








— T74AC types with CMOS-compatible input switching
levels (typically Vcc/2) and a supply voltage range of
2V to 5,5V for all-CMOS systems

— 74ACT types with TTL-compatible input switching
levels (typically 1,5V) and a supply voltage range of
5V +10% for interfacing with TTL systems.

The type number nomenclature of these centre supply pin
ACL ICs follows that of their bipolar counterparts but
consists of a 3-digit function code preceded by the centre
supply pin designator 11, For example, the type number of
hex inverter '04 with CMOS-compatible input switching
levels is 74AC11004.

Since the low power dissipation of ACL ICs makes them
ideal for circuitry on densely packed boards in small
enclosures, they must be suitable for use with surface
mounting technology, which is being increasingly used for
automated assembly of electronic equipment to achieve
significant reduction of its size and weight. Production
quantities of all our ACL ICs are available in DIL packages
and in SO (small outlines) packages. The dimensions of the
latter were originally developed by us and now form the
basis of JEDEC standard publication 95 (also published in
IEC standard document 191-2, family A76).

Finally, ACL ICs are completely latch-up free, and have
complete protection against electrostatic discharge (ESD)
at their inputs and outputs.

ACL FEATURES

ACL has all the well-known attributes of our HCMOS
family combined with faster operation and increased drive
capability. The main outstanding features of the family are:

e A comprehensive type range from simple gates to shift
registers and counters

e Available with specifications valid for an operating
temperature range of —40 °C to +85 °C, with options for
—55°C to +125°C operating temperature range and for
military processing, both MIL-STD-883 and MIL-M-38510

e All types available in 74AC versions (CMOS input
switching levels) and 74ACT *versions (TTL input
switching levels

o The input switching threshold level is subject to a varia-
tion of only +60 mV over the entire temperature range.
Much less than the +300 mV specified for bipolar logic

e All types available in SO (small outline) and DIL packages

o Completely latch-up free and guaranteed ESD protection
against positive and negative transients up to 2kV
(human body model) at all inputs and outputs

e Low power dissipation. Only a few nW when quiescent,
rising to a mere 1,2 mW at | MHz
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e Symmetrical 24 mA sink/source current for equal output
rise and fall times. For incident wave switching. 50 2
and 75  loads are permissible

e More than three times the noise immunity of TTL logic
families

e Wide supply voltage range:;; 2V to 5.5V for 74AC ICs
and 5V +£10% for 74ACT ICs

e Average propagation delay for the 74AC11000 gate is
3ns for either HIGH-to-LOW or LOW-to-HIGH transi-
tions. Typical operating frequency limit at 25°C is
150 MHz

e Centre supply pins to minimize ground and supply rail
glitches during simultaneous switching of multiple
outputs. A flow-through architecture to simplify board
layout

e Outputs have edge control circuitry to reduce the
effective dv/dt, thereby further reducing switching noise

e Inputs have a small d.c. hysteresis to render them less
susceptible to slow input edges. Furthermore, clock
inputs have additional proprietary dynamic hysteresis
which doesn’t incur a speed trade-off

e Alternate-sourced by TI.

A CLOSER LOOK AT ACL
Supply voltage

ACL ICs with the type number prefix 74AC operate from
a supply voltage range of 3V to 5,5V, meeting the new
industry JEDEC standard No.8 which specifies 3,3V +03V
for regulated power supply systems. The internal logic of
74AC ICs will, however, maintain its state with a supply
voltage as low as 2 V; this facilitates the use of a lithium
battery as a back-up supply. ACL ICs with the type number
prefix 74ACT operate from a supply voltage of 5V +10%
which is consistent with the supply voltage for the TTL
logic circuits with which they are intended to interface.

Power dissipation

One of the most important requirements for any logic
system is low power dissipation because it minimises system
cost, allows higher packing density and results in improved
reliability because of lower operating temperature.

