1 Introduction

This document details the board developed to test fabicated SECD chips.2 The
board also serves as the mother-board for the chip’s use. This paper attempts
to justify the approach taken in the board’s implementation and explain its
functionality with respect to its two tasks.

2 The SECD Chip

SECD is a specialised architecture to run a purely functional version of Lisp
(LispKit).® There are three functional blocks making up the architecture: con-
trol unit, data path and shift-registers.

o The control unit interprets SECD instructions. They are broken down into
micro-instructions that the data path executes in sequence. The control
unit is a finite-state machine.

¢ The data path executes micro-instructions. It is composed of functional

components (registers, arithmetic unit and memory) communicating over
a shared 32-bit bus.

o The shift-register exists to ease the testing of the chip. The state of the
chip can be examined and test vectors asserted using the shift-register.

A more detailed description of these blocks and other architectural issues can
be found in [2].

Two sets of external clocks are used to control the flow of information within
the chip. One set operates the shift-register the other is the system clock.
A two-phase non-overlapping scheme is used. Control signals for the data-
path are from the micro-instruction pointed to by the MPC (Micro-Program
Counter). These signals are valid sometime following the loading of hte micro-
instruction address into the MPC (rising edge of ®5). This initiates a data-path
computation, terminated by the falling ®4 edge when the result is stored into
some register or memory location. Computation proceeds in a lock-step fashion.
The shift-register clocks work in a similar fashion except the adjacent output
signals becomes valid on the rising edge of &5 and is latched on the falling edge
of & 4.

Other signals are also external to the chip. They can be separated into four
categories:?

*For a detailed description of the development and design of the SECD chip see[1][3].

®SECD is an abstract machine invented by Landin.[6] The implemented version is based on
Henderson’s variant.[4]

“This excludes the obligtory power/ground and the clocks as they have been previously men-
tioned. A complete pin-out can be found in [3].
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Figure 1: Clocking scheme of the SECD chip with regard to the data-path.

e Memory - SECD has no internal memory to store the programs that
it runs. Commercially avaliable memories are cheap and readily avali-
able allowing the conservation of chip landscape. SECD addresses 16K
(2'%) 32 bit words. The signals required to access memory have been
exported: read memory, write memory, 14 bit address bus and a 32 bit
bi-directional data bus. Most commercial memories require only one sig-
nal to reflect the bus access. SECD uses two signals as it was tailored to
AM99C88/AMIICL8E8 8k x 8 static RAM memory. Either type can be
accomodated.

o Status - SECD can be in one of four states: idle, top of instruction cycle,
error or in transistion between the other three states. The state is reflected
by two flags.

¢ Flow - is concerned with the overall operation of the chip. Two signals are
involved. The first is reset. This resets the internal state of the machine
(when held during an entire system clock cycle). It puts the chip into
a known state (idle). Once a forced reset has been done, button can be
asserted to initiate computation. Computation carries on until execution
has been completed (i.e. returns to the idle state) or an error occurs.

o Shift register - is controlled by two signals and has an external input and
output. The shift register sits between the control unit and the datapath.
One of the control signals (test) determines whether the signals come from
the test value contained in the register or from the control signals passed
between the datapath and control unit. The other shift-register control
signal (shift) effectively chains together the latches into a shift-register. Its
normal mode of operation is to pass the signals through without latching
them. The other two signals (shin and shout) allows information to be
entered and viewed.



The function of the board is to control these signals as required.

3 The Board

The board is the means of testing and controlling SECD’s operation. It is made
up of descreet TTL logic elements. These have been wire-wrapped according
to the schematics that accompany this document. Once the hardware has been
demeed to be correct and complete, PCBs can be made. The description of the
board will be based on the schematics. The nuances of each will be detailed.’

Section | Number(s) | Title
3.1 1 6809
3.2 2 Communication
3.3 3 Address Decoding
3.4 4 Program Memory
35 5 SECD Control Signals
3.6 647 SECD Memory
37 8 SECD

5See the accompanying specification sheets for the board’s components.



3.1 Schematic 1: 6809

The 6809 pprocessor plays a major role in the testing and operation of the
SECD chips. It is responsible for the configuration and control of the other
programmable components on the board, the processing and execution of user
commands, accessing SECD memory and the setting up and monitoring of
signals to/from the SECD.

The 6809 was choosen not because it was ideally suited to the task. Rather:

e it is a simple (but powerful) micro.
e we have a 6809 cross-assembler to EPROM code (see the next section).

e the technical support group has built boards using the 6809 before. This
reduced the up-to-speed time.

It is clocked by a 4Mhz crystal but operates at 1Mhz (the crystal’s signal
is divided down and separated into two phases internally). It is possible to get
better performance by using either the 1.5MHz or 2MHz versions of the 6809
(MC68A09 and MC68B09 respectively).

Five of the 6809 control signals are used throughout the board: reset, E
(a slight misnomer as E is really ®; of 6809’s system clock), read/write and
the two interupt lines (NMI and IR Q). Those 6809 control signals that are not
used are either left floating, or, if they by picking up stray noise might affect
the operation of the program, tied high through a pull-up resistor.

The 6809 has been set up so that it can be reset by a push-button. The
required circuitry is the normal resistor/capacitor system but with a current
limiting diode. On reset all other programmable components on the board,
including SECD, are put in their initial state.

The 6809 has an 8 bit data bus with an address space of 64K (2'€).5. The
breakdown of the address space is shown in Figure 2. Due to the large number
of chips accessing the data bus, it is buffered and the direction is controlled by
the read/write signal of the 6809.

®It is necessary for the 6809 to bank-switch SECD’s memory when it access it. This will be
elaborated on in §3.6.
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Schematic 1: 6809




3.2 Schematic 2: Communication

Communications to and from the board is accomplished by using the RS232C
protocol. Three of the possible seven signals are used: ground, transmit data
and receive data. The other signals are not required as handshaking is done in
software. Data is exchange in byte streams.

The packaging of data on the board side of the serial line is handled by an
ACIA (Asynchronous Communications Interface Adapter). The 6551 ACIA is
fully programmable. It is configured to run at 4800 baud on reset by the 6809.
As specified, a 1.832 MHz crystal is used as the baud rate generator.

The RS232 protocol specifies that signals operate at £12V. Two adapter
chips are required to adjust the signals to the operating voltages of the rest of
the board (0 — 5V'). The ocutgoing data is stepped-up by the 1488 chip and
incoming signals are reduced by the 1489.

The ACIA is the only peripheral chip that uses the NMI (Non-Maskable
Interrupt) line. This allows a seperate interrupt handler to process the com-
munications and perform command interpretation. A rudimentary “processor”
handler can be developed that allows the suspending of a SECD program exe-
cution to occur. The NMI must take precedence over the IRQ for this to work
so the incomming request can be processed.



RS232C

+12v Ve
RESET
®2
R/W
RGQ
1l 3 12 RxD
1489 L7 o
+5V De
Cso 6551 D3
sooo-sooF —2C] Tsw ACIA D4
= D3
D2
_—f&— xTLH D1
1.832MHz Crys %_7_ Do
XTLO
LJ ssm
DcoD RS1
cTs RS0

24

—3

21

19

j_;i

Control<0:4>

Z|

Data<0:7>

Address<0:15>

Al
A0

Schematic 2: Communications




3.3 Schematic 3: Address Decoding

The 6809 is able to address 64K words of 8 bits. This space is broken down
into 8K blocks as all the major memory components are made up of one (or
more) 8K block. The 6809 assembly code resides in the top block. On reset,
the 6809 jumps to the address stored in the top two bytes of memory ($SFFFE-
$FFFF). The block below contains the user and system stack for the 6809 as
well as any temporary storage required by the code. The bottom half of the
addressable space is reserved for accessing SECD’s memory. The top 16K of
this is inaddressable by SECD as SECD can only address 2!* words so it is
left unused. 8K has been allocated to addressing peripheral chips. This control
block is further sub-divided into 16 byte blocks of which many are unused.
There is plenty of space for future expansion should it be required.

The addressing is only required when the data bus might be accessed. This

occurs during the @, phase of the 6809 clock. Hence the decoding is enabled
by the F control line.
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3.4 Schematic 4: Program Memory

This section describes the program memory once the development and testing
of the board and the system have been completed. Up until that time a monitor
program residing in EPROM is used. The use of a monitor aids in debugging
the board. Any code developed is executed from RAM.

