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OVERVI EW

The 88-2SIOJP is an enhanced dual serial port board
MITS Altair and compatible computers. It can fully
following MITS boards, adding significant functiona

* 88-2SI0 dual serial port
e 8800b Turnkey Module
*  RMB-II Extended ROM Basic Module with Turnkey suppo

The 88-2SIOJP provides the following functions:

1. Two serial ports that are software and hardware com
the MITS 88-2SI10, with some important enhancements

2.  One EPROM/EEPROM socket, providing 2K-bytes to 16K-
volatile storage, with write capability for EEPROMs

3.  Options for either MITS ROM Basic or Amon (a full-f
monitor that includes all MITS loaders)

4.  Altair-compatible automatic EPROM disable, allowing
(such as MITS Disk Basic) to have a full 64K-bytes

5.  Power-on/reset jump-start that is compatible with m
(such as all MITS memory boards) that do not suppor
PHANTOM signal, as well as memory boards that do su

6. Improved power-on clear circuit, eliminating the ne
the Stop and Reset switches on the Altair 8800 and

Compatible with both 8080 and Z-80 CPU boards, up t

Optional support for computers with no front panel
computers)

Desi gn Phil osophy

The 88-2SI0JP was designed using only components th
when the Altair was still being sold. It uses no su
components and no newer integrated circuits

board with no fine-line traces. For this reason, an
original Altair looks very authentic.

Although the PC board was laid out using a relative
system, it was entirely hand-routed, using PC board
were achievable in the days of the Altair - nothing
mil traces, 10 mil gaps, 24 mil holes, or 24 mil an

! The full address range of an Altair is 65,536 byte

64K here, since it is 1K (1024 bytes) times 64. (65
referred to as 65K.)

2 The exception is the EPROM: to fit all of MITS Bas
space, a 28-pin 27128 EPROM was necessary. (The MIT
PROMs for Basic.)
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Experience has shown that early S-100 boards often
grounding 3, causing unreliability. To address this problem, t
2SIOJP was laid out with special attention to its g

features fully-gridded grounding with oversized tra

capacitors and bulk power supply capacitors.

Serial Ports Overview

The serial ports are designed around the Motorola 6
faster versions of the same communications chip use
2SI0. The data rate for each serial port is set by
allowing communication from 110 baud through 38.4K
the 68B50). (For comparison, the maximum data rate
2SI0 is 9600 baud.)

The baud rates are set with DIP switches, rather th

Either port can be set up for RS-232 (with optional
handshaking), Optional Teletype (20 mA current loop
communication.

The serial ports operate without any wait states. (
MITS 88-2SI0O generates a wait state for every IN in

The 88-2SIOJP can provide regulated +12V and -12V t
device.

EPROM and EEPROM Overvi ew

* One EPROM/EEPROM socket that supports a 2716, 2732,
EPROM, or a 2816A and 28C64 EEPROM, with write capa

* EPROM accesses use zero wait states. 200 nS EPROMs
4MHz operation. 450 nS EPROMs are adequate for 2 MH

* The memory address for the EPROM is set with a DIP
* The EPROM can also be completely disabled

When the “automatic EPROM disable” feature is enabl
available to the CPU after reset and until the firs

from the Altair's “sense switches” (port OFFh). The

is no longer available, and any other RAM at the sa
available. (This is similar to the automatic EPROM
later MITS 8800b Turnkey Modules, and allows e.g. A
in 64K of RAM.)

Junp- Start Overvi ew

When this feature is enabled, the 88-2SIOJP forces
to the jump-start address (which is set by a DIP sw
start is implemented in one of two (DIP-switch sele

have poor

he 88-
rounding. It
ces abundant bypass

8A50 or 68B50 ACIA,
din the MITS 88-

a DIP switch,

(76.8K baud with

for the MITS 88-

an soldered wires.

hardware
TTY), or TTL

For comparison, the
struction.)

0 an external

2764, or 27128
bility

are required for
Z operation.
switch

ed, the EPROM is

t IN instruction
reafter, the EPROM
me address becomes
disable feature on
[tair Basic to run

a jump upon Reset
itch). The jump-
ctable) ways:

3 Later IEEE-696 compliant S-100 boards partly addre
adding additional ground pins to the S-100 bus at p
these new ground pins conflict with original Altair

4

ssed this problem by
ins 53 and 70. Both of
functions for these pins.
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1. The 88-2SIOJP disables the status signals generated
CPU board, and generates replacement status signals
low, so that other memory boards do not respond. Th
with almost all memory boards, including SRAM, DRAM
boards made by MITS.

2. The 88-2SIOJP generates the PHANTOM signal on the b
disable many S-100 memory boards (though not any M
boards).

Power - On Reset Overvi ew

The Power-On Clear circuit on the Altair 8800 and 8
not work properly, requiring you to toggle the Stop
on the front panel of these machines after power-on
on the Altair 8800b, by synchronizing its reset sig
clock.

The 88-2SI0JP’s synchronized Power-On Reset circuit
Altair 8800b’s reset circuit. You can optionally co
Reset circuit to the S-100 Reset signal to cause th
8800a power-on reset to work correctly.

Tur nkey Support Overvi ew

The 88-2SI10JP optionally supports computers that do
front panel, including MITS “Turnkey” computers (th
the “Foley” Altair, and the iCom Attaché), as well
computers that do not have a front panel, providing
functionality as the MITS 8800b Turnkey Module and

* MWRITE signal generation (for any computer without
* Pullup resistor for -SSW DSB signal (S-100 pin 53)
» Sense Switch register (for software that requires s

* A Turnkey Interface that connects directly to any o
Turnkey-type computers

» Jump-start at reset (see above)

» The Turnkey Interface also provides easy connection
switch and a few status indicators for use in any n
without a front panel.

A Note about M TS Ext ended ROM Basi c

The Altair Disk Bootloader is present (though undoc
MITS Extended BASIC ROM. To load Altair DOS, CP/M,
panel to examine octal address 177400 (FFOO hex), a

Since MITS Extended BASIC in ROM leaves only 48K of
48K or smaller CP/M to run with ROM Basic installed
SYSGEN to create a smaller CP/M as required.
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St andard Configuration
This is the configuration of the 88-2SI0JP when it

ships. See the

following sections to understand and change the con figuration.
Posi tion Setting Page Junper function
I 2-6 & 4-5 16 EPROM Size Select (4K for Amon)
1-2 & 4-5 ERROM Size Select (16K for Basic)
J2 No Shunt 8-13 Port 0 RS232 CTS/DCD
J3 No Shunt 8-13 Port 1 RS232 CTS/DCD
Ja No Shunt  11-13 R100 Port 0 Current Loop
J5 No Shunt  11-13 R100 Port 0 Current Loop
J6 No Shunt 8-13 Port 0 Current Loop
J7 No Shunt 8-13 Port 1 Current Loop
J8 No Shunt  11-13 R100 Port 1 Current Loop
J9 No Shunt  11-13 R100 Port 1 Current Loop
J10 (PCBlt;gce) 14 |No open-collector RTS output for Port O
J11 No Shunt 813 Porf 0 DCD or -12V out
J12 No Shunt 813 Porf O TTL TxD or +12V out
J13 No Shunt 813 Port1 DCD or -12V out
J14 No Shunt 8r13 Port1 TTL TxD or +12V out
J15 None 14-15 Interrupt configuration
J16 Shunt 1-2 24  Power-on Reset configuration
J19 No Shunt 22  S-100 MWRITE signal
J20 Shunt 8080 29  Z-80 support
Swi tch Setting Page Swi tch Function
. 11111000 Jump-start address (Amon)
SWi<8:1> 11000000 19 Jump Start Address (Basic)
SW1<9> Closed 19 Epable Jump-Start
SW2<8:1> 11111111 22  Sense Switch Register (Turnkey Option)
SW2<9> Open 22  Hense Switch Register disabled
SW3<6:1> 000100 15  Serial Port address
SW3<7> Closed 20  Use Status Disable method
SW3<8> Closed 20 Use Phantom
SW4<5:1> 11111 16 EPROM address
. 001 EPROM Size (4K for Amon)
SW4<8:6> 111 16 EPROM Size (16K for Basic)
SW4<9> Open 16 EPROM auto-disable feature disabled
SW5<10:1> | (as needed) 14  |Port O baud rate
SW6<10:1> | (as needed) 14  |Port 1 baud rate
0 always means a closed switch, 1 always means an o pen switch.
Component Def ault | Page Functi on
. Not Pullup required for Altair CPU
R26:4.7K installed 23 when used without a front panel
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CONFI GURATI ON OPTI ONS

The 88-2SIOJP has several configuration options, ex
section. These options all involve installing compo
2SIOJP, as described in later sections of this manu
you can choose to use each option or not, via shunt

Tur nkey Option

This option adds the necessary hardware for the 88-
in a computer without a front panel, and is explain
later section of this manual. When this option is i
functionality can be disabled (for use in a compute
panel) with a DIP switch setting and removal of a p

TTY Option

This option adds the hardware (for either or both p
communicate with a Teletype or other device that ha
loop interface. When this option is installed, you
RS-232 and 20 mA current loop communication with a

Open-Col | ector Control Qutput Option

This option allows Port 0 to enable and disable an

an open-collector interface, using Port 0’s RTS han
example, this output can be used to control the pap
some teletypes. This option may be disabled with a

Serial Port Configuration Options

The 88-2SIOJP is available in two configurations th
the kind of connectors used for the serial ports:

1. The M156 option has two 10-pin Molex-type 0.156" co
pin-compatible with the MITS 88-2SI0O.

2. The R100 option has two 26-pin ribbon cable connect
simple connection to DB25 connectors on the back of
using a straight-through (off-the-shelf) IDC ribbon

Both of these configurations provide the same funct
setup is a little different for the two. The next t
explain the serial port setup for the two 88-2SI0OJP
Use the appropriate section for your board.
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88- 2SI QJP ML56 Configuration

The two 10-pin Molex connectors (S1 and S2) are con

nected as follows:

Pin| Function |Dr. Port O Shunts Port 1 Shunts
1 |RS-232CTS In J2(1-2) J3(1-2)
J2(3-4), J11(2-3), J3 (3-4), J13(2-
p | RS-232DCD | n Remove all J3 3), Remove all J2
-12Vv Out J11(1-2) J13(1-2)
3 |RS-232 RTS Out - -
4 Ground - - -
5 TTY +TxD  Out - -
6 TTY -RxD In - -
RS-232 RxD In Remove J6 Remove J7
7 TTL RxD In Remove J6 Remove J7
TTY +RxD In J6(1-2) J7(1-2)
8 |RS-232 TxD Out - -
9 TTL TxD Out J12(2-3) J14 (2-3)
+12V Out J12(1-2) J14(1-2)
10 Ground - - -
If DCD is provided for one port then neither DCD no r CTS is available
for the other port. This is because DCD “borrows” t he RS-232 line
receiver from the CTS circuit of the other port.
RS- 232 Communi cation with the ML56 Option
For RS-232 connection, install shunts for either po rt as follows:
Position Port O Port 1
J2 Shunt 1-2*
J3 Shunt 1-2*
J6 Remove
J7 Remove
J11 Remove
J12 Remove
J13 Remove
Ji4 Remove
* If handshaking is not required then the shunt may be removed.

