inputs for the I/O ports (one 74259 and three
74151A). 1Kx1 SRAMSs, FA[2:1] drives an additional eight standard inputs (select lines of four
74251 8to 1 multiplexers and address lines for four 74154 1 of 16 decoders), and FAO and A10 drive
four standard inputs (74154 address lines). With 4Kx1 SRAMs, FA[2:1] drives an additional four
standard inputs (A1 and AO of the 74154) and FAO and A10 drive 64 SRAM address inputs (four
boards with 16 RAMs on each board) with Uy = 0.25 (0.01 mA) and U, = 0.00625 (0.01 mA) each.
With 16Kx1 SRAMs, FA[2:0] and A10 drive 32 SRAM address inputs with the same loading per
input as the 4Kx1 SRAMs.

Table 2. EBME/I FA[2:0] and A10 Rpjn and Rmax pullup values

74 series TTL 74LS series TTL
Pullup | SRAM || Up/UiL | Rnin(Q) | Rmax(Q) | UH/UIL || Ruin(®) | Rmax(RQ)
R5(A10)| 1Kx1 4/4 505 5732 2/11 742 11389
4Kx1 16/0.4 316 2640 16/0.4 645 2770
16Kx1 8/0.2 309 4123 8/0.2 618 4881
R6 (FAO) | 1Kx1 8/8 138 4123 412 228 7885
4Kx1 20/4.4 118 2238 18/1.4 218 2500
16Kx1 || 1274.2 117 3219 10/1.2 215 4100
R7 (FAL)| 1Kx1 12/12 168 3219 6/3 247 6029
R8 (FA2) M akx1 8/8 138 4123 412 228 7885
16Kx1 || 1274.2 117 3219 10/1.2 215 4100

To simplify resistor selection we choose the largest Ry and smallest Ryax for each pullup for
74/74LS compatibility. The average and recommended values for R5 to R8 are given in Table 3.

Table 3. EBME/I FA[2:0] and A10 recommended 74/74L S pullup values

Pullup || Rmin(Q) | Rmax (@) |Rav(Q) | Rrec
R5 742 2640 | 1691 | 1.8K
R6 228 2238 | 1233 | 1.2K

R7/R8 247 3219 | 1733 | 1.8K

For FA[7:5] and FAE which use the 74136 OC XOR gates, pullups R1 to R4 are used. For the
switch select inputs SO, S1 and S2 we use pullups R1, R2 and R3, respectively. With U;y = 1 this
gives Rnax = 58.75 kQ. Like the SR switch register, welet R1 = R2 = R3 = 10K.

For FAE, pullup R4 isused and has Ng = 3 (for the three XOR gates) and N, = 6 (one 74259
and three 7438 for the 1/0 ports, one 74155 for /CY[3:0] and one 7438 for /DOUT from the mem-
ory). Table 4 gives the recommended values for R4.

For AOto A9, /WE and DIN, the 2102, 2147 and 2167 SRAM inputs have an input current of
0.01 mA or Ujy = 0.25. With 4x16 = 64 SRAM chipsin total with 1Kx1 or 4Kx1 SRAMS, thisgives
atotal input load of 16 UL. The 7404 for U1 and U2 has Upy = 20 which is sufficient. However,
the 74L.S04 has Ugn = 10 which is not sufficient. Thus, the 74L S04 must not be used for these 12
signas. Similarly, U22 driving A10 and FA3 to FA7 have similar loads and thus must use the 7404.
Asonly 32 chips are used with 16Kx1 SRAMs, the 74L.S04 can be used if desired. For the 2125
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and 93425 Uy =1 (U = 0.025 and 0.25, respectively). This means that only 20 93425 chips can
be used with the 7404.The 74304 has Upy = 25, which allows 25 93425 chips.

Table 4. EBME/I R4 and R10 Pullups

74 seriesTTL 74LS series TTL 74/74LS
No | Ni || Rmin(®) Rmax (€2) Rmin (€2) Rmax (€2) Rav () Rrec
R4 3|6 758 2374 848 4881 1611 1.5K
R0 | 1| 8 138 4123 228 7885 2178 2.2K

A 7438 NAND OC buffer is used to output DOUT from the memory boards to the /DOUT bus.
FAEM is used to select the output. No pullup is required on DOUT, since the outputs from E8/M
are tristate.

A 74259 3 to 8 decoder is used to generate 10[7:0] from FA[2:0] and FAE. Each of the corres-
ponding outputs is used to select an appropriate output signal (using 7437 buffers). Thisis different
to Rowe's design, which used 74154 1 to 16 decoders for the outputs. However, as the 74154 (or
74138 1 to 8 decoder) only has standard outputs, these chips may have problems driving the long
lines to the external 1/0 devices. Output signals /OD1 CLOCK, /OD1 RESET, /OD1 DATA,
/ID1_ CLOCK and/ID1 RESET (from the EDUC-8 OD1 and ID1 output and input ports) arein-
verted and used to enable the appropriate output or input port signal viathe 7437 buffers.

For the input signalswe use 74151A 8 to 1 multiplexersinstead of the 74150 16 to 1 multiplexer
used by Rowe. For the output of the multiplexer, this is output to shared lines from all the
EDUC-8ME unitsto the/OD1 FLAG, ID1 DATA and/ID1_FLAG linesfrom EDUC-8. The pul-
lupsfor these signalsand /DOUT are on the EBME/D board in the first EDUC-8ME unit. A spare
7438 OC buffer isused to invert /ID1_RESET. Thishas No = 1 and N, = 8 with Ug, = 30 for the
7438 and U = 15 for the 74L.S38. Table 4 gives the recommended pullup values.

Pullup R9 isused to tie up to 14 inputsto VCC using the HI signal. We have Ry = 58.75/14
=4.196 kQ2. This gives Ry, = 2.098 k€2 and arecommended value of R9 = 2.2K. Note that the Fair-
child 74L S136 has emitter type inputs and a HI is used on a spare 74L S136 gate to produce A10.
Thus, R9 should not be shorted for 74LS.

Memory Board (ESME/M)

To alow each memory board to be used in any location, afour way jumper X2 is used. For exam-
ple, the first memory board would place a jumper across pins 1 and 2, connecting signal /CS0 to
the enable input of the 74154 1 of 16 decoder and 74151A 8 to 1 multiplexer. For 1IKx1 SRAMS,
signals FA[2:0] and A10 go to the address inputs of the decoder, to select one of the 16 memory
chipswhen /CSislow. For 4Kx1 and 16Kx1 SRAMs, FA[4:1] and FA[6:3] go the 74154 address
inputs A3 down to AO, respectively. Specia jumpers X11 and X 12 are used to select the appropriate
signals A3D down to AOD as shown in schematic EBME/M 1. Each of these special jJumpers are two
1x3 jumpers that are offset by one position.

The four memory chips that are supported each have different pinouts as shown in Figure 3.

2102 2125 2147 2167
A6l  16[A7 CsSc1 16|vcc  Aoci 18|Evcec Aol 203 vce
A5C12  15[1AS8 AOC2 15F93DI A2 17E@A6 AlC2 191A13
WEC]3  14[31A9 Al3 14FWE  A2Cd3 1s/E30A7 A2C33 181 A12
AlC]4  13FACs A24 133 A9 A3C14  15FA8  A3C4 1783 A11
A2C5 12F[DO A3C]5 12[A8 A4C5  14PFA9 A4CLS 163 A10
A316 11— Dl A4C16 11E/3a7 A5C]6  13[JA10 A5C]6 15 A9
A4—7  10|veC  por7 103ae po—7 12(E3A11 A/ 141 A8
AOC8 9FIGND GNDC8 9 A5 WEC8 11|/=3pbi poc8 133 A7
GNDC]9 10(3CS WELC19 12 DI
GNDCJ10 113 CS

Figure 3: SRAM pinouts.
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In order to allow overlap of the pins we first note that CS should not be shared with other pins,
sincethereisasingle lineto each pin. We also rename the address pins as shown in Figure 4 so that
the same address names are used between chips. To combine the chipsinto a single pinout, we first