The 6809 program memory consists of two 8K blocks: one EPROM the
other RAM. As mentioned above the assembly code resides in EPROM and the
RAM serves as a general storage area for the pprocessor. They are enabled
only when they are being addressed. The low order 13 bits access the required
address and the data bus either reflects the contents of that address or in the
case of the RAM if the read/write line is low the contents on the data bus gets
stored at that address.
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3.5 Schematic 5: SECD Control Signals

Only two VIAs (Versatile Interface Adapter) are required for the control of
the board and the manipulation of the SECD control signals. The VIAs are
also used to read the address bus value.

VIAs were choosen over PIAs (Parallel Interface Adapter) as they have
built in timers. The timers count the number of ®; pulses of the 6809 clock.
They provide a very flexible means of producing the clocks for SECD. During
the testing stage the clocks need to be finely controlled. It is necessary to both
cycle the clocks once and many times. The use of VIA handles this nicely.

SECD clocks can be produced on board by using either the VIAs or by a
clock generation chip. There is space in the 6809 memory map to access a
clock generation chip. A VIA has two built in timers. TI can either operate in
one-shot or continuous mode. T1 affects pin seven of port B (PB7). PBT7 can
also be manually set by disenabling T1 and treating it as an output. The other
timer, T2, only operates in one-shot mode.”

PB7 of both VIAs are used as the source of SECD clocks. A two-phase
non-overlapping sequence is achieved by using T2 as a stepping clock. On each
time-out of T2 the PB7 port is manually set to a new value. It thus takes five
iterations to get one clock cycle.

0 0 0 1 0 Pa
0 1 0 0 0 ®p
Tn Tn+1 Tn+2 Tn+3 Tn+4

This method is appropriate for single stepping SECD but requires too much
overhead to be used when SECD is executing a program. A similar principle
can be used. Instead of T2 acting as an interval timer in which the values of
the clocks are manual set, it is used as a delay to ensure that a non-overlapping
clock is achieved. Both T1s would be set to continuous mode with the same
duration. One of the two clocks would be started. The other clock wouldn’t be
started until T2 had timed out indicating that it enough time had elapsed to
ensure a correct clocking scheme.

Apart from controlling the appliction of the SECD clocks, the VIAs also
controls/monitors the other SECD signals. It asserts values on the inputs and
provides the means of viewing SECD’s outputs. On a reset the control signals
are set to their non-active state:

"This is not strictly true. It could also be used to count the transistions on PB6. We are not
interested in this aspect of the T2.



| Signal | Default |

Button 0
Reset 1
Test 0
Shift 0
Shin X8

They are asserted as required by the 6809 code to achieve the desired oper-
ation and control of SECD.

The VIAs also provide the means of viewing the information SECD provides
to the outside world. This includes the state of SECD, the current memory
access state and the value of the shout of the shift-register.

The flow of information in the board is also controlled by the 6809 asserting
values on five of the VIAs pins. Two pins are used by the 6809 to select which
bank of SECD memory is being accessed. It also provides the means of selecting
the source and destination of SECD’s clocks.

| ClkSrcSel [ Source | [ ClkDestSel | Destination |
0 Crystal 0 Shift-registers
1 VIA Port 1 System

The last of the five pins controls whether the 6809 or SECD has control of
SECD’s memory.

{ MemSelCtrl | Owner |

0 SECD
1 6809

During the testing of the SECD chips it is useful to know what address
SECD is at. SECD’s address can be read from the ports by stopping SECD’s
system clock, setting SECD to control memory (MemSelCtrl) and then reading
the (address) value on the port.

Even though the (Motorola) 6809 provides the right clocking scheme to be
used with the (Rockwell) VIA, aka the E signal, they are known not to work
well in conjunction. The VIA requires a clean clocking signal. So if the 6809
E signal is used extensively or a large distance separates the 6809 and the VIA
using the signal then the signal might not be clean enough for the VIA to work
properly.

81t doesn’t matter what value is asserted on the shin (shift-in) pin as the accessing of the shift-
registers has been disabled with the above two patterns.

10
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Schematic 5: SECD Control Signals




3.6 Schematic 6 & 7: SECD Memory

As mentioned before, SECD has no capacity to store its own programs. Pro-
grams are run from an external memory of 16Kx32bit RAM. The 6809 is respon-
sible for the down-loading and up-loading of programs and results respectively.
The memory must be shared by multiplexing the required signals and choosing
whether the 6809 or SECD has control.

This process is further complicated by the differing word size between the
two. SECD has a 32 bit data bus while the 6809 has only an 8 bit data bus.
In order for the 6809 to access the memory the data must be broken into 8
bit segments. This is acheived by having four banks of 8 bit memories. When
the 6809 accesses the memory only one of the banks is enabled. That is one of
the memories and the coresponding bus driver as the output from the selected
bank is tri-stated onto the 8 bit data bus. This is known as bank selecting.

SECD accesses the memory, in 32-bit words, enabling all memory banks
(and tri-stated drivers). This is achieved by having SECD’s control lines for
the bank select signals grounded. SECD accesses the information at a different
point. It must be taken before the buffers as the information after the buffer is
tri-stated together (the 32 bit value is split into four groups of replicated eight
signals).

The access of memory is only enabled when the 6809 is addressing SECD
memory (7.e. when it is addressing its bottom 32K of space) or when SECD is
reading or writing. The function is:

rmem + (WBit) + AT5

The memory and drivers enable signals are low:

rmem + (WBit) + AT

so the implemented function is:

rmem - WBIit - A15

11
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3.7 Schematic 8 SECD

Much of this figure has been dealt with in the description of the signals that
the VIAs handle.

The control circuit for the clocks is displayed in this portion of the board.
Two sources of four clock lines are multiplexed onto a common pair. This is
then demultiplexed to either the shift-register or system clocks of SECD. The
two select signals come from a VIA port. Two buffer drivers were used to
implement this system as less components are required than using multiplex-
ers/demultiplexers. The ClkSrcSel determines the which source for the clock
is put on the interconnected tristated output lines of the buffer. These signals
are fed into the other buffer. The destination is controlled by the ClkDestSel
signal. The other inputs are grounded to ensure that the clock signals that are
not active are not floating. This is done by interconnecting opposite pairs of
signals on the output lines.
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4 Conclusion

As a design exercise in both hardware verification and chip fabrication a spe-
cialised architecture to run compiled Lispkit code (from a system developed in
the Computer Science Department of the University of Calgary). To validate
the design a development board has been implemented. This document details
the nuances of this board with respect to its two tasks: chip testing and usage.
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54/14 FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)

QUADRUPLE 2-INPUT
POSITIVE-NAND GATES
WITH OPEN-COLLECTOR OUTPUTS

03

positive logic: Ankintinelsnsk
Y 'A'E YA B Y 24 28 2v GND
SN5403 (J) SN7403 (J, N)
SN54L03 (J) SN74L03 (J, N)
See page 6-4 SN54LS03 (J, W) SN74LS03 {J,N)
SN54S03 (J, W) SN74S03 (J, N)
IY 6A  8Y GNO BY SA 4y

HEX INVERTERS

04

) ) 7 L) » 9 ]

g

positive logic: .
V<3 PP <
1 1 3 4 $ (] ? t 4 3 4 $ [] ?
WMoY 24 Y 3A 3y GND A 2 24 vec 3A 3 aa
SN5404 (J) SN7404 {J, N} SN5404 (W)
SNS4H04 (J) SN74H04 (J, N) SN54H04 (W)
SN54L04 (J) SN74L04 (J, N) SN54L04 (T)
See page 6-2 SN54LS04 (J, W)  SN74LS04 (J,N)
SN54S04 (J, W) SN74S04 (J, N)
N 1y 6A &Y GND 6Y 5A 4y