For a standard RS-232 connection, connect the 88-2S
rear panel with a wiring harness as follows:

IOJP to the Altair

Signal |Direction| Sl or S2 pin | DB25S pin
TxD Out 8 3
RxD In 7 2
CTS In 1 4
RTS Out 3 5
DCD* In 2 20
GND 4 (or 10) 7

* |f either port requires the DCD handshaking input
must borrow the other port’'s CTS line receiver:

8

signal, then it
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Position | DCD on Port 0| DCD on Port 1
J2 Shunt 3-4 Remove all
J3 Remove all Shunt 3-4
J11 Shunt 2-3 Remove 2-3
J13 Remove 2-3 Shunt 2-3

they are not

Handshaking inputs default to the “active” state if
be connected.)

connected. (Usually, only TxD, RxD and GND need to

Loop (TTY) Conmunication with the ML56 Option
tion on both ports.
s installation of a

20 mA Current
The 88-2SIOJP supports 20 mA current loop communica
Current loop (TTY) support is optional, and require

few components on the board. Once these components are installed,
change back to RS232 by removing the shunt.
Port O Location | Port 1 Location Val ue
Q2 Q3 2N2907
R5 and R13 R10 and R15 220 Q
R6 R9 15K @
R12 R14 7K @
D2 & D3 D4 & D5 1N4148
J6 J7 2-pin header
For 20 mA Current Loop (TTY) communication, install shunts as follows:
Position | Port O | Port 1
J2 remove
J3 remove
J6 Shunt
J7 Shunt
J11 Remove
J12 Remove
J13 Remove
Ji4 Remove
For TTY connection, connect the 88-2SIOJP to the Al tair rear panel,
and the Altair to the Teletype with wiring harnesse s as follows. (This
is the same pinout as shown in the MITS 88-2SIO man ual.)
Si gnal S1 or DB25S | Tel et ype ASR33
S2 pin pin Termnal Strip
+TxD 5 3 7
-TxD 4 2 6
+RxD 7 5 4
-RxD 6 4 3
Clip pin i

88-2S10JP Rev H



TTL Communi cation with the ML56 Option

For TTL communication, install shunts for either po rt as follows:
Position| Port O Port 1
J2 remove
J3 remove
J6 remove
J7 remove
J11 Remove
J12 Shunt 2-3
J13 remove
J14 $Shunt 2-3
For compatibility with the MITS 88-2SIO, connect th e 88-2SI0OJP to the

Altair rear panel with a wiring harness as follows:

Signal |Dir. | S1 or S2 pin | DB25S pin
TTL TxD | Out 9 3
TTL RxD In 7 2

GND 4 7

External Device Power with the ML56 Option

The 88-2SIOJP can optionally provide up to about 50 0 mA of regulated
+12V and -12V to a device connect to its port, at t he expense of other
(seldom used) functionality. +12V replaces the TTL output, and -12V
replaces the DCD input, if you select these options , as follows:
Functi on S1 or Shunt Shunt
S2 pin Port O Port 1

+12V 9 U12(1-2) J14(1-2)

-12Vv 2 J11(1-2) J13(1-2)
There is no standard for connecting +12V and -12V 't o the DB25
connector at the rear of the Altair, so feel free t 0 use whichever

pins suit your needs.

10
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88- 2SI QJP R100 Configuration

The pins of the two 26-pin ribbon cable connectors

(S3 and S4) are

assigned such that a straight-through ribbon cable to a DB25S
connector will provide normal RS-232 connections, a s follows:
S3 or DB25S Function | Dir Port O Port 1
S4 Pin Pin ' Shunt s Shunt s
2 14 TTY -RxD n J4(1-2) J8(1-2)
RS-232 RxD In Remove J6 Remove J7
3 2 TTL RxD In Remove J6 Remove J7
TTY +RxD In J6(1-2) J7(1-2)
5 3 RS-232 TxD  Qut - -
7 4 RS-232 CTS In J2(1-2) J3(1-2)
9 5 RS-232 RTS  OQut - -
12 19 TTY +TxD Out J5(1-2) J9(1-2)
13 7 Ground - - -
J2(3-4), J3 (3-4),
14 20 RS-232 DCD In J11(2-3), J13(2-3),
Remove all J3 Remove all J2
-12v Out J11(1-2) J13(1-2)
24 o5 TTL TxD Out J12(2-3) J14 (203)
+12V Out J12(1-2) 114(1-2)

Note that if DCD is provided for one port, then nei
available for the other port. This is because DCD *
line receiver from the CTS circuit of the other por

ther DCD nor CTS is
borrows” the RS-232
1.

RS- 232 Communi cation with the RL00 Option

For normal RS-232 connection, install shunts for ei

follows:

* If handshaking is not required then the shunt may

88-2S10JP Rev H

ther port as

Posi ti on Port O Port 1
J2 Shunt 1-2*
J3 Shunt 1-2*
J4 Remove
J5 Remove
J6 Remove
J7 Remove
J8 Remove
J9 Remove
J11 Remove
J12 Remove
J13 Remove
J14 Remove

be removed.
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Connect the 88-2SIOJP to the Altair rear panel with

ribbon cable, producing the following RS-232 connec tions:
Signal |Dir. | S3 or S4 pin | DB25S pin
TxD Out 5 3
RxD In 3 2
CTS In 7 4
RTS Out 9 5
DCD* In 14 20
GND 13 7
* |f either port requires the DCD handshaking input signal, then it
must borrow the other port’s CTS line receiver, as follows:
Position | DCD on Port O | DCD on Port 1
J2 Shunt 3-4 Remove all
J3 Remove all Shunt 3-4
J11 Shunt 2-3 Remove 2-3
J13 Remove 2-3 Shunt 2-3

straight-through

Handshaking inputs default to the “active” state if
connected. (Usually, only TxD, RxD and GND need to

20 mA Current

they are not

The 88-2SIOJP supports 20 mA current loop communica
Current loop (TTY) support is optional, and require

be connected.)

Loop (TTY) Conmunication with the RLO0 Option

tion on both ports.
s installation of a

few components on the board. Once these components are installed,
change to RS232 by removing the 3 shunts.
Port O Location | Port 1 Location Val ue
Q2 Q3 2N2907
R5 and R13 R10 and R15 22( Q
R6 R9 15K Q
R12 R14 P.7K Q
D2 & D3 D4 & D5 1N4148
J4, J5, and J6 J7,J8,and J9  2-pin headers
For 20 mA Current Loop (TTY) communication, install shunts as follows:
Position| Port O | Port 1
J2 remove
J3 remove
J4 Shunt
J5 Shunt
J6 Shunt
J7 Shunt
J8 Shunt
J9 Shunt
J11 Remove
J12 Remove
J13 Remove
J14 Remove

12
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Connect the 88-2SI0JP to the Altair rear panel with a straight-through

ribbon cable, and connect the Altair to the Teletyp e with a wiring
harness as follows. (Other signals on the DB25 conn ector should be
left unconnected. Note that the DB25 does not have the same pinout as

shown in the MITS 88-2S10 manual.)

S3 or | DB25S | Tel et ype ASR33

Si gnal S4 pin| pin Termnal Strip
+TxD 12 19 7
-TxD 13 7 6
+RxD 3 2 4
-RxD 2 14 3
TTL Communi cation with the RLO0 Option
For TTL communication, install shunts for either po rt as follows:
Posi tion Port O Port 1
J2 remove
J3 remove
J4 Remove
JS Remove
J6 remove
J7 remove
J8 remove
J9 remove
J11 Remove
J12 Shunt 2-3
J13 remove
J14 Shunt 2-3
Connect the 88-2SI0JP to the Altair rear panel with a straight-through
ribbon cable, and connect as follows. (Other signal s on the DB25
connector should be left unconnected.)
Signal | S3 or S4 pin | DB25S pin
TTL TxD 24 25
TTL RxD 3 2
GND 13 7

R100 External Device Power

The 88-2SIOJP can optionally provide up to about 50 0 mA of regulated
+12V and -12V to a device connect to its port, at t he expense of other
(seldom used) functionality. +12V replaces the TTL output, and -12V
replaces the DCD input, if you select these options , as follows:
. S3 or | DB25S Shunt Shunt
Functi on

S4 pin Pin Port O Port 1

+12V 24 25 12(1-2) J14(1-2)
“12V 14 20 Ji1(1-2) J13(1-2)

[
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Open Col l ector Control Qutput on Port O

For applications that require an open-collector con
as for controlling the paper tape reader on certain

0’'s RTS signal can be configured to use an open-col

rather than its normal RS-232 driver:

trol output (such
Teletypes), Port
lector driver,

1. Cuttrace between pins 1 and 2 of J10, in the solde r side
2. Install the following components:
Locati on Component
Q1 2N3904
R11 10K Q
D1 1N4148
J10 Header, 0.1”, 3-pin
J10 pins 2 and 3 Shunt, 0.1", 2-pin
(To disable this option, move the shunt on J10 to pins 1 and 2.)

