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THE ABC1500 ADAPTABLE BOARD COMPUTER

INTRODUCTION
System development cards are designed to
simplity the u s e r ' s task w h e n d o i n g micro-
p rocesso r evaluat ion prototyping. To
achieve this goal, the card should be de-
signed with enough flexibility to make it
adaptable to individual requirements. It
should contain a certain amount of RAM for
storage of programs under development. A
ROM or PROM or a combination of both
should be provided for permanent storage
of programs such as debug software. The
card should be designed for easy interfac-
ing to current loop or RS-232 terminal de-
vices. Buffers should be provided for ad-
dress, data and control lines to facilitate
expansion of memory and I/O logic. The use
of o n e or m o r e g e n e r a l - p u r p o s e po r t s will
aid in 1/0 interfacing. In summary, the over-
all design philosophy should be to add
nothing to the card that is not a basic ne-
cessi ty. This philosophy maximizes cost
effectiveness and minimizes unused design
features.

This applications memo describes the vari-
ous components and applications of the
ABC (Adaptable Board Computer) 1500
system development card. Topics covered
include:

• ABC1500 memory organizationMemory and 1/0 port decoding
1/0 interface

• Bus a n d c o n t r o l line buffe r s

Clocking requirements
• M i n i m u m ABC s y s t e m configura t ion
• Addition of 1K of RAM memory
• Step mode operation
• Synchronous and asynchronous operation
• 1/0 port interface design examples

•   K t c o n s i d e r a t i o n s
• Component identification list
• ABC1500 edge connector signal list

THE ABC1500
The objective of the ABC1500 card is to
enable the user to develop 2650-based sys-
tems in a configuration that fits his particu-
lar needs. The card is designed around the
Signetics 2650 8-bit microprocessor. It con-
tains 1K bytes of ROM with the PIPBUG*
debug program, 512 bytes of RAM, 2
general-purpose parallel 1/0 ports, 1 serial
1/0 port, and buffers for the address, data,
and con t ro l lines.

Wire jumpers are included for selecting
from among several available memory and
1/0 port configurations, terminal interface
schemes, and operating modes. Additional
circuitry can be added to the card in the

*PIPBUG, a program debug module, is described in detail
in Signetics MOS Microprocessor Applications Memo
SS50.1
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wire-wrap area provided. Expansion of the
card is made possible by feeding all buf-
fered address , d a t a a n d con t ro l lines into a
100-pin edge connector.

An assembly drawing and a logic diagram of
the ABC1500 are shown in Figures 1 and 2,
respectively.

If the current-loop interface is used, only a
single 5 volt supp ly is n e c e s s a r y to power
the entire card. When communicating with
RS-232 type terminal dev ices , a $12 volt
power supply is also required.
The ABC card is sold either as a completely
assembled and tested card (2650PC1500) or
in kit form (2650K9500).

first allowable location for add-on memory
is 20001, or the beginning of page 1. All of
pages 1, 2 and 3 are available for memory
expansion.

ROM Configuration
T h e 1K b y t e s of ROM a r e i m p l e m e n t e d with
o n e 2608 N M O S sta t ic ROM (IC7) tha t con-
tains PIPBUG, a firmware aid used to enter
and debug user programs. Since the ROM
occupies the first 1K bytes of address space,
the 2650 will enter PIPBUG when the card is
reset. If the debug program is not required,
the ROM can be removed from its socket
and replaced with a user ROM or with two
82S115 (512 x 8) PROMs, for which board
space is provided (IC5 and IC6). However,

ABC1500 MEMORY the ROM and PROMs cannot be used to-

ORGANIZATION gether since they occupy the same address
space.

To simplify memory decoding, a trade-off
was m a d e b e t w e e n u s a b l e m e m o r y s p a c e
and the complexity of the decoder. By allo-
cating the entire 8K of page zero to the on-
ca rd m e m o r y a n d limiting m e m o r y expan-
sion to 24K (adequate for the majority of
prototyping applications), cons ide r ab l e
simplification was realized. Only 2, 16-pin
ICs are required to perform both memory
selection and 1/0 port decoding.
Three a d d r e s s lines (A9, A11, a n d A12) are
not u s e d to a d d r e s s the o n - c a r d memory.
The result is that the on-card ROM and RAM
appear to occupy the entire 8K page in an

RAM Configurat ion
The 512 bytes of RAM are implemented with
four 2112-2 (256 x 4) N M O S s ta t ic RAMs
(ICs 1, 2, 3, 4). They are located in the
memory address space from 40016 to 5FF 16,
but a lso appea r to o c c u p y other a d d r e s s
spaces in page 0 as shown in Table I. Since
the s e c o n d block of m e m o r y o c c u p i e s the
"top" of page 0, the on-card RAM may be
used to s to re ind i rec t a d d r e s s e s or subrou-
tines which can be accessed by the ZBRR
and Z B S R i n s t r u c t i o n s with n e g a t i v e off-
sets .