2102 2125 2147 2167
A5C]1  16[1A7 CScj1 16(Fvcc Aol 18[FavCc A13C1 20 vcee
A4AC]2  15[1A6 A42  15/DI AlC]2  17E33A11 AOC2 191 A12
WEC]3  14[1A9 AOC]3 14PFWE  A2C03 16E3A10 A1C(3 181A11
A8C]4 133CS Al4 13(3A6 A3C]4  15FA9 A4 173 A10
AOC]5 123 DO A2C]5 12FA5 A4C]5  143A8 A3C]5  16A9
Al6 11Dl A3Cle 11[A9 A5Cd6  13[A7  A4C6 15[ A8
A2r7 10gvCcC por]7 10[as pod7 12/A6  A5C]7 143 A7
A3C]8 9 GND GNDC8 9A7 WEC]8 11Dl DOCJ8  131A6
GNDCJ9 10[CS WEC9 12Dl
Figure 4: SRAM pinouts renamed. GNDC10 1[3Cs

construct a 28 pin pattern where the 2102, 2147 and 2167 have their CSinputs digned. As the 2125
has the CS input in the top left hand corner, we increase the pattern to 30 pins and add the 2125 to
the top of the pinout. As some pins are not common, we give them a combined name, e.g., A4-A13
where A4 is used for the 2125 and A13 for the 2167. Figure 5 gives the combined 30 pin pinout
with symbol name 21XX. As two pins can’'t have indentical names, some pins have an A suffix
added, e.g., VCCA which isthe same input as VCC.

21XX
cs1 3043 vcCe
A4-A13] 2 291 DI-VCC
A0 3 28 WE-VCC-A12
AlC4 273 A6-A1l
A2C]5 26— A5-A10
A3C]6 251 A9
DO-A4C]7 2411 A8
GND-A5C]8 23 A7
A4-DOLC]9 221 A6

WELJ10 2133A9-DI
AS8-GND[]11 20[CSA
AOAC]12 194 DO
A1AC]13 18[(4DI
A2AC]14 17(EVCCA
A3AC]15 16[GND

Figure 5: 21X X combined pinout.

Figure 6 shows the locations for the 2102, 2125, 2147 and 2167 SRAMs within the 21X X pin-
out, where red is used to indicate the pin labels selected. For pins with combined names, Table 5
givesthe lines that are selected depending on the SRAM used.

Jumpers X3 to X10 are used to select eight of the ten signals, except for DO-A4 and A4-DO.
For these two signals, a special 2x2 jumper is used that combines DO-A4 and A4-DO with A4 and
DO (labelled DOUT in the schematics). For the 2102 we jumper pins P3 and P4, connecting A4
to A4-DO. For the 2125 we jumper pins P1 and P2, connecting DO-A4 to DOUT. For the 2147
and 2167 we jumper pins P1 and P3 (connecting A4 to DO-A4) and jumper pins P2 and P4 (con-
necting A4-DO to DOUT). As shown below, only four DOs of each SRAM can be tied together.
Thus, four DO-A4 and A4-DO 2x2 jumpers are required, labelled X13 to X 16.

For the 2102, the output driving capability islimited to an output high of 2.2V and oy = 0.1
mA and output low of 0.45V and Ig. = 1.9 mA. The tristate leakage current is I oy = 0.01 mA
high and I o = 0.1 mA low. Driving asingle input, the input high currents are I, = 0.04 mA and
l)L = 1.6 mA, respectively. With one output enabled we have Ig = (N-1)I_ o+l;, where N is the
number of outputs. Thus, using N = (Io-)/I_o+1, the maximum number of outputs tied together
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21X X/2102
cse1 303 vcCeC
A4-A13C] 2 293 DI-vVCC
AOC]3 28 JWE-VCC-A12
AlC]4 27@3A6-AlLl
A2]5 26 A5-A10
A3C]6 25(1A9
DO-A4C]7 241 A8
GND-A5[8 23 A7
A4-DOC]9  22[1A6
WEL]10 213 A9-DI
AS8-GND[]11 20[1CSA
AOAC]12 19/ DO
AIAC]13 184 DI
A2A[]14 17[VCCA
A3A[C]15 16[JGND
21X X /2147
cs/1 303vce
A4-A13C] 2 29 DI-VCC
AOC3 28 WE-VCC-A12
Al]4 27 3A6-All
A2C]5 26— A5-A10
A3 6 251 A9
DO-A4C]7 241 A8
GND-A5[8 23[A7
A4-DOC]9 22[1A6
WEL]10 213 A9-DI
AS-GNDC]11 20[1CSA
AOACI12 194 DO
AIAC]13 184 DI
A2AC]14 17VCCA
A3A[]15 16[GND

21X X/2125

cs1 303 VvCC
A4-A13] 2 291 DI-VCC
AOC]3 28 —WE-VCC-A12
AlC]4  270A6-All
A25 26 A5-A10
A3C]6 251 A9
DO-A4L]7 241 A8
GND-A5[8 23 A7
A4-DOC]9 22[A6
WELCJ10 2133A9-DI
A8-GND[]11 20[CSA
AOAC]12 19M/4DO
A1AC]13 181 DI
A2AC]14 17(EVCCA
A3AC]15 16GND
21X X/2167
CsS1 30(/43vcec
A4-A13C] 2 291 DI-VCC
AOC]3 28 WE-VCC-A12
AlC]4 27A6-All
A2]5 26 A5-A10
A3C]6 251 A9
DO-A4C]7 241 A8
GND-A5[8 23 A7
A4-DOC]9 22[A6
WEL]10 213 A9-DI
AS8-GNDC]11 201CSA
AOACI12 19/ DO
A1AC]13 18(41DI
A2A 14 17VCCA
A3AC]15 16IGND

Figure 6: Pins selected for 21X X.

with one output high is Ny = (0.1-0.04)/0.01+1 = 7 and with one output low isNy = (1.9-1.6)/0.1+1
= 4. Thus, the maximum number of 2102s that can tied together is only four, whereas we have up
to 16 2102s on each board.

Table 5: Signals selected for 21XX

Signal Name 2102 | 2125 | 2147 | 2167
A4-A13 A4 A13
DO-A4 DO |A4 |A4

GND-A5 A5 |GND|A5 [AS

A4-DO A4 DO |DO
A8-GND A8 GND [GND
A9-DI A9 Dl Dl

A5-A10 A5 |A10 |A10
A6-Al1l A6 |A1l A1l
WE-VCC-A12 WE |VCC |A12
DI-vCC DI VCC

To overcome this problem, a 74251 8 to 1 multiplexer is used to select one of four outputs, with
each output corresponding to four 2102s tied together.. The 74251 was chosen as it has a tristate
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output, which is enabled when /CS goes low. For 1Kx1 SRAMS, signals FA[2:1] are used to select
the output, which is why these signals have an addition four UL compared to FAO. For 4Kx1 and
16x1 SRAMSs, the select inputs are FA[4:3] and FA[6:5], respectively. These signals are the same
asA3D and A2D.

Five inputs of the 74251 are tied high which results in Rypax = 58.75/5 = 11.75 kQ. We thus use
our standard pullup value of R1 = 2.2K.

Implementation Notes

The recommended pullups for OC outputs can be used either with 74 or 74LS series TTL. For
74LS, pullups used to tie unused inputs to HI should be OR, except for the Fairchild 74LS136 if used
in EBME/I.

E8/T Timing Board: Disconnect pin 3 of spare gate U20B (7400 closest to edge connector) from
DEFER. Connect RST to pin 3 and MR signal from pin 4 to edge connector pin (25). Disconnect
RST from pin 1 of 7400 defer flag reset gate USA (second row, second from left) and connect to
MR. This reduces load on RST from 11 UL to 10 UL. Connect EXEC from pin 9 of U14B 7473
JKFF to edge connector pin (26).

E8/M Memory Board: The 1Kx1 memory chips are not loaded. Connect cable from the lower
position 16—pin DIL socket (the 93415 closest to the 7493) used for the memory chips to the
ESME/B board. Make sure that VCC is not connected to the cable. Connect TOB from pin 10 of
7405 OC inverter to spare edge connector pin (21).