HEX INVERTERS
WITH OPEN-COLLECTOR OUTPUTS

wli i i fn w ] 3

>

.
positive logic: r<}l Pj
Y=A Ve sHdAvHe I F
A 1w 2A v E'Y 3¥ GNO A7 Y 2y 2A vVce A m 4A
SN5405 (J) SN7405 (J, N) SN5405 (W)
SN54H0S (J) SN74H0S (J, N) SN54HO05 (W)
See page 64 SNS54LS05 (J, W)  SN74LS05 (J, N)
SN54S05 (J, W)  SN74S05 (4, N)
’ VCC BA 8 SA  SY 4A 4y
HEX INVERTER BUFFERS/DRIVERS wilofjuf inffufis]le
WITH OPEN-COLLECTOR E [ I[: ] [: [
HIGH-VOLTAGE OUTPUTS
positive logic: [ l [ l [ I
Yei IntinkizDeleDakl
1A 1w 2A 2y A y GND
See page 6-24 SN5406 (J,W)  SN7406 (4, N)
TEXAs IN MENTS
INCORPORATED
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D1 P

EL2 T W S 2T

T, W

I GNO
SN7407 (J,N)

¥V X B ™ o
. SN7408 (J, N}
08 {3, W) SN74LS08 (J, N)
8(J, W)  SN74508 (J,N)

SN7400 (J, N)

W
08 (J,W) SN74LS09 (4, N)
(I, W) SN74809 (J,N)

101

1078

54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)

TRIPLE 3-INPUT Inio¥oioioinin! [u] {0l [al [n].{u}[s} (v}
POSITIVE-AND GATES %J }
1" ‘—: l]-‘l__i }
positive logic: E 5}
Y-8 DO G LT oT 10 O3Na0a00s0)
[T E) AR A W WY Voo ¥ A 0B
SNS4H11 (J) SN7AH11 (4, N) SNBAM11 (W)
SNEALS11 (4, W)  SN74LS11 (4, N)
See po 810 SNBAS11 (4, W) SN74511(J,N)
Vi 1C 1Y x » A I
TRIPLE 3-INPUT inipgininioinio

POSITIVE-NAND GATES
WITH OPEN-COLLECTOR OUTPUTS

12

positive logic: BElaRalaNs0at
Y = ABC A W A W X N N
SN5412 (4, W) SN7412 {J, N}
SNS4LS12(J, W) SN74LS12(J.N)
See page 84
Ve M X N W AN
DUAL 4-INPUT eisfispsr)snsy
POSITIVE-NAND ]
SCHMITT TRIGGERS |
ﬁ
positive logic: it
Y=ABCD - w»: K W v
SN5413 (J, W} SN7413 (J, N}
SN54LS13 (J, W)  SN74LS13 (5, N)
See page 8-14
NC—~No internal connection
HEX SCHMITT-TRIGGER
INVERTERS : j
positive logic: [ [_x :
Y=A
A Y u :v ono
SNB414 (4, W) SN7414 (J,N)
SNS4LS14 (J, W) SN74LS14 {J,N)
See page 6-14 S
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M TYPES SN54LS138, SN5415139, SN545138, SN54313y
MSI SN741S138, SN7418139, SN748138, SNNSni
DECODERS/DEMULTIPLEXE

BULLETIN NO, DL-S 7611804, DECEMBER 1972-AEVISED OCTOBgR 1ty

* Designed Specifically for High-Speed:

Memory Decoders SNB4LS138, SN84S138 ... J OR W PACKAGE
o SN74LS138, SN745138 .., J OR N PACKAGE
Data Transmission Systems (Top VIEW!
¢ 'S138 and 'LS138 3-to-8-Line Decoders TN
Incorporate 3 Enable Inputs to Simplify DaTA QUTRITE
Cascading and/or Data Reception vee Yoo i Vi v ve v ve
. . ] GG
® ’§139 and ‘LS139 Contain Two Fully LEL LN
Independent 2-to-4-Line Decoders/ l l l l l l
Demultiplaxers Yo Yi Yz Y3 Y& v
e Schottky Clamped for High Performance * b
G2A G861 Y7
e rRoPAGA :'.fﬁos v TYPICAL T 2 s 1
OPAGA “AY poWER DISSIPATION } ’ !
{3 LEVELS OF LOGIC) A 8 C ,\GZA GI8 GV mw'rzmm
‘LS138 W2 ns 32mw SELECT ENABLE
‘5138 8ns 245 mwW
'LS139 22ns 34 mw —
'S139 75ns 300 mW positive logic: see function table
description ——

These Schottky-clamped TTL MSi circuits are SN54LS139, SNS4S139 . . . J OR W PACKAGE

designed to be used in high-performance memory-
decoding or data-routing applications requiring very
short propagation delay times. In high-performance
memory systems these decoders can be used to
minimize the effects of system decoding. When

SN74LS139, SN745138 . ..J OR N PACKAGE
(TOP VIEW)

SELECT DATA QUTPUTS

ENABLE A\ e S
vec  2G ‘2A 28 \/2vo  avi 2v2 2v3

employed with high-speed memories utilizing a fast- WS wlinjrijnijel]s

enable circuit the delay times of these decoders and
the enable time of the memory are usually less than A
the typical access time of the memory. This means
that the effective system delay introduced by the
Schottky ped system decoder is negligibl ﬁ; ]
A 8 Yo Al Y2 Y3
The 'L.S138 and 'S138 decode one-of-eight lines Ll T T 1
d d th nditi the th bi INIRZIRBIRR IR I IRAIL
lependent on the conditions at the three binary % e W T e e

select inputs and the three enable inputs. Two ENXGBH&\,—/
active-low and one active-high enable inputs reduce sevet oATacuTRITS
the need for external gates or inverters when
expanding. A 24-line decoder can be implemented
without external inverters and a 32-line decoder
requires only one inverter. An enable input can be
used as a data input for demultiplexing applications.

positive logic: see function table

The "LS139 and "S138 comprise two individual two-line-to-four-line decoders in a single package. The active-low enable
input can be used as a data line in demultiplexing applications.

All of these decoders/demultiplexers feature fully butfered inputs each of which represents only one normalized Series
B4LS/74LS load ("LS138, 'LS139) or one normalized Series 54S/74S foad ('$138, 'S139) to its driving circuit. All
inputs are clamped with high-performance Schottky diodes to suppress line-ringing and simplify system design. Series
54LS and 54S devices are characterized for operation over the full military temperature range of =55°C to 125°C;
Series 74LS and 748 devices are characterized for 0°C to 70°C industrial systems.

r 172
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548138, SN548139 TYPES SN54LS138, SN545138, SN54L5139, SN54S139
$N745138, SN74S134 SN7415138, SN745138, SN74L5139, SN748139
S/DEMULTIPLEXERS DECODERS/DEMULTIPLEXERS
11972-AEVISED OCTOBER 194
—— — .
f“ng(ional block diagrams and logic
1...J OR WPACKAGE
3...JOR N PACKAGE ‘L8138, ‘5138
VIEW) L5138, 5138 FUNCTION TABLE
TAQUTRUTS 'm
_— %}‘5‘4 ENABLE | SELECT ourruTs
) 61 G2°|C 8 A[YOYIY2YIVAVEYE Y7
e t " % H X X X|H H HHHHHH
ENABLE @ — hyq L ox |x X X{H H H H HHHH
TS Yoz 1 WLl L L|L AR HAHHHEH
G185 12y
Wm oL lL L AH|lH L HHHHRMN H
G Gl ¥ — Wive 03::&5 H L L H LlH M L HHHH H
Y Y H L L H H|HHHL H H HH
. Al = v W oL |HW L LlHHHHLHHA
'n'n'n'n l | M Ll L HlHHHHHLHH
senecT J g 12 = ve
G28 c\w;;u'aun INPUTS —L H L H H L H HHHHHBLH
iNABLE ! L3 2 v M L IH H H|IHHHHHHHL
+G2 = G2A + G28
H = high level, L = low level, X = irrelevant
ae function table
L5139, '$139
..J OR W PACKAGE
..J OR N PACKAGE “vo 'LS139, '$139
1EW) " (EACH DECODER/DEMULTIPLEXER}
ENABLE 1G 5L FUNCTION TABLE
DATA QUTPUTS 181v2
2v0 2Y1 2¥2  2Y3 Al INPUTS QUTPUTS
SELECT » (LI ENABLE | SELECT
oot | ve oaTA G |8 A|voviv2y3
PN Dadiad ] X X|H H H H
o L L LlL wHH I
enasLe 26 2" ULLPWN L L HiH L HH
L H Lin WL H
vi_ ¥Y2 Y3 . i—— 12 2v2 L H HlIH H H L
2A.
SELECT Ll « high feval, L = low level, X = irrelevent
s - INPUTS {nﬂﬂ D= 3 " :
w1 7 1Y) GNO
TA QUTPUTS
schematics of inputs and outputs
, function table EQUIVALENT OF EACH EQUIVALENT OF EACH TYPICAL OF QUTPUTS TYPICAL OF OUTPUTS
’ INPUT OF 'LS138, 'LS139 INPUT OF 'S138, '$138 OF "LS138, 'LS138 OF "$138, 'S138
- — Vce - = ———1Vec
260 §I NOM 50 {1 NOM
Vee - Vee - 1 b
ckage. The active-low enable 20 kI NOM 28k NOMI|— -
INPUT - - INPUT e ouTPUT oUTPUT
s only one normalized Series v - -
Q) to its driving circuit. All 9
mplify system design, Series [
 range of —56°C 10 125°C; ”
P
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TYPES SN54157, SN54L157, SN54LS157, SN54LS158, SN54S157, SN548158,
S SN74157, SN74L157, SN74LS157, SN74LS158, SN74S157, SN74s158
QUADRUPLE 2-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

