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Appendix F 

 

Original-Design I/O Cards (CIN24 and COUT24) 

 
The original-design I/O cards (CIN24 and COUT24), based upon the 8255 IC, have been discontinued 
and are no longer available from JLC Enterprises. However, to provide support for the many hundreds 
that are still in service, I’ll cover the highlights of these cards along with providing their parts layout and 
parts list. Fundamentally, these cards still have a lot of merit. Being single-sided, with wide and well 
separated traces, these cards are especially suited for readers not versed in circuit card assembly and 
wishing to purchase these cards second-hand or fabricate their own boards from scratch.  
 
Because of the unique pinout arrangement on these cards, a special test card (OUTEST) is required along 
with a different I/O worksheet. So, I’ll cover both these items as well. The artwork for etching your own 

boards is included in Appendix A of the Build Your Own Universal Computer Interface – First and 

Second Edition books. Also, as of this writing, the OUTEST card is still in stock at JLC Enterprises. It’s 
also sometimes possible to purchase used CIN24 and COUT24 cards on eBay and/or through the C/MRI 
User’s Group at http://groups.yahoo/gropu/cmri_users.  
 
Both the original-design and all the new-design I/O cards plug into the same motherboard (either an 
IOMB or IOMBX) and function with either USIC, SUSIC, IBEC or UBEC. Operationally, the main 
difference with the CIN24 and COUT24 cards is the ordering of the 24-bit I/O lines. To minimize the 
number of jumpers required with the single-sided board layout, the card outputs are arranged in an 
unusual pattern. This doesn’t matter once you have the cards all connected to your external hardware, but 
tends to be a bit frustrating during initial system set up.  
 
It is totally OK to mix any of the old and new 24-bit cards (CIN24, COUT24, DIN and DOUT) within the 
same node. However, once your node is wired up to the railroad, you can’t interchange a CIN24 with a 
DIN or a COUT24 with a DOUT within the same slot without either, 1) changing the cable wiring or 2) 
changing the software to reflect the different ordering of the I/O connections. If you already have a 
number of the original-design cards, or if you need them for the special features they provide, you can 
alter them with added cuts and jumpers so that their I/O connections are identical to the new cards. This 
gives you 100 percent compatibility. 
 
This appendix assumes that you have already read Chapters 11 and 16 covering the various digital I/O 
circuits and the test cards, so we’ll avoid duplication to keep this appendix short.  
 
 

THE 8255 I/O CHIP 
 
The heart of the original-design I/O cards is a very neat IC, the 8255. It’s a large, 40-pin DIP that goes by 
the complex-sounding name of Programmable Peripheral Interface. This chip is a general-purpose, 
programmable I/O device designed as an external interface for microprocessors. It gives the lowest cost 
per bit of any parallel-I/O circuit on the market, and it helps make the C/MRI affordable and easily 
expandable. For example, in the newer DOUT card design we need six separate ICs; namely U1, U2, U3, 
U5, U6 and U7 to accomplish the functions performed by the 8255!  It’s easy to see why I really like the 
8255. 
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I didn’t include the 8255 in the new designs because Intel, one of the chips many manufacturers, phased 
it out of production and other follow-on manufacturers are doing the same. Even so, I’m sure versions of 
the 8255 (including the CMOS version 82C55) will be available on the market for many years to come. 
As long as you can find the 8255s, the original-design I/O cards provide a very attractive option for 
assembling your C/MRI. 
 
The 8255 can operate in many different modes, but its most basic, mode 0, meets the needs of the C/MRI. 
Fig. F-1 summarizes our use of the 8255. Imagine that it's a high-speed, 8-pole, 4-position switch, 
switching the eight data lines from the SUSIC, USIC, IBEC or UBEC to Port A, B, or C, or to an open-
circuit state with no port connected. 
 

 

Fig. F-1. Basic features of the 8255 provide for easy I/O 
 
 
The four control-line inputs, RD*, WR*, RESET, and CS*, and the two address lines A0 and A1, 
determine which port is selected, if any, and the direction of data flow. The port switch is open-circuited 
any time that RESET is high or CS* (Chip Select active low) is high. Which port is connected at a given 
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instant depends on the address lines A0 and A1. At the same time the status of RD* and WR* determine 
if the data transfer is a read or write operation. 
 