ESME/B Buffer Board: Connect pins 1 and 2 of jumper X2 for normal operation. To adjust WE
timing, disconnect EDUC-8ME units and cable to E8/M. Insert 93415 or 2115 1Kx1 RAM into
lower position of E8/M and place jumper across pins 2 and 3 of X2. Load instruction IMP 0 (500)
into address 000 and run program. Adjust trimpot R4 so that low width of QB (pin 6 of 74122) is
at least 750 ns and at most Tn—132 ns, where T, is the high width of MCPB (pin 1 of 74122).

ESME/I Multiplexer Board: The positions of switches A3/B3, A2/B2 and A1/B1 in the 1st unit
are ON,ON,ON, 2nd is ON,ON,OFF, 3rd is ON,OFF,ON, 4th is ON,OFF,OFF, 5th is OFF,ON,ON,
6th is OFF,ON,OFF, 7th is OFF,OFF,ON and 8th is OFF,OFF,OFF. U1, U2 and U22 must use 7404
inverters for 2102 and 2147 SRAMs. The 74L S04 does not have sufficient drive for memory
boards, except for the 2167. For 2125 and 93425 SRAMSs, thereis alimit of 20 SRAM chips.

ESME/M Memory Board: For connector X2, place jumper across pins 1 and 2 for first, 3 and
4 for second, 5 and 6 for third and 7 and 8 for fourth memory board.

References
[1] S. S. Pietrobon, “EDUC-8L: Adding a link bit to the EDUC—8 microcomputer,” 2024.
http://www.sworld.com.au/steven/educ—8/educ—8l.pdf

[2] Fairchild, “TTL data book,” 1978.
https://bitsavers.org/components/fairchild/ _dataBooks/1978 Fairchild TTL_ Data Book.pdf

[3] Bright LED Electronics Corp., “5 mm bright red LED,” BL-B5134, Dec. 2004.
https://downl oad.altronics.com.au/files/datasheets Z0800.pdf

[4] J. Rowe, “Interfacing EDUC-8 with punched paper tape,” Electronics Australia, Mar. 1975,
pp. 64—73.
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14 Mar. 2023. Changed EBME/D U20 from 9321/74L S139 to 7400. Added Implementation Notes.
15 Mar. 2023. Corrected resistor calculation for R9 of ESME/D. Added Revision History.

17 Mar. 2023. Updated pullup resistors R1 for EBME/B, EBME/D and EBME/M. Added optional
R7 SIL for ESBME/B.

21 Mar. 2023. Added 7422 dua 2—input NAND OC to ESME/D for IFA7 and DFA7 outputs to ES/F.
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29 Jun. 2024. Moved unit selection and address decoding logic from ESME/D to EBME/I. This
means that EBME/D is only required in the firss EDUC-8ME unit, reducing complexity if more than
one unit is used and reducing the load on SR[7:0]. Updated EBME/M boards to alow option of using
2125 1Kx1, 2147 4Kx1 or 2167 16Kx1 SRAMs. Added references.

8 Sep. 2024. For EBME/B, changed RST to MR, T0.5 to T0.5, EXECUTE to EXEC, OPR+IOT
to IOT (since OPR+IOT could be high during DEPOSIT or EXAMINE), the edge connector pin
out and added changes required for E8/T and E8/M. For EBME/D, deleted 7412, changed 7411 to
7408, changed 9321 to 74155 and added changes required for E8/F. Changed HI pullupsto 2.2K
standard val ues where possible. Added option to bypass 74122 WE generator.
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6T

g . 1 Output 1 Input
vce E8/M Modifications ==VCC  74:337 to 8103 ohm
1 Output 2 Input 74LS: 625 to 17083 ohm
utput 2 Inputs
74:379 to 7121 ohm R2 3 12 U_ESIOT 2
@ mos 10 Dros 1y 74LS: 660 to 14643 ohm ACBIT0 —H,cgro ABUS A-BUS
7405 This logic di i i T
gic disables E8/IOT board for MEA instructions.
_ 1 A 2 CLRIOT FLAG 3 2 pK e I
Note that pin labels | and O are not used. U7A 1 13
7404 2 T13 T13
U _E8D U1B 10
CLR_IOT_FLAG Jp-&—[CLRIOT_FLAG 3 4 ISKP_ON_IOT_FLAG 7401 mcps —19 1 \onp
_IOT_| /CLRM
11 /IOT_SHIFT 7404 dce AR_IOT_FLAG
IOT_SHIFT u1ic u7B 4 ISHFM 11
SKP_ON_IOT_FLAG |- SKP_ON_IOT_PLAG ‘ ‘4‘5 >0 6 IOT_SHIFT 5 IOT_SHIFT
_ON_IOT_| SKPM
us b E 1IMS 1 7404 7401 81 skp_on_i0T_FLAG
5A 3 JMS+JMP 1
e bE JIMP 2 F bi UBA 3 ‘ mB3 —5 o pevice seLECT
G hot 7437 2 mBa —C8110 GATING
10T w 4 7408 —
4 MB3 58 6 ESIOT
I0_DEVICE_SELECT 7404 5 /MB30O
5 13 1
O-CATING /MlagMORY ENABLE sl ue M ueA 3 /IFAE
MEMORY_ENABLE |2 = 10 e 3 1 UsA Z 13 {>O 22 Instruction Field Add able acti
<) 9 . . /MB40O Q ) 7404 7437 nstruction Fiel ress En e active low
7410
20 Loads, Rmax = 1
oads, n;l/aéc 2938 ohm . 7437 ISQF , U 3 SQF = Set Q Flip-Flop
R1 —L5K HI 5D 11 ME 4 |usB 6 IQ 1
12 4 . Lo L1 {pr , mvee
U ESM 7437 5 7410 3 P2 2 ]
21 TO5 T22.5 P3 4
TO_5 5 P4 A-BUS
ve3 MB3 4 Select Data Field active low MB3 P5 o6 |-6— mB4
N MB4 1 6 /SDF /CLR_IOT FLAG —CL{p7 8
MB4 uiD pg | /CLRM
9
R MB7 9 g IMB7 SKP_ON_IOT_FLAG P9
MB7 {>O 2 1 p10 22— skpm
BV 7404 4 McPB P11 12
_ _ 13 P12 /IOT_SHIFT
Instruction 6x3 Reads from MEA Register U EST 5 10 |usc g P /SHFM P13 14
Instruction 6x7 Writes to MEA Register 3 T225 F 7400 15 p14 |———AC_BIT_0
Where x = MEA = (MB4,MB3) Selects Register T22.5 9 forrs T13 P15 16 19g
21 FETCH 13 P16 -
=> Instruction Field Register FETCH 2D 11 111y 18
=> Input Device Register 26 EXEC 12 19 P18 |—— FETCH
=> Data Field Register EXEC T0.5 —=-p19 20
MEA = 3 => Output Device Register 7400 P20 [~ MEMORY_ENABLE
P 9 MR 3—\25 IMR MR —2 P21 22 Exec
e P22
E8/T Modifications 211 X2 EXT LFA —23 1 poa e
15 P24 SRO
U14B T2-9 T2-9 1A 6|2 SR —#p2s5 06126 sro
7 9 14 3 603 IFR Instruction Field Read 27 P
. J Q 4D8 EXEC (26) T13 T3 “c ols 613 IDR Input Device Field Read SR3 —~—| p27 pos |28 sra
11 5 623 DFR Data Field Read 29
B K QB P MCPB McPB HMS E o ECEVS 633 ODR Output Device Field Read SRS ———{ p2g pao |20 sre
EBT 31 |
. G cp ot ¢ e 07 IFL Instruction Field Load SR7 —— P31 bao |22
* = New Connection 9 17 IDL Input Device Field Load
qco J 10 627 DFL Data Field Load = GND
7473 ul K 637 ODL Output Device Field Load EDGE32
MR (25)* 13 M 12— mB3
c2 47uF 4 U208 MB4 N 14
\ 6 RST 3 P>o4 L 1 vy ° Il Worl icati '
¥ GNng 100K o VRSDEFER |18 wer Small World Communications Project: EDUC-8ME
= 7400 /DEFER Lato —— 6 First Avenue Macro: ESME/B1
Disconnect pin 3 of spare gate U20B from /DEFER.
Disconnect pin 1 of USA from /RST. Payneham South SA 5070 Date: 1/22/22
This reduces load on /RST from 11 UL to 10 UL. iee
Date Last Modified: 9/8/24




