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THE NDT-COMP8 MICROCOMPUTER 

C. V. Dodd and G .  D. Connell* 

An 8080-based microcomputer, the NDTCOMP8, has been developed for control and data 
reduction of nondestructive tests. The computer is on a single 9.35 in. by 6.2 in. printed circuit board, 
has up to 4 K of ROM (read only memory), 4 K of RAM (random access memory), 1 serial 110 port 
(that can be jumpered for TTL, RS232C or 20 ma current loop, with baud rates from 75 Hz to 4800 
Hz), and 72 parallel 110 ports. A monitor for program development, a floating-point math package, 
and a PROM simulator/programmer have been developed to aid in the application of the board. 

I. INTRODUCTION 

The NDT-COMP8 Microcomputer is an 8080-based microcomputer designed for control and data 

reduction of a broad range of nondestructive tests. A digital computer was needed to replace the analog 
computers in our modular eddy-current instruments and to provide additional control and data-reduction 
capabilities. The computers and boards made by Intel, Altair, and other manufacturers were too expensive 
and too large to fit in existing equipment. The computer was designed to provide on a single board the 
maximum capability at a minimum cost and still be made to fit inside the necessary module. The small size, 
low cusl, luw puwer consumption, large memory, large number of input-output lines and versatility of the 
computer make it ideal for a large number of diverse applications. Those applications for which this 

computer has been used thus far will be discussed in greater detail in separate reports. For example, the 
NDT-COMP8 has been incorporated into two different single frequency eddycurrent instruments, one of 

which controls 23 different coils and measures the coil-to-conductor lift-off spacing, and the other of which 
makes magnitude-and-phase readings that are used to compute the resistivity and coil-to-conductor spacing 
for a single sample. The computer has also been installed in dual-frequency and three-frequency instruments 
and has been used to compute the desired specimen parameters (e.g., conductivity, thickness, lift-off, etc.) 
from the magnitude-and-phase readings at each frequency. Although difficult to program, the computers 
have pcrformed excellently in all applications. 

The purpose of this report is to provide the documentation and a "user's guide" for the NDT-COMP8 
microcomputer for both present and future applications. The software already developed for this 
microcomputer makes additional applications much simpler. The technical support furnished by Intel 
Corporation, for both hardware and software, and the universal acceptance of the 8080 microprocessor 

make the development of advanced systems which are compatible with this one highly probable. Personnel 

with a limited background in microcomputers can adapt t h s  computer to their particular problems. The 

only additional hardware requircments are a terminal and a powel supply. 

*Summer student 1976. 



11. COMPUTER DESCRIPTION 

A. General Description 

A general block diagram of the NDT-COMP8 microcomputer is shown in Fig. 1 .  The system consists of 
a two-phase crystal-controlled clock generator (8224) which furnishes the timing requirements for the 8080 
microprocessor (CPU). The microprocessor sends both control and data signals to the 8228 system 

controller and receives data from the 8228 over the same lines. 

There are three busses in the computer (the address bus, the control bus, and the data bus) which 
provide communication links between a number of different parts of the computer. The address bus is 
controlled by the 8080 microprocessor (during normal operation). The control bus signals are generated by 
the 8228 system controller, and the data bus is controlled by either the 8228, the memory or the 
input-output chips, depending on the state of the control bus. The mernury cul~sists uT lead only memory 
(ROM) and random access (read-write) memory (RAM). The ~nput-output (110) chips consist of one serial 
110 chip, the 825 1,  and three parallel I/O chps ,  the 8225s. 

B, Timing Diagrams 

The system operation depends on the proper signals being presented by the clock, the microprocessor, 

the system controller, the memory, and the I/O devices at the proper time. Although more complete 

descriptipns' are available from Intel and Advanced Micro, Devices, some of the more important timing 
signals are shown in Fig. 2. The 8224 chip furnishes a two-phase clock signal to the computer, Q), and 02 .  A 

machine cycle consists of three or more clock cycles. The time for one clock cycle is 488 ns, as determined 
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Fig. 1. Block diagram of the NDT-COfilP8 microcomputer. 



SYSTEM 
!: OATA BUS t 

---- r------^--------- 

DATA %c_o_N~~~o~& DATA OUT OF 8080 
- - - - - - - - - - - - - - - - 

SYSTEM 
OATA BUS 

----- 
A ~ - " ~ ~  

- - 

I I 
0 250  5 0 0  ' 7 5 0  . 4000 ( 2 5 0  ( 5 0 0 ,  ( 7 5 0  2 0 0 0  

TIME Ins1 

. , Fig. 2. Timing diagrams for the NDT-COMP8 microcomputer. 

by the 18.432 MHz crystal (which was chosen in turn to give the proper baud rates). A SYNC signal is 
supplied by thc computer to identify the start of each rr~achine cycle. At the start of each machine cycle, 

status information that identifies the type of cycle is furnished to the 8228 system controller from the 
-. 

8080 over the Do-D7 lines. The status strobe (STSTB) from the 8224 clock latches the status information 
into the 8228. The information appears on the control bus as determined by the STSTB, the DBIN, the %% 
and the HEDA signals. 

The first type of cycle shown is a memory-read cycle. The MEMR line is latched low, and the 8080 data 
lines and 8228 data lines are floated (go to a high-impedance state). ~l!e MEMR line going low generates the 
signal that causes the memory chips addressed by Ao-A1 5 to display their data on the data bus. The access 
time for the Intel memory (ROM) is measured from the time the address lines are stable, but the access 

- .- 
time for. the AMD memory (RAM) is measured from the time the MEMR or MEMW signals are present. The 

data on the system bus must be stable 55 ns (worst case) before the start of the T3  clock cycle. The data on 
the bus are transferred to the Do-D7 lines of the 8080 by the 8228 system controller. 

In the memory-write machine cycle (which does not occur in the same machine cycle as a read), the 
MEMW line is latched low by the WR signal from the 8080 at the start of the T3 clock cycle. (The status 
signals are latched on the 8228 in the same manner.) The data are transferred from the 8080 to the 8228 
data bus and are written into the memory chips selected by the address lines, Ao-A, 5 ,  while the MEMW 
line is low. 