In this most basic mode we need to initialize the 8255s placed in output cards as output devices and those 
placed in input cards as input devices. This is accomplished by software writing to the I/O card, with 
both the A0 and A1 address lines held high, the control byte shown in the bottom left of Fig. F-1; namely 
128 for all ports output and 155 for all ports input. The user needs to directly perform these control byte 
writes when using the IBEC or the UBEC but they are handled automatically for you when using the 
SUSIC and USIC.  
 
 

ORIGINAL-DESIGN OUTPUT CARD (COUT24) 
 
Fig. F-2 is the schematic for the original-design output card. The input card, which I'll cover later, is 
nearly identical. As we've seen, the 8255 chip does most of the I/O work for us, but a few other parts are 
needed too. 
 

 

Fig. F-2. Original-design output card schematic (COUT24) 
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From the motherboard, data lines D0-D7, address lines A0-A1, the grounded RESET line, and the two 
read and write control lines R*and W* are connected directly to the 8255. Address lines A2 through A7 
are decoded by two 74LS136 ICs, U5 and U6 using a 6-segment DIP switch to set the card address. 
 
The address decode circuit is designed so that pin 6 of U7 is high except when the CPU is addressing this 
specific card, that is, when AH is high and lines A2-A7 correspond to SW1. When this is the case, pin 6 
of U7 goes low, sending a low signal (logic 0) to the CS* input of the 8255, pin 6 of U8, and enabling 
data transfer across the I/O chip. For a write operation, the addressed port (either A, B, or C) is latched 
by the 8255. The outputs stay constant until the CPU sends new data to the 8255. 
 
Each port output line from the 8255 is connected through a 7407 hex noninverting buffer (U1, U2, U3, or 
U4) to a 2N3904 NPN output transistor. The open-collector transistor provides drive capability for most 
loads, including LEDs, lamps, and relays, as well as other logic circuits. The COUT24 card is limited to 
current-sinking loads up to 40Vdc and .25A. As with the DOUT card, you can make use of the 
motherboard’s optional ground switch to eliminate random states on power-up.  
 
Because new unassembled cards are no longer available from JLC Enterprises, I’ll skip the how to build 
text. To help with card debug and repair, a parts layout is provided as Fig. F-3 and the parts list as Table 
F-1. 
 

 
Fig. F-3. Original-design output card parts layout (COUT24) 
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Table F-1. Original-design output card parts list (COUT24) 
 

Qnty. Symbol Description 
23 J1-J23 Jumpers, make excess resistor leads 
25 R1-R25 1.0kΩ resistors [brown-black-red] 

6 R26-R31 2.2KΩ resistors [red-red-red] 

24 R32-R55 120Ω resistors [brown-red-brown] 

7 S1-S7 14-pin DIP socket (Jameco 112213) 
1 S8 40-pin DIP socket (Jameco 112310) 
1 SW1 6-segment DIP switch (Digi-Key CT2066) 
2 S9, S10 12-pin Waldom side entry connectors (Mouser 538-09-52-3121) 
2 S11, S12 12-pin Waldom right angle headers (Mouser 538-26-48-1122) or 

substitute a 24-pin right angle header (Mouser 538-26-48-1242) 
2 C1-C2 2.2µF, 35V tantalum capacitor (Jameco 33734) 

2 C3, C5 .1µF, 50v ceramic disk capacitor (JDR .1UF) 

24 Q1-Q24 2N3904 NPN small signal transistor (Jameco 38359) 
4 U1-U4 7407 hex buffer/driver w/open collector output (Jameco 49120) 
2 U5, U6 74LS136 QUAD EXCLUSIVE-OR gate with open collector 

   (Jameco 45129) or (JDR 74LS136) 
1 U7 74LS00 quad 2-input NAND gate (Jameco 46252) 
1 U8 8255 or 8255A-5 programmable peripheral interface 

   (Jameco 52724 or 52732) or (JDR 8255-5) 
 

Mating connector for cable 
 

2 - 12-pin Waldom terminal housing (Mouser 538-09-50-3121) 
24 - Crimp terminals (Mouser 538-08-50-0106 for wire sizes 18-24 or 

   538-08-50-0108 for wire sizes 22-26) 
 
Author’s recommendations for suppliers given in parentheses above with part numbers where applicable. 
Equivalent parts may be substituted. Resistors are ¼W, 5 percent and color codes are given in brackets. 

 
 
In case you ever have trouble with a COUT24 card I’m providing the following tests. 
 �  Card IC power test. Turn off the +5Vdc supply and plug the output card into any motherboard slot. 

