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DISCLAIMER 

THE MICROMINT I N C .  makes no representations or warranties 
with respect to the c o n t e n t s  hereof. Fur ther ,  changes are 
periodically made to t h e  in format ion  con ta ined  herein. THE 
MICROMINT INC reserves t h e  right to incorporate these changes 
in new editions of this publication w i t h o u t  o b l i g a t i o n  to 
n o t i f y  any person of such revision or changes. 

Mention in this document of specific product(s) does not 
c o n s t i t u t e  an endorsement of the product(s); rather, t h e  
in fo-mat ion  regarding specific products(s) is given f o r  
illustrative purposes. Description of other  manufacturer's 
in te r face  or technical data is n o t  intended to supercede 
information provided by such manufacturer. 
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- conditions of Sale and PRODUCT WARRANTY 

MICROMINT, INC., and the Buyer agree to the following terms 
and conditions of the Sale and Purchase, 

1. MICROMINT, INC.  extends t h e  following warranty; a f a c t o r y  
manufactured circuit board or assembly carries with it a 1 
year warranty covering both parts and labor. Any unit which 
is found to have a defect in materials or workmanship shall 
at the option of MICROMINT, I N C .  be repaired or replaced. 

2 .  A minimum inspection fee must be prepaid f o r  the repair of 
u n i t s  t h a t  are no longer under warranty. Contact MICROMINT, 
I N C .  f o r  information on current minimum charges. 

3 .  MICROMINT, INC. will not be responsible f o r  repair or 
replacement of any unit damaged by user modification, 
negligence, abuse and mishandling, or improper installation. 

4 .  MICROMINT, INC. shall not be responsible to the Buyer for 
any loss  or claim of special or consequential damages. 

5. All units returned for repair must f irst  receive prior 
authorization from MICROMINT, I N C . ,  A return authorization 
number may be obtained by phone or letter. Please retain a 
record of the return authorization number as all subsequent 
correspondence will reference the number. Under no 
circumstances is any product to be returned to MICROMINT, 
INC. without pr io r  authorization. MICROMINT, INC. will assume 
no responsibility for returns unaccompanied by an 
unauthorization number. All returns must be shipped prepaid 
and should be insured. Micromint Inc. is n o t  responsible f o r  
loses or damages during shipment. Repaired units will be 
returned postage and insurance paid. 

6 .  MICROMINT, INC. reserves the right to alter any feature or 
specification at any time. This right extends to fees, 
charges, and any other conditions or warranties contained 
herein.  
- - REV. 3/88 
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1.0 A n  Overview of the BCC52 Series of Boards 

Currently, Micromint has available four versions of the BCC52 
computer / controller board. These are: 

3CC52 --- Our standard board (NMOS) 
BCC52C --- A CMOS version of the BCC52 
BCC52f-1 --- Extended Ind. temp, version of the BCC52 

(-40. to + 8 5 ' C )  

Throughout the rest of this manual all of these boards w i l l  
be referred to as the  BCC52x. Notations will be made whenever a 
special case applies. 

The BCC52x (standard,I,and 1-1) uses the Intel 8052AH-BASIC 
chip.  The BCC52C uses the  Micromint 80C52-BASIC, but the other 
versions of the board may a l so  have t h i s  processor installed. 
These processors are 8-bit microcontroller chips which contain a 
ROM resident 8K byte BASIC interpreter. The BCC52x computer/ 
controller contains the processor, space f o r  48K bytes of 
RAM/EPROM, a 2764/128 (or 27C64/27C128) EPROM programmer, 3 
parallel ports, a serial terminal port with auto baud rate 
selection, a serial printer port, and is bus compatible with all 
the BCC series expansion boards. 

It is particularly well suited for process control providing 
IF THEN, FOR NEXT, DO WHILE/UNTIL, ONTIME, and CALL statements 
among its broad repertoire of i n s t r u c t i o n s  (Figure 1.0-1 block 
diaqrams the  hardware and Figure 1.0-2 lists the software 
features). Calculations are handled in integer or floating point 
math and fully supported with trigonometric and logical operators. 
Because of its low system overhead it is extremely fast and 
efficient. 