The typical quiescent power dissipation of an ACL gate
(2,5 nW) is more than six orders of magnitude less than that
of a bipolar TTL gate. This is because, unlike TTL, CMOS
logic dissipates only negligible power due to leakage currents
when it isn’t switching. The maximum quiescent current
per ACL package for SSI (40 uA) is less than 1% of that of
an equivalent TTL package with 50% of the gates in the
HIGH state. As shown in Fig.2, the typical dynamic power
dissipation of ACL gates is also very low. With a 50 pF load
and a SV supply, it is 0,18 mW at 100 kHz rising to only
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180 mW at 100 MHz, two-thirds of which is dissipated in
the load capacitance. This is considerably lower than that
of the fastest TTL logic, particularly at lower frequencies
where its high quiescent current predominates over its
dynamic current.

The power merging frequency where ACL and TTL
dissipate the same power is about 10 MHz for a gate, and
more- than 20MHz for a flip-tlop. However, in a practical
logic system. only a few of the logic elements operate at the
maximum clock frequency. so the average operating fre-
quency is much lower, giving ACL an even greater ad-
vantage over advanced TTL. Figure 3 shows that, in a more
complex system comprising a divider chain of six flip-flops
with their Q outputs loaded with S0 pF. the power merging
frequency no longer exists. At 30 MHz, ACL still dissipates
only one third of the equivalent advanced TTL dissipation.
If the divider chain is lengthened, or the system com-
plexity increased, the power-saving increases yet further.
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Fig.2 The power dissipation of an ACL quad 2-input AND

gate with all outputs switching and with Vec=5V, C =

50 pF and T =25°C is considerably lower than that of the
fastest TTL circuits
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Fig.3 A simulated logic system shows the distinct power
saving of ACL at all frequencies
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Propagation delay

The on-chip propagation delay for a single ACL gate is
only 0.5 ns. From input pin to output pin of a 74AC11000
gate with a SO pF load it is 3 ns typical for HIGH-to-LOW
or LOW-to-HIGH transitions. Moreover, propagation delays
are specified over the entire operating temperature range
and at two system supply voltages (3.3V*03V and
5V 0,5 V). For user convenience, the minimum propaga-
tion delay is also specified. The specified limits are com-
parable to those for the fastest TTL logic families. Due to
the high drive current capability of the low-impedance ACL
outputs, propagation delay variation as a function of load
capacitance is much less than that of most other logic ICs.
Moreover, unlike the fastest TTL circuits. all ACL ICs have
standardized output buffers which allow symmetrical
output current sinking and sourcing to obtain equal rise
and fall times (3 ns). This simplifies design and results in
optimum speed and a.c. performance. The typical switching
frequency limit for ACL is 150 MHz at 25 °C and is speci-
fied with a 50% duty factor so, unlike with TTL, it’s not
necessary to tweak the pulse widths.

Noise immunity

The input switching levels are between 30% and 70% of
Vcc for 74AC ICs and between 0,8V and 2V for 74ACT
ICs. Output swing for both 74AC and 74ACT ICs is from
0,1V to Vcc—0,1V with a load of 50uA (fifty CMOS
inputs) and from 0,5V to Vcc—-08V with a load of
+24 mA. For 74AC ICs driving fifty CMOS inputs, the
LOW- and HIGH-level noise immunity with a 4,5V supply
is therefore 28% of V. The LOW-level noise immunity of
74ACT ICs with a maximum load of 24 mA matches that
of TTL at operating temperatures up to 125 °C and exceeds
it at 70°C. The HIGH level noise immunity of 74ACT ICs
is three times that of TTL. ACL ICs are therefore ideal for
use in electrically noisy environments such as those en-
countered in industry, telephony and automotive appli-
cations.

Drive capability

ACL ICs have the low input current (only 1 zA max. in the
HIGH or LOW state) which is a characteristic of CMOS
technology and is essentially zero compared with the input
current of TTL technologies. They can. however. sink/source
output current of up to 24 mA over the entire operating
temperature range whilst still matching or exceeding the
noise immunity of TTL logic. The fan-out when driving
other CMOS circuits is therefore only limited by load capa-
citance considerations and not by the available drive power.