The operation of the AM-9130 memory chips is started with a chip-enable (CE) signal, which is 

obtained by feeding the MEMW and MEMR signals to a NAND gate. The addresses must be present when 

this sign81 is rcceived since the CE lalcl~es [It: addresses. 



The tinling signals for other types of machine operations are similar to these described in this section 

and are covered in the manufacturers' manuals. 

The computer generates a baud rate signal by dividing the 18.432 MHz signal from the clock down to 

the appropriate frequency. This signal is fed to the 8251 USART serial 110 port, which sends serial 
information into and out of the computer. Also, up to 72 lines of parallel 110 can be sent through three 
8255 programmable peripheral interfaces. The modes of both the serial and parallel ports are controlled by 

a software command word. 

111. MEMORY MAP OF THE NDTCOMPS MICROCOMPUTER 

The memory of the NDT-COMP8 computer consists of both ROM (read only memory) and RAM 
(read-write memory), with the address lines wired to give the address locations shown in Fig. 3. The 

addresses are given in hexadecimal (base 16) numbers. 
The minimum amount of memory the system will operate on is shown shaded in Fig. 3 ,  and it can be 

expanded in l K  (1024) steps until there are 4K (4096) bytes of ROM and the same amount of RAM. The 
ROM is Intel 8708 erasable, programmable, read-only memory, that is configured as 1024 X 8 bits. The 
RAM used is Advanced Micro Devices' AM-9130 memory that is configured 1024 X 4 bits. Therefore, 

two integrated circuits (ICs) are required to make 1K bytes of memory. The system monitor, which will be 
described in greater detail later, sets the stack pointer at IFFB (hex). Because the monitor and any other 

programs written use the stack, it is suggested that user programs not be written into the upper 30 bytes of 
RAM. 
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Fig. 3. Memory map of the NDT-COMPI. 



The format of the memory addresses is shown in Fig. 4. The address lines A. -A9 are on the individual 

memory chips. The address lines A l  o-Al are run to  the 8205, which is a one-ofeight decoder. The eight 
outputs of the 8205 run to the chip select (E) lines of the 4 ROM chips and the 4 pairs of RAM chips as 
shown in Fig. 4. .. . 

The NDTCOMP8 has bothrerial and parallel input and hutput: ~ h ' e  input/output chip; are selected by 

the 8080 address lines, AomA7, ;hen ,thhe 110 commands' &e '$&n to the central 'processing unit (CPU). 
- - 

Input and output are performed when I/OW or I/OR signals are present on the control bus. The 110 address 
format is shown in Fig. 5. The 8251 is brogrammed by two control words from the monitor that allow it to 

communicate with RS-232C compatible devices, 20-ma current-loop teletypes, or TTL serial interface 
devices, depending on the jumper connections made on the board. The 8255 chips can be programmed for a 

variety of 110 configurations, as described in the Intel 8080 Microcomputer System User's ManuaL1'In 
Table 1 ,  we show the addresses for the various ports and the control word. These addresses follow an input 
(DB in machine language) or output (D3 in machine language) instruction in the computer program. The 

first three chips are the 8255s; the last is the 8251 serial port. For cases (such as A6 and A7) where the 
address lines are not physically connected, we make the bits high so that the address words will not have to 
be changed if addilior~al chips are added. 

V. PROGRAMS FOR THE NDTCOMPS MICROCOMPUTER 

Several useful programs have been written for the NDT-COW8 microcomputer. Instructions are given 
in this section concerning the use of the various programs and the results they produce. The machine 

'Intel Corporation, Intel 8080 Microcomputer System User's Mariucll, Santa Clara, California (Sept. 1975). 
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Fig. 4. Memory address format of  the NDT-COMP8. 
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Fig. 5. Input/output address format for the NDTCOMPB. 

Table 1. Input/output addresses 

Chip and 
plug no. 

Control word F7 EF DF FB 

A 1;4 BC DC FA 

B PS ED DD 

C F6 EE DE 

'serial connection. 

language listings of the programs are also given so that these may be typed directly into (or programmed 
into) the listed memory locations without having to be assembled. Additional information on programming 
for the 8080 microcomputers is available from 1ntel.' While assemblers, software development systems, and 
high-level programming languages are desirable, they are not necessary to develop machne language 
programs for the NDT-COMP8 microcomputer. 

2 Intel Corporation, Irrtel5080 Assembly Language Programming Manual, Snnta Clara, California (1375). 

A .  System Monitor 

A monitor has been developed for the computer, and it occupies the 0000 to 03FFH locations in the 
memory. I t  aids the user in writing, modifying, running and debugging his programs from a terminal. The 



monitor is written as a series of useful subroutines. When the system power is turned on or reset, the 
monitor sets the 8251 port, saves the old values of the registers, resets the stack pointer, and then prints the 
following message on the terminal (if one is att'ached to the computer): 

The monitor gives a period when it is awaiting instructions from the terminal. The following commands 
may be executed: 

1.  Insert Command, I 

This command is used to enter instructions and data into memory starting at "address." Binary 
instructions and data must be entered symbolized by their hex equivalent. Spaces and carriage 

returns are ignored. When an ESC is typed the routine will edit. An error input will result in an 

error "*" mark and termination of the routine. 

Example: . I 1 cPP 
21111C4E233E22AYCA2Hfl@CDE3fllCDfl3 
1 ~544849532f l495326414~2f l455&4141)  
5P4C/+522$ 

2. Display Command, D 

This command will display the contents of memory f ~ o m  "lower address" to "upper address" 
with a hex representation o f  the binary word. A header on each. l i~~e will indicate the starting 
address of each line ,with an XXXX. ESC will terminate this command. 