BULLETIN NO. DLS 7711847, MARCH 1974-REVISED AUGUST 1977

festures SNB4157, SNE4LS187, SNB4S157. .. J OR W PACKAGE
SNBAL1SY ... JPACKAGE
o Buffered Inputs and Outputs SN74187, SN74L167, SNTALSIB7, SN74S187 . .. J OR N PACKAGE
o Three Speed/Power Ranges Available T VIEW)
INPUTS OUTPUT  INPUTS OUTPUT
TYPICAL
AVERAGE TYPICAL VCC STROBE 4A 48 4y 3a 38 3y
TYPES LaopaGATION ols:?ﬂm s jufjuljuiiniini]s
TIME PATION l l
157 9ns 150 mW
187 18ns 75 mW G A 8 AY A ®
‘LS157 9ns 49 MW s v
'S157 5ns 250 mW
'LS158 708 24 mW 1A 18 1Y 2A 28 2y
‘5158 4ns 196 mw ] l , l l r J
spplications VL2 1efIsTisfi7 e
o Expand Any Data Input Point SELECT 1A 18 1Y 24 28 v GND
o Muitiplex Dual Data Buses [NPUTS OUTRUT INPUTS outeuT
. . pasitive logic:
o Generate Four Functions of Two Variables Low level a1 S selects A inputs
{One Variable is Common) High level ot S selects B inputs
o Source Programmable Counters SNE4LS158, SN54S158 .. . J OR W PACKAGE
- SN74LS168, SN74S158 ... J OR N PACKAGE
description (TOP VIEW)
‘ating conditions. These monolithic data selectors/multiplexers contain INPUTS OUTPUT  INPUTS OUTPUT
' roundea, inven.ers and drivers to supply full on-chip data vee smossﬁ o e
selection to the four output gates. A separate strobe
input is provided. A 4-bit word is selected from one wisjugniieliniinfs -
of two sources and is routed to the four outputs. The , i ‘
'157, 'L157, 'LS157, and ‘S157 present true data
‘ G 4A 48 4 3A k-]
whereas the ‘LS158 and 'S158 present inverted data
to minimize propagation delay time. s 3y
FUNCTION TABLE Mo v o w2y
[ INPUTS QUTPUT Y
167, 'L187,| ‘Ls158 [ [ T ' l T
STROBE |SELECT| A ]
( LS157,5187| 's168 VIL2fIs[[ellIsIsl?1{]s
H X x X L H SELECT 1A~ 18 1V 2A 28 32v GND
L L L x L H INPUTS OUTPUT INPUTS OUTPUT
L L H X H L T
posi 3
L H X L L H Low level at S selects A inputs
L H X H H L High level at S selects 8 inputs

H = high tevel, L = low iavel, X = irretevant

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Voe (see Note 1) . . . . . . e e s, 7v

Inputvoltage: '167,°L157,'S158 . . . . . . e e e e, 55V
‘LS157,°Ls188 . . . . . . T T T 7v

Operating free-air temperature range: SN54', SNS4L", SNS4LS’, SN54S’ Circuits . . . . . .. -55°Cto 125°C

SN74’, SN74L°, SN74LS’, SN74S’ Circuits . . . . . . . .. 0°C 10 70°C

Storage temperature range . . . , . . . . e e -65°C to 150°C

NOTE 1: Voitage values are with respect to natwork ground terminal.
L )
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TYPES SN541S240,SN54LS241,SN54LS244, SN54S240,SN54S24t,
SN74LS240,SN74LS241,SN741LS244,SN745240,SN745241
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE QUTPUTS
Typicat  Typical Typical Propagation Typical Typicat Power
loL loH Delay Times Enable/ Dimipation
(Sink {Source Disable (Enabled)
Current}  Current) Inverting Noninverting  Times Inverting  Noninverting
SNS4LS" 12mA  -12mA  105ns 12ns 1B 130 mW 135 mW
SN74LS’ 24mA -15mA  105ns 12ns 18ns  130mW 135 mwW
SN54S° 48mA -12mA 45ns 6ns 9ns 450 mw 538 mw
SN74s’ 64mA —15mA 45ns 6ns 9ns 450 mw 538 mw
) ) SN54L.5240, SN545240 . . . J
e 3.State Outputs Drive Bus Lines SN74L5240, SN745240 ... J OR N
or Buffer Memory Address Registers (TOP VIEW)
. Voo 26 YT 2 Y2 A3 v) a2 IYe  2a1
e P-N-P inputs Reduce D-C Loading _[w)[w] [wl v} %] [w] [w] [o] [aln
e Hysteresis at Inputs Improves ! =
Noise Margins
description o /
These octal buffers and line drivers are designed / / / ' ‘/
specifically to improve both the performance and 1% - o
density of three-state memory address drivers, clock
drivers, and bus-oriented receivers and transmitters.
The designer has a choice of selected combinations of -ﬂ‘ TFO R HsHeR T HsHFvHae
inverting and noninverting outputs, symmetrical G & A Ive AT I3 JAY vz A M1 GWD
(active-low output control) inputs, and comple-
mentary G and G inputs, These devices feature high SN5ALS241, SN545241 ...
fan-out, improved fan-in, and 400-mV noise-margin. sm‘m“('::::/s'g;" -JORN
The SN74LS’ and SN74S’ can be used to drive " ~ -
terminated lines down to 133 ohms. : » ': ’: ‘: 1: ‘: ': ': z:'
schematics of inputs and outputs EB? fo3
°LS240, 'LS241, 'LS244
EQUIVALENY OF TYPICAL OF ALL o
EACH INPUT ouTPUTS / / / / / / /
Vee —-—— o - ° o
INPUT 3 A A A
N o
had - - —Vee 1 ? 3 4 ) ] 1 ] "ne
b R [ Al e VA2 vy 1A3 vz 1A Exdl GNO
“ -_A‘I SNBALS2M4 ... )
SN74LS244 .. . JORN
(TOP VIEW)
UTPUT
Voo 28 avi 2aa Y2 2A3 WYY 2a2  ave a1
'$240 "S241 Wi (ol sl o Iw [w|l wl o] jalin
EQUIVALENT OF
EACH INPUT GND
R}
Vee / / ,/ / K / /
B
INPUT -
‘L5240, 'LS241,°LS244;
R =50 2 NOM _ A
'S240, ‘S241: L ]
. s OeBaDlBaElelaldal]
R =250 NOM W AT IYe A2 IYD 1A) IYZ A4 Y1 GO
TexAs INSTRUMENTS
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m TYPES SN54LS245, SN74LS245
SULLETIN NO.DL'S 12471, OCTOBER 1976-REVISED FEBRUARY 1979
————
* Bi-directional Bus Transceiver in a SN54LS245 . ., § PACKAGE
High-Density 20-Pin Pack SN74LS245...J OR N PACKAGE
d‘ R4 o {TOP VIEW)
¢ 3-State Outputs Drive Bus Lines Directly
‘P MAX [UNIT
® P-N-P Inputs Reduce D Loading on
e Bus Lines
5 30
P ® Hysteresis at Bus Inputs improve Noise
3 2] ™ Margins
53] * Typical Propagation Delay Times,
s 3% Port-to-Port ... 8 ns
2 20
T ] ™ ¢ Typical Enable/Disable Times . . . 17 ns
0 15
T oL lon
TYPE (SINK (SOURCE
CURRENT} CURRENT)
SN5415245 12mA ~12mA
SN74L5245 24 mA -15mA
Positive logic: ses function table
description
These octal bus transceivers are designed for asynchronous two-way communication between data buses. The control
function implementation minimizes external timing requirements.
armed with the
1t S2 when St is The device aliows data transmission from the A bus to the B bus_or from the B bus to the A bus depending upon the
logic level at the direction control (DIR) input. The enable input (G} can be used to disable the device so that the buses
are effectively isolated.
The SN5415245 is characterized for operation over the full military temperature range of —55°C to 125°C. The
SN74LS245 is characterized for operation from 0°C to 70°C.
‘chematics of inputs and outputs FUNCTION TABLE
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS enase DIRECTION
— e vee o CONTROL | OPERATION
Vee —=—-= 50 2 NOM G DIR
8 ki2 NoM o L L B data to A bus
INPUT L H A data 10 B bus
ouTPUT H X Isolation
: o H = high level, L = jow level, X = irrelevant
anD 8
_-———-n
—_— Vit iyt maximum ratings over operating free-air temperature range (uniess otherwise noted)
VIH
- e ol votogs, Vg (e Now 1) . 7V
b MPutvoltage ........ ..., ... . ... B R v
Off-state output voltage B 5.5V
Perating free-air tamperature range: SNS4LS' ..., ... ... e e —-55°C t0 125°C
SNJLS' 0°C 10 70°C
Storage temperature range ..., .. .. e —65°C 10 150°C
N
/ w&- values #re with respect to network pround terminal,
Copyright © 1979 by Texss Instruments Incorporated
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NATIONAL
DS1488 quad line driver