0c

CLR_IOT_FLAG

X5

ICLR_IOT FLAG —T 10 mo —21p1 pol2—DIN
AC_BIT 0 e 6 9 8C B /ME_OUT_DATA mo —34ps  pabt—we
5 5 6
S 208 7437 /AL P5 P6 A9 Use HI for unused gate inputs to reduce power
8 GND i|—- 8 /a8
ME_IN_DATA [D>—20 - 8 o 7C 10 ABUS . P7 P8 . ‘HI
- A2 —— P9 pPiOo}——/A7
9 13
7401 1 12 U11D \~11
7408 13 /A3 P11 P12 A6 DIN 12 /DIN
mePs — L U9A 3 12 ® = /ME_OUT_CLOCK A4 13 b1 prg|-L4—1A5 7437
2 7437 GND 115 p15 p1g |LE—/DOUT U11B \~6
7408 1 17 18 A0 5 A0
10A 5 IME —' p17 p1g—"—/MB30
2 /ME_IN_CLOCK 19 20 7437
SKP_ON_IOT_FLAG IMB40 —=—] p19 P20 |-=—/IFAE 10
_ON_IOT_ — 7437
4 ISDF —2L ) 0ot pon |22 ME_IN_DATA AL o |'MC o8 /AL
IOT_SHIFT ~ —
‘ 5 5 108 ot IME_OUT_RESET IME_IN_RESET —23 pp3 pog |-24—/ME_IN_CLOCK 7437
T2:9 7411 25 26 13
Parts List 3 7437 GND |- p25 p26 |———/ME_OUT_CLOCK U12D 11 o
27 28 A2 12
17400 quad 2-input NAND 4 oB 6 10C /ME_OUT_RESET P27 P28 IME_OUT_DATA
17401 quad 2-input NAND OC /ME_IN_RESET 29 30 7437
1 7404 hex inverter T13 5 P29 P30 10
17408 quad 2-input AND 7411 SrRo _31 32 gmp u12C 3
1 7410 triple 3-input NAND 11 — P31 P3|~ A3 9 A3
1 7411 triple 3-input NAND 33 34
17420 dual 4-input NAND 10 U9C 8 GND 1l p33 P34 JEXT_LFA 7437
6 7437 quad 2-input NAND driver 35 36 13
1 74122 multivibrator T1 9 Za1T SR2 P35 P36 SR3 U13D 11 A
37 38 A4 12
1 1.5K resistor SR4 P37 P38 SR5 Y437
2 2.2K resistors 39 40
1 8.2K resistor SR6 P39 P40 SR7 10
1 5K trimpot u13C
1180 rll)rEpcoapacitor For 74LS use R1 = OR. IDC40 ) A5 9 8 IAS
2 3-pin jumpers For 74LS122 use C1 = 150pF To EBME/B of first EDUC-8ME unit.
1 16-pin socket 7437
1 16-way egge connector 4
1 32-way edge connector uU13B 6
1 40-way IDC connector Connect cable from X4 to lower memory position of E8/M. A6 TD—D/AG
VCC of X2 must not be connected to board power supply.
This circuit ensures 100 ns data hold time for the Intel 2102 7437
X2 which has a minimum 750 ns write enable pulse width. A[10:0]
1 U13A 3
P1 /WE u14 X4 A7 2 IA7
p2 |2 = ¥ ol K8 | A0 1dcs vee 28 e 7437
1 |13
P1 10D A0
p3|2—mcre  HI——2d A2 o8 p&—- ) - ll D WE 21 o piN |22 410128 D s
PER3 ‘73 B1 P2 e, Al 3 AL WE 14 we A8 5 IA8
3
| s P3 WE RV Y T 7437
PER3 1
A3 5 12 A8 U12A 3
cb Jumper pins 1 and 2 of X6 for 2102 and 2102-1 A3 A8 A9 2 IA9
due to 100 ns data hold times. For 2102A, 2125, A4 6 11 A7
RINT 2147 and 2167 jumper pins 2 and 3 of X6 and D1t A4 A7 7437
XX delete X2, R4, R5, C1 and U14. /bout U s peus 7| oo |10 46
MEMORY_ENABLE 12 . s s At , U11A 3 IALO
CX 7401 Tenn | GND A5
= GND 7437
74122 93415

For normal operation jumper pins 1 and 2 of X2.

To adjust WE pulse width, disconnect EDUC-8ME and cable from E8/M.

Insert 93415 into lower position of E8/M and jumper pins 2 and 3 of X2.
Load instruction JMP 0 (500) into address 000 and run program.

Adjust trimpot R4 so that the low width of QB is at least 750 ns

and at most Tch-132 ns where Tch is the MCPB high width in ns.
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TZ

U5

IME_OUT_DATA o I AB7 ABO 3 [ oD Ao
o1 4 AB6 AB1 4 o1 o1 54DIDA1
Q2 5 AB5 AB2 6 D2 Q2 74DIDA2
o 2 ABs 11 | 032 D oas
B0 AB3 ABs 13 | oa-2Dioas
sl AB2 ABT 14 | os|-15—Dioar
Qe [12-28L 9P cp
17 Loads o AE:S.Z] s LG
Rmax = 3456 ohm 74164 ' 74174
U6
ooa - A0 3 1o Qo [->—D>opno
o1a & /DAE ABL 4| o5 poom
o2a bp>—DFAE AB2 61, Q2 [-—D>opn2
03A 4 /ODAE AB5 11 D3 Q3 10 D oDAS5
00B b2 D ire AB6 13 D4 Q4 12D opas
01B DLD /IDB AB7 14 D5 Q5 LDODA7
o028 D /oFB CH S
o3s p12—D ops LMR . 14 MR
Ry
2 IDFB to /IOT of E8/F. 3
a0 —L1 15 po2—mom /ODB to /DCA of E8/F. im0 —L o po2— /DN
im0 —3 1o pab4—we ’iz%m im0 —3Jps  pal4—we
m—2] s pgE—1no T cl } }*‘WF m—2]ps  pglE—1no
= GND
GND I p7 pglE—1n8 = 7408 GND I p7 pglt—1n8
A2 —2 4 pg pro FL9—/A7 A2 —2 g prg L9 /a7
n3 1A b1y pro |12—1n6 m3 LA b1y pro|L2—in6
1ns B 13 prg HA-1ms 1ns 13 prg [ 1a5
GND i3] b5 pa1g 8- /poUT GND 22 b5 p1g 8 /DoUT
ME —L7 ] p17 p1g 18— mB30 ME —11 p17 p1g|-18
MBa0 19 p1g pog [-20—IFAE L 1p19 P02
ISDF —2L ] 551 pop |-22— ME_IN_DATA D1_FLAG —21 151 pos |-22— ID1_DATA
ME_IN_RESET —22] o0 o4 |-24— IME_IN_CLOCK np1_ReSET  —22 0oa poa 24— 01_cLock
GND 1125 po5 pog |-28— ME_OUT_cLock GND 122 po5 pog |-28— 10D1_cLock
IME_OUT RESET —20 po7 pog |-28— IME_OUT_DATA /OD1_RESET  —27 {557 pog |28 /0D1_DATA
22 p2g p3o -2 10D1_FLAG 29— prg po |30
srRoO —2 gy pg |22 sR1 E 1 pa1 pao |22 a0
GND 13 pag pas 24— EXT_LFA GND 13 b33 pas 24— FaL
SR2 —35 | pas pag |36 SR3 IFA2 =35 | hac pag |36 IFA3
SR4 —37 { b7 pag |38 SR5 IFA4 —31 | 5oy pag |38 FAS
srR6 —29 4 oag pao 22— sr7 A6 —22 1 bag pao 22— iFA7
IDC40 IDC40

From EDUC-8 ESME/B

To E8SME/I of all EDUC-8ME units

IDA[4:3] and ODA[4:3] equal to zero.
IFA[7:0], DFA[7:0], IDA[7:5], IDA[2:0], ODA[7:5] and ODA[2:0]
to front panel of first EDUC-8ME unit.