Unlike most one-shot EPROM programmers that fill the  entire 
contents of an EPROM regardless of the application program size, 
BCC52x treats the EPROM as "write oncen mass storage. 

When a BASIC application program is saved to EPROM, it is 
tagged with an identifying ROM number and stored only in the 
amount of EPROM required to fit the program (plus header and EOF). 
Additional application programs can be stared to the  same EPROM 
and recalled for execution by requesting a particular ROM number. 
A 27128 (or 27C128) EPROM affords 16 Kbytes of mass storage space. 
When it is full (a non-destructive EPROM FULL error will indicate 
this), simply erase the present EPROM or insert another. Finally, 
since this pseudo mass storage exists in directly addressable 
memory space (as opposed to cassettes or disks), it runs at full 
CPU speed and stored application programs are instantly 
accessible. 

The BCC52x bridges the gap between expensive intelligent 
control capabilities and hard-to-justify price sensitive contro l  
applications. The full floating point BASIC is fast and e f f i c i e n t  
enough f o r  the most complicated tasks while the cost effective 
design allows it to be considered for many new areas of 
implementation. 
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Figure 1.0-1 Block Diagram of the BCCSPC 

Page 2 

Address 
Decoder 

C 
N 
T 
L 

D 
A 
T 
A 

8K RAM 
OOOOH 

8K RAM/EPROM 
I I I 2000H 

8K RAM/EPROM 
4000H 

8K RAM/EPROM 
6000H 

A 
D 
D 
R 

- 

8K or 16K EPROM 

EPROM PROGRAMMER 8000H 



COMMANDS OPERATORS 

RUN 
CONT 
LIST 
LIST# 
LIST@ 
NEW 
NULL 
RAM 
ElOM 
XFER 
PROG 
PROG 1 
PROG2 
PROG3 
PROG4 
PROG5 
PROG6 
FPROG 
FPROGl 
FPROG2 
FPROG3 
FPROG4 
FPROG5 
FPROG6 

BAUD 
CALL 
CLEAR 
CLEAR (S&I) 
CLOCK (1&0) 
DATA 
READ 
RESTORE 
DIM 
Do-WHILE 
DO-UNTIL 
END 
FOR-TO-STEP 
NEXT 
GOSUB 
RETURN 
GOT0 
ON-GOT0 
ON-GOSUB 
IF-THEN-ELSE 
INPUT 
LET 
ONERR 
ONEXl 
ONTIME 
PRINT 
PRINT 
PRINT@ 
PHO. 
P H O . @  
PHI.  
PHI.  # 
P H I . @  
PGM 
PUSH 
POP 
PWM 
REM 
RETI 
STOP 
STRING 
U1(11&0) 
UO (1&0) 
LD@ 
ST@ 
IDLE 
RROM 

ADD (+) 
DIVIDE ( / )  
EXPONENTIATION ( * * )  
MULTIPLY ( * )  
SUBTRACT ( - )  
LOGICAL AND ( .AND. ) 
LOGICAL OR ( .OR. ) 
LOGICAL X-OR ( . XOR. ) 
NOT( 1 
ABS(  
INT( 
S G N (  1 
saw 1 
RND 
LOG( 1 
EXP( 
SIN( 1 
C O S (  1 
TAN( 1 
ATN( 1 
= , > , > = I < I < = , < >  

ASCI 1 
CHR( 
CBY( 1 
DBY( 
XBY( 1 
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IE 
IP 
PORT1 
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T2 CON 
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TIME 
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TIMER1 
TI MER2 
XTAL 
MTOP 
LEN 
FREE 
PI 

Figure 1.0-2 Language Features of BASIC-52 
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2 . 0  The BCC52x Computer/Controller Board 

The BCC52x computer/controller is a single board controller/ 
development system. The 17 chip c i r c u i t  is a compact 4 1 / 2  by 6 
1/2 inches (exactly the same s i z e  as the Micromint TERM-MITE smart 
terminal if you want a 2 board complete system). It contains RAM/ 
EPROM, an EPROM programmer, 3 parallel ports, and 2 serial ports. 

There are five main sections to the BCC52x board: processor ,  
address decoding and memory, parallel I / O ,  serial I / O ,  and EPROM 
programmer. 