general description

The DS1488 is a quad line driver which converts
standard DTL/TTL input logic tevels through one
stage of inversion to output levels which meet EIA
Standard No. RS-232C and CCITT Recommenda-
" tion V. 24. '

Line Drivers/Receivers

features

3 -

Currant limited output £10 mA typ ’
Power-off source impedance.

Flexible operating supply range _ . . .. .

.
. .7 3000 min T 7
& Simple slew rate control with external capacitor =
. ' :
.

InwnarqDTLfoTLeoqp}ginc e ]
I
schematic and connection diagrams
" - Ouakin-Line Package ,
—oig4 : v o D
" ot .,_____;u F ¢ Iu 13 ln lu |u ll Il -.'-
o o—je4 ~
Yu ! ©
¥ 5
!L- - i. b L) >
N | —
L “ .
= 3~ ' )
" 1 1 3 0 . . 1
- ] N <] 4 —— .
- ‘ o ’ Order Number DS1488J o
typical applications
3 RS232C Data Trensmission ’
v |
AT W - A man
- awd "N
#H e D T RRT O
o . T )
man L) . - mAan
P it ST T 2 -
--.qs-;:: ﬂ---d\-;::
. r Cvienem -~ - .
e - LT s | = o : o
' Wh—*‘ . . . F‘- - _7.,'.

3
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DS1489/DS1489A

L N2

NATIONAL

Line Drivers/Receivers

DS1489/DS1489A quad line receiver

general description

The DS1489/DS1489A are quad line receivers
designed to Intnrfm dm tormuul equipment
with data . They are
"constructed on g single monollthcc nllcon chip.
These devices satisty the specifications of EIA
standard No. RS232C. The DS1489/DS1489A

T meet and excesd the specifications of MC 1489/

MC1488A and are pin-for-pin replacements. The
DS1489/DS1489A are svailable in 14 lead cere-
mic dunl in-line package,

features

R

® Four totally separate receivers per package

[ ] Proqnmmoblo mmhobd

Ce

® Builtin mput thrcshold hysteresis

& “Fail safe” operating mode

8 Inputs withstand £30V

schematic and connection diagrams
o »

A of et ot .

!
I

Oust-in-Line Package

S

e e
T S
. g

l In n

-

By
ke

..'-.,

I

- =TT e
mew &, . . , -
Ll IUAT TR IR PR B N LT .
’ : Order Number DS1489J o osmsu
ac test clrcunt and voltage waveforms
) twonm contan e T
ot vy Ve
man
LY
~n lA . -] il al
BERATIN L BN o N
ll‘
o I-—n— 71
typical applications ™ " *‘ )
ron eme | W e : H
Hor DOy e |
[ - ) *
i R [ o
T S | ) -
¢ C Py T | W | | pae
. ) Cog. T T . h " ?1.-’
I - . [ i .
“m_-:nnu ¥ [ - —— B
‘.pdhl-ﬂ \]
RS232C Data Tranemission = * MOS to TTL/DTL Translator
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SHARP

Sharp Electronics Corporation
Sharp Plaza
Mahwah, New Jersey 07430
(201) 529-8757

L

H52256-55/-70/-90/-12/-15

#0S 262144-Bit Static Random Access Memory

Description

Me LH52256/LH52256L are fully statics
¥s organized as 32,768 X 8-bit by using sili-

ipte CMOS process technology.

_ Features

Aeeess time (MAX.)
LH52256-55"+ 55ns
LH52256-70% 70ns
LH52256-90--"- 90ns
LH52256-12---- 120ns
LH52256-15"" 150ns
Low power consumption (MAX.)
QOperating mode:
LH52256-55/-70+"" 80mA
LH52256-90/-12/-15+-"- 70mA
Standby mode: LH52256 -+ 2mA
Low power type
* Standby mode: LH52256L-++-0.1mA
Single +5V power supply
Fully static operation
Ml inputs and outputs TTL compatible
.Three-state output
,28-pin dual-in-line package

Pin Description

M Pin Connections

28 DIP

A

ANE!O

Ax @
Ar
Ae
As
A
Ay
Az
Ay
Ao
170, [}
1/0: [Z]
1/0; (@

GND [

siciciziziciolz

EERELEEIEIEELEIELE

> » z| <
= - ma

z

> g
s ™

l

..._(.,
g v

7] 1/06
6] 1/0s
5] 1/0

L

Fop View

Signal Pin name
Ao~Ayy Address inputs
CS Chip select
WE Write enable
OE Output enable
0, ~1/04 Data inputs and outputs
Vee Power supply
GND Ground
s | WE OE Mode 1/0,~1/0s
f X X Deselect | High 2
L H L Read Dou'r
L H H Read High Z
L L L - Write Dy
v

LMASTFR 1QRR

Whan contacting sunnliers. sav vou saw it in IC MASTER

2995
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MITSUSBISHI _I.ll.
MSL2764K,-2.
-0 TRo 635536-BIT (8192-WORD BY 8-8IT) .
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM
DESCRIPTION PIN CONFIGURATION (TOP VIEW) iow
The Mitsubishi MSL2764K s & high-speed 65636 bit e
ultraviolet erassbie and electrically reprogrammaeble reed . . .
only memory. It is suitable for microprocessor program- (sv, nv) §  vee (5¥)
ming applications where rapid turn-sround i required. 77~ R TROGRAM
The M5L2764K is fabricated by N-channel double poly-
silicon gate technology and is aevailable in a 28-pin DIL ACORESS
package with a transparent lid. . o ADORESS . . INPUTS
INPUTS - - ouTPuT
FEATURES L . ENASLE INPUT
® 8192 Word x 8-it Organization z o s
. Access Time M5L2764K-2 200 ns (Max) LI,
M5L2764K . 250 ns (Max) I
¢ Two Line Control OE, CE : I plly s A
o Low Power Current (Icc) Active ..... 150 mA (Max) LOUTAUTS . |routeuts
Standby ... 35 mA (Max) “tue (0V) . "..'? ..
¢ Single 5V Power Supply e S s
¢ 3-State Output Buffer e NC : NO CONNECTION
¢ Input and Output TTL-Compatible in Read and Pro- Outline 28K1 T ey
gram Mode
o Standard 28-pin DIL Package .
¢ Single Location Programming with One 50 ms Pulse rre
o Fast programming sigorithm '
® |nterchangeable with INTEL.2764
B8LOCK DIAGRAM
T 8192 WORD
! X 88T
X-DECODER ! AOM
ADDRESS :
INPUTS :
roccooen i )
cwp enasie et . CE Cuip ENABLE v i i
OUTPUT ENABLE INPUT  OE | OUTPUT ENABLE AND QUTPUT
e BUFFERS -
PROGRAM INPUT PGM *N%ﬁr . - R
(8V) Vee ’
(Sv, 21v) Vee (1
(0v) GND(Q4 . . MNPSOS
0y D10z 0304 Ds 05 02
DATA INPUTS/OUTPUTS
- MITSUBISHI = oo
ELECTRIC 6-3