In the fastest logic systems, ACL ICs will probably be
working in a transmission line environment where their low
output resistance (202 max.) is of particular significance
for reducing a system’s susceptibility to crosstalk and
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Absolute maximum ratings
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Voltages are refcrenced to GND (ground = 0 V)

symbol parameter min. max. unit conditions

Vce d.c. supply voltage -0,5 +6 \Y

Ik d.c. input diode current 20 mA for Vi <0 Vor Vi > Vcc

or Vi d.c. input voltage -0,5 Vcc+0,5 V

gk d.c. output diode current 50 mA for Vo < 0 Vor Vo > V¢

or Vo d.c. output voltage -0,5 Vcc+0,5 Vv

tlp d.c. output source on sink current 50 mA for -0,SV< Vo< Vcc+0,5V

Tstg storagc temperature range -65 +150 °C

Ptot power dissipation per package
plastic DIL 500 mw above +70 °C: dcrate lincarly by 12 mW/K
plastic mini-pack (SO) 400 mw above +70 °C: derate linearly by 6 mW/K

Note

1. The absolute maximum Vcc/GND current is the sum of the maximum rated active HIGH (Ioy) or LOW (1o ) output currents as
specified in the appropriate DC characteristics table. Its absolute maximum value is at least 100 mA.

Recommended operating conditions for 74AC/ACT

74AC T4ACT
symbol parameter - - unit conditions
min. typ. max. min. typ. max.
Vee d.c. supply voltage (note 1) 30 50 55 45 50 S5 v
VIH HIGH levcl input voltage 2,1 Vec=3V
3,15 2,0 \ Vee=45V
3,85 2,0 Vee=5.5V
ViL LOW level input voltage 0,9 Vee=3V
1,35 0,8 \Y Vec=4.5V
1,65 0,8 Vee=55V
Vi d.c. input voltage range 0 Vee 0 Vece \%
Vo d.c. output voltage range 0 Vee Vce \%
Tamb operating ambient tempcrature range -40 +85 —-40 +85 °C
Note

1. For battery back-up a 2 V data retention supply is allowed. This implies that a device output will maintain a previously established

valid logic state. No parameters or switching characteristics are specificd at Ve less than 3 V.
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DC characteristics for 74AC
Voltages are referenced to GND (ground =0 V)

Tamb CO) test conditions
symbol parameter +25 —40 to +85 unit Vee Vi other
min. typ. maxX. min. max. v
2,9 2,9 30 -Ig =50 A
44 44 \Y 4.5 Viy or Vi -Ip =50 A
54 5.4 5.5 -Ip =50 uA
VOH HIGH level output voltage
2,58 2,48 3,0 -lp= 4mA
3,94 3,8 v 45 Vi or V| -lp =24 mA
4,94 4.8 -lp=24mA
VOH HIGH level output drive (note 1) 3,85 A" 5,5 -lp=75mA
0,1 0,1 30 [p=50uA
0,1 0,1 \" 4.5 Viy or VL [0 =50uA
0,1 0,1 55 Io =50 uA
VoL LOW level output voltage
0,36 0,44 3,0 Ip=12mA
0,36 044 V 4.5 Viy or VoL Ip=24 mA
0,36 0,44 5.5 lp =24 mA
VoL LOW level output drive (notc 1) 165 V 5,5 Ip=75mA
1] input leakage currcnt 0,1 1,0 uA 5.5 Vce or GND
tlpz 3-statc OFF-state current 0,5 5,0 uA 5,5 Vi or VL Vo = VcC or GND
Icc quiescent supply current
SSI1 4 40 HA 5.5 lp=0
Ve or GND
MSI 8 80 uA 5,5 Ip=0
Note

1. Not more than onc output should be tested at a time, and the duration of the test should not exceed one second. This parameter has
been introduced to meet the requirements of incident wave switching of 50 2 loads.
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DC characteristics for 74 ACT