Turn the power back on and follow Table F-2 to see that power and ground reach each IC. If the voltage 
is way low, your output card probably has a short circuit. Look for and correct reversed polarity sensitive 
capacitors, ICs backwards, and/or solder bridges. If the short persists, remove ICs one at a time, turning 
power off and on each time, to help isolate the problem. 
 �  DIP Switch test. Connect your (-) meter lead to ground and move the (+) lead to touch the IC pins 

listed in Table F-3. At each position move the corresponding switch segment OFF and you should read 
+5Vdc and to ON measure 0Vdc. If all readings are reversed you have the switch in backwards. If only 
some segments are incorrect, check around for poor soldering, +5Vdc not reaching the resistors R26-
R31, a faulty resistor or a faulty switch. 

 
Also note that the 8255 IC is a static sensitive part and should be handled accordingly. 
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Table F-2. Original-design I/O card IC power test 
 

√ 

 
IC 

+ METER 
LEAD ON 
PIN No. 

– METER 
LEAD ON 
PIN No. 

 U1 14 7 

 U2 14 7 

 U3 14 7 

 U4 14 7 

 U5 14 7 

 U6 14 7 

 U7 14 7 

 U8 26 7 

         Each line should read +5Vdc 
 

 

Table F-3. Original-design I/O card DIP switch tests 

 

√ IC PIN No. 
DIP SWITCH 
SEGMENT 

 U6 2 A2 

 U6 5 A3 

 U5 13 A4 

 U5 10 A5 

 U5 2 A6 

 U5 5 A7 

                    With switch segment set to “ON” IC pin should read 0Vdc 
                      With switch segment set to “OFF” IC pin should read +5Vdc 

 

 

ORIGINAL-DESIGN INPUT CARD (CIN24) 
 
Fig. F-4 is the input card schematic for the most popular CIN24 card – Revision G. It's like the output 
card except for the area at the right, between the A, B, and C ports of the 8255 and the interface input 
connections. The input lines could have been connected directly from the external hardware socket into 
the 8255, but I've found it best to include a buffer in each input line via U1-U4. 
 
These four 74LS04 hex inverters are used not so much for logic inversion (either kind of input logic 
could be handled with software) but to protect the 8255. If you couple the 8255 directly to the external 
hardware and accidentally connect an input line to voltages outside the 0 to +5Vdc range, you ruin the 
8255 and lose about $5. It's better to ruin a 25-cent 74LS04. Since installing my first input card this 
precaution has saved me numerous 8255s. No latching is provided nor required when the 8255 is used as 
an input device. Once the computer has performed the READ operation, the data read is stored in 
memory. 
 
The option for built-in input line filtering is not available with the CIN24 card. As an option some users 
have been known to drill holes adjacent to each of the input traces for inserting their own filtering 
capacitors. 
 
Fig. F-5 gives the parts layout for the COUT24 card and Table F-4 contains the parts list. The SW1 DIP 
switch needs to be installed so its contacts are closed when thrown toward S3. This direction is ON, and 
away from S3 is OFF. 
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Fig. F-4. Original-design input card schematic (CIN24 – Revision G) 
 
 
In case you ever have trouble with a CIN24 card I’m providing the following tests. 
 �  Card IC power test. Turn off the +5Vdc supply and plug the output card into any motherboard slot. 

Turn the power back on and follow Table F-2 to see that power and ground reach each IC. If the voltage 
is way low, your output card probably has a short circuit. Look for and correct reversed polarity sensitive 
capacitors, ICs backwards, and/or solder bridges. If the short persists, remove ICs one at a time, turning 
power off and on each time, to help isolate the problem. 
 �  DIP Switch test. Connect your (-) meter lead to ground and move the (+) lead to touch the IC pins 

listed in Table F-3. At each position move the corresponding switch segment OFF and you should read 
+5Vdc and to ON measure 0Vdc. If all readings are reversed you have the switch in backwards. If only 
some segments are incorrect, check around for poor soldering, +5Vdc not reaching the resistors R26-
R31, a faulty resistor or a faulty switch. 
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Also note that the 8255 IC is a static sensitive part and should be handled accordingly. 
 

 
 
 

Fig. F-5. Original-design input card parts layout (CIN24) 
 
 

ENHANCEMENTS TO THE CIN24 PRINTED CIRCUIT BOARD 
 
Feedback from one user indicated that, with some marginal 8255 ICs, he experienced a “ground-bounce” 
problem with the CIN24 (Revision G) circuit board. With JLC Enterprises continuing desire to always 
provide the very best quality products, and as a result of this single feedback input, JLC updated the 
CIN24 circuit board to Revision H. This modification includes holes for 1 added jumper (J17) and 3 
added .1uF, 50V ceramic disk capacitors (C6-C8). There are no other changes between Revision G and 
Revision H boards. 
 