HM6264LP-10, HM6264LP-12, HM6264LP-15
8192-word x 8-bit High Speed Static CM0S RAM

® HITACHI

8 FEATURES

® Fast access Time 100ns/120ns/150ns (max.)

o Low Power Standby Stamdby: 0.01mW(typ.)
Low Power Operation Operating: 200mW (typ.)

o Capability of Battery Back-up Operation

® Single +5V Supply

o Completely Static Memory. . . .. No clock or Timing Strobe Required

o Equal Access and Cycle Time

& Common Data Input and Output, Three State Output

o Directly TTL Compatible: All Input and Qutput

® Standard 28pin Package Configuration (DP-28)

® Pin Out Compatible with 64K EPROM HN482764

8 BLOCK DIAGRAM

8 PIN ARRANGEMENT

L°‘°—'ﬁ 1 Columm | O A, E _TE] A
)

4 L
Ao — ¢
A o—d | - "\ S
A Ot Row . Mesary Matris —o L8 NC|1 Z_E] vee
z pe— ! Decoder : 256 x25% _
Ao— ! . ALq2 E WE<—
An @——1 1+ (X
el W 28] cs,
I

NG
Contral —— A,E E A,

P!
Lo W aa e R S \ i A, E EGE
h H : ) Al E E AI L]
, —
— 4 Jo 3,
:: — Timing Pulse Cen
i b AU . ; A i9] [15) o,
i "_E Read. Write Comtrol ”o' E E [/0'
] .
i Fo ] 10, 12 [17] o, g
8 ABSOLUTE MAXIMUM RATINGS /0,13 E 110, ©
; Q
' ltem Symbol Rating Unit GND[14 E 10, =
Terminal Voltage ¢ vr -0.5°%10+1.0 v o)
Power Dissipation PT- 1.0 w (Top View) E
Operating Temperature Topr 010 +70 K9 <
Storage Temperature Tae ~-55 104125 *C i
Storage Temperature (Undes Bias) [  Thias -10t0 +85 *C %)
® With respect to GND.  ** Pulse width 50ns: -3.0V S
I

s TRUTH TABLE

WE |CS, |Cs, | OF Mode 1/0 Pin Ve Cutrent Note
X | H | X | X |NotSelected High Z IsB, ISB1 <
X | X L | x |(Power Down) High Z IsB, ISB2
H L H H | Output Disabled Righ Z Icc.icc
H L | H | L |Red Dout icc.icc1
L L H H Write Din Icc, Icca Write Cycie (1)
L L H L Din Icc, icca Wirite Cycle (2)
X:HorlL

HITACHI AMERICA, LTD. Semiconductor and IC Sales and Service Division
2210 O'Toole Avenue, San Jose, CA 95131 « (408) 942-1500
TELEX: 17-1581 TWx: 910-338-2103

4367

g



DR SO X,
13 .
.

l. . ’\ “'..-

ReSZ

"N
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ADAPTER (VIA)

TR T IV VY

R6522

Rockwell

DESCRIPTION

mmzzv“uommmmmm)nmumm
mum.hmmmmw-wam

wmwwmmmmmhm
ports. Expanded handshaking capability allows control of
data transfers between VIA's in multiple processor

Control of peripheral devices
mwmm.sm&nmu as either
an input or an output. Severai peripherai /O lines can be
controlled directly from the interval timers for generating
programmabile quare waves or for counting exter-
'afly generated puises. To facititate control of the many powerful
teatures of this chip, an interrupt flag register, an interrupt enable
'w-wawammmmmmwm.

ORDERING INFORMATION

Is handled primarity through two

powerful 16-bt interval timers, a serial-to-paraielparaliel-o '

-

FEATURES

oT\vommcuonalVOm !
¢ Two 18-bit programmabie timer/counters - B
o Seidampot Lo
o TTL compatiie .- ".
¢ CMOS compatibie peripheral control ines :
) Exundod"hmdsmko“mabmtyMMweomrud
dltlmfmbommwm;\lwl
© Latched output and input registers "
@ 1 MHz and 2 MHz operation )

® Single +5V power supply

Part Number:
R8522

r

Temperature
Blank = 40°C 1o +70°C
€ = 40°C 1o +85°C

Package
C = Ceramic
P = Plastic

—— F
No Lotter « 1 MMz
A e 2 MHz

\ 1= ) 4WPCAY -
PAO ] 2 M Pca2
PAt C 3 MO Rso
PA2 ] 4 37 P rst
PAIC] s % P Rs2
[V =y} 35 3 RS)
PAS C] 7 M [JRES
PAS ] 8 B Poo
PA?C] o 2o
PBO ] 10 P02
pe1 CJ 11 003
PB2 J 12 . J =] V]
P83 .3 13 »sDos
P84 ] 14 7D os
Pes T 18 b Juf, ]
P8BS CJ 18 B2
87 . 17 upest
(3= R1] =1
c82] 19 2PRW
“Vegt] 20 i =T "]
‘\/

RES22 Pin Configuration

Document No. 29000047

239

Data Sheet Order No. D4?
Rev. 7, February 1984
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l Rockwell

ASYNCHRONOUS COMMUNICATIONS'
INTERFACE ADAPTER (ACIA) -

—
9

he |
”
r

R6551 -

' DESCRIPTION

The Rockwell RBSS1 Asyrctranous Communications interface
Adapter (ACIA) provides an easdy implemented, program con-
trofied interface between 8-bit mcroprocessor-based systems
and serial communication data sets and modems.

The AC!A has an intemal baud rate generator. This feature elim-
nates the need for mutipie component support circuts, gorysial
Rai0g. ha-ooly-ethec.pad aquiced. The Transmitter baud rate
can be selected under program control 1o be eithet 1 of 15 dif-
ferent rates from 50 10 19,200 baud, or at '/1¢ times an external
clock rate. The Receiver baud rate may be selected under pro-
gram control t0 be either the Transmitter rate, or at '/i¢ times
the external clock rate. The ACIA has programmable word
lengths of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, 14, of
2 stop bits.

The ACIA is designed for maximum programmed control from
the microprocessor (MPU), 1o simplify hardware implementa-
tion. Three separate registers permit the MPU to easily select
the RES551's operating modes and data checking parameters
and determine operational status.

The Command Register controis parity, receiver echo mode,
transmitter interrupt control, the state of the ATS line, receiver
'plenup! control, and the state of the DTR line.

The Control Register controls the number of stop bits, word
length, receiver clock source, and baud rate.

The Status Register indicales the states of the IRQ, DSR, and
OCD lines, Transmitter and Receiver Data Registers, and
Overrun, Framing, and Parity Emor conditions.

~ The Transmitter and Receiver Data Registers are used for tom-
porary data storage by the ACIA Transmit and Receiver circuits.

ORDERING INFORMATION

Part No.: R6SS1__
tTmmW(‘l"bT.&:
Blank = 0°C 10 +70°C
E = -40Co +85°C

Frequency Range:
1 =1 M2
2=2M2

C-C.omnic
P = Plistic

FEATURES

o Compatible wth 8-bit microprocessors '

o Full duplex operation with butfered receiver and raneml

o Data sst/modem control functions

e internal baud rate generator wih 15 programmable
rates (50 1o 19.200) :

o Program-seiectable nternally or extemally controlied recs
ale

. Pwam&hmwh& number of stop bits, and pt
bit generation and detection

o Programmabie intarrupt control

o Program reset

o Program-selectabls serial echo mode

o Two chip selects

® 2 or 1 MHz operation

¢ 5.0 Vdc = 5% supply requirements

o 28-pin plastic or ceramic DIP

o Full TTL compatibiity

o Compatible wih R6500, R6500" and RE5C00 mi
processors -

—

Y
vss (11 B RW
cso ]2 7 n
Ts ] 26 {2 IRG
RS (]« s [o7
Re¢ (s 2o
xTuCle n{os
xmo ] 7 zf{Jo4
RS s a0
(24 = I 0[] 02
™o ] 10 u:]inﬂ
RO n w{loo -
a0 C 92 1”7 [ 0%R
RS0 CJ 13 16 [ 6CO
RSt ] e 15 vee

Figure 1. R8551 ACIA Pin Configurstion

Document No. 29651N90

ki

N

2-116

Product Description Order No. 284
Rev. 2, March 1984
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MCG809- -

(LoWu)

MC68A09

(1.9 MNz)

MC68B09

(2.0 Wiz)

8-8IT MICROPROCESSING UNIT

The MCEB09 is 8 revolutionary nigh-performance 8-bit NCIOPIOCESSOr - -

which Supports modern programming  techniques such a8 posilon e
dependence. reentrancy, and Modular programming.