interweaving pattern as shown in Table 1.
This prohibits external memory from using
any of the page zero memory space, and the

DECIMALADDRESS LINES ADDRESS
A 1 4 A 1 3 A12 A11 A10 ẢO 8k

Since PIPBUG res ides in the first 1K of

memory, an interrupting device cannot use
HEXORGANIZATION ADDRESS
1FFF

X 1 X
7k

SECOND BLOCK RAM
FIRST BLOCK RAMI

SECOND BLOCK RAM
FIRST BLOCK RAMI 1BFF

X X PIPBUG ROM
6k 17FF

X X X
5k

FIRST BLOCK RAM
SECOND BLOCK RAMI
FIRST BLOCK RAMI 13FF

X PIPBUG ROM

4k OFFF

X
3k

SECOND BLOCK RAM
FIRST BLOCK RAM

SECOND BLOCK RAMI
FIRST BLOCK RAMI OBFF

X P I P B U G ROM

2k

0 X
1k

SECOND BLOCK RAM
FIRST BLOCK RAMI

SECOND BLOCK RAMI
FIRST BLOCK RAM

07FF
06FF|
05FF
04FF
03FF|

X PIPBUG ROM

0 0 0 0

NOTES: 1. ' = Don't care for ROM and RAM; "* = Don't care for RAM. 2. Each block of RAM = 256 bytes.
Tab l e 1 M E M O RY MAP
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ABC1500 LOGIC DIAGRAM
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Figure 2
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the first 63 memory locations for indirect
address or interrupt routine locations. How-
ever, since RAM exists at the top of the 8K
page, the interrupting device can provide
vector addresses in the negative direction
from address 'O'. A negative vector from
address location 'O' wraps around to the top
of the page.

Optional Memory
Configurations
Optional operation using 82S129 PROMs or
82S229 ROMs in place of the 2112-2 RAMs
is possible. This modification requires a
jumper change for each 256-byte block of
memory to exchange the R/W line on the
RAM for the pin equivalent chip enable line
on the PROM/ROM. The first block of mem-
ory (40016 - 4F16) requires that jumper
W12-Wi3 be replaced with jumper W,,-W13-
The second block of memory (500,6 - 5FF 16)
requires that jumper W15-Wi6 be replaced
with jumper W14-W,6-
Table Il is a representative sample of the
memory configurations that are possible
with the ABC card. Other combinations of
RAM/PROM/ROM are possible. When
working with PIPBUG, the first block of
memory must be RAM, since PIPBUG uses
the first 63 bytes of RAM for temporary
storage.

DMA Transfers
The ability to transfer data into memory with
a DMA transfer has been sacrificed in the
interest of card simplicity. DMA transfers
with external add-on memories, however,
can be performed by stopping the 2650 via
the 'PAUSE' line. If the PAUSE input is
brought to ground, the 2650 will finish the
current instruction, and then the RUN-
WAIT output of the 2650 will go low, caus-
ing all external memory address, data, and
control lines to be tri-stated, except for
OPREQ.|

The user can then externally drive all of the
memory control lines except OPREQ. This
line is not tri-stated, since it is used to
disable the decoding PROM (IC23) when
the 2650 is in the WAIT state.

ABC MEMORY AND
1/0 PORT DECODING
Two 16-pin ICs are used to perform memory
and 1/0 port decoding. The first is a 74S138,
3-to-8 line decoder with enable inputs. It
performs decoding for port C selection, port
D selection, and on-card memory decoding.
Table Ill shows the logical relationship be-
tween the 6 input signals and the 3 output
signals.

SP55
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The second decoder is an 82S123, 32 x 8
PROM used as a logic element. Its outputs
are programmed functions of the inputs
The DE1 and RE1 lines control the 8T26
dr iver / rece ivers b e t w e e n the 2650 a n d the
external data bus. Signal MDE controls the
8 2 6 s between the internal memory bus and
the external data bus. The RAMSELO, RAM-
SEL1, and ROMSEL outputs are chip se-
lects for the RAM and ROM memories
Signal R/W1 performs read/write control of
the on-board RAM memory. Table IV is the
truth table for the PROM, while Table V
represents the logical relationship between
the 5 input signals and the 8 output signals.

1/0 INTERFACE
1/0 in te r face for the ABC1500 ca rd cons i s t s
of 1 serial port and 2 parallel 8-bit ports. The
serial port provides a communica t ion path
for current loop (20mA) and RS-232 inter-
faces. The two 8-bit ports may be used for
general-purpose 1/0 interfacing over the C
and D buses.