With this option installed, writing 11h to Port O's
on the open-collector driver (pulling the RTS pin t
51h to the Control Port turns off the driver, allow

Baud Rate Sel ection

DIP Switch SW5 selects Port 0's baud rate, and DIP

Port 1's baud rate. Close the one switch that selec
rate for each port, and leave all other switches op

SW5 or SW6
Posi tion

Baud
Rat e

76800

38400

19200

9600

4800

2400

1200

600

300

Blo|o|~|o| o1 & w|N| -

110

These baud rates assume that the 68B50 ACIAs are co
clocks. Additional baud rates can be achieved by co

for +64 clocks. For example, you can get 150 baud by clo
and programming the ACIA for a +64 clock.

Serial Port Interrupts

The 88-2SIOJP provides 8-level vectored interrupts,

interrupts, or no interrupts at all. Interrupts are

jumpers in location J15. You can either use a socke

14

Control Port turns
o ground). Writing
ing RTS to float.

Switch SW6 sets
ts the desired baud
en.

nfigured for +16

nfiguring the ACIAs
sing switch 8

single-level

configured with

t and a 16-pin
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header, or (for single-level interrupts), 2-pin hea

between pins 1 and 2 and also between pins 7 and 8.

For single-level interrupts, the software interrupt
all interrupt devices to resolve the source of each

Vectored interrupts require a vectored interrupt co
the MITS 88-VI-RTC board) to be installed in the Al

J15 pins are assigned as follows:

ders (with shunts)

routine must poll
interrupt.

ntroller (such as
tair.

J15 Pin Functi on J15 Pin | Function

1 S-100 Interrupt Input 1 Vector 7

2 Port O Interrupt Output 1% Vector 6

3 14 \fector 5

4 13 \fector 4

5 12 \fector 3

6 11 \fector 2

7 Port 1 Interrupt Output 14 Vector 1

8 S-100 Interrupt Input Vector 0
Connect pin 1 to pin 2 for single-level interrupts from Port 0.
Connect pin 7 to pin 8 for single-level interrupts from Port 1. (Both
ports may be connected to the S-100 Interrupt Input )
Connect pin 2 to one of the Vector pins for vectore d interrupts from
Port 0. Connect pin 7 to one of the Vector pins for vectored

interrupts from Port 1.

Serial Port Address Sel ection

The two Serial Port ACIAs occupy four sequential 1/
the Altair. The first address is Port O's control a
second is Port Q’s data port; the third is Port 1's
port; the fourth is Port 1's data port.

DIP Switch SW2 positions 1 through 6 set the serial
where closed represents a binary 0, and open repres
Switch 6 is the highest-order bit, and switch 1 is

Note that MITS software assumes the “terminal” (con

occupies port addresses 10h and 11h (020 and 021 oc

O port addresses in
nd status port; the
control and status

port address,
ents a binary 1.
the lowest.

sole) serial port
tal). To set the

88-2SI0JP for addresses 10h through 13h, set SW2 as follows:
SW2 Position | Address Bit Setting

1 A2 Closed
2 A3 Closed
3 A4 Open
4 Ab Closed
5 A6 Closed
6 A7 Closed
7 -

8 -

88-2SI0JP Rev H
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EPROVS AND EEPROMS
The 88-2SIOJP supports the following EPROM types: 2

(4K-byte) (but not

all address switches.)

716 (2K-byte), 2732

____Texas Instruments TMS2532), 2764 (8K-byte), 27128
(16K-byte). It also supports the following EEPROM t
byte) and 28C64 (8K-byte)

For 2 MHz operation, the EPROM’s access time must b
For 4 MHz operation, either the EPROM’s access time
less, or the CPU board must be configured to insert
all memory read cycles. (For example, on the Ithaca
CPU, close switch 5 at location IC5.)

Configuring the 88-2SI QJP for the EPROM EEPROM

Switch SW4 positions 1 through 8 configure the EPRO
beginning memory address as follows. (Closed is 0 a

ypes: 2816A (2K-

e 450 nS or less.
must be 200 nS or
a wait state for
Audio 1010 or 1020

M type and its
nd open is 1 for

EPROM | SWM-1 | SWM-2 | SWM-3 | SWM-4 | SWM-5 | SWM-6 | SM-7 | SWM-8
Type (11) (12) (13) (14) (15) (4K) (8K) | (16K)
2x16 All Al12 A13 Al4 Al5 Close Close Close
2732 All Al2 Dpen \14 Al5 Open Close Close
2x64 All Open Dpen A14 Al5 Open  Open Closg
27128 | Open Open Open Al4 Al5 Open Open  Open
Jumper J1 must also be set for the EPROM or EEPROM type as follows:
Type J1 junpers Not e
2716 or 2816A 2-6 & 4-8 Write disabled for 2816A
2732 2-6 & 4-5
2764 or 28C64 2-6 & 4-5 Write disabled for 28C64
27128 1-2 & 4-5
2816A 2-6 & 4-W Write enabled
28C64 2-W & 4-5 Write enabled

The Amon firmware runs in the highest 4K block of m
address F800h, and MITS Basic runs the top 16K of m
address C0O00h, so SW4 is set as follows:

emory starting at
emory, starting at

EPROM | SM-1 | SWM-2 | SWM-3 | SWM-4 | SWM-5 | SM-6 | SWM-7 | SWM-8
Type (11) (12) (13) (14) (15) (4K) (8K) | (16K)
Amon
(2732) Open Open | Open Open Open  Open Close Close
BASIC Open Open Open Open Open Open Qpen  Open
(27128) p p p p p p p f
EPROM Position in the Socket
When installing a 24-pin EPROM or EEPROM in the 28- pin socket,
position the chip downward toward the 88-2SI0OJP’s e dge connector,
leaving pins 1,2,27, and 28 of the EPROM socket emp ty.

16
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To Conpletely Disable the EPROM
Close SW4-1 (labeled “11") and open SW4-6 (labeled

EPROM Aut o- Di sabl e

If EPROM Auto-Disable is enabled (SW4 position 9 “E
the EPROM is enabled when the Altair is reset, and
when the Altair executes an IN instruction from the
I/O port address 377 octal (FFh). The only way to r

is to reset the Altair.

EPROM Addr ess Overl ay

The EPROM can overlay other memory in the Altair, o
address space as the other memory. While the EPROM
will read from the EPROM instead of any other memor
Menory Di sabl e section for setup.)

Witing to an EEPROM

* Writing to the EEPROM must be done via a program; i
from the front panel.

e The 88-2SI0OJP does not support EEPROMSs that require
programming voltages nor EEPROMSs that require long
These EEPROMs may still be read on the 88-2SIOJP (a
exactly like 2716 EPROMS), but they must be program

*  Writing to the EEPROM will also write to any other
S-100 bus that shares its memory address with the 8
System Memory Disable function that allows the 8-2S
overlay other RAM does not block write operations o

2816 EEPROMSs differ mainly in their write algorithm

“4K”)

D” Closed), then
becomes disabled
Sense Switches,
e-enable the EPROM

ccupying the same
is enabled, the CPU
y. (See the System

t cannot be done

special Vpp
write pulses.

nd treated

med elsewhere.

RAM board on the
8-2SI0JP. The
IOJP’s EEPROM to
n the S-100 bus.

s. This chart shows

which of them can and cannot be written to by the 8 8-2SI0JP.
Par t 88-SIQIP | Wite Conpletion
Manuf act ur er Nunber Support Met hod
Atmel 28C16 Yes Palled
Atmel 28C16E Yes Polled
Catalyst CAT28C16A Yes Polled
Exel EX2816A Yes Polled
Exel EX28C16A Yes Polled
Intel 2815 No 21V Vpp
Intel 2816 No 21V Vpp
Intel 2816A No Long Write Pulse
Microchip P8C16A Yes Polled
Samsung KM2816A Yes Timed
On Semiconductor CAT28C16A Yes Polled
Seeq 2816A Yes Timed
Seeq 52B13 No Long Write Pulse
Seeq 5516A Yes Timed
Xicor X2816B Yes Polled

88-2S10JP Rev H
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Pol | ed EEPROM Wite Conpl etion

EEPROMSs with polled write completion output data wi th data bit 7
inverted until the write has completed. This method also works for
most 28C64 8K-byte EEPROMS. Software can test for w rite completion

after each byte is written, as follows:

;HL points to the EEPROM address to be written
;B = the data to write

EEWRITE: MOV M,B ;Write to EEPROM

LXI D,1860d ;Set 40 mS timeout timer (decimal valu e)
LOOP: DCX D ;Bump timeout timer

MOV AD ;Test for timeout

ORA E

Jz ERROR

MOV AM ;Read back from EEPROM

CMP B ;Done?

JNZ LOOP ;n: keep waiting

RET ;Successful write

Ti med EEPROM Wite Conpletion
Timed write completion requires software to wait at least 10 mS after
writing to the EEPROM, before accessing the EEPROM again:

;HL points to the EEPROM address to be written
;B = the data to write
EEWRITE: MOV M,B ;Write to EEPROM
LXI  D,917d ;Set up 11 mS timer (decimal value)

LOOP: DCX D ;Bump completion timer
MOV AD ;Test for completion
ORA E
JNZ LOOP
RET

18
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JUVP- START

Jump-Start is enabled by setting DIP Switch SW1 pos
labeled “JS”) to the ON position, and then enabling

the two ways that the 88-2SIOJP can block other mem
accessing the S-100 bus. See System Memory Disable
page for details about the SD and PH switches.