2.1 Processor 

The BCC52x computer/controller board is based on the Intel 
8052AH-BASIC chip (or in some cases t he  Micromint 80C52-BASIC 
chip). This is a prepragrammed versions of the INTEL 8052AH 
microcontroller (block diagrammed in Figure 2.1-1). The processor 
contains 8K bytes  of on-chip ROM, 2 5 6  bytes of RAM, three 16 b i t  
counter/timers, 6 interrupts, and 32 1/0 lines.   he ROM is a 
masked BASIC interpreter and the I / O  lines are redefined to 
address, data, and control lines. 

The processor has a 16 bit address and 8 bit data bus (the 8 
least significant address bits (AO-A7) and the data bus (DO-D7)  
are multiplexed together similar to the 8085 and 2 8 ) .  When the 
ch ip  is powered up it s i z e s  consecutive external memory from OOOOH 
to end of memory (or memory failure) by alternately writing 55H 
and O O H t o  each loca t ion .  A minimum of 1K bytes of RAM is 
required for BCC52x to function and any RAM must be located 
starting at 0000H. 

Three control lines, RD (p in  171, WR (pin 161, and PSEN ( p i n  
29) partition the address space as 64K bytes each of program and 
data memory. However, user called assembly routines and EPROM 
programming are unsupported in data memory. For that reason, t h e  
BCC52x as designed are addressed completely as program memory 
(RAM/EPROM mode) both for RAM and I / O .  The addressing logic is as 
follows: 

1) The RD and the WR p i n s  on t h e  processor chip enable RAM 
memory from O O O O H  to 7FFFH. Addresses are used to 
decode the chip select (CS) for the RAM devices and RD 
and WR are used to enable the OE and WE or (WR) p i n s  
respectively. 

2) PSEN is used to enable EPROM memory from 2000H to 
7FFFH. Addresses are used to decode the ch ip  select (CS) 
for the EPROM devices and PSEN is used to enable the 
OE pin .  

3 )  Between 8000H and OFFFFH both RD and PSEN are used to 
enable either EPROM or RAM memory. RD and PSEN are 
logically *'ANDEDWf through IC13, a 74HCT08. The WR p i n  
on t h e  chip is used to w r i t e  to RAM memory in this same 
address space. 
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The SCCS2x reserves the first 512 bytes of External Data 
Memory to implement two "softwarefv stacks. These are the control 
stack and the arithmetic s tack  or Argument Stack. Understanding 
how the stacks work is only necessary if t h e  user wishes to link 
BASIC-52 and 8052  Assembly Language routines. The details of how 
to link to assembly language are covered in the Assembly Language 
Linkage section of the MCS BASIC-52 User's Manual. 

Figure 2.1-1 Block Diagram of the Intel 80CS2AH-BASIC Chip 
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The con t ro l  stack occupies locations 96 ( 6 0 H )  through 254 
(OFEH) in external RAM memory. This memory is used to s to re  a l l  
information associated with loop control (i. e. DO-WHILE, 
DO-UNTIL, and FOR-NEXT) and BASIC subroutines (GOSUB). The stack 
is initialized to 254 ( O F E H )  and "grows down.g1 

The Argument Stack occupies locations 301 ( 1 2 D A )  through 510 
(1FEH) in external RAM memory.   his s tack  stares all constants 
that BASIC is currently using. Operations such as Add, Subt rac t ,  
~ultiply, and Divide always operate on the first two numbers on 
the Argument Stack and return the result to the Argument Stack. 
The argument s tack  is initialized to S l O ( 1 F E H )  and l'grows downt1 a s  
more values are placed on the Argument Stack. Each floating point 
number placed on the Argument Stack requires 6 bytes  of storage. 

T h e  stack pointer (Special Function Register, SP) on the chip 
is initialized to 77 ( 4 D H ) .  The stack pointer 'tgrows upw as 
values are placed on the s tack .  