Se r i a l P o r t
Communication with the terminal device is
performed serially using the 'SENSE and
FLAG' lines on the 2650. Both current loop

and RS-232 t r a n s m i s s i o n m o d e s are possi-
ble, each being selected with a pair of wire
jumpers, a s s h o w n in Ta b l e VI. A +12 volt|

MEMORY
CONFIGURATION
(BYTES)

MEMORY
TYPES

ADDRESS
RANGE*
(HEX)

COMMENTS

1K ROM (PIPBUG)
512 RAM

1 - 2 6 0 8
4-2112-2

0-3FF
400-5FF

Standard configuration

1K PROM
512 RAM

2-82S115
4-2112-2

0-3FF
400-5FF

Remove PIPBUG ROM from socket and insert
PROMs in holes provided (IC5, 6).

1K ROM (PIPBUG)
256 RAM
256 PROM

1-2608
2-2112-2
2-82S129

0-3FF|
400-4FF
500-5FF

PIPBUG requires 63 bytes of RAM storage.
Remove jumper W15-W16. Add jumper
W14-W16.

1K ROM
512 PROM

1-2608
4-82S129

0-3FF

400-5FF
Remove jumpers W15-16 and W12-W13.
Add jumpers W14-W16 and W11-W13.

1K PROM
512 ROM

2-82S115
4-82S229

0-3FF|
400-5FF

Remove PIPBUG ROM from socket and insert
PROMs in holes provided (IC 5, 6).
Remove jumpers W15-W16 and W12-W13.
Add jumpers W14-W16 and W11-W13.

*Because of don't care address bits, these memory blocks will appear several times in the first 8K page (see Table 1).

Table 2 SAMPLE ABC1500 MEMORY CONFIGURATIONS

MEMSEL

Table 3 ONE-OF-EIGHT DECODER OUTPUT LOGIC EQUATIONS

6 Signetics

OUTPUT PIN EQUATION FUNCTION

MEC 1 5 MEC = OPREQ • E/NE • WRP • TS • D/C • M/IO Select non-ex tended Port C

MED 1 3 MED = OPREQ • E/NE • WRP • TS • D/C • M/IO Select non-extended Port D

11 MEMSEL = OPREQ • A13 • WRP • TS • A14 • M/IO Select on card memory
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power supply is required for the RS-232
mode. The 'SENSE' input is driven by a
discrete "current loop" receiver (Q1) or an
RS-232 compatible inverter input (IC17, pin
5). The 'FLAG' output is connected to the
RS-232 compatible 8T15 driver (IC12, pin 1)
or the "current loop" driver (IC17, pin 9).
Tables VII and VIII show the interconnec-
tions between the ABC1500 and current
oop or RS-232 compatible terminals.

Pa ra l l e l P o r t s

Tw o n o n - e x t e n d e d 1 /0 c h a n n e l s are imple-
mented on the ABC1500 with 8 3 1 8-bit,
bidirectional latched ports (IC21-Port C,
IC20-Port D). The 2650 transfers data to and
from e a c h por t u s ing s ingle-byte , non-
e x t e n d e d 1 /0 i n s t r u c t i o n s . Three contro l
and 2 s t a t u s lines for e a c h por t pe rmi t the
establishment of a handshaking routine to
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efficiently control data transfers between
the user's device and these 1/0 ports. Since
each port inverts the data from one side to
the o ther a n d the d a t a b u s d r ivers / rece ivers
are also of the inverting type, data on the C
a n d D b u s e s will h a v e the s a m e polari ty a s
the d a t a internal to the 2650.

P o r t C o n t r o l L ines
Table IX lists the 3 port control lines and the
operation performed by each. These lines
are routed to the edge connector for exter-
nal interface. If no external logic is connect-
ed, each port will be in the READ mode (C
and D buses reflecting latched data in each
port), since the WBAC and WBAD lines are
pulled up to +5 volts with 10K resistors on
the card. A low condition on either line will
write data from the C or D. bus into the

NOTE: Care m u s t b e e x e r c i s e d w h e n writ-
ing to the ports. An external device will
override the 2650 when "WRITE" conflicts
occur.

As shown in Table IX, the RBAC and RBAD
lines serve only to put the buses into the
TRI-STATE mode. If t h e th i rd s t a t e is not

necessary, lines RBAC and RBAD can be
tied to ground to allow read/write control
with just 1 line on each port. The ABC1500
card i n c l u d e s p rov i s ions for g r o u n d con-

nection, with jumper W19-W20 for RBAC
and jumper W17-W18 for RBAD. The as-
sembled card is shipped with these jumpers
in place.
Each port has a clock line that controls
writing to that port. Both clocks (CKC for
port C and CKD for port D) are pulled up to
+5 volts on the card with 10K resistors.
Therefore, n o ex t e rna l c o n n e c t i o n is re-
quired if the ports are to be always enabled.
A low o n a c l o c k line will inhibit that port
from receiving any data from either the 2650
or the ex t e rna l device .