When Jump-Start is enabled, the 88-2SI0JP will forc
specified Jump-Start address when the Altair is res

of the Jump-Start address is set with DIP Switch SW
through 8, where a closed switch represents a binar
switch represents a binary 1. Switch 8 is the highe
switch 1 is the lowest. The low byte of the Jump-St
always 00h. For example, to set the Jump-Start addr
address in the Amon EPROM at its standard address o
follows:

ition 9 (which is
at least one of
ory boards from
section on the next

e a jump to the

et. The high byte

1, positions 1

y 0, and an open
st-order bit, and

art address is

ess to the first

f F80O0h, set SW1 as

SWL Position | Address Bit | Setting
1 A8 Closed
2 A9 Closed
3 A10 Closed
4 All Open
5 Al2 Open
6 Al3 Open
7 Al4d Open
8 Al5 Open

Junp-Start Theory of Operation

Jump-Start works by forcing a JMP instruction (C3h
address bytes) onto the bus immediately following R
register U10 (a 74LS175) is the state machine that
machine cycles required for this jump instruction a

followed by two
eset. Shift
sequences the three
s follows:

-RESET.

prir LT LT LT L L L L L L

PSYNC [ [ ] [ ] [ ] [ ]
Qa

Qb |

Qc

Qd

JSTARTN

<D7:D0> C3h X_00h X DIP SW

88-2S10JP Rev H
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SYSTEM MEMORY DI SABLE

In order to perform Jump-Start, the 88-2SIOJP must
memory in the Altair (starting at address 0000h) fo

cycles while a JMP instruction is forced onto the b

to overlay the EPROM over other system memory, the
disable any other memory in the Altair that is at t

the EPROM, whenever the EPROM is being accessed. Th
supports two methods of disabling other memory in t

Menory Di sable via Status Signals

The first method is by blocking the SMEMR signal on
it needs to disable other memory. This method will
early S-100 memory boards, including all memory boa
To select this method of disabling other memory clo
position 7 (which is labeled “SD”).

Menory Di sabl e via PHANTOM Si gnal

The second method of disabling system memory for Ju
access is via the PHANTOM signal on the S-100 bus.
S-100 signal, created after the Altair. Many S-100

many early ones, support the PHANTOM signal, though
To use PHANTOM for disabling other memory, close SW
is labeled “PH")

It is okay to enable both methods of disabling memo
time, though there is perhaps no good reason to do

Menory Di sable via Status: Theory of Operation

Most S-100 memory boards, including all memory boar
will drive their data onto the S-100 bus only when
SMEMR is high. (SMEMR is used to distinguish betwee
and reads from 1/O devices.) The 88-2SIOJP must pre
boards from driving data onto the bus when it is pe

Start JIMP instruction and when the CPU is accessing
EPROM (which may overlay other memory in the system
memory boards from driving data onto the S-100 bus

The 88-2SIOJP blocks SMEMR on the S-100 bus by asse
Disable signal, STSBn. While this signal is asserte
does not drive any of the 8 status signals. These s

SOUT, SINTA, SMEMR, SWON, SHLTA, SSTACK, and SM1. (

is not on this list, as it is generated by the Alta

20

disable other

r three machine

us. Also, in order
88-2SI10JP must

he same address as
e 88-2SI0JP

he Altair.

the S-100 bus when
work with most

rds made by MITS.
se DIP switch SW3

mp-Start and EPROM
PHANTOM is a newer
boards, including

no MITS boards do.
3 position 8 (which

ry at the same
this.

ds made by MITS,
PDBIN is high and

n reads from memory
vent other memory
rforming the Jump-
the 88-2SI0JP’s

). One way to block
is to block SMEMR.

rting the Status

d, the Altair CPU
ignals are SINP,
Note that SMWRITE
ir front panel.)
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The 88-2SIOJP generates its own version of these si
asserts STSBn, notably with SMEMR de-asserted. Thes
are driven as follows:

gnals when it
e status signals

Si gnal Level
SINP Low (de-asserted)
SOUT Low (de-asserted)
SINTA Low (de-asserted)
SMEMR Low (de-asserted)
SWOn As generated by the CPU
SHLTA | As generated by the CPU

SSTACK | As generated by the CPU

SM1 As generated by the CPU

SHLTA, SSTACK, and SM1 are driven to their correct
the front panel display is correct during Jump-Star

This method of disabling system memory is cumbersom
after the Altair was created), the PHANTOM signal w

100 bus. Many memory boards support PHANTOM by not
the S-100 bus when PHANTOM is low (asserted). The 8
supports this mechanism, as described in the Config

Regardless of which method for disabling another RA
system, only read operations are blocked for the ot
Writes to the other RAM board will still write to i
writing to EEPROM on the 88-2SI0JP.

Note that the MITS 8800b Turnkey Module performs Ju
overriding the SMEMR signal on the S-100 bus, using
versions of the board) a big transistor, or (on lat

board) six open-collector buffer elements in parall

TTL signal in this way is a questionable design pra

TURNKEY OPTI ON

Turnkey Altairs are Altairs that do not have a full
Altairs include the 8800bt, the “Foley” Altair, and

The Turnkey Front Panel option supports such Altair
following functionality:

* S-100 MWRITE signal generation

* S-100 SNS DSBL signal pullup

» Sense Switch port at I/O port 377 octal (FFh)
» Turnkey front panel interface connector

88-2S10JP Rev H
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Install/'remove the following components to install

the Turnkey Option:

Component Value Location | Quantity

*** Remove Resistor *** 2.7KQ R16 1
Resistor, 1/4W 4.7KQ R26 1
14-pin DIP socket, 0.3" wide Ul 1
16-pin DIP socket, 0.3" wide uis 1
Connector, Molex 0.156", 10-pin S5 1
DIP Switch, 9-position, SPST SW2 1
R-pack, 10-Pin, 9-Resistor 2.2KQ RP2 1
Hex Inverter 741504 Ul 1
Hex Tristate Buffer 7415367 u15 1
Header, 0.1”, 2-pin 117

Shunt, 0.1", 2-pin J17 1

S-100 MARI TE Gener ati on

The S-100 MWRITE signal is generated on the front p
8800, 8800a, and 8800Db, so that the front panel can
when the Deposit or Deposit Next switch is toggled.
without a full front panel, this signal must be gen
MITS generated this signal on their “8800b Turnkey
Altair 8800bt, the “Foley” Altair, and the iCom Att
manufacturers of computers without front panels (e.
Dynabyte, and Ithaca Audio) generated this signal o

The 88-2SIOJP can generate the MWRITE signal for us
without a front panel and a CPU that does not gener
enable MWRITE, install a shunt in J17 (which is lab

The MWRITE signal is generated from the S-100 PWR a

MWRITE = PWR and not(sOUT)

Note that the Altair and IMSAI front panels always
signal on the S-100 bus. This will conflict with th
generate by the 88-2SI0JP if it is also enabled. Be
removed if the 88-2SI0JP is installed in a system w

S-100 - SSWDSB Si gnal

This signal (S-100 pin 53) is normally driven by th
has no pullup on the Altair CPU. When using the 88-
Altair front panel, this signal must be pulled up b
resistor in location R26 (labeled “SNSDSB”).

Sense Swi t ches

Many Altair programs (e.g. Basic and several Altair
front panel “Sense Switches” (at I/O port 377 octal
which terminal port to use, and many stop bits to u
Turnkey Module, the 88-2SI0JP implements the Sense

22
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switch, so that such software will work correctly.
Switch port, close SW2 position 9 (which is labeled
SW2 positions 1 through 8 to the value your softwar
closed switch on SW2 is a “0”, and an open switch i
position 1 is the least-significant bit. (Position

the Altair front panel switch that's labeled A8, an
corresponds to the Altair front panel switch that's

Turnkey Front Panel Interface

S5 (at the top, left-hand side of the 88-2SI0JP) co
the switch/indicator board on the front of the 8800
connects to the video interface board of the Attach
necessary signals for the indicator LEDs and the re
switches.

To enable the Sense
“SS”). Then set

e requires. A

s a®1l". Switch

1 corresponds to

d position 8

labeled A15.)

nnects directly to
bt or Foley, and
€, providing the
set and run/stop

The pinout of S5 is compatible with the 8800b Turnk ey Module:
Pin | Signal Functi on Dir.
1 |+5V +5 Volts out
2 |-SHLTA Low indicates a Halt state out
3 |-PINT Low means Interrupt Requested out
4 |-1/O Low indicates an I/O cycle out
5 |-PINTE Low means Interrupts Enabled out
6 |GND Ground -
7 |-RESET  Low resets the CPU in
8 |-PRDY Low stops the CPU from running in
9 |N/C INot connected -
10 |N/C Not connected -

Turnkey Serial Port Connector Note

The 10-pin Molex connectors for the 88-2SI0JP-M156
have the same pinout as the serial port connector o
Module. (The 88-2SSIOJP’s pinout is the same as on
If you replace a Turnkey Module with an 88-2SIOJP,
change the serial port wiring of the computer appro
easy to do, by simply moving the female Molex conne

No Front Panel Operation, non-Altair

Build a simple Altair-compatible computer without a
a small S-100 backplane and just 3 boards: an Altai
(or reproduction), an 88-2SI0JP, and Mike Douglas’s
provides both RAM and an Altair-compatible disk con

Install a 4.7K resistor for the -SNS DBL signal as

Install a shunt at J16 from pin 1 to 2.

» Connect a momentary switch between pins 6 and 7 of
Turnkey interface connector.)