For 7438 with lol = 30 UL
8 output 1 input = 105 to 1152 ohm

- vce
X1
e
IR
=GND po |2
PE A ExT LRA
IFB —35 g 6
s 2|, P ; IDFB
9 P8 /ODB
FA0 —2
Po p10 29— IFAL
FA2 1o
p12 22— IFA3
IFA4 13 1.0 "
p1a 24— IFAS
IFA6 —15 1o 6
p16 28— IFA7
oFA0 — ] py7 18
| 18 pra1
praz 19|, P18 20
oFas 2L {5y P20 orAs
22
L 22 pFa
pFas —23 | p,n P22 - °
pA0 25 | oo P24 oA
26
onz 21, % IDA1
p2s |-28— pAs
pAs —29] ooy 0
p30 22— IDA7
oDA0 —31 sy -
32 opa1
33 P32
ODA2 —22— p33 3
obas —35 | P34 opAS
P35
p36 [-28— opa7
EDGE36

For 74L.S38 with lol = 15 UL

8 output 1 input = 201 to 2500 ohm

T VCC
R3 80

ID1_DATA

~ RE —680  ; FlaG
RS —680 ,op1 FiaG

R6 80

/DOUT

Small World Communications
6 First Avenue
Payneham South SA 5070

Project: EDUC-8ME

Macro: EBME/D1

Date: 1/22/22

Date Last Modified: 9/4/24




ac

u7 U9
sro D>—=210a = S 1o oD Faro
sr1 D—2] 08 z8 [ B ab>—Dira
sr2 D—240c zc |2 b2 2D a2
sr3 D—H 100 pan) 8 1ps 32D IFAs
ABO
$1{ia L2 104 2D Fas
ABL
o L1 14 1ps o5 |-2—D IFas
AB2
B1uc 17 be 06— IFas
AB3 10 18 19
11D D7 o7——"D a7
1 11
s cP - EA[7:0]
Aﬁ]ﬁc £ —14 MR
L oD
74157 74273
uUs U10
sra D—2] 10 = 3 1oo oo2—D orao
srs D—=>— 08 s H b1 o1tF>—Dora1
14 12 7 6
srR6 D—"—{10c zC D2 Q2f—pra2
sr7 D—2 100 o 2 8 1ps o3}-2—D oras
AB4
31ua 13 1ba 0sH2—D oras
ABS
6 1us 14 1ps 05 |-25—D> DFAs
AB6 13 17 16
1c D6 Q61> DFAs
AB7
13 9 i 18 o7 o7 |2 pFa7
Hi 2D 11 AB[7:0] 1 1
12 s cP =DFA[7:0]
[EXT_LFA D— 15 1
ﬁ E MR ——J \Rr
. L oND
5 IFAC 74157 74273
/IFAE
g DFAC

JEXT_LFA goes to /EXT_LA of front panel of first EDUC-8ME unit

Parts List with 10K pullup and 1nF capacitor.

17408 quad 2-input AND

3 7437 quad 2-input NAND buffer
1 74155 dual 2 to 4 decoder
474153 dual 4 to 1 multiplexer

2 74157 quad 2 to 1 multiplexer
174164 8-bit S/P shift register

1 74165 8-bit P/S shift register

2 74174 6-bit D-FF

2 74273 8-bit D-FF

4 680R resistors For 74LS use R1 = OR.
1 1.8K resistor

1 100K resistor

1 47 uF capacitor

1 36-way edge connector

2 40-way IDC connectors

E8/F Modifications
Do not solder in LEDs and resistors for MB3, MB4, AC3 and AC4.
Connect IFA7 to MB3 and DFA7 to MB4 inputs.

Connect /MB3 to /PC7 and /MB4 to /MA7 LED inputs.

U1A
(IFA7) MB3 D—1‘>QZ——§28 o—
7405 ‘ D16
vce
(NC) Pc7 D—-R18 L80R T
PC7 resistor and LED
U7F
(DFA7) MB4 = 12
7405
(NC) mA7 [D—

MA?7 resistor and LED

Only solder 7417 (U4) and LEDs and resistors for AND, TAD, ISZ and DCA.
Connect /OPR to /AND and /IOT to /TAD inputs.

U4A
(IFB) IOPR D—1%—533 o—
7417 ‘ D40
(NC) janp - R40 180R TVee
AND resistor and LED
U4B
R36
(IDFB) /IOT D—3M—o o—
7417 ‘ D39

(NC) ITAD — F\’39|:|180R <

TAD resistor and LED
u4D D38

R38
no8) sz D—{ 2 e
7417

ISZ resistor and LED
U4E D37

R37
(IO0DB) pea D—LL {> 10 —180R ﬂ“
7417
DCA resistor and LED

NC = Not Connected
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ec

P 1[7.0] u15
U1l u13 i 10
IFAO FAO IFA4 FA4 DS Q7
& {0a ZA 5 {0a N FA7 11 1 > ME_IN_DATA
IFAL FAL IFA5 FA5 PO Q7B
101108 78 101108 [ FAG 1 7437
IDAO 5 5 P1
I1A I1A FAS 13
IDA1 11 IDAS 11 P2
11B 11B FA4 14
DFAO 4 DFA4 4 P3
12A 12A FA3 3
DFAL DFA5 P4
12 12B 12 12B FA2 4
ODAO 3 3 P5
I3A I3A FA1 5
ODA1 13 ODA5 13 P6
13B 13B FAOQ 6
P7
14 e 14 o R
5 5 IME_IN_RESET  D— pL
s1 s1 2
1 . IME_IN_CLOCK  D—=—> cpg
EA ( —EA 15
cP2
LY 15 LTenp
L GND L GND = 74165
= 74153 - 74153 [HI,
16A
u12 ul4 FAOQ 2 IFAO
IFA2 FA2 IFA6 FA6
510a ZA 510a nH 7437
IFA3 10 FA3 IFA7 10 9 FA7 13
10B zB 10B zB 16D 1
IDA2 5 IDA6 5 FAL | 12 IFAL
1A 11A "
IDA7
. [ [ 2
DFA2 DFA6 168
A A Fa2 | s - IFA2
DFA3 12 DFA7 12
128 12B 7437
ODA2 3 ODA6 3 10
13A 13A 16C e
ODA7 FA3
12 1138 13 138 9
7437
14 14 .
2 2 17A 3
s1 s1 FA4 2 IFA4
T 1dca 1dea 7437
15 15 13
—=>qEB qes
Loeno Leno s | o T O IFAS
- 74153 - 74153
7437
IFA[7:0] =il 4
178 6
DA[7:0) =il Fas | s IFAG
DFA[7:0] =il 7437
10
ODA[7:0] =il 17C LD ear
MB3A — FA7 o
7437
MB4A —
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Date Last Modified: 9/4/24




ve

X1

im0 — 5

3

/A0 P3

AL —5 ] g

GND il p7

n2 —2 ] og

3 i pyy

na 131513

GND |15 py5

me 2] o7

19

P19

ID1_FLAG —21 155y
ID1_RESET —23 4 5oa
GND ””275 P25
/oD1_RESET  —21 p7
/0D1_FLAG —22 ] pog
e

GND 133 p33

FA2 351 oo

[ VREIEN [

IFA6 —39 | 5ag
IDC40

— B2 A2
ENIN)

AB3 AB2 AB1

ON ON ON Select0
ON ON OFF Select1
ON OFF ON Select2
ON OFF OFF Select3
OFF ON ON Select4
OFF ON OFF Select5
OFF OFF ON Select 6
OFF OFF OFF Select7