P o r t S t a t u s L i n e s
During 2650 activity with the ports, the
ABC1500 p r o v i d e s 4 o u t p u t s t r o b e s indicat-
ing the nature of the operation. These "user-
convenience" strobes are d e s c r i b e d in
Table X. Each strobe is generated from a
7402, 2-input NOR gate. Examples of how
these strobes may be used in practical ap-
plications are included later in this applica-
tions memo.

Table 4 C O N T R O L PROM TRUTH TABLE (82S129)

7
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OUTPUT PIN EQUATION FUNCTION
DE1 9 DE1 = OPREQ • R/W Enables 2650 data bus drivers
RE1 7 RE1 = OPREQ • R/W Enables 2650 data bus receivers
MDE 6 MDE = OPREQ • MEMSEL • R/W Select ABC1500 RAM, first block
RAMSELO 5 RAMSELO = O P R E Q • MEMSEL • A10 • A8 Causes ABC1500 memory to drive data bus
RAMSEL1 RAMSEL1 = OPREQ • MEMSEL • A10 • A8 Select ABC1500 RAM, second block

ROMSEL 3 ROMSEL = OPREQ • MEMSEL • A10 Select ABC1500 ROM

OPREQ OPREQ = OPREQ Invert OPREQ
R/W1 1 R/W1 = MEMSEL • R/W Read/write control for on-card RAM

Table 5 PROGRAMMED OUTPUT LOGIC EQUATIONS FOR THE 82123 PROM

MODE OF
TRANSMISSION JUMPERS POWER SUPPLY

20 Milliamp
Current Loop

W6 - W7
W4 - W5

No Additional
Supply Required

RS-232
Compatible

W7 - W8
W3 - W4 $12 Volt Supply

Table 6 SERIAL TRANSMISSION MODES

Table 7 RS-232C STANDARD CONNECTION
NOTE: N.C. = No Connection
The signals on pins 5, 6, 8, and 20 are used between data terminals and communication modems. Since
the ABC1500 does not provide these "handshaking" lines, they should be tied together on the
connector. In this way, the "Data Terminal Ready" line drives the other three lines to the proper state.
Not all terminals, however, require this connection.

RS-232 STANDARD
PIN NUMBER

ABC1500
PIN NUMBER DESCRIPTION

N.C. Protective Ground
2 Y Transmitted Data (RS-232 IN+)
3 V Received Data (RS-232 OUT+)
5 N.C Clear to send
6 N.C. Data Ready
7 U Signal Ground (RS-232 -)
8 N.C Received Line Signal Detector

2 0 N.C. Data Terminal Ready

TELETYPE
PIN NUMBER

ABC1500
PIN NUMBER DESCRIPTION

Receiver - (TTY Serial OUT-)
7 S Receiver + (TTY Serial OUT+)

R Transmitter - (TTY Serial IN-)
Transmitter + (TTY Serial IN+)

Table 8 CURRENT LOOP CONNECTION
NOTE

The teletype is normally a 20mA current loop type of receiver and a contact closure type of transmitter.
The PIPBUG Debug program communicates with the teletype in a full-duplex mode, echoing charac-
ters as they are received.

8 signetics
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Positive true pulse, high for the duration of OPREQ,
indicating that the 2650 is reading port D.

RPD

Positive true pulse, high for the duration of OPREQ,
indicating that the 2650 is reading port C.

RPC

that the 2650 is placing data into port D.
WPD|

that the 2650 is placing data into port C.
WPC

ABC GENERATED
S TAT U S STROBE

PORT C CONTROL LINE TRUTH TABLE

WBAC R B A C СКС
X

WBAD RBAD

1

0 
0 

1
0 

0 
1

X

DESCRIPTION

External device reading port C
External device writing to port C
Tri-state C bus
Inhibit writing to port C from either external device or 2650

PORT D CONTROL LINE TRUTH TABLE

CKD

X
1

0

DESCRIPTION

External device reading port D
External device writing to port D
Tri-state D b u s
Inhibit writing to port D from either external device or 2650

Table 9 PORT CONTROL LINES

DESCRIPTION

Positive true pulse, high for the duration of WRP, indicating

Positive true pulse, high for the duration of WRP, indicating

Table 10 ABC GENERATED CONVENIENCE STROBES

BUS AND CONTROL
LINE BUFFERS
The 2650 data bus is buffered with two 8T26
tri-state inver t ing d r i ve r / r ece ive r s with a
40mA current sink capability (IC9, 14). Log-
ic o n the ca rd c o n s u m e s approx imate ly
1mA, leaving a net ex t e rna l drive capabi l i ty
of 39mA. When the 2650 is not transferring
data over the bus , t hese bu ff e r s are in the tri-
s tate mode. The o u t p u t of t h e buffers
(DBUSO-DBUS7) is routed to the edge con-
n ec to r (p ins 4-11).