Thig third-generation addition 10 the MEBO0 famdly has major architectural
\mprovements which mclude sdditional registers, instructions, and 800ressing
modes. :

The basic instructions of sny computer are greatly ‘enhanced by the
presence of powerful sddressing modes. The MCEB0S has the most complets
set of addressing modes available on any 8-Dit MiCroprocessor today.

The MCE809 has hardware and software festures which make t an ideal
processor for higher level language execution of standard controiler applics-
nons.

MC6800 COMPATIBLE
© Hargware — interfaces with All MBBOO Peripherals

@ Software ~ Upward Source Code Compatible Instruction Setand |

Addressing Modes

ARCHITECTURAL FEATURES
©® Two 18-bit index Registers
® Two 16-bit Indexable Stack Pointers
® Two 8-bit Accumulators can be Concatenated to Form One 16-Bit
Accumulator
® Direct Page Reqister Allows Direct Addressing Throughout Memory

HARDWARE FEATURES

@ On-Chip Oscltator (Crystal Frequency = 4XE)

[ ] DMA?&HEG Allows OMA Operation on Memory Refresh

@ Fast Interrupt Request Input Stacks Only Condition Code Register
and Program Counter

@ MRDY Input Extends Data Access Times for Use with Slow Memory

® interrupt Acknowiedge Output Allows Vectoring By Devices

@ SYNC Acknowledge Output Allows for Synchronization to External
Event :

@ Single Bus-Cycte RESET

® Single 5-Voit Supply Operation

[ Inhibited Ater Until After First Load of Stack Pointer

@ Early Address Valid Allows Use With Slower Memories

® Early Waite-Data for Dynamic Memories

SOFTWARE FEATURES
® 10 Addressing Modes

o 6800 Upward Compatible Addressing Modes
 Direct Addressing Anywhere in Memory Map
* Long Relauve Branches
o Program Counter Relatve
o True indirect Addressing
o Expanded Indexed Addressing:

0-. 5, 8. or 16-bit Constant Offsets

8-, or 16-bit Accumuiator Offsets

Auto-Increment/ Decrement by 1.or 2
Improved Stack Manipulation
1484 Instructions with Unique Addressing Modes
8 x 8 Unsigned Multiply
16-bit Arithmetc
Transfer/Exchange All Registers
Push/Pull Any Registers or Any Set of Registers
Load Effective Address

HMOS

(HIGH DENSITY N-CHANNEL, SIUCON-GATE

8-8IT
MICROPROCESSING
UNIT .-

L SUFFIX
CERAMIC PACKAGE
| CASET18

P SUFFIX
PLASTIC PACKAGE
* CASET

S SUFFIX
CERDIP PACKAGE
CASE 7

O (JHALY

w2 B[] XTAL
JLehEl BIEXTAL
FIRGG ¢ 37 JAESET
8ss % [IMROY
sa{e »fja
veell? ufje
aofe B[ OMATBREQ
9 AW
0 k1l ;oo
1" 2101
2 -] puz
13 b1 1 ox]

(104
o6
[106
o7
a5
A1

PMS

4266 ..




Vee Vee
L] a1 pr |1 D319 1 as Bs |
26| a13 De |—i& D308 1 Av B7 N
L 2 A12 Dps 4L D22 1 | 46 B6 J
- 224 An1 Ds |8 D28 6 1 45 BS
P 21 A0 D3 |—1& D7 5 | a4 B4
L 241 Ao D2 |13 D36 4 | as 245 s |16
L 2 As 2256 p1 -2 D25 3 | Aq B2 Al
4 2 AT 32Kx8 Do D24 2 Al B1
: As RAM 1 | pir
4 AB -
2 $ 1 A4 wE D—— so —20 &
’ kd A3 Vss
’ &1 A2 _ED
p 2 A1l OE =
f w |, = g:: ] e
GND
FEV _[14 —|:6V
28 — 20
Vee Vee
Il A1s D7 |12 D23 9 | as Be
L—28— A13 Dé 18 D22 g AT BY 12
—2— a12 D5 1L Dat v As B6
,A— All D4 16 D20 ¢ 1 as Bs
—21 A0 ps |18 D10 5 1 A« By [—i&
—24—1 Ao pz & Rit 4 | .3 245 s
e 2256 D1 12 DT 3 | Ao B2
—2 a7 32Kx8 Do D6 2 1 ax B1
l—i— a6 RAM s
—2— a5 DIR
T R w5 D= sipP—t+—2g 5
[ | s Vss
—E— Az _Ll_n
—— m SE :)'221 -
p—&— Ao °s D2 s1
GND
TT _F'w Fsv
= 28 20
Vee Vee
1 A4 pr |2 D5 9 | As Bs (—il
26 A13 D6 Di4 g AT B7 12
r 21 a2 Ds z D127 1 ae Bs |13
A1 Da (1€ Di2_6_ 1 Ay Bs (—ld
” 2l Ax0 Ds |15 Dit 5 ] A4 B4
” 2] A D2 |18 D10 ¢ | .5 245 g5 |18
|- 25 1 a8 2256 p1 (-2 D23 1 a2 Bz 11
L 21 a1 32Kx8 po [ Ds_ 2 | a1 B1 |18
4
: s :Z RAM L DIR
’ £ | A4 wEs DE—d wp—1T—B(F
B kd A3 Vss
v = A2 _Lm
% 2 Al 532 =
Y 18— a0 gE = s2
GND
—I:SV 14 _FSV
28 = 20
Vee Vee
I A1g pr (12 DT 9 1 as Bs |—il
. 28 a1a ps [—i& D6 s 1 A7 BT N
T p—2 a2 Ds [—LL Ds__ 7 1 as B6
L—23—] a1 D4 |1 D4 6 | 45 Bs |1+
L—2L 1 a1 D3 DS 5 1 A4 B4 |—iE
241 49 D2 |12 D24 | a3 245 ms
45— as 2256 D1 12 DL_3 | a2 B2 T
L—=— a7 32Kx8 o | Do__2 1 A B1
= :: RAM 1 DIR
L—6— A4 wE (=L sap 19\., 5]
A Vss
L—=2 | A2 —to Data<0:T>
[ | A 55 D=2 =
L 10 A0 ﬁ .20 N ss
GND _
MemR / Wi

MemAddr<0:13>

T

MemSel<0:3>

SECDData<0:31>

Figure 7: SECD’s Memory




T
16

MemSel<0:3>

Vee Vee
ViA#1 PB1 —43 ] 2B 2vs (D2 12 | 4p 4y |- Ass
VIA#1 PBO —3i_] o4 2va [ 10 1 4A
ay1 (AL 10 | 38 3y |2 s2
— 15 .5 avo 2 [ PRR I
139 S 2B 2y L s1
£ 2a 157
—3 1.5 s DI 21 1B 1y 450
2
—2 1A 1v2 D 1A
1vr OE— Ul
L 1§ 1vo O4— 15 7 l+5v
Vs v 16
5 8 Vee
l" ~13_] 4p sy fd2—
= = S VE N _
10 3B 3y p—2—  MemR/W
115
< 2B 2y 71— A13 - PBs VIA#2
= aa 1567
3118 1y 2 A12 - PB4 VIA#2
2 34
1 sEL
Als A13] A1) \ 15 =
G
Vss
%
A13 A12 \
l+sv -
Control<0:4> =t 16
R/W Vee
13 12
ALl ” 4B sy A1l - PB3 VIA#2
Anf 1A
10 9
Alo " 3B ay A10 - PB2 VIA#2
Aol 3A
6 7
Ao 2B 2y A9 - PB1 VIA#2
As s 1.4 157
3
As ; 1B 1Y 4 A8 - PBO VIA#2
sV 1A
L SEL
—£0 @
Vss
3
= |+5V
16
Vee
AT 13 | 48 4y |12 J A7 . PAT ViAg2
AT 14 1A
™ 2 38 3y |2 A6 - PA6 VIA#2
As ¥ ] sa
AS ¢ 2B 2y A5 - PAS VIA#2
5 157
sy 24
Ad 2+ 1B 1wy 4 A4 - PAd VIA#2
A4l 2 1A
1] sEL
@ <3
SECD a0 a1 a2 as )/ Vi
Addr<0:13> A l“
6809 his a0 [a1 |az |as / +sv -
Addr<o:15> N 16,
] Vec
13 4B 4y 12 A3 - PA3 VIA#2
14| 44
10 3B 3Y 2 J A2 - PA2 Viag2
FEE Y
e 2y f—L Al - PA1 VIA#2
5 2a 1567
3] 1B 1y [ A0 - PAO VIA#2
21 1A
VIA#1 PB2 1 SEL
13 '—LLC g MemAddr<0:13>
wB ] S Vss
11 z
1
rmem 1104 2 —