S1

___|B4 A4l

B3 A3

HI % 8 743 1o 2640 ohm
9
IAL0 D—
74136 p2 F2—D A10
21472167 |pg 2
For 2147/2167, if not using IOT then R1 to R5, S1 and U3 can be deleted. U2 Ju 3
--vee 1 2
— 7404 X6
R4: 3 Output 6 Input U22F 210212125 FAE 1
R3 |R2 R1 74: 758 to 2374 ohm Fa3 13 12 p1 p2 23—
74LS: 848 to 4881 ohm FA3 3
vce 7404 1st 2147 IFA7 —3 ) p3 pa
R4 15K 5
Tok ok oK FAE ag 3 4 - 2nd 2147 FA7 P5 P6
D O O 7
4 7404 2167 HI P7 P8
U3B U22E
5 : 11 10 JUMPER2X4
IFA7 IFAS 4‘>Q—D EAS
74136 7404
13 u22C
= IFA& 4‘5 >SO—L—D rae
s2 IFAB 7404
74136 u22D

vee
To EBME/M boards vee T U1A
2102/2125, 2147 or 2167
e 7 \&ZLZK 8/8, 20/4.4 or 12/4.2 UL 1o D—1i>OZ—D A0
4 X2 14 Loads R9 22K 1 , 20 O Al 7404
PaI——WE LNl Rmax = 4196 ohm L] 4A Y3 | 278102238 ohm U1F
pe |-6— /A9 Lono pa |2 /FA0 D—1—2 . 13 12 AL
8 P3 4 HI 7438 7404
P8 1A8 5 pa DIN 12/12, 8/8 or 12/4.2 UL U1B
10 AO P5 5 13 247 to 3219 ohm 3 4
p1of22 a7 7 . WE D Ny e p—2{>0-4—p w2
12 AL P7 s 12 O~——D FAL 7404
P12 IA6 a2 9 Ps A9 IFAL D— - ULE
—P9
P14 14 /a5 P10 10 ag To ESME/M boards A3 11 10 A3
11 R7 1.8K
16 A3 P11 12 — 7404
P16 [———/DOUT 13 P12[——A7 R8 1.8K uic
18 As -3 4p13 " 12/12, 8/8 or 12/4.2 UL 5 5
p1g 8 p1a |26 247 10 3219 ohm IA4 A4
15 a
20 pout P15 16 48 6 7404
P20 17 P16 AS 5 OS——D Fa2 i
2 /CSo P17 18 IFA2 9 8
po2 |22 1D1_DATA / 10 p1g|-18—/cs1 7438 IAS D—DO—D A5
cs2 P19 7404
po4 |-24—/D1_cLock n poo29—/cs3 X3 Us U2A
2 AL0 P21 2 1 2 1 7 1 2
pog 22— /0D1_cLock cap 23 p22 |-22—FA0 210212125 /Fp3 D—2p1 p2 FAEM E0A  00A p—Tics3 IA6 D—DO—D X3
P23 7404
pog |-22—/0D1_DATA s 25 poa 24— Fa2 2147 A5 D—2Ap3 pa 4—‘ ME D—2d a0 p&—Dircs2 UoF
—=—p25
p30 20 - P26 |-25—Faa 2167 IFA7 D—2Aps5 ps -E— o02a p2—Dicst IA7 13 12 A7
FAS P27 7404
p32 |-32—/FA0 fry 29 pog-28—Fae JUMPER2X3 1310 o3 pA—Drcso u2B
P29 X4
paa |24 IFAL 2 p3o |-20—ME . 5 Sa osp IA8 D—3i>04—[> A8
36 eag = P31 2 21022125 IFA4 D—2p1 p2 7‘ 0 -
P36l — P32~ ] o1B P— U2E
- LGND 2147 [FA6 D—3p3 pa |4— " 1 " 10
pag|—"—/FA5 EDGE32 5 6 Hl———eos o028~ A9 A9
40 FA7 and /ME used for boards with 8x64Kbit or 2167 HI P5 P6 15 12 7404
P40 |———/FA7  2x256Kbit RAMs. U22 used and U5 not used. SOVPER2X3 EIB 03B~ u2c
74155 WE >—i5 >SO—-—D wE
VCC Rs 1.8K 7404

ON

s1 1
3
BL Al SO IFAS ﬁ>2

74136

X5
2102/2125 |pq L

4/4,16/0.4 or 8/0.2 UL

/DIN D—9‘>OB—D DIN

7404

U1, U2 and U22 must be 7404 for 2102/2125/2147.
64 RAM chips with lih = 0.25 UL has total lih = 16 UL.
7404 loh = 20 UL. 74LS04 loh = 10 UL.

2167 uses 32 RAM chips for lih = 8 UL.

7404

IFA7 4‘9 SO Far

Use U22 for 2147/2167 only.
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14