Example: .DlCgg,lC23 
1CbB 21 11 1 C  4E 23 DE 22 A 9  CA 26 @@ CLJ E3 P I  C3 @3 
lC1g 1C 54 48 49 53 2fl 49 53 20 41 4E 2g 45 58 41 4U 
1c2g 56 4C 45 22 

3. Run Command, G 

- .  
G ' [<ENTRY POINT>] 

. . .  

T h s  command will run a program beginning at "entry point." If no entry point is specified, 
program execution will begin at the memory location specified by the contents of the top of stack . . 
(top 2 words). 

Exarpple: .GlCPg : ' ' ' 

THTS IS AN EXAMPLE, 



4. Move Memory Command, M 

This cotmnand will copy the block of memory between the "low address" and the "upper 

address" onto the memory starting at the "destination" address. 

Example: .HlC16,1C17,1C19 
.DlC16,1CIA 
1C16 49 53 20 49 53 . Cl CPb 
THIS IS 1'; EXAMPLE. 

(IS was moved to overwrite the RAM address ot AN) 

5. Substitute Command, S 

S <ADDRESS> (SP) 

This command is implemented differently from those already diicussed. The command should be . 

entered with the address of the memory location to'be modified and then followed by a space. 
The present contents of that location will be displayed along with a I - '  prompt. You must now 
enter your modified code. To change the next memory location you need only to "space" again. 
To  terminate this routine, hit a carriage return. An ESC or illegal character will also terminate this 
routine without replacing the last set of data displayed. If no code is typed in after a space, the 
present content at that location will remain unchanged. 

Example: . S1 C 1 9  49-41 53-4E 
.1)1C19,161A 
1C19 41 4E 
, r.1 CPP 
THIS IS AN EXAMPLE. 

6 .  ExamineIModify Register Command, X 

This command will display the contents of all the CPU registers if you just enter "X." By 

including a regisler identifier and by following thc technique used with the substitute command 
(spacc rnthcr than onrriage r e l u r ~ ~ ) ,  yuu I I I I I ) ~  alter !!v vi~lllc nf nny rcgintcr, A carriage return will 

terminate this routine. An ESC or any illegal character will also terminate this routine. The flags 
are denoted by I;: M is a contraction of the HL register contents, P is the program col.lnter, and S 

is the stack pointer. 

Example: The registers are examined without changing contents. 



Example: Register A is examined and changed, and all registers are displayed again. 

An error made in any of the command routines will result in an error message - "*." Termination 
of this routine will also occur. ' 

There are many useful routines in the mo,nitor that the user can call. They are listed in Table 2. 

Table 2. NDT-COMP8 routines 

Address Function Destroys regs. 

OO5E 

0095 

00B 3 

OOFD 

OllD 

0141 

OlBD 

OlDO 

OlDA 

01 E3 

01 EE, 

01F4 

Identifies and recognizes monitor commands from terminal 
(I, D, G, M, S, and X). Transfers control to proper location 
to execute commands. Reentrant point after your prngram 
has finished. 

Executes D (display) command. 

Executes G (go to) command. 

Executes I (insert) command. 

Executes M (move) command. 

Executes S (substitute) command. 

Executes X (examine regs.) command. 

Looks for an escape from terminal carry bit set and returns if 
' 

there is an escape. Carries bit not set and returns otherwise. 

Inputs a character into A from the terminal: 

Convcrts ASC11 cllaracler in register C into its binary value 
and returns it in A. ASCII character 0-9 or A-F. Hex ch. 
0-F. 

Prints a single ASCII character in reg. C on the terminal. 

Outputs d ca~iapt :  return and Hne feed to the terminal. 

Takes an ASCII character in register C and prints it on the 
terminal. An ESC is echoed as a carriage return, line feed. 

Prints an asterisk (*), carriage return and line feed on 
terml~ol. Control is then returned to 002B. 

Sets carry equal to zero and returns. 

Inputs a character from the terminal, clears parity bit, if 
any, and returns with ASCII character in C. 

Accepts a string of characters from 021B above in C register, 
echoes the character on the terminal, converts to binary and 
stores last 4 characters in BC registers. Returns when a 
delimiter (comma, space os carriage ret~lrn) is encountered 
with last 4 characters in BC. 

Will input the number of numbers in the C register between 
1 and 3 from the terminal and store them on the stack in 
reverse order. 
-. I hc fust number rltusl Irr. Icss than or equal to the ceoond, 
or the second will be set equal to'the first. The first 
number popped from the stack will be the last number put 
in from the terminal after the program has returned. 

-- 

ABCHLF 

ABCDEHLF 

ABCDEHLF 

ABCDEHLF 

ABCDEHLF 

ABCDEHLF 

ABCDEHLF 

AF 

A F 

A RCF 

ABF 

ABCF ' 

F 

ACF 

ABCBEF 

ABCDEHLF 
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Table 2. NDT-COMPB routines (continued) 

Address Destroys rcgs. 

Compares DE registers to  HL. Carry = 1 if Dl: 5HL.'  
Carry = 0 if DE > HL. 

Takes a hex pair of numbers in A, converts to 2 ASCII 
characters and prints them on tllc terminal. 

Converts a 0 t o  F hex number in C to an ASCII character 
and returns it in the C register. 

Displays the previous register contents from rllelnory in 
formatted form, as in the X command. 

Takes a single character in C denoting a register and 
returns the address of the register contents in memory in BC. 
Invalid input in C will call the error program. 

Restores all registers and flags t o  original monitor values 
then executes the C command. 

Sets carry llag equal t o  I .  

Checks the byte stored at 1FF9 in RAM. If it is set to 
lower, stores 0 in the 4 L.S. bits of the byte addressed by 
DE. 

Puts 4 bit value in C into byte addressed by DE. l'he 
luwcr ul upper position is spccificd by IFF9 in R A M .  

Takes an ASCII character in register C and checks to  see 
if it represents a valid hex digit. Carry = 1 if valid, 0 if not. 

Checks an ASCII character in C to see if it is a valid 
J e l i ~ n i t e ~ ,  (comma, carriage rcturn, or space). Returns 
with carry = 1 if valid, 0 if not. 