Figure 6: Mulitplexing SECD’s Memory




E
20

+5V

4 cs1

8020-802F —22-(] T35

A3 /—L RS3

Az |28 Rs2
a1l RS1
Ao 28] Rso

6522

PAT
PAs6
PAS
PA4

PA2
PA1
PAoO

—2— MemAddr7
—&— Memaddre

T MemAddr$
—— MemAddr4

5

MemAddr3
—— MemAddr2
—3— MemAddrt
|—4~— MemAddro

17
16

*B

/
/ (] 7S
R/W
E @2 VIA PB5 |—1f— MemAddria
ji7e) #2 PB4 [—li Memaddniz
PB3 |—13— Memaddrit
PB2 |—12— Memaddrio
o7 PB1 f—tl— MemAddre
2 Ds PBo |[—L— MemAddrs
Ds
D4
D3 caz [—2—
D2 cal (40—
21 p1 cBz |18
Do cB1 18—
Vss
1
+5V
20
+sv Vee
cs1 PAT 2 Button
8010-801F —2(] TFF PA6 |—f— Reeet
PAS [—L— Flagl
PA4 |[—f— Flago
A3 22 Rss PA3 |2 Test
A2 |26 Rs2 PA2 |—4— shift
A1l RS1 PAl |—2— Shout
Ao |-28— Rso PAO |[—2—— Shin
/ ~4(] ®Es PB7 il — o,
221 r/W 6522 PB6 -2 rmem
el 22 VIA pBs 15— FEw
L21.] T’Rg #1 PB4 14— CikDestsel
PB3 |—l2— ClkSrcSel
/ PB2 [—2— MemseiCrtl
/ 26 | pr PB1 |—Ll— Banksen
21 pe PBo |10 — Bankselo
28— Ds
22— D4
301 D3 cAz |30
-2 D2 car [0
22— D1 cpz |—&—
Address< 2 Do CcB1 |f-l8 .
Vs

Control<0:3> /
Data<0:7> /

Figure 5: SECD Control Signals




Vece
B ———2_ G Y7 (O E000-FFFF
5 555 Y6 (O=———  C000-DFFF
138 ¥ (O-Llee—s— 8000-9FFF
als - vs D2
A © v2 DA2—
Tf— B v1 DA
—1 1 A Yo (D5
Vss
3
—F-sv
16
+sv Vee
G1 yr DIL—
Control<0:3> / As—f'c G328 Ye 3?0_
G2A ¥s (20—
138 Y R
As v DA2—
,-M—a— c v2 (D3 ———— 8020-802F
’T—L B v1 O 4010.801F
——1— A vo [DA%——— s000-800F
Vas
3

Address<0:15> /

Figure 3: Address Decoding




l'”‘v Control<0:4>
15 -

27

o}

g
t

Data<0:7>

6551 Ds 23

Lo — I _l sooo-s00F —2C] &z ACIA D4 p—22

[:3

~——— XTLH
1.832MHz Crys q}_ Do 18
XTLoO Address<0:15>

g
0
&

Al

[v]
Q
[v]
»
@

2 RSO A0

Q
el
i

il
]

Figure 2: Communications




N

—Fsv —I:sv
1 2
Pwr  DPwr
A13 f2i
Alz |23
25— pa1 A1l |42
261 Dpao Alo [—2L
|41 D29 Ao |—20.4
28] D28 As 12
|22 D27 AT A&
-20 1 p2e As LT
21— D25 As |
-2 D24 As |18
|23 D23 A3 (4
- D22 A2 13
25— p21 A1 12
- D20 Ao 11/
’ D19
-2 D18 Button |[—8%— PAT VIA#1
32 1 py7 Reset [D)-2— PA6 VIA#1
[ 10 | 56 SECD
L4l | D15 Flagl |—3—— PAS VIA1
,—12__< D14 Flagd |—i— PA4 VIAZ1
|42 { D13
44 1 pi2 Test |—8—— PA3 VIA#1
15 1 p1y Shift | PA2 VIA#1
€1 pio Shout |—8%— PA1 VIA#1
I Ds Shin |—8—— PAO VIA#1
48 { Ds
42 D7 rmem (80 _ pPBe VIA#1
SECDAddr<0:13> / r pe Whir D#—PBs viaw
-8 Ds
52 1 py Sr-&p 10
5. D3 S1-d 4
24| Do
’ D1 ®a 84
¢ Do *p =
Gnd  DGnd
x4 _J_SB
SECDData<0:31> / = =
_FSV FSV
20 20
Vee Vee
®4 PBT VIA#1 —— 17 | 54y 2v4 3 17 244 2Y4 2
¢p PB7 VIA#2 ———15 ] 543 2v3 & 15 243 2v3 |2
s 2v2 L 13 ] 242 2vz L
— a1 2v1 -2 1l 2a1 2v1 =2
12 | .6 21 2
241 241
Crystal & 4 8 1A4 1Ys L] 1A4 1Ya 12
Crystal @5 £ 1 143 1vs 34 S | 1a3 1v3 |-t
—id a2 1v2 |18 4] 142 1vz |8
—2{ a1 1y p—i8 2 1a1 vy |18
1.7 4 +q .5
GND = GND
_Lm —Lw
PB3 VIA#1 = =
PB4 VIA#1

Figure 8: SECD




Control<0:4>

Data<0:7>

Address<0:15>

N N

l+5v
28
+5V Vee
lza [ ST
Vee De 18 4
N—2— A12 D7 (=12 Dps |1
N2i— Ann De |—i& D4 L&
N2l | Al0 D5 17 2 | A12 D3 15
Nz2s | A D4 18 M22i— ann b2 |12
221 A8 3 f—i& N2l Al0 o1 124
N2s
N3 _J A7 2764 D2 13 4 A9 6264 Do -1l
M as 8Kx8 o1 |2 ~&— as  8Kx8
NS Do |11/ AT RAM
s EPROM - e i
W o—tl ./
NT.d a3 Freive 7 NS | A5 R/W
sl Ao Nt] A4
N2 AL —_— 20 NT_1 aa +5v
CE
\_10 A0 — N—f— a2 cs2
OB gq 9 —
GND E000-FFFF AL S8t
14 L0 40 OE
GND C000-DFFF

Figure 4: Program Memory




4MHs Crystal

3TpF
27pF I
+5V
4.7KQ
4.7KQ
4.7KQ
4.7KQ
—25
—_t ]

i
v

XTAL

EXTAL

MC6809

Als
Ald
Al13
Al2
All
Al0
A9
A8
AT
A8
AS
A4
Al
Al
Al
AD

|3
O

Iz
<
m 38

a3
22
a1
20
19
A8
AT
" Address<0:15>
l v
13 +o
14 AN 20
13 Vee
™ 11 Bs A8 __L.\
M B7 AT 2
NA3 | Be A8 I
10 N
o N-14 BS A5
15 5
B4 A4
| & /
18 1 ps 245 as 4
Al B2 Az 2
18 _{ B Al 2
2 R/W
25 DIR
26 E
21 Ves
28 - lxo
A 45V =
30 A
Y Control<0:4>
4.7KQ /

i 5

LTKG IN4148

I 1004F

Figure 1: 6809
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