Voltages are referenced to GND (ground =0 V)
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Tamb °C) test conditions
symbol  paramcter +25 —40to +85 unit Vee VI other
min. typ. max. max. v

Vou HIGH level output voltage :;4 :// :; Viy or Vi ::8; ;2 ‘r:::
VoH HIGH level output drive (note 1) Vv 5.5 Vi1 or Vi -lp=75 mA
VoL LOW level output voltage g;() 3:4 ‘\; ::j Viy or Vi :g i ;2 ::;
VoL LOW level output drive (note 1) 1,65 v 5.5 Viy or Vi Iop=75mA
+1y input lcakage current 0,1 1,0 nA 5,5 Vccor GND
+lpz 3-state OFFF-state current 0,5 5,0 A 55 Viy or Vi Vo = Vcc or GND
Icc quiescent supply current

e om0 s ss Yeewow 0T
alcCc  additional quicscent supply

current per input pin for a unit tbd* tbd tbd 45to VeccorGND Ig=0

load cocfficient ot 1 (notc 2) 5.5
Notes

1. Not more than one output should be tested at a time, and the duration of the test should not excecd one second. This parameter has been

introduccd to meet the requirements of incident wave switching of 50 Q loads.

2. To determine alge per IC, multiply this value by the unit load coefficicnt given in the individual data sheets.

* to be determined.
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Microcontroller eases 1/0 processing

burden

S. BALIGA. G. GOODHUE and J. JENKINS

High-speed control applications are characterized by the
nced to test and perform operations on system inputs that
are not necessarily in a fixed format or a given length.
Typical system requirements are testing one or more flags
on a polled or interrupt-driven basis, sctting or clearing of
subficlds within a byte boundary, transferring large amounts
of data in a short time and controlling peripheral devices.
Concurrent with these operations is the need for predict-
able real-time response, accurate and tight timing loops, fast
conditional branching and basic computational ability.
These attributes must be performed at speeds that may be
beyond the operating ranges of conventional microcon-
trollers.

The 8X401 microcontroller (Fig.1), which uses the
Harvard architecture, allows pipelining address generation
and instruction fetching with parallel instruction decoding
and exccution. This concurrency results in consccutive
read-modify-write cycles, using cither external or on-chip
memory aseither source or destination. The result is executed
in a minimum of 150 ns.

The 8X401 isa monolithic CPU implemented in Emitter-
Coupled and Emitter-Follower Logic (ECL and EFL). It
controls a series of peripheral devices attached to it by
means of a standard 8-bit 1/O bus. The 8X401 can be
integrated into most support systems using the 8 X300 and
8X400 family support devices.

The 8X401 has a fixed instruction set with full on-chip
decoding. The user is thus spared from the details of writing
or understanding microcode, as in bit-slice microcontrollers.
It has 32 instructions (Table 1), which besides such general
arithmetic/logic operations as ADD and XOR, includes a
variety of conditional jumps and returns.
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All instructions are 20 bits long, and instruction memory
is 8 Kwords deep. Arithmetic/logic operations may be per-
formed on 1 bit to 8 bits of the operand data subfield.
Thus, a subfield (from a data byte) can be selected, an
operation performed on it and the result written back to
the source byte without disturbing the other bits. To expe-
dite such operations, the 8X401 has an 8-bit ALU with full
rotate/merge capabilities. A selectable wrap-around carry is
present, allowing multiple byte additions. When a data byte
represents the control signals to a peripheral, the 8X401's
subfield manipulation ability obviates the need to read the
entire byte back to the destination field.

The 8X401 has an independent address section with an
independent 13-bit address arithmetic unit and a four-level
push-down stack. The chip has status flags (Carry. ALU
Not Zero, User Programmable Status Bit and Interrupt
Receivable) pinned out as well as register addressable.
A Status Input pin is provided which is sampled every cycle
and can be used as a serial input, simplifying interprocessor
communications.