The on-board memory bus is buffered from
the external data bus with two 8 2 6 s (1C8,
13). These buffers are never in the tri-state
mode. When not actively transferring data,
these devices are reading the external data
bus to the internal memory bus. Double
buffering between the memory and 2650
allows data polarity to be preserved.
The 2650 a d d r e s s b u s a n d con t ro l lines are
buffered with four 8T97 hex t r i - s ta te buffers
(IC10, 11, 16, 18). The state of the TS control
line (IC17, pin 12) determines whether the
drivers are in the tri-state mode or actively
driving the external lines. When the 2650 is
in the RUN mode, the TS line is low, en-
abling the 897s to be in the active state.
When the 2650 is in the WAIT mode, the TS

line is high, and the address bus drivers are
in t h e h i g h - i m p e d a n c e s ta te . External con-
trol of the TS line can change the address
b u s dr ivers to the ac t ive m o d e w h e n the
2650 is in the WAIT state, but cannot force
the drivers to the high-impedance state
when the 2650 is "running."
The external drive capability of the address
bus is essentially the same as the drive
capability of the 8T97 (48mA sink capabili-
ty). The control lines will be loaded slightly
by logic on the card. The maximum load is
on the A13•E/NE and A14•D/C lines. Card
logic will consume 2mA of the 48mA capa-

ABC1500 CLOCKING
REQUIREMENTS
The clock on the ABC1500 card is imple-
mented with a 74123 (IC19) dual mono-
stable multivibrator. One half of the 74123 is
c o n n e c t e d in a n a s t a b l e m o d e to d e t e r m i n e .
the frequency of the clock. The other half is
c o n n e c t e d a s a o n e - s h o t to s e t t h e pu l se

When running under PIPBUG, the 2650
requires a 1MHz clock for serial communi-
cation with the TTY. The PIPBUG program
performs all formatting for the 110 baud

signetics
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interface and uses the clock as a timing
base. The stability requirements of the clock
are not critical, a n d the o n e - s h o t configura-
tion is adequate. For KT9500 assembly, it
may be n e c e s s a r y to se lec t f r e q u e n c y resis-
tor R12 to insure the 1MHz operation and
the sampling of each bit at its approximate
midpoint. R12 is typically 7.5K. In most
cases pulse width resistor R13 will be fixed
at 20K to obtain a clock high time between
400 and 500ns.

An external clock may be used in place of
the one-shot configuration. When using an'
external clock, jumper W9-W10 must be
removed, and the external clock can then be
applied to pin 23 on the edge connector.

A MINIMUM ABC1500 SYSTEM
CONFIGURATION
In Figure 3, the ABC1500 card is interfaced
with 3 other components to configure a
basic prototyping system.

The rese t swi tch is u s e d to rese t t he 2650's
Instruction A d d r e s s Reg is te r (IAR) to ze ro
and to enter the PIPBUG program. This
negative true input is inverted by IC17 to
obtain the positive true polarity required by
the 2650.

BASIC P R O T O T Y P I N G SYSTEM

ABC
SWITCH |

TTY

+5 VOLT
SUPPLY

Figure 3

ADDITION OF 1K OF RAM MEM-
ORY TO THE ABC1500 CARD
It is possible to expand the memory of the
ABC1500 card by using the wire-wrap area.
In the example shown in Figure 4, 12 ICs are
used to add 1K of RAM memory.

The memory occupies the last 1K section of
page 3 and uses a single N7430 gate to
decode the appropriate signals. These sig-
nals can be obtained from wire wrap pins
inserted into the appropriate holes on the

The 8 2 6 buffers are used to multiplex the
single input a n d o u t p u t from e a c h m e m o r y
(1K x 1) onto the external data bus. When

9
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1K MEMORY CONFIGURATION

A0-A9

A0-A9
R/W

A0-A9
R/W

A0-A9
R/W

A0-A9
R/W

A0-A9
R/W

CE

DoUT DIN

CEl

21L02-1

DOUT DIN

CE

21L02-1| 21L02-1

DOUT DIN DOUT DIN

CE

21L02-1

DoUT DIN

A0-A9
R/W

CE
21L02-1

DOUT DIN

A0-A9
R / !