2 . 2  Address Decoding 

The processor uses most of t h e  first 32K (OH-7FFFH) as s p l i t  
memory. DATA (RAM) memory is enabled by the RD line and PROGRAM 
(EPROM) memory is enabled by the PSEN line. The BCC52x enables the 
same memory by either RD or PSEN. As long as the user's BASIC 
and MACHINE routines do not occupy the same address space this is 
not a problem. Let's suppose the OPTIONAL UTILITIES EPROM is to be 
used (see OPTIONAL UTILITIES EPROM section). It occupies PROGRAM 
address space 2000H. Placing the EPROM in socket IC3 (2000H) and 
Ram at OOOOH, 4000H and 6000H. When powered up, the processor 
will recognize RAM from OOOOH to lFFFH, the extension EPROM at 
2000H and enter the COMMAND mode fo r  user input. The RAM from 
4000H to 6FFFH will not be recognized because it is not contiguous 
with the RAM at 0000B. JP4 allows IC12 to be reassigned to 
address 2000H. I C 1  is OOOOH, Ic3 is ZOOOH, I C 8  is 4000H and IC12 
can now be 2000H also.  JP5  allows fC1, I C 3 ,  and IC8 to be 
accessed by either DATA or PROGRAM enable (normal mode) or DATA 
enable only. In the DATA only mode the processor will only access 
these three contiguous sockets as RAM A r e a .  JP6 allows IC12 to be 
accessed by t h e  selection of JP5  or PROGRAM enable o n l y .  In  the 
PROGIlAM only mode the processor w i l l  only access IC12 as EPROM 
Area. Notice both I C 3  (RAM) and IC12 (EPROM) have t h e  same Base 
address (2000H). Each is enabled separately by using the RD fo r  
the DATA area and PSEN for the PROGRAM area. 

Both RD and PSEN are brought out to the edge connector 
allowing the  user to reconfigure memory on expansion boards f o r  
either DATA or PROGRAM areas. The 3 most significant address 
lines (A13-A15)  are connected to a decoder chip, IC4, which 
separates the addressable range into 8 8K memory segments, each 
with its own chip select (YO-Y7). The 4 least significant chip  
selects are connected to 28 pin 64K bit (8K by 8 )  memory devices, 
either 2 7 6 4  (or 27C64)  EPROMs or 6264 ( 5 5 6 4 ' s  with the BCC52C) 
static RAMS, IC1, addressed at OOOOH, must be RAM in order for 
board to function. IC locations 3 (2000H-3FFFH), 8 (4000H-5FFFH), 
and 12 (6000-7FFFH) can use either RAM or EPROM. IC17 (8000H thru 
9FFFH or BFFFH) is an EPROM programming socket intended for 2764 / 
27128 (or 27C64 / 27C128) EPROMS or RAM. 

Page 6 



Altogether there is 48K of memory on the board if you use 4 
8K RAMS (in I C s  1,3,8,12) and a 16K EPROM in I C l 2 .  The memory and 
1/0 can be further expanded through the bus using BCC series 
expansion cards. 

A second decoder, IC14, partitions either C800H-CFFFH or 
E800H-EFFFH as eight 256 byte 1/0 blocks. Rather than simply using 
the available COOOH or EOOOH strobes from IC13 alone which would 
occupy a 2000H address space for a single PIA chip ,  I C 1 6  allows 
many peripherals to share the remaining address space by using 
only a 256 byte address range. This addressing convention is 
consistent w i t h  other BCC expansion boards and it is  easy to 
configure a 6 4  channel A/D or 128 channel power 1/0 system using 
this board w i t h  a number of peripheral cards. 

2 3 Parallel 1/0 

The BCCS2x contains an 8255 ( 8 2 C 5 5  i n  the BCC52C) PIA which 
provides three 8 bit software configurable parallel ports. The 
three 1/0 por ts ,  labeled A ,  B,  and C and a write only control  port 
occupy 4 consecutive addresses in one of the 8 jumper selectable 
1/0 blocks. With COOOH selected and YO on IC16, the range would be 
C800H thru C803H. Using the X B Y ( )  operator in BASIC, data can be 
written to and read from this P I A  (you are probably more familiar 
with PEEK and POKE. PEEK is accomplished with PRINT XBY(OC802H) 
and a POKE is XBY(OC802H)=A). The three parallel port's TTL 
compatible outputs are connected along with ground to a 2 6  pin 
Berg-type header. 