For parallel transacting, three bank-select signals are
provided. acting as ninth address bits when accessing data
memory. These can switch between the input and the
output phases of the same instruction to avoid addressing
data memory when executing read-modify-write cycles on
external memory. Only one of these signals is active during
a peripheral read cycle, but one or two may be active
during a write cycle, allowing data to be simultaneously
written to two different addresses in external memory —
particularly useful during initialization. The information
conveyed by the 8X401 I/O interface is sufficient to allow
8X400 and 8X300 family peripherals to be attached
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SYSTEM DESIGN

The 8X401 offloads various 1/O control tasks from the host
processor (Fig.2). These I/O tasks, which are controlled by
the 8X401, include a 640 x 320 colour display, a high-
speed network. a parallel printer, a serial port and a key-
board. The host processor in this system is a 68000 micro-
processor. The 8X401 presents a high-level software inter-
face to the 68000. Host commands on 1/O devices, such as
DRAW LINE and TRANSMIT TO NETWORK, are imple-
mented by the 8X401.

The hardware interface between the 8X401 and the
68000 is an 8X320 Bus Interfacc Register Array chip. The
8X320 can be thought of as a mailbox; it interfaces two
independent ports, a primary and a secondary port, using
either 14-byte or seven-word addressable data registers.
Also within the 8X320 is a 16-bit flag register, which also
can be either byte or word accessed. The 8 X320 maps one
status flag for each of its 14-byte data registers. When either
the 68000 or the 8X401 writes to a data register, the
appropriate flag is set. The status flags can then be polled
to facilitate interprocessor communications.

The secondary port of the 8X320 is tied directly to the
8X401 1/0O bus and is mapped onto its A bank. No external
“glue’” gates are needed. The primary port of the 8X320 is
tied to the 68000's local bus. This interface requires the
addition of only three ‘‘glue™ gates, one OR gate, one
NAND gate and one open collector buffer. The 68000 can
then access the 8X320 either in byte or word mode. With
byte-mode addressing, odd-address bytes are transferred
over the 68000’s lower data lines DO-D7. Even-addresses
are transferred over the 68000's upper data lines D8-D15.
With word-mode addressing, data is transferred over the
entire 16-bit data bus of the 68000. Both read-modify-
write and test-and-set classes of instructions are supported
at the 68000/8X320 interface.

The various I/O devices of Fig.2 interface to the 8X401
through eight 8X470 programmable I/O ports and one
8X360 Memory Address Director (MAD). The 8 X360 and
two of the 8X470s arc used to interface to the bit-mapped
graphics memory. These peripheral devices are all mapped
onto the 8X401's A bank. The 8X360 and the two 8X470s
tie directly to the 8X401’s I/0O bus: no external “‘glue’ or
buffering is needed. The 8X360 generates the address
needed to access pixel information contained in the bit-
mapped memory. Data that can be either written to or read
from the graphics memory is held in two 8X470s.

Two 8X470 1/O ports are needed to interface the
8X401 to the high-speed network. One 8X470 contains
data to be sent to or received from a serializer/deserializer.
The other 8X470 monitors and controls various other
signals needed to implement the network interface.

Because the printer used in Fig.2 is a parallel printer, the
8X401 requires one 8X470 port to send 8-bit ASCII data to
the printer. Printer control and status lines are integrated
into the system through a second 8X470. This second
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control and status 8X470 has additional capability above
and beyond the printer interface. This excess is consumed
by the serial port and keyboard interfaces.

The two remaining 8X470s complete the UART and
keyboard interface. One 8X470 is used to send or receive
data from the UART. The second 8X470 is used to receive
parallel data from the keyboard. In addition to the eight
1/O 8X470s, the system contains onc timer/counter 8X470.
This port is used to interface the 8X401 to the timer/
counter, which is used in system operation.

To improve system performance. it’s desirable to provide
first-in, first-out (FIFO) buffering for the network, the
printer. the UART and the keyboard. The 8X401 imple-
ments FIFO buffers for these devices using an 8X450
256-byte RAM and softwarc. This 8X450 is allocated all
256 locations on the B bank.