The monitor routines can be called by subroutine calls, except for the error routine (020D) and the 

main monitor-control program (002B). The other routines will return to the program that called them. 
When a RESET is issued, the computer will retain the old values in the register memory, reset the registers, 

stack pointer and serial 110 port, print the sign-on message, and enter the mair~ rnor~itor-control program at 
002B. An interrupt (INT) signal will transfer program control to WUU, the tirst KUM address after the 
monitor. This allows the user to write his programs, store them on this ROM, and execute them using only 

a push-button switch (no terminal is required for execution). A machine language listing of the monitor 
follows: 

3E:' CIF' TI3 FF 3E- 27 D 3  FI'( 22 F3 1.F F'1 22 F5 1 F  21. 
00 00 39 33 F'7 I F  3 1  F3 I F '  F 9  F'5 C 5  I'IS 31 911 03 
041 OF' 4F' CD E3 01.  23 05 f?? 21:) 00 2:L f.:D IF: f;cjr OF: 
?F T.f'l P'4 f i g  FE C3 3R 00 I.::< 00 0.4 CTI iB OT [=b P'4 
01. 79 01. 0,s 00 21. R V  03 R E  cn 5 4  na ~3 MI !:2 4rrj 
00 c:< on 02 21 nF{ 03 as as 7~ a:x X A  ( > F  E V  OF n:? 
CD 5:7 02 ni .  E:I r:n F:I: 0.1. 71: CT'I nz 00 77111 r:rl r l ;  or.:! 
OF:: 20 C&I F4 OS 7FY C 3  03  CTl F!'I 01.  Tlfl 85 00 CI'I 
7 c  D? nw oo r:n EE 01. r::3 00 73 715 E& OF ~ : 2  
70 00 C3 A!? 88 CTI 32 !?? I'IY! A h  OU I A  P;F' Ow'l C 2  0l:i 
03: 21. F5 IF 71. ?:3 70 C:3 RO 00 7R FE OD C2 OD 02 
c3 2 ~ :  03 OF' O:I. crl 5.7 02 3 ~ ;  FF: 3::) F'V IF '  n:i r1.1 I . R  
07' 44F C?J F4 01. '77 FE: 1.R C A  F4 00 C D  S A  03 DA BE 



OOnO 00 CTl hF 03 I3? FF 00 CD,.DA 01. 4F CD 50 03 3A FY, 
OOEO 1F.87 C2 F6 00 13 FF FF 32 F9 1.F C3 RE 00 C17 45 
OOFO 03 C3 OD 02 CD 45 03 CD FF 01 C3 2B 00 OF 03 CD 
0100 57 02 C1 ,E l  D l ' E 5  62 68 7E 60 69 77 03 78 R l  C f i  . 
01.!.0 2 B  00 13 F1. CIs 9C 02 112 2R 00 C3 05 01 .Crl  22 02 
0120 C 5  E l  74 FE 20 CA 20 01 FE 2C C? 2E 00 74 CD C3 
0130 02 OE 2Il C11 F4 01 Cr l  32 03 TI? 3D 01 71 23 C3 22 
0140 01 CD 1B 02 4F Cn F4 01 79 FE OD C2 5 4  01 CI'l E6 
0150 02 C3 2B 00 4F CD 17 03 C5 E l  0E 20 CD F4 01 79 
0160 32 F9 1F 3A F9 I F  FE 20 CA 70 01 FE 2 C  C2 2E 00 
0170 7E B7 C2 7E 01 C 0  EE 01 C3 2B 00 E5 5E 1.6 1.F 23 
O l I l O  46 Il5 rl5 E l  C 5  7E Cr l  C3 02 F1 F5 H7 CA 94 01. 2P 
0190 7E CD C3 02 O F  2D CD F4 01 CD 22 02 02 84 01. 7A 
01.AO 32 F9 1F F1 El. ,n7 CA AR 01 70 3R 71 11. 0 3 ' 0 0  E l  
0100 19 C 3  63 01 7A 32 F9 I F  01. Ill C3 AC 01 DR FB €6 
O l C O  02 C A  10 02 DH FA €6 7F FE 1R CA 43  03 C3 18 02 
O l D O  DE FR E6 02 CA DO 01 DR FA C7 79 06 30 FE OA Fn 
OlEO n6 07 C9 DP FrB F6 01 CA E3 01 79 I33 FA C Y  OF O r l ,  
OlFO CD F4 01  C9 41 3E 10 E8 C 2  FD 01 OF 24 CD € 3  01  
0200 3F OD E8 C2 OE 02 CD F2 03 06 OD 48 C9 OF 2A CD 
021.0 F4 01 f!n FE' 01. C 3  2R 00 37 3F C9 CU DO 01 Eh 7F 
0220.4F C9 F5 25 00 00 1F-00  CI3 lR 02 4F C I l  F4 01 CD 
0230 84 03 D2 41 02 51. E5 Cl. El. 7B B7 C? 43 03 CA 18 
0240 02 Cn 6F 03 D2 On 02 Cr l  DA 01 IF FF 39 29 29 29 
0250 06 00 4F 09 C3 28 02 2E 03 79 E6 03 C8 67 CD 22 
0260 02 r12 on 02 cs 2n 25 C A  73 02 7~ FF OD CA  OD 02 
0270 C3 5E 02 7A.FE OD C? OD 02 01 FF FF 7D E7 CA Ilh 
0280..02 ~5 2n c3 81 03 CI n i  ~1 cn 9c 02 113 9s 03 54 
0290 5D F3 D5 C5 E5 3D F8 E l  E3 C3 95 02 C5 47 E5 7A 
0260 P3 C A  RD 02 25 7C: h 3  CA ELI 02 k y l  rl5 3E Fr: A A  57 
0280 3E FF AR SF 13 7D 83 7C 84 01 70 C 1  C9 El. 7R CX 
02C0 C3 43 03 F5 F5 OF'OF OF: OF F b  OF 4F: CD DE 03 CI3 
02D0 F4 01 F1 E6 OF 4F CD DE 02 CD F4 01 El. C9 21 0F' 
03FO 03 Oh 00 09 4F C9 21 CF 03 4F 79 F 7  C2 F3 02 CD 
02F0 FF 01. C9 Cn F4 01. OF 3D C I I  F4 01 23 5E 16 I F  2 3  
0300 1 A  CD C3 03 7F E7 CA OF 03 1 B  1 A  CD C3 03 0F 30 
0310 CD F4 01 23 C 3  F9 02 21. CF 03 1.1. 03 00 7E R7 C R  
0320 On 02 F9 CA 2A 03 19 C3 1 D  03 33 44 4D C 9  F J  21 
0330 FD I F  F9 n1 C5  F l  PA F7 I F  F9 2A F5 1.F ES 2A FJ 
0340 1.F FR C9 37 C9 3A F9 1.F R7 CO 0E 00 CD 50 03 C9 
0350 rl5 E l  79 Fh OF 4Fr 3A F9 1F b7 C3 63 03 7E F6 FO 
0360 81 77 C9 7F Fh OF 47 79 OF OF OF OF E0 77 C9 79 
0370 FE 30 FA 18 02 FF' 39 FA 43 03 CA 43 03 FF 4 1  FA 
0380 18 02 FE 47 F2 18 02 C J  43 03 77 FE 2C C A  43 03 
0390 FE OD CA 43 03 FF 30 CA 43 03 C3 38 03 OD OA 4E 
03A0 44 94 2B 43 4F 4D 50 38 00 OD OA 00 00 41 01. ID 
03RO 01 FD 00 B3 00 95 00 5E 00 44 47 49 4D 53 58 30 
03C0 31 32 33 34 35 36 37 30 39 41 42 43 44 45 46 4 1  
03DO F2 00 42 FO 00 43 EF' 00 44 EF 00 45 ED 00 46 F1 
03EO 00 48 F4 00 4C F3 00 4D F4 01. 50 F6 01 7i3 FR 01. 
O3FO 00 00 06 05 OF OR CD E 3  01. 05 C8 0E 00 C3 F6 03 