/OD1_CLOCK /OD1_RESET D /OD1_DATA
1 7400 1 1
00 2 @O-’»_D/MEODQCLOCK 00 2 %/MEioDoiRESET 00 2 @QLD/MQODOJATA
7437 7437 7437
13 13 13
01 12 D Ll /ME_OD1_cLOCK 01 12 oD Ll _[>/ME_OD1_RESET 01 12 ULID Y11 & MmE op1 DATA
7437 7437 7437
4 4 4
o2 5 7B )08 IME_OD2_CLOCK W/ME?ODLRESET ﬁ@OG—D/MLOD;DATA
7437 7437 7437
10 10 10
03 o e /ME_OD3_CLOCK 103 9 c g /ME_OD3_RESET 03 9 Ve 8 /ME_OD3_DATA
7437 7437 7437
1 1 1
04 o BA 3 IME_OD4_CLOCK 04 o 10A 3 IME_OD4_RESET 04 o U12A 3 /ME_OD4_DATA
7437 7437 7437
13 13 13
105 12 8b L D /ME_OD5_CLOCK 05 1 100 YA ME_oDs_RESET 05 12 U120 il B ve ops DATA
7437 7437 7437
4 4
06 s 8B 3 IME_OD6_CLOCK o6 5 108 d IME_OD6_RESET o6 5 Ul2B \~6 /ME_OD6_DATA
7437 7437 7437
10 10 10
07 o .0—'8 [>/ME_0OD7_CLOCK 07 o 8 [>/ME_OD7_RESET o7 o 8 [>/ME_OD7_DATA
7437 7437 7437
- 10[7:0] -
u13
K s 00 7 100 u14 parts List
4 5
B 6 101 ME_ODO_FLAG.B  D— 0 zf— 17400 quad 2-input NAND
Al Q1 3 6 3 7404 hex inverters
SZE oof-2 102 ME_OD1 FLAG B [ 1 zB P 10 7437 quad 2-input NAND buffer
2 2 7438 quad 2-input NAND buffer OC
i a}4108 ME_OD2 FLAG B D—"r2 174136 quad 2-nput XOR OC
1 3 74151A 8-input multiplexer
2, 0} -2 104 ME_OD3 FLAG B D—i3 1 74155 dual 1-of-4 decoder
15 g 10 105 ME_OD4_FLAG_B D 15 M 1 74259 8-bit addressable latch
qcL Q5 14 1 1.2K resistor For 74LS use R9 = OR or
=GND 06|22 106 ME_OD5_FLAG_B  D——"—|5 1 15K resistor 3.9K for Fairchild 74LS136.
13 3 1.8K resistors
o7 12 107 ME_OD6_FLAG_B D 16 2 2.2K resistors
— ME_OD7_FLAG_B D 12 7 3 10K resistors
. 11 1 3-input jumper
FAO S0 1 2 2x3 jumpers
. 10 15A 3 1 2x4 jJumper
FAL S1 2 O [ /0D1_FLAG 1 32-way edge connector
EA2—s 9 <2 <138 3 40-way IDC connectors
ﬁ% E
L GND
- 74151A
AR Small World Communications Project: EDUC-8ME
6 First Avenue Macro: ESME/I2
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\ X7 X8
oo o A P IME_IDO_CLOCK IME_ODO_DATA 110, po2—/ME_opo_cLock ME_IDO_DATA —2p;  pp F2—/ME_IDo_cLock
7437 /ID1_CLOCK oND i—2]ps  pa|*—/ME_ODO_RESET oND i—32—]ps  paf*—/ME_IDO_RESET
V16D N1 ot o1 clock IME_ODO_FLAG 51ps  pgl-8—/ME_oD1_DATA IME_IDO_FLAG —2—{ps  pp|-2—ME_ID1_DATA
101 12 - IME_OD1_CLOCK 7107  pgl2—i GND IME_ID1_cLock —ZL{p;  pg-8—i GND
rast ME_OD1_RESET —2{pg  p1o |2 /ME_OD1_FLAG ME_ID1_RESET  —2]0g po 20— ME_ID1_FLAG
102 U168 Y6 IME_ID2_CLOCK ME_op2_DATA  — 011 p1o |2 /ME_OD2_cLock ME_ID2 DATA — 1011 pio E2—/ME_ID2_cLock
7437 GND -2 p13 p1a|—24—/ME_OD2_RESET GND 22 1p13 p14 |24 /ME_ID2_RESET
016\ g ME b5 CLOCK IME_OD2_FLAG —15 1515 p1g|L6—/ME_OD3_DATA IME_ID2_FLAG 15 {515 p1g|L6—ME_ID3_DATA
103 9 - ME_oD3_cLock — o7 pigh284n onD mMe_ip3_ctock  — o0 prg 8 enD
| rasr ME_oD3_RESET —2 4010 o022 /ME_OD3_FLAG ME_ID3_RESET —22 510 pog |-22—ME_IDS_FLAG
04 o UL7A IME_ID4_CLOCK IME_OD4_ DATA  —2L 151 poo 22— /ME_0D4_cLock ME_ID4_ DATA —2L1po1 poo 22— ME_ID4_cLOCK
7437 GND 123 po3 p2s|—24—/ME_OD4 RESET GND 123 po3 p24|—24—IME_ID4 RESET
| 17D L e D5 CLOCK B e ol o IME_OD4_FLAG  —25 ] b0 pog |28~ ME_OD5_DATA IME_ID4_FLAG  —22 {505 pog 22— ME_ID5_DATA
05 12 - For 74LS38 with lol = 15 UL IME_OD5_CLOCK  —211 07 pog 2841 anD ME_ID5_cLock  —2L o0 pog 28I GND
7437 4/2 UL = 228 to 7885 ohm 29 0 29 20
ME_oD5_RESET —22{p2g p3o 22— /ME_oD5_FLAG ME_ID5_RESET  —221pog p3o 22— /ME_ID5_FLAG
VLB e IME_ID6_CLOCK vee IME_OD6_DATA  —3L]p3; p3p |32 /ME_OD6_CLOCK ME_ID6_DATA —3L]p3; p3p |32—/ME_ID6_CLOCK
06 5 _ID6_ _OD6_| _ID6_
7437 13 GND 133 p33 p3g|—34—/ME_OD6_RESET GND 1133 pa3 p3s|—24—/ME_ID6_RESET
10 e e IME_0D6_FLAG —32 ] poe pag 38— ME_OD7_DATA IME_ID6_FLAG  —32 ] pac pag |-28—ME_ID7_DATA
107 9 JMEIDT_CLOcK [DLRESET 7438 IME_OD7_CLOCK —3T ooy pag -84 GND ME_ID7_cLock  —T Aoy pag 2811 GND
‘ 437 /ME_oD7 RESET —32p3g pao 22— /ME OD7 FLAG IME_ID7 RESET —39p3g pao 22— /ME_ID7 FLAG
oo o T IME_IDO_RESET - IDC40 - IDC40
437 ME_ID0 DATA  D—2]10 = ME_ID0_FLAG D—2 10 =
o1 o |0 L [>/ME_ID1_RESET ME_ID1_DATA 311 78 Pe— IME_ID1_FLAG —3n Pt
7237 ME_ID2 DATA  D—2] 1, ME_D2_FLAG  D—2] 1
U188\ 6 ME_ID3_DATA  D—2] 3 ME_ID3_FLAG  D—2] 5 10
1025 IME1D2_RESET ME_ID4 DATA D—514 ‘ IME_ID4_FLAG ~ D—22 9 D/ID1_FLAG
. 7437 ME 05 pATA D14 5 158 Y6 > ip1_paTA IME_ID5_FLAG 1415
03 o U18C g /ME_ID3_RESET ME_ID6_DATA D—3 16 7438 IME_ID6_FLAG D 16
7237 ME_ID7_DATA  D—22]; ME_ID7_FLAG  D—22]
1
o4 - UL9A Y3 IME_ID4_RESET S0 1 S0
7437 st 9 st
s2 s2
o5 15 |0 L[> /ME_ID5_RESET E ﬁc £
7437 74151A = 74151A
o6 s U198 )6 IME_ID6_RESET
10 sl FAE _ Small World Communications Project: EDUC-8ME
o7 o | JF—DmMe D7 ReseT 6 First Avenue Macro: ESME/I3
10[7:0] 7437
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LC

3 x4 X5 6 X7 8 9
2102 A8 D—2pil As D—2p1 2125 a4 D—2]p1| on D—2p1 2125 A5 —1d bl ne D—2]p1 2125 GND i|—]p;
A8-GND —2 o, A9-DI —2 oy Aa-A13 —2 ool prvee —2 g, As-A10 —2 ol AeAr 20, GND-A5S —2{ 5y
214712167  GND il— pg DIN —3 b3 2167 FA2 —3 ps|  vee 2] ps 214712167 A10 —2| pg FAO —2 pg 2102/2147/2167 s D—3ps3
Ju 3 Ju 3 Ju 3 Ju 3 Ju 3 JUMPER3 Ju
T vee X11 X12
‘i 2102/2125: P1-P2 & P4-P5 Fro D—2 b1 a0 D—2p1
iil P1 5 2147: P2-P4 & P3-P5 210, pab—aFa2 210, pabFt—arFar
= GND P2
= 2 1p3 4 2167: P2-P3 & P5-P6 Fas D—2Ap3 ps|-2 Fr3 D—2 p3 ps|2 A2D
pa DIN u17
A0 —5 | e . p6 |-2—J FA6 ps -— Fas 23 1 ICEO
AT P6 /WE AO [el6] Sommmm—
P7 8 a9 JUMPER2X3A A1D JUMPER2X3A 22 2 ICE1
ay 9 P8 Al oLp——
P9 JUMPER2X3A is made from two 3-pin jumpers. AOD /CE2
il p1ob—0 s <10 pin jump 2|, b3
— P11 A3D ICE3
A4 13 p12| AT 2125 we D—p1 p2 27‘*/\/‘”5-\/00-“2 201 ps o3pt—"—
—— P13 _
- 14 pg 2147 vee | 3 — 4 X13 5 Loads, Rmax = 11750 ohm Ve 18 o oab 5 ICE4
pouT —15 DO-A4 0 — 1 2 Douto RL 2.2K GND
P15 16 5 6 M P1 P2 = 19 6 ICE5
17 P16 A5 2167 FAL P5 P6 3 4 — dE1 o5 Po——m
/CSO P17 18 A4 ——1p3 P4 A4-DO_0 u18 7 ICE6
19 P18 /cs1 JUMPER2X3 H 2 5 osp——
€S2 —— p1g oo |20 1cs3 JUMPER2X2 ‘ 10 z[——L pour o7 p8—ICE?
ato 21| oo - 14 | S1n Pt 9 ICE8
77 2125: P1-P2 DOUT1L [of:] Com——
Far 23 oo . po-ad 1 —2p1 po |2 | 21 10 /CE9
25 p2af—— 2102: P3-P4 3 4 1 o9 P ]
FA3 —22 ] bos 26 erg A4 P3 Pa A4-DO_1 3 11 ICE10
| <Y 37
Fas 27 P26 2147/2167: P1-P3 & P2-P4 15 010
P27 28 Fpg JUMPER2X2 14 13 [CE11
29 2] 14 onpP—
P29 30 X15 15 14 [CE12
P30 DOUT2 o
L pa 2 po-a4 2 —]p1 po |2 183 1 15 [CE13
= > |
P32 Leno A4 3]s py |-4—A4-DO_2 12 1. 013
= 16 /CEl4
EDGE32 1 oup—m""""
A2p —11
JUMPER2X2 SO /CE15
A0 D—e asp 10 o015 L5
—s1 /CE[15:0
AL D—e — 74154 (15:0]
1 2 DOUT3 9
o DO-A4_3 P1 P2 s2
Aq 3 4 A4-DO_3 7
C P3 P4 = OE
A3 D—e
JUMPER2X2 74251 /cS
A7 D—e X2 ‘
1 2
1€s0 D——— P1 P2 ‘ Layout 74154 as 4x12 pin pattern with 0.15", 0.3" and 0.15"
3 4 spacing between vertical pins with left two and right two
es1 b P3 P4 ‘ vertical pins connected horizontally.
5 6 This allows 0.6" wide 74154 or 0.3" 74HCT154 to be used.
€82 D——>ps5 ps|——
Parts List 1S3 D 7 P7 P8 8 2102 has
16 2102 1Kx1, 2125 1Kx1, 2147 4Kx1 or 2167 16Kx1 static RAMs JUMPER2XA V_OL =0.45 V for |_OL = 1.9 mA, with |_LOL = -0.1 mA.