The 8X401 has 13 general-purposc registers on-board.
To allow additional temporary storage capability, an
8X450 RAM has been added to the system (Fig.2). With
devices already residing on the 8X401's A and B banks, the
8X450 is mapped onto the C bank. If desired, portions of
this program storage 8X450 can be reassigned for addi-
tional FIFO storage.

The softwarc configuration of the system is resident in
the 8X401 program PROMs. The softwarc consists of a
basic real-time operating system and five applications mo-
dules (device drivers), one for each 1/O device. The device
drivers contained in PROM perform the actual control of
each of five 1/O devices.

The operating system has three major parts, a process
scheduler, an interrupt handler and a 68000 communica-
tions package. The 1/O system may have multiple 1/O
devices active simultaneously. For example. the 68000 may
have instructed the 8X40!1 to send data to both the printer
and the serial port. The system may then have multiple
device drivers simultaneously active.

To provide each 1/O applications module with some
processing time, process scheduling with a time-slice algo-
rithm is used. The process scheduler sclects which active
process is allowed to run next. Depending upon its priority,
this selected process is allocated a specific amount of
microcontroller time. The allocated time is loaded into the
timer/counter 8X470 on the A bank, and the process is
allowed to run. When the allocated time expires, an inter-
rupt is generated by the timer/counter. The applications
program is then interrupted and control is returned to the
operating system.

In addition to handling interrupts from the timer/counter,
the 8X401 must handle interrupts from the network, the
UART and the printer. The interrupt handler determines
the highest priority interrupt pending and takes the necessary
action.

The last major part of the operating system is the 68000
communications package. Communication between the two
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REED SWITCH QUALITY

Our dry reed switches arc both designed for and used in the
most demanding applications, including computer key-
boards, telephone equipment, automatic test cquipment
and automobiles. Thus, their quality — both conformity
and reliability — must be exceptionally high. We build this
quality into our reed switches, at every stage in their design
and manufacture.

This article describes the quality philosophies, routines
and methods that we employ, and gives results of both
Quality Control tests and field experience. Terms and
definitions used are those of IEC Publication 255-9 as used
in our Data Handbook (Vol.T1S). Quality methods are
generally in accordance with IEC Publication 68; with pro-
cedures corresponding to CECC 19000 (although CECC
Release is not available).

ORGANIZED FOR QUALITY

The foundation of the exceptional quality of our rced
switches lies in the comprehensive organization that lies
behind every step of their design, development, manufac-
ture, and application. Responsibilities and communication
paths are well defined; Quality Control is independent, but
integrated with production and development: the im-
portance of continual education and training is fully
recognized and implemented. The quality achieved is
evidence by:

o "uniform product characteristics from batch to batch
e rugged construction
e long useful life

e low early-failure rate

Reed switches type selection

e low AQLs (from 0,1%) ensuring that only good products
are shipped

e process-average reject levels well below AQLs.

Not only is the quality of our reed switches already high,
but it is constantly being improved. Our comprchensive
quality-improvement programme features:

o close collaboration with customers to satisfy specific
application requirements, and solve problems

e production-processing spread reduction

o stabilization of process conditions with rigorous signifi-
cant change procedures

¢ involvement of everyone in improvement activities
e statistical process control

o well-understood quality indicators.

Our working environment is designed to encourage quality
awareness. with:

o close collaboration betwecn individuals and departments.
especially

e close cooperation between Marketing, Quality, Develop-
ment and Production

o clearly-defined responsibilities

e AQAP-1 procedures guiding all activities

¢ in-depth training

o high-grade support from service departments

o effective dissemination of information at all levels.

series RI-22 RI-23 RI-25 RI-27 RI4S RI46
mains

general general gencral voltage
description unit purpose purpose high power purpose switching high power

micro-reed micro-reed micro-rced pico-rced micro-reed micro-reed
operate-values amp. turns 8-70 8-70 8-32 10-34 27-59 10,5-28 24-70
release-values amp. turns 4-32 4-32 4-22 4-19.5 8-21 4-16 8-22,5
contact resistance me max. 90 max. 100 max. 100 max. 115 max. 90 max. 90 max. 90
insulation resistance Q min. 10"? min, 102 min. 10"2 min. 102 min. 10'? min. 10'? min. 10'?
switched power w 10 10 8to 25 10 40 30 40
switched voltage \% 200d.c. 200 d.c. 200d.c. 200 d.c. 200 d.c. 200 d.c.