B. Floating-Point Math Package 

A floating-point math package has been developed for the NDT-COMP8 from the Intel User's Library of 
8080 programs. The math package has signed Add, Subtract, Multiply, Divide, Float, Fix, 
Binary-to-Decimal 2nd Natural Log routines in it. The numbers are usually stored and returned in the 
registers in forms of 

C (exponent) D (upper mantissa) E (lower mantissa) 

B (exponent) H (upper mantissa) L (lower mantissa) 

X Y ZZZZZZ . BBBB BBBB BBBB BBBB 
sign of no. sign of expt always = 1 (except when number is 0) 
o = +  1 -+ 

The number 0 is 1100 0000 . 0000 0000 0000 0000 

or in the hex notation C 0 . 0000 

The exponent is represented in binary offset, with 2-64 as 000 0000, 2-I as 01 1 11 11, 2' as 
100 0000 and 263 as I I I I 1 1  1. The routines are listed in Table 3 .  The execution times for the various 
operations are typical, and RAM locations from lClO to 1C19 are used. The accuracy of all operations is 

about 15 ppm. 

Table 3. Floating point math package 

Addless Funution nastrnys regs 

0810  Subtracts floating number in CDF. frnnl floating number A B C ~ E H L F  
ill BtIL and returns floating answer in CDE. 0.6 msec time. 

081 3 Adds floating number in CDE t o  flnatine number in BHL ABCBEHLF 
and returns fluating allswel ill CDB. 0.5 I I I X U  1i111c. 

08B3 A positive floating number in CDE is converted into an ACDEHLF 
unsiyned fixed number between 1 : ~ n d  65,535 in DE. 
If fOE is less than one. zero is returned. I f  a fL is 
attempted o n  a negative number, 4 0  is returned in A. 
If a fix is attempted o n  a number >65,536, 0 1  is returned 
in A. A is zeroed for a successful TLY, 0.6 msec time. 

08EO Floats a limed number in DE into CDE as a positive number, ACDEF 
U.06 m v r  time. 

08F8  Changes the sign of (negates) a signed floating-point AUF 
O ~ ~ I I O ~ I * ,  i i i  CDI: ta CDE (unlooo tho numbqr ie avrv). 
0.04 -sac time. 

0902  Divides a floating number in CDE into a floating number ABCDEHLF 
in BHL and returns the result iii C u t .  KeIUIRS 2 1 In A 

register ?division by 0 is attempted, 0 otherwise, 2.2 msec 
tune. 

097B Multiplies a floating number in CDE by a floating number ABCDEHLF 
in BHL and returns the result in CDE. Exponent overflow 
not checked, 1.9 msec time. 

OA33 Fixed binary number in DE is converted t o  BCD number ABCUEHLF 
in CDE. 

OA81 Floating binary number in CDE is converted t o  floating ABCUtHLl- 
BCD number between 6,355 and 65,535 with sigrr blr and 
exponent (base 10) in 20 complement in 1C19 in RAM, 
7.2 msec time. 

OABD Takes natural log of positive floating number in CDE and ABCDEHLF 
returns answer in CDE. Negative input numbers give wrong 
answers, 5.4 msec time. 



A machine language listing of the floating-point math package follows. 

0810 CD 'F8 08 CI3 22 OA 87 FB 79 48 47 C8 CD 22 OA 87 
0820 CA 17 08 F5 2,. 11 1 C  79 77 E6 7F 4F 2R 78 77 E6 
0830 7F 47 H9 CA 62 08 DA 46 08 41 4F C5 46 23 4E 70 . 