174154 1 of 16 decoder
174251 8-input multiplexer 3S

1 2.2K resistor

4 2x2 jumpers

1 2x3 jumper

1 2x4 jumper

11 3-pin jumpers

1 32-way edge connector

For 74LS use R1 = OR.

Connect one jumper for board selection.

V_OH =22V for |_OH = -100 uA with |_LOH = 10 uA.

Thus four 2102 outputs driving one TTL input has
| L=-1.6-3*0.1 =-1.9 mA and I_H = 40+3*10 = 70 UA.
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U16 U1 u2 U3
ICEO cs vee [ 30 TV ICE1 cs vee | 30TV rce2 —+q s vee [ 50T rces —qcs vee [ 0 TV
A4-A13 A4A13  DRvee [-22—plvee A4-AL3 A4A13  DRvee [—22-Dlvee A4A13 —21asn13  Drvee [F22-Divee a4A13 —21asn13  pDrvee 22— Dpivee

AD A0 WE-VCC-A12 [28—/WEVCC-AL2 AO A0 WE-VCCA12 [~B—/WEVCC-AL2 A0 —3d a0 wevccalz |- WEVCC-AL2 A0 —31p0  wEvCcAL2 |F2B—WE-VCC-AL2
AL AL A6-A11 21— A6-ALL AL —4 10 A6-A11 2L A6-ALL AL —4 4N A6-AL1 |21 AB-ALL AL —4 10 A6-ALL 21— A6-ALL
A2 A2 As-A10 |28 As-A10 A2 A2 A5-A10 |28 A5-A10 A2 —51,, As-A10 28— As-A10 A2 —51,, as-a10 28— As-A10
A3 A3 ey -y A3 A3 ag 22— no A3 —581 0 A9 22— A9 Az —61 4 A9 22— A9
DO-A4 ag|-24-As DO-A4 ag |-24-A8 " bo-as ag |24—ns DO-A4 ag |24—ns
GND-A5 GND-AS a7 23—a7 GND-A5 GND-AS a7 a7 GND-A5 8 1 GND-AS a7 22— a7 GND-A5 GND-AS a7 a7
A4-DO a6 |22—hs A4-DO 26 |22 A6 ¥ aap0 e |22 e A4-DO a6 |22 he
WE WE A9-p1 22— A9-DI WE WE A9-DI -2 A9-DI IWE WE A9-DI -2 A9-DI WE WE A9-DI 22— A9-DI
A8-GND —11 1 \a o\ csa 22— ceo A8-GND A8-GND csa 22— ce1 A8-GND —11 1.0 D csa 20— ice2 A8-GND A8-GND csa 22— ce3
A0 —12] poa A0 AOA o [0 A0 —12 {08 po |2 A0 AOA po |2
At 221 0A Al A1A DI At 23 0a DI Al A1A o F2—DpIN
A2 241 on A2 A2A VCCA A2 24100 VCCA A2 A2A veea [P vee
A3 —15 A3a A3 —>—]A3A GND A3 —15{Aza GND A3 A3A GND ﬁlﬁ N
ZTXX TXX TXX TXX =
| DO-A4_0
— A4-DO_0
U4 Us U6 u7
ICE4 cs vce [ o0 TV rces —Lqcs vce [ 50 TVC ICE6 cs vce [ a0 T ICE7 cs vce [ 30 T
A4A13 —2d Az m3  prvee 22-Drvee A4A13 —2]pp13  DRvee [~22-DRVCC Ad-A13 A4A13  DRvee [-22-Divee Ad-A13 A4A13  Divee 22— Dhvee
A0 —31 a0 wevec-AL2 28— WE-VCC-AL2 A0 —31p0  wevccALz [~ WE-VCC-AL2 AD A0 WE-VCC-AL2 [—28—WE-VCC-AL2 A0 A0 WE-VCC-A12 [-28—WE-VCC-AL2
AL —4] A6-ALL |21 AS-ALL AL —4 A6-ALL |21 A6-ALL Al Al Ag-ALL |21 A6-ALL Al AL Ag-ALL |21 AS-ALL
A2 A2 A5-A10 |22 AS-ALD n2 —n; A5-AL0 |22 AS-ALO A2 A2 As-AL0 |22 AS-ALD A2 A2 As-A10 |F22—AS-ALD
A3 A3 Ag|-22—A9 A3 —b a3 A |F22-A9 A3 A3 ag2—Ao A3 A3 Ao 22—A0
DO-A4 ag|—24—As “Joo-a4 g |24—A8 DO-A4 ag |24—ns DO-A4 ag |24—ns
GND-A5 GND-A5 IV el oNp-A5 —EGnp.as a7 [FE-A7 GND-AS GND-A5 a7 |FB-A7 GND-A5 GND-A5 a7 [FB—A7
A4-DO e [-22—r6 9 { pspo 6 |22 16 A4-DO pe [F22—n6 A4-DO pe [F22—1r6
IWE WE A9-DI LAQ»DI IWE AC WE A9-DI LAQ-DI IWE WE A9-DI LAQ»DI IWE WE A9-DI LAQ»DI
A8-GND —11 1 \a cnD csa 22— icea A8-GND —11 1,0 snp csa 22— rces A8-GND AB-GND csa 22— ces A8-GND A8-GND csa 22— ice7
A0 —2- pon DO A0 —2 pon o |2 A0 AOA po |2 A0 AOA o |2
N T DI AL 23] n DI AL ALA DI Al ALA DI
A2 4 on VCCA r2 L on VCCA A2 A2A VCCA A2 A2A VCCA
A3 151 A3a GND A3 —2-A3A GND A3 A3A GND A3 A3A GND
ZIXX TXX X TXX
| DO-A4_1
— A4-DO_1

2102 1Kx1 SRAM. Fit 16-pin DIP to pins (8-15) & (23-16)
2125 1Kx1 SRAM. Fit 16-pin DIP to pins

2147 4Kx1 SRAM. Fit 18-pin DIP to pins (3-11) & (28-20)
2167 16Kx1 SRAM. Fit 20-pin DIP to pins (2-11) & (29-20)

1-8) & (30-23)

2125 compatible with TTL 93425 and CMOS 6508.
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us U9 U10 U1l
ices —1d g vee | 30 TV ices —Ld s vee | 30 TV ice10 —1d s vee | 50T VC rcenr —1d s vee | 30 TV°
A4A13 —2 pap13 prvee F22-pivee A4A13 —2]asm13  Drvee 22 pivee A4A13 —21asn13  Drvee [F22-Divee a4A13 —21asn13  pDrvee 22— Dpivee
A0 —31 a0 wevccalz [E—WEVCC-AL A0 —31a0  wevccalz 2 WEVCCAL A0 —3d a0 wevccalz |- WEVCC-AL2 A0 —31p0  wEvCcAL2 |F2B—WE-VCC-AL2
AL —4 1 A6-A11 21— A6-ALL AL —4 10 A6-A11 2L A6-ALL AL —4 4N A6-AL1 |21 AB-ALL AL —4 10 A6-ALL 21— A6-ALL
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