* You can also put LEDs (with appropriate series resi

1 and 2 (for HALT) and between 1 and 5 (for INTE) (

88-2S10JP Rev H

serial ports do not

n the 8800b Turnkey
the MITS 88-2SI0.)
then you must
priately. (This is
ctor’s contacts.)

front panel, with

r 8800a CPU board
FDC+ (which
troller).

described above.

S5, (S5 is the

stors) between pin
The INTE light us



useful when running Altair software because MITS lo

enable interrupts to indicate a load error.)

[]

3300 AN
—"\N\—
S5 3300 An
E—"\N\—H
N.O. Reset

E

PONER- ON RESET

The 88-2SI0JP’s Power-On Reset circuit can reset th
CPU correctly at power-on, eliminating the need to
Stop and Reset front panel switches.

Power - On Reset Set up

If you are installing the 88-2SIOJP in an Altair 88
Install a shunt between pins 1 to pin 2 on J16 to ¢
2SIOJP’s onboard clock-synchronized power-on clear
100 Reset signal, thereby eliminating the need to t
Stop and Reset switches after power-on.

The Power-On Clear and reset circuits of the Altair
correctly, and only need to be connected together.
an Altair 8800b, install a shunt between pins 2 and
connect the Altair's own Power-On Clear circuit to
eliminating the need to toggle the Altair's Reset s
on. (This same connection is made in the Altair 880

Power - On Reset Theory of Operation

In all versions of the Altair 8800, the CPU board g
Clear signal that just drives a signal on the S-100
cause a CPU reset on power-on. Only the Altair 8800
Power-On Clear signal to the Reset signal, causing

The Intel 8080A specification does not provide comp
for the B080A Reset signal. As a result, the Power-
the Altair 8800 and 8800a does not work correctly:
signal to the Altair's Reset signal, the CPU will n

Intel addressed this problem by synchronizing the r
8080 companion chip, the 8224 Clock Generator. The
uses this chip, making Power-On Reset possible in t
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The improved Power-On Clear circuit of the 88-2SI0J
supply voltage and begins a clear pulse after the p
reached operating voltage. This clear signal is the
the 8080A’s Phi-2 clock in the same way the Intel 8
Reset. A shunt between J16 pins 1 and 2 connects th
Power-On Clear signal to the S-100 Reset signal, pr
Power-On Reset to the Altair.

Modi fying an Altair to Run at Power-On

The Run/Stop flip-flop in the front panel of the Al
is neither set nor cleared at power-on, and so will
state after power-on. If it happens to be in the St
will still need to toggle the Altair's Run switch.
destructive modification to the Altair front panel
this flip-flop at power-on to the Run state: Instal
four jumper wires on the Altair front front panel’s

1. ICHpin9toICE pin4
2. ICEpin3toICR pin 10
3. ICRpin9toIC Jpinb6
4. ICRpin8toICRpin7

The Run/Stop flip-flop of the Altair 8800b is initi
state at power-on. Modifying an Altair 8800b to run
requires more extensive modifications, including cu
(Such modification is not described here.)

88-2S10JP Rev H

P senses the power
ower supply has

n synchronized with
224 synchronizes

is synchronized
oviding a reliable

tair 8800 and 8800a
be in a random

op state, then you
A simple, non-

will initialize

| the following

PC board:

alized to the Stop
at power-on
tting some traces.

25



PROGRAMM NG THE SERI AL PORTS

The 88-2SI0JP’s two serial ports are based on the M
ACIA, and are designed to be compatible with the Ml

Motorola MC6850 data sheet (DS9493R4,

The base 1/0O address of the ACIAs is set by a DIP s
in the previous section. The 88-2SIOJP occupies fou
addresses, starting at this base address. The first

otorola MC68B50
TS 88-2SI10. See the

(11995 Motorola) for details.

witch, as explained
r sequential I/O
two addresses are

the control and data ports for Port O; the second t wo are the control

and data ports for Port 1:

Addr ess : :
A | A0 Por t Qut put Functi on | nput Function
0 0 0 Control Register Status Register
0 1 0 Transmit Data Register Receive Data Register
1 0 1 Control Register Status Register
1 1 1 Transmit Data Register Receive Data Register

Dat a Regi sters

Data can be written to one of the Transmit Data Reg
TDRE bit in the corresponding Status Register is hi
Transmit Data Register will clear that TDRE bit, wh
clear until the ACIA transfers the data to its Tran

for serialization.

The RDRF bit in one of the Status Registers will be
corresponding ACIA transfers a complete data word f
Shift Register to its Receive Data Register, and wi
until software reads from that Receive Data Registe

Contr ol

Each Port has an 8-bit control register that allows
under software control. Each bit is defined as foll

Regi sters

isters whenever the
gh. Writing to the
ich will remain

smit Shift Register

come high when the
rom its Receive

[l remain high

r.

port configuration
ows. (All bits are

active-high.)
7 6 | 5 4 | 3 | 2 1 | O
Input Output . . Clock Divide
Interrupt Interrupt Transmission Bits & Reset

Bits 1 and 0 of each Control Register control the ¢
master reset as follows:

Bit 1 |Bit O Functi on
0 0 + by 1 clock
0 1 + by 16 clock
1 0 + by 64 clock
1 1 Master Reset

Software should first issue a Master Reset command
port, by setting bits 1 and 0 of each control port
operation, the divide by 16 clock rate is then sele

26
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bits 1 and O to 01b. Other (lower) baud rates are p ossible by
selecting the divide by 64 clock rate - in which ca se the baud rate
will be 1/4 of the baud rate printed on the PC boar d silkscreen.

Bits 4, 3, and 2 of each Control Register set the w

ord length, parity,

and number of stop bits:

Data Bit Functi on
4 | 3|2 | # of Data Bits # of Stop Bits Parity
0|0 |0 7 2 EFven
0|0 1 7 2 Odd
0|1 |0 7 1 Even
0|1 1 7 1 Odd
1 (0 [0 8 2 None
10 Q1 8 1 None
1 (1 8 1 Even
111 1 8 1 Odd
Bits 7, 6, and 5 of each Control Register control i nterrupts and
handshaking:
Data Bit Functi on
716 |5
X | 0 |0 RTS active, transmit interrupt disabled
X | 0 |1 RTS active, transmit interrupt enabled
X |1 |0 RTS inactive, transmit interrupt disabled
x 11 11 RTS in_active, transmit interrupt dis_abled, _
transmits a BREAK on the transmit data line
0 | X |X Receive interrupt disabled
1 | X |X Receive interrupt enabled
The following 8080 code example illustrates initial izing Port 0’s ACIA
(at its standard 1/0O address) for 8 data bits and 2 stop bits:
3E03 MVI AARESET :Reset command
D310 OUT CONTROLO ;...to the control port
3E11 MVI AASETUP ;8 data bits, 2 stop bits,
;RTS active, interrupts disabled
D310 OUT CONTROLO ;..to the control port
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St at us Regi sters

Each status register provides 8 status bits for the
as follows:

respective Port,

Bit | Nanme Functi on
7 IRQ Interrupt Request
6 PE  Parity Error
5 OVRN | Overrun Error
4 FE  Framing Error
3 -CTS Clear to Send (active low)
2 -DCD pPata Carrier Detect (active low)
1 TDRE |Transmit Data Register Empty
0 RDRF |Receive Data Register Full

The IRQ bit will be high whenever the ACIA is reque
If transmit interrupt interrupts are enabled, then

the transmit data register is empty (and the TRDE b
receive interrupts are enabled, then the IRQ bit wi
receive data register is full (and the RDRF bit is

The three error conditions (PE, OVRN and FE) apply
received data in the receive data register, and are
RDRF bit is high.

The -CTS bit will be low whenever the RS-232 CTS si
indicating that the ACIA may transmit data. When th
RS-232 signal is false, and data transmission is in
within the ACIA.

The -DCD bit will be low whenever the RS-232 DCD si
indicating that the ACIA may receive data. When thi
DCD signal is false, and data reception is inhibite
within the ACIA.

A 0-to-1 transition of the -DCD bit generates an in
receive interrupt is enabled. This interrupt is cle
reading the Status Register, and then reading the D
issuing a Master Reset command.

The TDRE and RDRF bits are discussed in the Data Re
above.
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COVPATI BI LI TY W TH Z- 80- BASED SYSTEMS

Cl ock Speed

The 88-2SIOJP will work with CPU speeds up to 4 MHz
EPROM is fast enough. (See previous section.)

Status Signals

The 8080 CPU puts its status signals on the data bu
cycle of every bus operation. The 88-2SI0JP depends
the 8080 as part of its circuit that disables other
Jump-Start and during EPROM accesses. Unfortunately
not have this feature.

Some Z-80 CPU boards (such as the Cromemco ZPU) sim
status signals correctly, while others (such as the

and 1020 Z-80 CPU boards) do not. If your CPU board
behavior, then the 88-2SI0OJP will work without modi

However, the 88-2SI0JP can be set up to work with Z
not fully emulate the 8080 status signals on the S-
your RAM boards support the PHANTOM signal:

1. Open SW3 position 7 (which is labeled “SD”)
2. Close SW3 position 8 (which is labeled “PH”)
3. Move shunt at J18 from the “8080” position to the “

EXTENDER BOARDS | N EARLY ALTAI RS

The original Altair 8800 came with a 4-slot backpla
more than 4 slots, then additional 4-slot backplane
connecting to each other via 100 short pieces of wi
(including the Altair 8800a and 8800b, as well as s
with an 18-slot backplane.

If your Altair has the original 4-slot backplane wi
backplane sections added, then testing the 88-2SI10J
matter, any S-100 board) on an S-100 extender board
work reliably. This is because the S-100 signal qua
compromised by the 100 jumper wires that connect th
together. The additional signal degradation caused
board will cause some signals to be too far out of
correctly.
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ASSEMBLY AND TEST | NSTRUCTI ONS
Assenbly Tips

Components are installed according to their height
starting with the lowest components and working up
components. This makes assembly a lot easier becaus
surface will keep the components close to the PC bo
inverted for soldering.