 

****Important Point**** 
If you are making use of CIN24 Revision G (or earlier) circuit boards, it’s recommended that 
you drill the required holes and install the added J17 jumper and capacitors C6-C8. Their 
correct locations are indicated in Fig. F-5. Making these modifications updates your CIN24 
cards to Revision H per the above discussion.  
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Table F-4. Original-design CIN24 parts list (OUTEST) 
 

Qnty. Symbol Description 
17 J1-J17 Make from excess resistor leads 
1 R1 1.0KΩ resistor [brown-black-red] 

30 R2-R31 2.2KΩ resistors [red-red-red] 

7 S1-S7 14-pin DIP sockets (Jameco 112213) 
1 S8 40-pin DIP socket (Jameco 112310) 
1 SW1 6-segment DIP switch (Digi-Key CT2066) 
2 S9, S10 12-pin Waldom side entry connectors (Mouser 538-09-52-3121) 
2 S11, S12 12-pin Waldom right angle headers (Mouser 538-26-48-1122) or 

substitute a 24-pin right angle header (Mouser 538-26-48-1242) 
2 C1-C2 2.2µF, 35V tantalum capacitors (Jameco 33734) 

6 C3, C8 .1µF, 50v ceramic disk capacitors (JDR .1UF) 

4 U1-U4 74LS04 hex inverters (Jameco 46316) 
2 U5, U6 74LS136 QUAD EXCLUSIVE-OR gates with open collector 

   (Jameco 46586) or (JDR 74LS136) 
1 U7 74LS00 quad 2-input NAND gate (Jameco 46252) 
1 U8 8255 or 8255A-5 programmable peripheral interface 

   (Jameco 52724 or 52732) or (JDR 8255-5) 
 

Mating connector for cable 
 

2 — 12-pin Waldom terminal housing (Mouser 538-09-50-3121) 
24 — Crimp terminals (Mouser 538-08-50-0106 for wire sizes 18-24 or 

   538-08-50-0108 for wire sizes 22-26) 
 
       Author’s recommendations for suppliers given in parentheses above with part numbers 
       where applicable. Equivalent parts may be substituted. Resistors are ¼W, 5 percent 
       and color codes are given in brackets. 

 
 
The added jumper provides a shorter ground path between capacitor C3 and the 8255. The 3 added 
capacitors provide increased despiking capability. Including these items increases the design margin to 
help insure that the cards will correctly read input data.  
 
In spite of the fact that we’ve run thousands of wraparound test hours without these added parts and 
always found the system to be totally satisfactory, it is recommend that the additional parts be added to 
all Revision G and earlier COUT24 circuit boards. 
 
 

SPECIAL I/O WORKSHEET WHEN USING CIN24 AND COUT24 CARDS 
 
Because of the unique I/O pinout arrangement provided with the CIN24 and COU24 boards, a special I/O 
worksheet is required as presented in Fig. F-6. It’s important to use this table in place of Fig. 9-3 when 
using CIN24 and COUT24 I/O cards.  
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Fig. F-6. Blank I/O worksheet for use with CIN24 and COUT24 I/O cards 
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ORIGINAL-DESIGN TEST CARD (OUTEST) 
 
The Computer Output Test card (OUTEST) required with the original-design I/O cards (CIN24 and 
COUT24) is, appearance wise, very similar to the DOTEST card described in Chapter 16. Albeit, there is 
one extremely important difference; 12 jumpers are use to electrically align the 24 LEDs to the unique 
pinout arrangement inherent to the COUT24 card.   
 
Fig. F-7 shows the schematic for the OUTEST card indicating the unique pinout to LED arrangement.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7-7. Original-design test card schematic (OUTEST) 
 
 
Fig. F-8 is the parts layout and Fig. F-9 shows the full size panel face artwork. The parts list and the 
assembly steps are identical to those presented in Chapter 16 except for the size of the aluminum panel 
and the need to install jumpers J1-J12. 
 

 
 

Fig. F-8. Original-design test card parts layout (OUTEST) 
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Fig. F-9. Original-design test panel artwork (OUTEST) 
 
 
Card testing is identical to Chapter 6 except use the test sequence defined in Table F-5. 
 
 

Table F-5. Testing sequence for Original-design test card (OUTEST) 
 

 
 
 
 
 
 
 
 
 