CE
21L02-1

POUT DIN

A0-A9
R/W

CE

21L02-1

DoUT DIN

8T26 8T26

R/E D/E D/E R/E

DBUSO DBUST D B U S 2 DBUS3 D B U S 4 DBUSS D 8 U 5 6 D B U S 7

7402

R/W

OPREQ
M/TO
WRP
A14
A13
A12

A10

F/W

7430

Figure 4

SINGLE-STEP LOGIC
ONE INSTRUCTION AT A TIME

SINGLE-STEP LOGIC
ONE C L O C K P E R I O D AT A TIME

STEP

STEP 7404
7476

7404

PAUSE

어
 리 (W9)CK O C K

c o
CK 7404

바 STEN 7404RUN/WAIT-
(19)

RUN/STEP
DOWN FOR STEP MODE

7400B

4 0 0 0

-O CLOCK
(PIN 23 OR W10)

DOWN FOR
STEP MODE

Figure 5 Figure 6

not communicating with the memory, the
buffers are reading the external data bus.

STEP MODE OPERATION
The ability to cycle through a program one
step at a time is very useful when checking
out software. The 2650 microprocessor is
ideally suited for this type of operation
because of its static design. An example of
the logic necessary to put the ABC1500 card
into t h e s t e p m o d e for s ing le - ins t ruc t ion
execution is shown in Figure 5.

To enter the step mode, the RUN/STEP
switch is depressed. This enables the tri-
state driver tied to the pause input on the
card (pin 27), and immediately causes the
PAUSE line of the 2650 to go true or low,
since the Q output of the D flip-flop is low for
the RUN mode. De-bounce logic is not
necessary, since the 2650 will eventually
recognize the low condition on the PAUSE
line after executing any number of RUN
WAIT cycles.

the flip-flop to be clocked to the SET state
(Q goes high) when the momentary contact
STEP switch is depressed. With the Q out-
put of the flip-flop high, the PAUSE line will
go high taking the 2650 out of the WAIT
state. W h e n t he 2650 e n t e r s t h e RUN mode,
the flip-flop will be reset, and the PAUSE
line will again go true, forcing the 2650 into
the WAIT state after completing one in-
struction. This procedure is repeated for
each depression of the switch.

When the 2650 enters the WAIT state, the
RUN/WAIT line (pin 19) goes low, allowing

It is also possible to step through a program
1 clock period at a time. This procedure is

10 signetics
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ADDRESS AND DATA BUS DISPLAY
useful for observing the status of the bus
and control lines during each instruction
cycle. In this case, instead of pausing the
2650, the clock is controlled with the logic
shown in Figure 6.

To work in this mode, the clock jumper W9-
W10 is removed and a wire is connected
from W9 to the clock input on the first J-K
flip-flop in Figure 6, and to one of the inputs
on the 2-input NAND gate. When in the RUN
mode, the RUN/STEP switch is up, enabling
this NAND gate to control the ORing NAND
gate. The ORing NAND gate is fed to the
clock pin on the ABC card or to W10. This
completes a path between the output of the
one-shot on the card and the clock input on
the 2650.
To enter the step mode, the RUN/STEP
switch is depressed. This blocks the clock
between W9 and W10. The JK configuration
then synchronizes the asynchronous step
input with the c lock to p r o d u c e a p u l s e 1
clock period wide for each depression of the
nomentary contact STEP switch. This al-
ows 1 clock pulse to be provided to the 2650
for executing instructions 1 clock period at
a time.

One approach that can be used for display-
ing the data and address bus during the
single clock period mode is seen in Figure 7.
Here the a d d r e s s bus is d i s p l a y e d with an
LED and current limiting resistor added to
each line. External latches are not required
since the 2650 ho lds t h e c u r r e n t a d d r e s s
state w h e n the c lock is low.

To display the data bus will require that the
bus be l a t ched , s i n c e t h e b u s will be tri-
stated when OPREQ is low. One of the ports
(Port D in Figure 7) can be used for data
storage if that port is not needed by the
software. Here the ex te rna l d a t a bus
(DBUSO-DBUS7) is connected to the port
bus with LEDs a n d c u r r e n t limiting res i s to rs
on each line. The port READ/WRITE line is
controlled by the OPREQ line through an
external inverter. When OPREQ is high, the
port is being written into from the data bus.
When OPREQ is low, the data is latched in
the port which is now in the READ mode.

SYNCHRONOUS/ASYNCHRO-
NOUS OPERATION
The operation acknowledge (OPACK) input
to t h e 2650 i n d i c a t e s c o m p l e t i o n of an exter-
nal operation. This allows for asynchronous
control of ex t e rna l devices. The a s s e m b l e d

card is configured to work synchronously,
with OPACK grounded by jumper W2-W1.
This requires input data to be returned to
the processor in 850ns or less at a cycle time
of 2.4us. If this timing constraint is too
severe, a s y n c h r o n o u s o p e r a t i o n c a n b e en -

ABC
PORT

WBAD

OPREQ

DBUSO-DBUS7

A0-A15

7404

≤ LED(1 OF 8)

+5

太 S L E D   （ 1   O F   1 6 ）

OPDO-OPD7|

Figure 7

ASYNCHRONOUS OPERATION USING OPACK

7405 7405 ABC

OPACK 1-

ОРАСК 2 -

ОРАСК 3 -

PORT/C
DATA

WBAC

RPC

WPC

,8

Figure 8

1/0 L O G I C T O P O R T C

C BUS

7404

4 - B I T LATCH

CK
7475

7475

8797 g TRI-STATE BUFFER
(ONE OF EIGHT)

+5

DATA SWITCH

Figure 9

s i g n u t i c s 11
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abled b y removing the jumper and driving
the OPACK line (pin 22).