Gener al

The PC board silkscreen gives you hints for almost
the board - resistor values, abbreviated part numbe
and diodes, IC types, etc.

| recommend first inserting all of one type of comp
resistors, all IC sockets, or all ceramic capacitor
small flat board on top of the components. Hold the
flat board together, with the newly-inserted compon
Flip this assembly over and set it on your work ben

When installing DIP devices (IC sockets and DIP swi

important that they are completely against the PC board.
solder only two diagonally-opposite pins on each de

these components are held in place this way, gently

component while re-melting the solder for the two s

will hear several sockets “tick” as they come in fu

PC board. It is important that you do not press too

melt the solder, or you will push the pin out of th

Solder the remaining DIP device pins once all of th
completely against the PC board.

If you are using “organic core” solder or solder wi
flux, then you must
of flux is mildly conductive, and will interfere wi
operation. (It is okay to leave rosin from rosin-co
board. It is not pretty as it turns brown from agin
affect circuit operation.)

from the PC board,
to the highest

e your workbench
ard when it is

every component on
rs for transistors

onent (e.g. all

s). Then lay a

PC board and this
ents between them.
ch for soldering.

tches), it is

Initially

vice. Once all of
press down on each
oldered pins. You

Il contact with the
hard as you re-

e plastic socket.

e DIP devices are

th water soluble

wash the flux off of the board, because this kind

th correct circuit
re solder on the
g, but it will not

Assenbl y
Step 1 Install Diodes and Resistors
Component Value Location Quantity

Diode, 3.9V Zener 1N4730 D6 1
Resistor, 1/4W 2200Q R17 1
Resistor, 1/4W 330Q R24,R25 2
Resistor, 1/4W 2.7KQ R18,R19,R21-R23 5
Resistor, 1/4W 10K Q R1-R4,R7,R8,R20 7

Pay attention to the diode’s orientation. The strip e on the diode

should be toward the bottom.
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If you are not

going to use the Turnkey Option, then also install

2.7K resistor in location R16 (which occupies the s
space as DIP Switch SW2).

ame PC board

Component Value Location Quantity
Resistor, 1/4W 2.7KQ R16 1
For the Turnkey Option
If you are installing the Turnkey Option, then also install
a 4.7K-ohm resistor in location R26.
Component Value Location Quantity
Resistor, 1/4W 47K Q R26 1
Step 2 Install the resistor packs
Component Value Location Quantity
R-pack, 10-Pin, 9-Resistor 2.2KQ RP1,RP3,RP4 3
Make sure the resistor packs are oriented correctly , with their pin-
1 mark toward the top of the PC board (with the squ are solder pad).
Make sure they are straight and all the way against the board.
For the Turnkey Option
If you are installing the Turnkey Option, then also install a
resistor pack in location RP2.
Component Value Location Quantity
R-pack, 10-Pin, 9-Resistor 2.2KQ RP2 1
Step 3 Install the crystal
Component Value Location Quantity
Crystal 49152 MHz | CR1 1
Bend the crystal’s leads so that the crystal value will still be

readable, and solder it in place. Make a strap to h
against the PC board, using a resistor lead. Pull t
and solder it in place in the two holes on the side

old the crystal
he strap tight
s of the crystal.

Step 4 Install the D P sockets
Component Location Quantity
14-pin DIP socket, 0.3" wide | U2,U6,U7,U11-U14,U18-U24,U26, U33,U35 17
16-pin DIP socket, 0.3" wide | U8-U10,U16,U17,U25,U27-32,U34 13
24-pin DIP socket, 0.6" wide | U4,U5 2
28-pin DIP socket, 0.6" wide | U3 1

See General Assembly Tips above. (Do not install so
switches.) Tack the sockets in place with 2 diagona
pins, and complete their soldering after the DIP sw

tacked in place.
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For the Turnkey Option

Step 5

Step 6

Step 7

If you are installing the Turnkey Option, then also install
the following 2 sockets.
Component Location Quantity
14-pin DIP socket, 0.3" wide Ul 1
16-pin DIP socket, 0.3" wide u1s 1
Install the DI P swtches
Component Location Quantity
DIP Switch, 8-Position SPST SW3 1
DIP Switch, 9-Position SPST SW1,5w4 2
DIP Switch, 10-Position SPST SW5,SW6 2
For the Turnkey Option
If you are installing the Turnkey Option, then also install
a 9-pin DIP switch in location SW2.
Component Location Quantity
DIP Switch, 9-Position SPST SW2 1
Install the ceram c capacitors
Component Value Location Quantity
Capacitor, Ceramic | 120 pF | C35 1
Capacitor, Ceramic | 0.1 uF C2-C7,C9-15, C17-C19,C21-C34,C36,C37 31
For the Turnkey Option
If you are installing the Turnkey Option, then also install
Component Value Location Quantity
Capacitor, Ceramic | 0.1 uF C1,C16 2
Install the electrolytic capacitors
Component Value Location Quantity
Capacitor, Electrolytic, 35V, Axial 10 uF C8,C20,C38-C40 5

Pay attention to the orientation of these capacitor
end is either at the bottom or at the left.
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Step 8

Step 9

Step 10

Install the headers
Make sure each of these headers is flush with the P C board and
straight up. | recommend first soldering just one p in. The re-melt
the solder on this pin, while you straighten the he ader in place.
Once the header is nice and straight, solder the ot her pins.
Component Location Quantity
Header, 0.1", 3-pin J1,J11-)14,)16,118 7
Header, 0.1", 4-pin 12,13 2
Header, 0.1”, 5-pin 1 1
For the Turnkey Option
Also install a 2-pin header at J17
Component Location Quantity
Header, 0.1", 2-pin 117 1
Install the transistors
Component Value Location Quantity
Transistor, NPN, TO-92 2N3904 | Q4-Q6 3

Push these transistors as far down as they will go

them.
I nstall

t he voltage regul ators

These regulators are bolted to the PC board with 6-
and nuts. The screws should be inserted from the so
board, with the nuts on the regulators. V1 is bolte
coating of heat sink grease on the

heat sink, and with a very thin

back of the regulator. (Try not to get grease all o
V2 and V3 are bolted directly to the PC board, with

or heat sink grease.

Bend the regulator leads so that the regulator can
PC board, with the regulator’s hole aligning with t

Insert the regulator’s leads into the PC board, and
in place, making sure the regulator is straight. Th

clip the regulator leads. Finally, tighten the scre

before soldering

32 machine screws
Ider side of the
d together with a

ver the place.)
out any heat sink

lie flat on the

he PC board hole.
lightly bolt it

en solder and

ws thoroughly.

Component Value Location Quantity
Regulator, +12V, TO-220 7812 V3 1
Regulator, -12V, TO-220 7912 V2 1
Regulator, +5V, TO-220 7805 V1 1
Heat Sink, TO-220 V1 1
Machine Screw 6-32,1/2" V1-V3 3
Nut 6-32 V1-V3 3
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Step 11 Install

Make sure the connectors are completely against the PC board
before soldering them in place.
Component Location Quantity
Male right-angle connector, Ribbon cable, 26-pin S3 & S4 2
For the -ML56 version
Install these connectors with their pins facing dow nward . Make
sure their plastic bodies are firmly against the PC board and
that their pins are parallel to the PC board
Component Location Quantity
Male right-angle connector, Connector, Molex 0.156", 10-pin | S1 & S2 2
For the Turnkey option
Also install a Molex connector in S5. This one is i nstalled with
its pins facing upward . (Note: you can use an 8-pin Molex
connector here, since pins 9 and 10 are not connect ed to
anything.)
Component Location Quantity
Male right-angle connector, Connector, Molex 0.156", 10-pin | S5 1
Step 12 Install Option Conponents
For the Port O TTY Option
Install the following components, installing diodes
with their stripes at the bottom:
Component Value Location Quantity
Diode, Signal 1N4148 D2, D3 2
Resistor, 1/4W 2200 R5, R13 2
Resistor, 1/4W 1.5KQ R6 1
Resistor, 1/4W 2.7KQ R12 1
Transistor, PNP, TO-92 2N2907 Q2 1
Header, 0.1”, 2-pin (4, J5),16 1 for M156, 3 for R100
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t he connectors

The specific connectors depend on whether you are b
version or an -M156 version of the 88-2SI0JP.

For the -R100 version

uilding an -R100
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For the Port 1 TTY Option

Install the following components, installing diodes

with their stripes at the bottom:

Component

Value

Location

Quantity

Diode, Signal

1N4148

D4, D5

2

Resistor, 1/4W

220Q

R10,R15

Resistor, 1/4W

1.5KQ

R9

Resistor, 1/4W

2.7KQ

R14

Transistor, PNP, TO-92

2N2907

Q3

2
1
1
1

Header, 0.1”, 2-pin

(J4, J5),J6

1 for M156, 3 for R100

For the
1.

2.

Port 0 Open-Coll ector

RTS Option

Cut the PCB trace on the solder side between pins 1
and 2 of header J10.