0840 2R 71 C1. E l  EE E5 E l  78 3C 47 37 3F 7C 1F 67 7D 
0850 1F 1F AF 17 33 12 1 C  78 H9 C2 48 08 3A 12 1 C  85 
0860 bF ES I?t 3A 11 1 C  E6 80 4F 3A 10 1C E6 80 81 F2 
0870 9F 08 7A BC CA 94 08 I IR 7F 08 EE 79 C3 82 08 79 
On80 C6- 80 RO 4F 37 3F 7B 2F 5F 7A 2F 57 13 1.9 EE 04 
0890 10 C3 F2 0fl 7B RD CA AD 08 nA 7F 08 C3 7R 08 79 
08A0 80 4F 1.9 EB DO 0C 7A 1.F 57 78 I F  5F C9 OE 40 11 
ORE0 00 00 C9 AF 67 6F 81 FA n4 00 C6 40 F2 117 08 €6 
ORCO 3F FE 1.1 D2 DC 08 4F CD 1.2 0A Cl? 1.8 0A On C2 C7 
o m 0  on nF FP c9 3~ 40 c9 1.1 00 00 78 ~9 3~ 01 ~9 00 
08E0 OE 50 CD 26 OR 87 CA FS 08 AF R? 3F 00 F9 CD 1.2 
08F0 OA On C3 F9 08 OF 40 C9 Cn 22 Oh 87 C8 3F 80 81 
0900 4F C9 CD 22 OA 87 3E 01 C8 F.5 21 13 L C  AF 77 23 
0910 77 23 36 11 23 36 01 23 78 91 C6 41 E6 7F 77 79 
0920 E6 80 00 4F 78 E6 80 81 86 77 AF 47 4F E l  B9 37 
0930 C2 34 09 3F 3F E5 21 13 1 C  7E 17 77 23 7E 17 77 
0940 23 35 CA 60 09 23 35 El CA 4E 09 29 3.7 47 3A 13 . 

0950 1 C  E6 01 87 CA 62 '09  7D 93 bF 7C 9A 67 78 99 C3 
0960 65 09 19 78 89 E6 01. 47 C3 2E 09 E l  21 17 1.C 4E 
0970 2H 23 2B 56 3P 5E 06 1.0 C3 €2 08 78 32 1% 1 C  7C 
0980 32 16 1 C  7D 32 17 1 C  21 10 1.C AF 77 23 77 23 77 
0990 23 77 23 77 23 7F F6 80 -47 7F 81 C6 40 E6 7F 77 
09AO 79 Eh 80 80 86 77 23 23 46 OE 08 21. 00 00 37 3F 
09H0 C3 R9 09 CD 12 OA CD 1B OA 78 1F 47 D2 D3 09 C 5  
09C0 01 SO 1 C  OA 83 02 03 0A 8A 02 03 0A 8D 02 03 0A 
0 9 ~ 0  8C 02 C 1  On C2 R3 09 01 14 1 C  OA 3Il CA ER 09 3C 
09EO 3C 02 03 03 OA 47 OE 08 C3 83 09 21. 15 1 C  7E 2B 
OPFO ?.P 46 2B 4E 2P 54 2E 5F 60 69 4F 06 10 AF 84 FA 
0A00 10 0A CD 12 04 CD 1R OA OD 05 C2 FD 09 C3 AD 08 
O A l O  FR C9 37 3F 73 17 5F 7A 17 57 C9 7D 17 bF 7C 17 
OA20 67 C9 3E 40 R9 CO 7E RZ DA 30 OR C2 30 06 AF C9 
OR30 JE 40 C9 21 10 16 3F 01 77 3rl 23 77 23 77 21 13 
OA40 L C  77 23 77 23 77 AF 7A IF 57 7B 1F 5F 05 DC 6D 
OASO OA cn 67 OR DI AF ~ f i  ~2 46 OR EE c2 46 OA 21 13 
OA60 1 C  5E 23 56 23 4E C9 01 10 LC C3 70 0A 01. 13 1 C  
oh70 21 10 1 C  16 03 AF OA 8E 27 02 15 C8 03 23 C3 76 
OA80 0A.21 1.9 IC 79 E6 80 C6 20 77 79 E6 7F 4F 79 FE 
On90 4F D2 A2 OA F5 21 00 A0 06 44 CI:l 7B -09 F1 35 C3 
OAA0 8F OA 79 FE 51 nA R6 OA E5 21. CC CC 06 3n Cn 7H 
OABO 09 FI 34 ~3 A? on crl ~3 on crl 33 on c9 cs FB 22 
OACO 12 1 C  21 00 00 .a2 14 1.C 4 C  OC 7'9 F'E 07 C A  FA OA 
OADO 2A 12 1 C  41 54 5D AF 7C 1F 67 7D I F  6F 05 C2 D6 
OAEO '04 19 DR C9 0A r?? 1.2 1.C 21. 2C OR 09 09 SF 23 56 
OAF0 2R 14 1 C  19 22 14 1 C  C3 C9 OA 2R 12 1 C  7D 2F SF 
OR00 7C 2F 57 2A 14 1.C 1.9 23 OF CO EB CD E2 08 E l  D5 . 

OEIO cs 5r1 RF 57 AF CD EO oe 06 c7 26 80 CD 1.3 08 21 
OR20 72 R 1  06 40 CD 7R 09 E l  45 E l  CD 13 Of3 C9 CC 67 
OF30 20 39 27 1E 05 OF E l  07 F O  03 FE 01 FE 00 



C. Prom Programmer Program 

A program has been written to program the Intel 8708 PROMS, using the electrical circuit board 

described in Sect. VI. The plug on the PROM circuit board must be inserted into 52 on the NDTCOMP8 
board, the jumper connected to the +30 volt supply, and the PROM to be programmed inserted into the 
PROM circuit board. The reset line should be held low while these connections are being made. An 

NDT-COMP8 monitor is also necessary for the program to run. The program is usually stored in PROM and 
must be moved to location 1000 in RAM, using the Monitor command: M XXXX, XXXX + 6F, 1000. 
The program is now in RAM. To execute the program, type G1000. The monitor will wait for the lower 
address and the upper address + 1 of the instructions which are to be programmed to be typed on the 

terminal. To program 0000 to 03FF we would type: 