Figure 8 is a possible configuration for
connecting 3 slow devices to the ABC1500
card.

This scheme holds OPACK low (true) until a
slow external device is selected, a t which
time the device drives its respective OPACK
line high for the required time. When the
device is finished with the operation, it
lowers OPACK until it is selected again.
When transfers to on-card memory or ports
are executed, the OPACK line is held low
(true) for s y n c h r o n o u s data transfers.

1/0 PORT INTERFACE
DESIGN EXAMPLES
"Handshaking" signals are provided to sim-

plify communication between the ports and
the u se r ' s device. Several examples are
presented to illustrate possible interface
techniques for connecting the 2 ports to
external devices.

Example 1-Port C
Input/Output Configuration
In this example, port C is accepting data
from 8 switches and presenting data to two
4-bit latches. The 2 "handshaking" signals,
RPC and WPC, are used in the configuration
shown in Figure 9.

The 8 switches are tied to the C bus through
tri-state buffers. Input write control line
WBAC is controlled by an inverter with its
input tied to RPC. When the 2650 performs a

SP55
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read from port C (REDC), line RPC goes
true forcing WBAC low and allowing port C
to store data from the C bus. The output of
the inverter also controls the tri-state enable
of the buffers, turning on the buffers when
RPC goes true.
When writing to port C from the 2650, WPC
will go true, clocking the data on the C bus
into the two 4-bit latches.

Example 2-Synchroniz ing Data
Entry From 2 External Devices
When inputting data from 2 external de-
vices, an interleaving transfer s c h e m e can
prevent synchronization conflicts between
the devices and the 2650. The configuration
is shown in Figure 10.

External device 1 places data onto the C bus
and clocks it into port C when the 2650 is
reading port D. Likewise, external device 2
places data onto the D bus and clocks it into
port D when the 2650 is reading port C, thus
preventing conflicts between 2650 activity
and loading of the ports from the external
devices. Note that alternate read C and read
D cycles are required to read the proper
data, a n d that t h e first r ead c y c l e e x e c u t e d
will not have valid data assoc ia ted with it.

Example 3-Synchronizing Data
Transfer Between the 2650 and an
External Device
The technique illustrated in Figure 11 may
be used when transferring data asynchro-
nously between the 2650 and an external
device.

In this example, a D latch is used to syn-
chronize data transfers from the 2650 to an
external device. When the 2650 loads port C,
handshake signal WPC goes true, clocking
the D latch to the SET state. The Q output of
the la tch is tied to the 'SENSE' input (pin Y
with jumper W3-W4 in). The 2650 can be
programmed to monitor the 'SENSE' line.
For the 'SENSE' line HIGH, the program will
loop in a WAIT state. When the device has
accepted the data, it will reset the latch and
force the ' S E N S E ' line to zero. The 2650 can
then place new data in the port.

INTERRUPT OPTION
When responding to an interrupt, the 2650
obtains the interrupt vector by reading the
data l ines w h e n INTACK is i s sued . The s tate
of the control lines is such that a read of port
C would also be performed (ADR13•E/NE
and ADR14•D/C are both. low). To prevent a
conflict between the interrupting device and
port C on the card, the INTACK signal is fed
to port C to disable the port during inter-
rupts. For certain applications, however, it
may be desirable to use port C to input the
vector address. This optional operation may

jumper with a jumper between W22-W23.

KIT CONSTRUCTION
Kit construction is straightforward requir-
ing only wire, wire cutters, and a soldering
iron. Each c o m p o n e n t h a s a n u m b e r which
is stamped on the PC card in white. The
component number also identifies the loca-
tion of pin 1 for an IC. The component
identification list identifies each number

SYNCHRONOUS DATA ENTRY FROM
2 EXTERNAL DEVICES

7404

P O RT C OUTPUT SYNCHRONIZATION LOGIC

ABC

C BUS
DATA EXTERNAL

DEVICE
WBAC

PORT C
RPC

DATA

WBAD
PORT D

DATA

C BUS

7404

8 D BUS

ENABLE

ENABLE

DEVICE 1

WPC

DEVICE 2

DATA TAKEN)

SENSE

Figure 10 Figure 11
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with the appropriate component. Sockets
are provided for the 2650 and for the 2608
PIPBUG ROM. If the user expects to use the
RAM/PROM/PROM option (see Section 3),
he may want to insert sockets in the RAM

SP55
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values to obtain 1 MHz operation. Also, if it is
des i rab le to c h a n g e the relative pos i t i on of
the RAM and ROM in page zero, the 82S129
control PROM can be re-programmed at the
user ' s d iscre t ion .