Install the following components, installing the

diode with their stripes at the bottom:

Component

Value

Location

Quantity

Diode, Signal

1N4148

D1

1

Resistor, 1/4W

10K Q

R11

Transistor, NPN, TO-92

2N3904

Q1

Header, 0.1", 3-pin

J10

1
1
1

Step 13 Inspect your work

1. Visually inspect your soldering, looking especially
solder joints and solder bridges.

2. Use an ohmmeter to check for shorts between the fol
(Note that you will see measurable resistances beca
installed components, but not low-ohm short circuit

any short circuits,

do not continue until

e Pin 7 and pin 14 of U35 (testing for +5V to ground

* Pin 1 to pin 3 of V2 (testing for -12V to ground sh

* Pin 2 to pin 3 of V3 (testing for +12V to ground sh

* Pin 1 and pin 50 of the S-100 connector (testing fo
unregulated +8V to ground shorts)

* Pin 2 to pin 50 of the S-100 connector (testing for
unregulated +16V to ground shorts)

e Pin 1 to pin 2 of the S-100 connector (testing for
+8V to unregulated +16V shorts)

* Pin 52 to pin 50 of the S-100 connector (Pin 52 is
other side of the board from pin 2. Testing here fo

from unregulated -16V to ground)

* Pin 52 to pin 1 of the S-100 connector (testing for

unregulated -16V to unregulated +8V shorts)
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St

St

36

* Pin 52 to pin 2 of the S-100 connector (testing for
unregulated -16V to unregulated +16V shorts)
3. Install the board in an S-100 computer, power it on
the following voltages, using the “GND” test point
left corner of the board as the ground reference.

voltages is incorrect,

do not continue until

e Pin 14 of U35 should measure between +4.9 and +5.2V
e Pin 3 of V2 should measure between -11.8V and -12.2
* Pin 3 of V3 should measure between +11.8V and +12.2

ep 14 Cean the board

If you are using “organic core” solder or solder wi
flux, then cleaning is mandatory. To clean water-so

1. Wash the board once the soldering is done, but befo
are inserted in their sockets. Hold the board under
hot water and scrub it with a toothbrush for a few min

2. Blow off all the water using compressed air, especi
under components and from inside IC sockets. (A rea

____ better than those “duster” cans.)

3. Bake the boards for 30 minutes or so. | just set th
of the heater registers in my house for a while. Bu

compressor works a lot

electric space heater works great too.

If you used rosin-core colder, then cleaning is opt
appropriate chemical flux remover to wash the flux

toothbrush sometimes helps to loosen the flux.

Once clean do another visual inspection of your sol

ep 15 Install the ICs

Be careful not to fold any pins under as you instal
their sockets, and make sure pin 1 is toward the to
is a good idea to use your workbench surface to ben
until they are straight. Hold the IC against the wo

it firmly to bend all of the pins on one side. Turn

do the same for the other side.

, and measure
in the upper-
I f any of these

t hey are corrected!

\%
\%

th water soluble
luble flux:

re any ICs

running
utes.

ally from

| air

em in front
t a small

ional. Use an
from the board. A

dering.

| the ICs in

p for all ICs. It

d the IC pins
rkbench, and push
the IC over and

Not e: U24 is labeled 74LS00 on the board, but should be a 74LS132.
Component Value Location Quantity
IC, DIP, Quad 2-Input NAND Gate 741S00 U14,U35 2
IC, DIP, Hex Inverter 741504 Ul1,U23,U26 3
IC, DIP, Hex Open-Collector Buffer 741L507 u20 1
IC, DIP, Triple 3-Input NAND gate 741510 Uiz 1
IC, DIP, 8-Input NAND Gate 741S30 u2 1
IC, DIP, Quad 2-input OR gate 741532 u22 1
IC, DIP, Dual D Flip-Flop 741574 uU13,u19 P
IC, DIP, 4-bit Magnitude Comparator | 74LS85 uile,U17 2
IC, DIP, Quad Exclusive-Or Gate 741586 u21 1
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Step

Component Value Location Quantity
IC, DIP, Quad 2-inout Schmitt NAND 7415132 u24 1
IC, DIP, 4-Bit Loadable Counter? 7415161 u34 1
IC, DIP, Hex D Flip-Flip with Clear 7415175 uU10,U32 2
IC, DIP, Quad 2-1 Inverting MUX 7415257 ug,u9 2
IC, DIP, Hex Tristate Buffer 7415367 U25,U27-U31 6
IC, DIP, 4-Bit Ripple Counter 7415393 U18,uU33 2
IC, DIP, Quad RS232 Line Driver 1488 u7 1
IC, DIP, Quad RS232 Line Receiver 1489 ue 1
IC, DIP, EPROM, <350 nS, 4Kx8, 2732A or | U3 (Amon Option) Positioned (1)
Programmed with Amon Firmware 2732B toward the bottom of the board!
IC, DIP, EPROM, <350 nS, 16Kx8, . .
Programmed with MITS ROM Basic 27128 U3 (Basic Option) (1)
IC, DIP, ACIA MC68B50 | U4,U5 2
For the Turnkey option
Install the following additional ICs:
Component Value Location Quantity
Hex Inverter 741504 Ul 1
Hex Tristate Buffer 7415367 u1s 1
16 Configuration
Install 2-pin shunts in the following locations. (T his assumes
that you will use RS-232 devices for testing the 88 -2SI0JP.)
Configuration | Location | Shunt Purpose
Amon " 2-6 & 4-5 | Select 2732-type EPROM
ROM Basic 1-2 & 4-5 | Select 27128-type EPROM
Functional reset J16 1-2 Use 88-2SI0JP’s improved reset circuit
8080 CPU 118 2-3 Select 8080-style status signals on the S-100 bus
Z-80 CPU 1-3 No 8080-style status signals on the S-100 bus

Set the DIP switches as follows. 0 means a closed,

1 means open.

Switch Setting Switch Function
, 11111000 Jump-start address (Amon)
SW1<8:1> 11000000 Jump Start Address (Basic)
SW1<9> Closed Enable Jump-Start
SW2<8:1> 11111111 Sense Switch Register (Turnkey Op tion)
SW2<9> Open Sense Switch Register disabled
SW3<6:1> 000100 Serial Port address
SW3<T> Closed J18=8080: Use Status Disable_ method
Open J18=780: Don't use Status Disable Method
SW3<8> Closed Use Phantom
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Switch Setting Switch Function
SWi4<5:1> 11111 EPROM address
, 001 EPROM Size (4K for Amon)
SW4<8:6> 111 EPROM Size (16K for Basic)
SW4<9> Open EPROM auto-disable feature
SW5<10:1> | As needed Rort 0 baud rate (I suggest 9600 baud.)
SW6<10:1> | As needed PRort 1 baud rate

Step 17 Inspect your work
Visually inspect the board, looking especially for

* IC inserted backwards

* Bent-under IC pins

* Incorrect IC in any position

* 24-pin EPROM not positioned to the bottom of the 28
e Incorrect jumper or switch setting

Testing

This section provides some guidance for testing the
system. It is not meant to be an exhaustive debuggi
a non-functioning system is really beyond the scope

Step 1 Installation
Install only the following boards in an Altair or other S-100
computer:

* An 8080 or Z-80 CPU board. (If the CPU board has an
ROM, make sure it is disabled. If it has a jump-sta
disable this, too.)

* A RAM board, with its first address at address 0. F
any size RAM board will do. For Basic, you will nee
8K-bytes of RAM, starting at address 0.

* The 88-2SI0JP

» If the computer is an 8800b, then also install the
interface board, connected to the front panel

these errors:

-pin socket

88-2SI0OJP in your
ng guide. Debugging
of this manual.

onboard
rt circuit,

or Amon,
d at least

front panel

Step 2 Internal Cabling
Install cables from the 88-2SIOJP to the rear panel of the computer.
For the -M156 version, the cables should be constru cted like this:
Signal |Direction| Sl or S2 pin | DB25S pin
TxD Out 8 3
RxD In 7 2
GND 4 7

For the -R100 version, use a standard 26-pin ribbon
connector. (This type of cable was commonly used on
parallel port, and are still readily available in s

38

cable to DB25S
PCs for the
everal lengths.)
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Step 3 External Cabling

You will need a cable from the rear of the Altair t o0 whatever
terminal you will use for testing. If you are using a terminal
emulator on a PC, then you probably have a standard male 9-pin
connector for serial communication, requiring a cab le like this.

(The other pins don’'t matter.) This is a standard ¢

able that you can

either buy or make.

Al tair PC
88éizgsr:a?]P DB25P |Direction| DB9S
(Mal e) (Femal e)
TxD 3 — 2
RxD 2 — 3
GND 7 - 5

Connect this cable to the 88-2SI0JP’s Port 0 and to
PC.

Step 4 Setting up your termnal or termnal program

Set up your terminal or terminal program for the sa
the 88-2SI0JP’s port 0. Select full duplex, no hand
data, no parity. (Stop bits don’t matter.) If you a

terminal emulator on a PC, be sure to select the co

Step 5 Testing the junp-start circuit

Turn on the Altair. Toggle the Stop and the Reset s
lights on the Altair should show 303(octal)(Lights

D7 lit). If not, there is a problem in the jump-sta
should see this pattern whenever you toggle the Res
the Altair is Stopped).

Toggle the Single-Step switch. The data lights shou
DO through D7 are off). If not, again, there isa p
jump-start circuit.

Toggle the Single-Step switch again. The data light
setting on S2. For Amon, this would be 370(octal) (
D7 lit). If not, again, there is a problem in the |
circuit.

Toggle the Single-Step switch again. The address li
the address selected by S2. For Amon, this would be
off, and A11 through A15 on.

For Amon, the data lights should show 001 (octal) (I
not, there is a problem probably a problem in the E

For Amon, toggle the Single-Step switch again. The
should show 277(octal). If not, again, there isa p
problem in the EPROM circuit.

88-2S10JP Rev H

your terminal or

me baud rate as
shaking, 8 bit

re using a

rrect COM port.

witches. The data
Do, D1, D6, and
rt circuit. You

et switch (and

Id show 0 (lights
roblem in the

s should show the
lights D3 through
ump-start

ghts should show
A0 through A10

ight DO lit). If
PROM circuit.

data lights
roblem probably a

39



Step 7 Testing RAM presence

From the Altair front panel, Examine address 0
Deposit 303(octal) into address 0

Deposit 0 into address 1 (use Deposit Next)

Deposit 0 into address 2 (use Deposit Next)

Examine address 0. you should see 303(octal)
Examine the next two addresses, and confirm they ar

ogakrwnE

If these tests don't work, then you have a problem
board. Correct this before continuing.