2 . 4  Serial 1/0 

There are two serial ports on the BCC52x. One is for the 
console 1/0 terminal (IC5 pins 10  and 11) and the other is an 
auxiliary serial output (IC5 pin  8 )  frequently referred to as the 
line printer port. When us ing  an 11.0592 MHz crystal, the  console 
port does auto baud rate determination on power up (a preset baud 
rate can alternatively be stored in EPROM as well). It will 
function at 19200 bps with no degradation in operation. The 
console serial port format is 8 data bits, no parity,  1 stop b i t .  

The B A U F e x p r ]  statement is used to set t h e  baud rate f o r  t h e  
line printer port. In order for this statement to properly 
calculate the baud rate, the crystal (special function opera tor  
-XTAL) must be correctly assigned ( e . g .  XTAL = 900 0 0 0 0 ) .  BASIC 
assumes a crystal value of 11.0592 MHz if no XTAL value is 
assigned. 

The main purpose of the line printer port is to let the user 
make a "hard copywr of program listings and/or data. The command 
LIST# and t h e  statement PRINT# direct outputs t o  t h e  l i n e  printer 
por t .  If  t h e  BAUD [expr) statement is not executed before a LIST# 
or PRINT# command/statement is  entered,  the output t o  the software 
line printer port will be at about 1 bps. It is necessary to 
assign a BAUD rate to t h e  printer port before us ing  LIST# or 
PRINT#. The maximum baud rate that can be assigned by the BAUD 
statement depends on the  crystal but, 4800 bps is a reasonable 
maximum rate. The line printer port format is 8 data bits ,  no 
parity,  2 stop bits .  
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MC1488 and MC1489 (MC14C88 and MC14C89 on the BCC52C) level 
shifters ( I C s  7 and 6 )  convert t h e  TTL logic levels from the 
console and line pr in ter  ports to RS-232C (the TTL serial l i n e s  
are  a l s o  connected to the bus to allow use of the TERM-MITE smart 
terminal board without RS-232C voltages). 

2 5 EPROM Programmer 

One of the more unique and powerful features of the BCC52x is 
that it has the ability to execute and save programs in an EPROM. 
The processor chip actually generates all of the timing signals 
needed to program EPROMs. Saving programs in EPROMS is a much 
more attractive and reliable alternative to cassette tape, 
especially in control and/or noisy environments. 

Port 1, bit 4 (IC5 p i n  5) is used to provide a 1 or 50 
millisecond programming pulse. The length of the programming 
pulse is determined by whether we are programming INTEL brand 
fast program EPROMs or generic brand EPROMS. The length of the 
programming pulse is calculated from the assigned crystal value. 
The accuracy of this pulse is within 10 CPU clock cycles. This 
p i n  is normally in a logical high (1) state. It is asserted l o w  
(0) to program the EPROMs. 

Port 1, bit 5 ( I C 5  pin 6 )  is used to enable the EPROM 
programing voltage. This pin is normally in a logical high (1) 
state. Prior to the  EPROM programming operat ion,  this pin is 
brought to a logical low (0) state. T h i s  pin is used to turn the 
high voltage, 21 volts (12.5 volts f o r  CMOS EPROMS) required to 
program the EPROMS on or of f .  

BCC52x does not save a single program on an EPROM (unless the 
size of the program and the EPROM are the same). In fact ,  it can 
save as many programs as the s i z e  of the EPROM memory permits .  
The programs are stored sequentially in the EPROM and any program 
can be retrieved and executed. T h i s  sequential storing of pro- 
grams is referred to as the EPROM FILE.  The following commands 
permit the  user to generate and manipulate the EPROM FILE. 

RAM (cr) and ROH [integer] (cr) 

These two commands tell the BCC52x interpreter whether to 
select the current program (the current program is the one that 
will be displayed during a L i s t  command and executed when Run is 
typed) out of RAM or EPROM. The RAM address is assumed to be 512 
(200H) and the EPROM address begins at 3 2 , 7 8 4  (8010H) 

RAM 

When RAM (cr) is entered, BCC52x selects the  current  program 
from RAM Memory. T h i s  is usually considered the BqnormalM mode of 
operation and is the mode that most users interact with the 
command interpreter. 
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When ROM [integer] (cr) is entered BCC52x selects the c u r r e n t  
program o u t  of EPROM memory. If no integer is typed after the ROM 
command ( e  ROM (cr)), BCC52C defaults to ROM 1.  Since the 
programs are stored sequentially in EPROM the integer following 
the ROM command selects which program the user wants to run or 
list. If you attempt to select a program that does not exist 
( i . e .  you type in ROM 8 and only 6 programs are stored in the 
EPROM) the message Error: Prom Mode will be displayed. The error 
is non-destructive and you can retype the correct command. 