The monitor responds with a period when the PROM has been successfully programmed and tested. (A 50% 
overprogramming is performed.) This will take from one to six minutes, depending on what is to be 

programmed. The data to  be programmed must have the same address as the nine lower address lines of the 
PROM being programmed. For example, data at 0 ,400 ,  800, COO, 1000, 1400, 1800 and ICOO will all be 

copied into the first ROM location (000). A machine language copy of the program follows: 

A. Main Boatd ~oitstfuction 

The NDT-COMP8 microcomputer has been laid out on a double-sided printed circuit board. The 
location of the parts is shown in Fig. 6 .  It is recommended to use sockets for all of the transistors and 

integrated circuits. The standard precautions must be observed when inserting the MOS circuits. The 
location of the various jumper connections is also shown. The PROM and RAM memory locations are also 
given. The 000-3FF PROM and the two 1C00-1CFF RAM memory circuits must be plugged in for normal 

operation; the rest of the memoiy is optional. The three 74LS161 circuits and the 8251 must be plugged in 

to use a terminal, and the three 8255 circuits are used for parallel 110. The printed circuit positives are 
shown in Fig. 7 and Fig. 8 ,  and the wiring diagram is shown in Figs. 9 and 10. The parts list is given in Table 
4. Ten of these computers were constructed at one time. The construction time averaged 4 hr per 
computer, and the parts cost ranged from $275 for the minimum amount of memory to $700 for the 
maximum amount of memory. 



Fig. 6. Parts layout for NDTCOMP8 microcomputer bast& 
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Pi 8. NDTCDMP8 pinted circuit board layout, (noncomponent side). 



Fig. 9. (Hcnit diagram f a  the MDTCOMP8 miaocomplter, 1-10 and clock secth. 



ig. 10. Circuit diagam for the NIPTCOMP8 mictocomputer, memory sectian. 



. . 

Table 4. Parts list for NDTCOMPB microcomputer 

Component no. Description 

Al ,  A2, AS 
A3, A4, A26 . 
A6 
A7 
A8 
A9 
A10 
A l l  
A14, A15, A16, A17 . 
A18, A19, A20, A21 
A22, A23, A24, A25 
A27 
R1, R2, R4, RS, R6 
R12,R15 
R3, RlO, R11 
R7 
R8 
R9 
R13 
R14 
R16, R19 
R17 
R18 
C1, C2, C3, C6, C7 
C8, C10, C l l ,  C12, C21, C22 
C4, CS, CIS 
C9 
C13. C16 
C14, C17, C18, C19, C20 
D l ,  D2 
VR1 
Q1, Q2 
Q3 
J1, J2, J3, J4 
CR1 
PC 
Daud ratc switch 
Sockets 
3 ea 
2 ea 
5 ca 
8 ea 
4 ea 
2 ea 
4 ea 

7SLS161 Dividers . 
8255 Programmable peripheral interface 
74LS04 Hex inverter 
8251 Programmable USART 
8224 Clock generator 
8228'System controller 
8080A or AMD9080A 
8205 or AM25LS138 
8708 (A14 is preprogrammed with monitor) 

AM-9130 
74 LSOO 

1 k n  114 W 5% or better 
4.7 kn 5% or better 
560 k n  5% or better 
430 n i w 
430 n 1.5 w 
10 k n  5% or better 
2.7 k n  114 W 5% or better ' 
47 n 5% or better 
510 51 S%or better 
150 n 5% or better 

0.01 pf 1SV 
22 wf 15V 
100 pf >: 1SV 
1 pf 1SV 
0.1 pf >1SV 
IN4446 Signal diode 
79M05 -5V Voltage regulator 
2N3904 NPN transistor 
2N3906 PNP transistor 
3M3429 3M 26 Pin male connector 
18801 Intersil 18.432 MHZ crystal 
NDTCOMPI-Printed circuit board 
(Optional) Spectrol 87-12-19 
(Optional) Robinson Nugent, Inc., part no. 
3 Pin, 18-32 
14 Pin, ICN-14342 
16 Pin, ICN-16342 
22 Pi, ICN-16342. 
24 Pin, ICN-246-S4 
28 Pin, ICN-28644 
40 Pin, ICN-40664 



B. Optional Jumper Connections 

There are several jumper options for the computer board, depending on the type of terminal and 
computer operation desired (Table 5). 

Table 5. Jumper connections for different terminals 

Jumper connection for 
Standard 
RS-232-C 20 mil A 

Current loop TTL 

If the board is to be interfaced directly to a terminal device, the user should jumper pad A to B. If a 
modem will be used, leave pad A and B ,open. 

To select the baud rate for the microcomputer, jumper: 

PAD 29 to -31 For 4800 BAUD 
-32 For 2400 BAUD 

-33 For 1200 BAUD 
-34 Fnr hnn HA.I.1T) 

-35 For 300 BAUD 
-36 For 1 SO BAUD 
-37 For 75  BAUD 

For 110 BAUD, jumpcr 29 to 37 and 4 to 5 

The optional Spectrol rotary switch will replace all the connections to pin 29. 
54 has the pin assignment shown in Table 6. Note that only one type of interface at a time is available 

at this plug, as specified by the selection of interface. 
Pad C is the HOLD line on the 8080A on which a logic "1" is used to halt the 8080A and put the data 

ar~d address busses in a high impedence mode, thereby allowing Direct Memory Access (DMA) to occur. For 

normal operation of the system, jumper pad C to D (GROUND). This will allow the 8080A to maintain 

control of the busses and operate freely. 
The pad BUS EN is used to enable the 8228 data drivers. A logic "1" will put these drivers in their 

high-impedance state, freeing the data bus for a direct memory access (DMA) operation. (Note that both 

HOLD-PAD C and BUS EN must be high for implementation of DMA on this system.) Again, for normal 

system operation, jumper pad BUS EN to GND (adjacent hole). A system reset switch may be installed 
between pin 26 of J1 and ground. The SPST-NO (normally open) switch may be used to reset the entire 

NDT-COMP8 system. It will also restart the 8080 execution at address location 0000H. 