Step 8 Verify CPU operation

1. Examine address 0
2. Use Single-Step and confirm that operation loops th
addresses 0, 1, and 2 only.

If this fails, then you either have a memory proble
problem.

3. toggle the Run switch
4. Toggle the Stop switch

If the address is anything except 0, 1, or 2, then
memory problem or a CPU problem.

Correct ant problems before continuing.
Step 9 Testing the console port with Anmon

Toggle the Reset and then the Run switches on the A
see the Amon prompt on the screen of your terminal
emulator. If not, check the following:

* Port 0 baud rate setting matches the terminal baud
* Double-check all jumper and switch settings

» Serial cable connections are correct

» Baud clock working correctly

* Port 0 68B50 and Rs232 drivers/receivers

Step 10 Testing the transfer port wth Anon

1. Connect another terminal (or PC serial port with te
emulator) to Port 1. Set up the baud rates to match

2. Type “TE” at the Amon prompt.

3. Everything you type on the console port should be p
transfer port screen. Everything you type on the tr
should be printed on the console screen.

4. type Control-C to exit terminal mode

If not, check the following:

» Port 1 baud rate setting matches the terminal baud
» Serial cable connections are correct
 Port 1 68B50 and Rs232 drivers/receivers
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SPECI FI CATI ONS

CGener al
Bus Compatibility: Early S-100 machines including M ITS Altairs, IMSAI 8080,
Processor Technology Sol-20, Polymorphic Systems Po ly-88.
Not fully IEEE-696 compliant.

CPU Compatibility: 8080 and Z-80

Max CPU speed: 4 MHz (requires 200 nS EPROM above 2 .2 MHz.)
PC Board
Material: FR-4 material, green solder-mask over bar e copper
Thickness: 0.062" +/- 0.006”
Traces: 13 mil minimum width, 1-0z copper
Silkscreen: White, component-side only
Layers: 2
Edge Connector: 100-pin electroless nickel immersio n gold plate, 15 ° bevel
Serial Ports
Serial ports: 2
UART Type: Motorola MC68B50
Baud Rates: 110, 300, 600, 1200, 2400, 4800, 9600, 19200, 38400,
76800 (DIP switch selectable)
Protocol: RS232, 20 mA current loop (TTY), TTL
Handshaking: RS-232 CTS, RTS, DCD
Open-Collector RTS on Port 0 only
Aux Power Out: Regulated +/-12V, 500 mA each
Wait States: 0
Connectors: 10-pin MOLEX (M156 option) or 26-pin he ader (M100 option
for straight-through ribbon cable to DB25)
Compatibility: MITS 88-2SIO, MITS 8800b Turnkey Mod ule, MITS 88-UIO
EPROM
EPROM/EEPROM Type: 2716, 2732, 2764, or 27128/2816A , 28C64
Max access time: 2 MHz system: 450 nS 4 MHz Z-80 sy stem: 200 nS
Wait states: 0
Auto-disable: Optional EPROM disabled on IN instruc tion from port FFh
(Compatible with MITS software and 8800b Turnkey Mo dule.)
Junp- St art
Start address: DIP switch selectable to 256-byte pa ge boundary
Compatibility: * Status Disable compatible with ear ly S-100 memory
boards, including those made by MITS
* PHANTOM compatible with memory boards that suppo rt
PHANTOM
Power - On C ear
Trigger: POC is triggered whenever Vcc falls below ~4.6V
Synchronization:  Positive edge of Phi-2 (Same as In tel 8224)
Tur nkey Support
Connector: 10-pin Molex, same type and pinout at Mi TS 8800B
Turnkey Module (Status, Run/Stop, Reset, +5V)
Sense Switches: 8-Position DIP switch for port FFh (disableable)

MWRITE Signal:  Shunt-selectable MWRITE generation
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PC BOARD COMPONENTS

Component Value Location Quantity
PC Board, 88-2SI0JP, Rev H 1
Diode, 3.9V Zener 1N4730 D6 1
Resistor, 1/4W 2200 R17 1
Resistor, 1/4W 330Q R24,R25 2
Resistor, 1/4W 2.7KQ R16,R18,R19,R21-R23 6
Resistor, 1/4W 10K Q R1-R4,R7,R8,R20 7
R-pack, 10-Pin, 9-Resistor 2.2KQ RP1,RP3,RP4 3
Crystal 49152 MHz | CR1 1
14-pin DIP socket, 0.3" wide U2,U6,U7,U11-U14,U18-U24,U26,U33,U35 17
16-pin DIP socket, 0.3" wide U8-U10,U16,U17,U25,U27-U32,U34 13
24-pin DIP socket, 0.6" wide u4,Us 2
28-pin DIP socket, 0.6" wide u3 1
DIP Switch, 8-Position SPST SW3 1
DIP Switch, 9-Position SPST SW1,SwW4 2
DIP Switch, 10-Position SPST SW5,SW6 2
Capacitor, Ceramic 120 pF C35 1
Capacitor, Ceramic 0.1 uF C2-C7,C9-C15,C17-C19,C21-C34,C36,C37 31
Capacitor, Electrolytic, 35V, Axial 10 uF C8,C20,C38-C40 5
Header, 0.1", 3-pin J1,J11-J14,)16,]18 7
Header, 0.1", 4-pin 12,13 2
Header, 0.1”, 5-pin 1 1
Transistor, NPN, TO-92 2N3904 Q4-Q6 3
Regulator, +12V, TO-220 7812 V3 1
Regulator, -12V, TO-220 7912 V2 1
Regulator, +5V, TO-220 7805 Vi 1
Heat Sink, TO-220 Vi 1
Machine Screw 6-32,1/2" V1-V3 3
Nut 6-32 V1-V3 3
Connector, Ribbon cable, 6-sin 53,54 (R100 version) @
Conmacion, Meles 0.456", 10-pin 5152 (:M156 version) @
Shunt, 0.1", 2-Pin J1,]16,118 3
IC, DIP, Quad 2-Input NAND Gate 741LS00 U14,U35 2
IC, DIP, Hex Inverter 741504 U11,U23,U26 3
IC, DIP, Hex Open-Collector Buffer 741507 u20 1
IC, DIP, Triple 3-Input NAND gate 741510 u12 1
IC, DIP, 8-Input NAND Gate 741S30 u2 1
IC, DIP, Quad 2-input OR gate 741532 u22 1
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Component Value Location Quantity

IC, DIP, Dual D Flip-Flop 741574 u13,U19 2
IC, DIP, 4-bit Magnitude Comparator | 74LS85 ule,U17 2
IC, DIP, Quad Exclusive-Or Gate 741586 u21 1
IC,DIP, Quad 2-Input Schmitt NAND 7415132 u24 1
IC, DIP, 4-Bit Loadable Counter 7415161 uU34 1
IC, DIP, Hex D Flip-Flip with Clear 7415175 u10,U32 2
IC, DIP, Quad 2-1 Inverting MUX 7415257 u8,u9 2
IC, DIP, Hex Tristate Buffer 7415367 U25,U27-U31 6
IC, DIP, 4-Bit Ripple Counter 741S393 U18,U33 2
IC, DIP, Quad RS232 Line Driver 1488 u7 1
IC, DIP, Quad RS232 Line Receiver 1489 U6 1

<
programmed with Amon Firmware | 27325 | U3 (Amon optir) W

<
Programmed with TS Row s | 27128 | U3 (Basicoption W
IC, DIP, ACIA MC68B50 U4,USs 2

Turnkey Front Panel Option

Component Value Location Quantity

*** Remove Resistor *** 2.7KQ R16 1
Resistor, 1/4W 47K Q R26 1
14-pin DIP socket, 0.3" wide ul 1
16-pin DIP socket, 0.3" wide ui1s 1
Connector, Molex 0.156", 10-pin S5 1
DIP Switch, 9-position, SPST SW2 1
R-pack, 10-Pin, 9-Resistor 2.2KQ RP2 1
Capacitor, Ceramic 0.1 uF C1,C16 2
Hex Inverter 741504 Ul 1
Hex Tristate Buffer 7415367 u1s 1
Header, 0.1”, 2-pin 117

Shunt, 0.1", 2-pin 117 1
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Port 0 20 mA Current Loop (TTY) Option

Component Value Location Quantity
Diode, Signal 1N4148 D2, D3 2
Resistor, 1/4W 2200 R5, R13 2
Resistor, 1/4W 1.5KQ R6 1
Resistor, 1/4W 2.7KQ R12 1
Transistor, PNP, TO-92 2N2907 Q2 1
Header, 0.1”, 2-pin (4, J5),16 1 for M156, 3 for R100
Shunt, 0.1", 2-pin (44, J5),J6 1 for M156, 3 for R100

Port 1 20 mA Current Loop (TTY) Option

Component Value Location Quantity
Diode, Signal 1N4148 D4, D5 2
Resistor, 1/4W 2200 R10,R15 2
Resistor, 1/4W 1.5KQ R9 1
Resistor, 1/4W 2.7KQ R14 1
Transistor, PNP, TO-92 2N2907 Q3 1
Header, 0.1”, 2-pin (4, J5),16 1 for M156, 3 for R100
Shunt, 0.1", 2-pin (44, J5),J6 1 for M156, 3 for R100

Open Col l ector RTS Option

Component Value Location Quantity
Diode, Signal 1N4148 D1 1
Resistor, 1/4W 10K Q R11 1
Transistor, NPN, TO-92 2N3904 Ql 1
Header, 0.1", 3-pin J10 1
Shunt, 0.1", 2-Pin J10 pins 2-3 1
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PC BOARD DRAW NGS

The following pages show the component placements f

88-2S10JP Rev H

or Rev H PC boards.
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SCHEMATI C DRAW NGS

The following pages are the schematic drawings for

88-2S10JP Rev H

Rev H PC boards.
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