PIN #

1 
2 

3 
4 

5 
6

10

11
12
13
14
15
16
17
18
19
20|
21|

24
25
26

281
2 9
30|
31/

⽐
 8 8

   2
 8

35
36
37
38
39
4 0
41|

431

45|
46|

0 S
 6

 b 
8 

t

*NC = No Connection

holes. Reference should be made to Section
7 for resistor values for the one-shot clock
configuration. The kit is shipped with values
of 7.5K for R12 and 20K for R13, but it may
be n e c e s s a r y to i n c r e a s e or d e c r e a s e these

ABC 1500 EDGE CONNECTOR SIGNAL LIST

FUNCTION

GND
GND
NC*
DBUSO
DBUS1
DBUS2
DBUS3
DBUS4|
DBUS5
D B U S 6
DBUS7
NC*
A14-D/C
NC*
A13—E/NE
INTACK
R/W
WRP
RUN/WAIT
OPREQ
M/IO

CLOCK
TS
RESET
INTREQ
PAUSE
NC*
RBAD
NC*
RBAC
NC*
AllI
A13—E/NE
A12
A14-D/C
49|
A10|
A 8

PIN #
A 

B 
C 

D
 

E 
F 

H
 

J K
 

L 
M

d

3 
x-

FUNCTION

GND
GND
NC*
OPD 0
OPD 1
OPD 2
OPD 3
OPD
O P D 5
O P D 6
O P D 7
NC*
TTY SERIAL IN +
TTY SERIAL IN -
TTY SERIAL OUT +
TTY SERIAL OUT
RS232 GROUND
RS232 O U T P U T
NC*
NC*
RS232 INPUT
NC*
OPC 0
OPC 1|
ОРС| 2
ОРС 3

4
5
6

A2
+12V|

-12V
+5V 케

 이
 
이

 
이

 
이

 
씨

 
N N
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ABC 1500 COMPONENT IDENTIFICATION LIST
COMPONENT*

R1, R2, R3
R4, R5
R6
R7
R8, R9
R10
R11
R12
R13
R14
R15
R16
R17, R18
R19, R20
C1/
C2
C3, C4, C5
C6-C15, C17, C18
C16
D1, D2, D3, D4
Q1
1,2,3,4
5,6

DESCRIPTION**

10K Resistor
1K Resistor
2K Resistor
3.3K Resistor
1K Resistor
10K Resistor
220-ohm Resistor
7.5K (typical) Resistor
20K (typical) Resistor
1K Resistor
10K Resistor
2K Resistor
1K Resistor
10K Resistor
300 PF Capacitor
50PF Capacitor
4.7f Capacitor, Tan. 50 DC
0.1f Capacitor, Ceramic
1.5f Capacitor, Tan. 20 DC
1N914 Diode
2N2222 Transistor
2112-2 RAM
82S115 PROM (optional)
2608 ROM (socket )
8T26 Tri-State Driver/Receiver
8T97 Tr i - S t a t e Driver
8T15 RS232 Driver
8T26-
2650 Microprocessor (socket)
8797
N7416 Hex Inverter Buffer
8T97
N74123 M o n o s t a b l e Multivibrator
8T31 1/0 Port
N7402 Quad 2-Input NOR
82S123 PROM
N74S138 3- to 8-line Decoder • All IC component numbers are located on card at pin 1 of IC.

" All resistors ¼ watt.

Signetics 2650 Microprocessor application memos currently available:

AS50
AS51
AS52
AS53
A S 5 4
S P 5 0

SP51
SP52
SP53
SP54
SP55
SS50
SS51
MP51|
M P 5 2

MP53
MP54

Serial Input/Output
Bit and Byte Testing Procedures
General Delay Routines
Binary Arithmetic Routines
Convers ion Routines
2650 Evaluation Printed Circuit Board Level System (PC1001)
2650 Demo Systems
Support Software for use with NCSS Timesharing System
Simulator, Version 1.2
Support Software for use with the General Electric Mark III Timesharing System
The ABC1500 Adaptable Board Computer
PIPBUG
Absolute Object Format (Revision 1)
2650 Initialization
Low Cost Clock Generator Circuits
Address and Data Bus Interfacing Techniques
2650 Input/Output Structures and Interfaces
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