Table 6. Rn assignments for J4 plug 

j 4  Assignment as a function of mode 
Pin number RS-232/C 20 mil A loop 'ITL . 

NC* 
Receive data 
Transmit data 
NC 
+12VDC 
+ 12VDC 
Signal ground 
+12VDC 
NC 
NC 

NC* 
NC 
NC 
NC 
+12vDC 
NC 
NC 
+12VDC 
NC 
Receive-return 

&la 
Transmit data 
NC 
+12vDC 
NC 
Receive data 
Transmit data 

return 
NC 

NC* 
Receive data 
Transmit data 
NC 
+12VDC 
NC 
Signal ground 
+ 1 2 v n c  
NC 
NC 

*NC signifies NO CONNECTION. 

A similar switch can be wired between the INT pad and ground. When this pad is grounded, the 8228 
issues a RST7 instruction on the data bus. The 8080 performs this instruction, which transfers execution to 
address 38 (hex) in the monitor, which contains a jump to 400 (hex). 

The parallel 1/0 pmts have the following pin connections. as shown in Table 7. 
The first number designates the port number (1, 2, or 3); the letter denotes the port (A, B,  or C) and 

the following number denotes the data bit (0 to 7). The pin assignments given in Tables 6 and 7 actually 
refer to the holes photo-etched in the board. If the male connector (3M3429) is soldered on the component 
side of the board, the pin numbers on the connector will agree with 'the pin numbers on the board. 
However, if the male connector is put on the noncomponent side of the board (as may be done to shorten 
the ribbon length), the board pin numbers will not agree with the connector pin numbers. In this case, the 
board numbers should be used, and the connector numbers ignored. 

VII. PROM SIMULATOR AND PROGRAMMER BOARD 

An extra, piggyback board has been designed to plug into any of the four ROM sockets on the 
NDT-COMP8 computer'board. The board has a clip that fits onto the 74LS00 (A27) and contains 1K of 
RAM. The RAM can be written into at the address of the ROM socket into which it is plugged when the 
WRITE switch is on, and can be used as read-only memory when the WRITE switch is off. (This prevents 
inadvertent overwriting of the ROM program you are simulating.) When the RESET is pressed and the clip 
is on A27, the board can be moved from one ROM location to another without losing its contents. 

When the p ~ w e r ~ c l i p  is connected to a +30V, 20 ma supply, and the ribbon cable is connected to port 
52, an 8708 PROM can be programmed using the program in Section V. A drawing of the circuit diagram of 



Table 7. Pin assignments for J 1 , J 2 ,  and 53 plugs 

J Pin no. Port 1 
(J1) 

Port I 1  
(52) 

Port 111 
51 3)  

1B7 
186 
1 B5 
1 B4 
1C3 
1C1 
1C7 
I C5 
1A7 
1 A6 
1 A5 
1 A4 
CND 
1 R3 
1B2 
1B1 
1 BO 
1 C2 
1 co 
1 CG 
1 C4 
1A3 
1A2 
1Al 
1 A0 
RESET 

2B7 
2 86 
2 B5 
2 R4 
2C3 
2C1 
2C7 
2C5 
2A7 
2A6 
2A5 
2A4 
GND 
2B3 
2B2 
2B1 
2B0 
2C2 
2CO 
2C6 
2C4 
2A3 
2A2 
2A1 
2A0 
NC 

3 87 
3B6 
3 85 
3 B4 
3C3 
3C1 
3C7 
3C5 
3A7 
3A6 
3 AS 
3 A4 
GND 
3B3 
382 
38 1 
3B0 
3r7 
3CO 
3C6 
3C4 
3A3 
3A2 
3AI 
3A0 
NC 

the board is shown in Fig. 1 1, and a mechanical drawing of the board is shown in Fig. 12. The parts list for 
the board is give11 i r ~  Table 8. 

VIII. POWER REQUIREMENTS FOR THE NDT-COMPS MICROCOMPUTER 

The power requirements for the computer vary considerably depending upon the memory and I/O 

requirements. These requirements are shown in Table 9 below. 
The RAM uses about 74 ma at +5 volts per 1K of memory; the 8255 parallel-output ports use about 50 

ma at t 5  volts each; the 8251 serial port uses about 45 ma at +5 volts (although the ? I 2  volt drain increases 

by about 50 ma when serial 110 is being performed). The 8708, l K  PROM chips each use about 10 ma at 
t 5  volts, 36 ma at  +12 volts, and 22 ma at -12 volts. A +30 volt, 20 ma supply is also needed to program 
the PROMS if that board is used. These figures should give the user an estimate of the power requirements 

for his system. They are typical measured values,and somewhat less than the manufacturers' listed maximum 

worst case values. 



Fig. 11. PROM programmer and simulator. 
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Fig. 12. PROM simulator and programmer board. 
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Table 8. Parts list for prom simulator and programmer 

A1 
D 1 
D2 
1 C-4 
lC1& 2 
R 1 
R2 
R3 
R4 
SW-1 
2 each 
1 each 
1 each 
1 each 
1 each 

1 each 
1 each 
1 each 
2 each 

2N 3904 or MPS-65 15 
IN4728 Zener diode 
IN4446 
N7407 Buffer open collector 
AM9130 1KV4 Random access memories 
10K 114 Watt 
50 ohm 114 Watt 
619 ohm 114 Watt 
1K 114 Watt 
SPDT Slide switch 
22 Pin I.C. socket ICN-224-S2-T (Robinson-Nugent) 
14 Pin I.C. socket ICN-14342-T (Robinson-Nugent) 
3 Pin transistor socket 
Zero force insertion socket, 24 pin TEXTOOL 224-3344 
24 Pin discrete component socket, MPB-246 

(Robinson-Nugent) 
18" 26 Conductor ribbon cable 
14 Pin I.C. clip 
26 Pin ribbon connector 
6/32 1/2" long stand offs 

Table 9. Power requirements for NDT-COMP8 micro compute^ 
with two different memory and 110 configurations 

+5V ?5% ..+12V ?5% -12V ?5% RAM PROM I/O Ports 
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