The BCC52x does not transfer the program from EPROM to RAM 
when the ROM Mode is selected and you cannot EDIT a program in 
ROM. Attempting to do so will result i n  an error message. 

Since the ROM command does not t ransfer  a program to RAM, it 
is possible to have different programs in ROM and RAM 
simultaneously. The user can vfflipmw back and forth between the two 
modes at any time. Another added benefit of not transferring a 
program to RAM is that a l l  of the RAM m e m o r y  can be used for  
variable storage if the program is stored in EPROM. The System 
Control Values - MTOP and FREE always refer to RAM not EPROM. 

XFER (cr) 

The XFER (transfer) command transfers the c u r r e n t  selected 
program in EPROM to RAM and then selects the RAM mode. After the 
XFER command is executed, the user may edit the program in the 
same manner any RAM program may be edited.  

PROG (cr) 

The PROG Command programs the resident  EPROM w i t h  t h e  current 
selected program. The current selected program may reside in 
either RAM or EPROM. A f t e r  PROG (cr) is typed, BCC52C displays 
the number i n  the EPROM F i l e  the program w i l l  occupy. 

PROGl 

Normally, after power is applied to the BCC52x device, the 
user must type a mqspacet@ character to initialize the processor's 
console port. As a convenience, BCC52x contains a PROGl command. 
What t h i s  command does is program the resident EPROM with the baud 
rate information. So, the next time the BCC52x is "powered u p , "  
i . e ,  reset, the chip will read this information and initialize 
the serial port with the stored baud rate. The 4fsign-on'f message 
will be sent to the console immediately after BASIC device 
completes its reset sequence. The character no longer 
needs to be typed. 

The PROG2 command does everything the PROGl command does, but 
instead of msigning-onu and entering the command mode, the BCC52x 
immediately begins executing the first program stored in the 
r e s i d e n t  EPROM. 
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By using the PROG2 command it is possible to r u n  a program 
from a reset condition and never connect the BCC52x to a console. 
Saving PROG2 information is equivalent to typing ROM 1 and RUN in 
sequence. This is ideal f o r  cont ro l  applications, where it is not 
always possible to have a terminal present. Also, this feature 
permits the user to w r i t e  a special initialization sequence in 
BASIC or Assembly Language and generate a custom "sign-on1' message 
for specific applications. 

3 . 0  Powering up the Board 

Power requirements f o r  the BCC52 (standard) are as follows: 

+ 5 Volts +/- 5% @ 350 ma 
+ 1 2  Volts +/- 2 0 %  @ 30 ma 
- 12 Volts +/- 20% @ 10 ma 

** + 2 1 V o l t s  +/- 2 %  @ 3 0  ma 
*** + 12.5 Volts +/- 2 %  @ 30 ma 

Power requirements for the BCCS2f h 1-1 are as follows: 

+ 5 V o l t s  +/- 5% @ 230 ma 
+ 12 V o l t s  +/- 2 0 %  @ 30 ma 
- 12 Volts +/- 2 0 %  @ 10 ma 

++ + 21 Volts +/- 2 %  @ 3 0  ma 
++* + 12.5 Volts +/- 2 %  @ 30 ma 

Power requirements f o r  the BCC52C are as follows: 

+ 5 Volts +/- 5% @ 100 ma 
* + 12 Volts +/- 20% @ 30 ma 

- 12 V o l t s  +/- 20% @ 10 ma 
** + 2 1 V o l t s  +/- 2% @ 3 0 m a  
*** + 12.5 V o l t s  +/- 2 %  @ 30 ma 

-- Required only for 88-232 operation 
** -- Required only for 2764/27128 EPROM programming 
**a -- Required only for 27C64/27C128 EPROM programming 

CAUTION - The 21/12.5 v o l t  programming power source 
should only be applied after the BCC52C is powered up and 
should be disconnected before the BCC52C is powered down. 
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