140 a.c. 140 a.c. 140 a.c. 140 a.c. 250 a.c. 250 a.c. 250 a.c.
switched current mA 500 500 1000 500 1000 1000 1000
bounce time us typ. 150 typ. 150 typ. 150 typ. 50 typ. 150 typ. 150 typ. 150
wire diameter. mm max. 0,65 max. 0,60 max. 0,60 max. 0,50 max. 0,65 max. 0,65 max. 0,65
glass diameter. mm max. 2,8 max. 2,54 max. 2,54 max. 1,8 max. 2,8 max. 2,8 max. 2.8
plass length mm max. 15,0 max. 15,0 max. 15,0 max. 13,5 max. 21,5 max. 21,5 max. 21,5
total length mm 46 + 0,5 46+ 0,5 46+ 0.5 46 - 0,5 54,8-0,5 548+0,5 54,8+0.5
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Quality measured

Figure 3 to 8 give examples of the Quality (both conformity
and reliability) obtained from Acceptance and Life testing
of our reed switches during the period 1982 to 1986. Not
only is the quality of most characteristics well within our

REED SWITCH QUALITY

AQL values, but the improving trend due to our Quality
Improvement programme is clear.

Reliability, a vital factor in modern, complex equipment,
is excellent. Failure rates approach 2.5 x 10"%operation in
loaded condition, and 0.25 x 10™°/operation un-loaded.
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Fig.5 Results of gauge check (dimensions) of RI-27 reed switches,

1985-1986

Fig.6 Results of hermeticity testing of R1-45/46 V reed switches,

1984-1986
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Fig.7 Results of life testing of RI-22 reed switches with a 12V,
2mA (100 mA initial pulse) load, 1982-1986.
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Fig.8 Results of no-load (dry) life testing of RI-27 reed switches,

1985-1986
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THE SCC68070

TIMER

The Timer section is closely related to the 6840, and similarly
comprises three 16-bit counter times (see Fig.6).

TO is a continuous counter which is automatically primed,
on over-flow, with the value held in its associated reload
register. T1 and T2 are identical but totally independent
capture counter registers, each having a single bi-directional
1/0 port line. The timer block operates in one of four modes
as specified in the timer control register. Dependent upon the
selected operating mode the timer's status register will record
the occurrence of internal or external events. All status bits,
for all timers, share a single interrupt line, the enabling and
prioritising of which is under CPU control. The flexibility
of the architecture makes the unit applicable in virtually
any design. Furthermore, since all registers can be accessed
‘on the fly’ the timer can switch discriminately between the
four modes.

The modes which are ‘Continuous’. ‘Match’, ‘Capture’ and
‘Counter’, are now described.

In Continuous mode, timer TO is incremented every 9.6 us.
When the timer overflows it automatically restarts at the value
stored in the reload register. The overflow condition (QV)
appears in the status register and can, if desired, interrupt the
processor.

Match mode generates pulses and can therefore replace
astable and monostable circuits. The mode uses timer TO
together with either of the capture counters Tl or T2, the

interrupt
A AL

relevant port line being configured as an output. When TO
reaches the value stored in the capture register the status
register’s match flag (MA) is asserted and the output port is
forced LOW. When TO overflows, the overflow flag is set
forcing the output port HIGH. The pulse period is therefore
dependent on the value in TO’s reload register, while the
mark-to-space ratio is governed by the match value stored
in Tl or T2.

Capture mode measures external events, and again uses TO
in conjunction with either counter T1 or T2. In this instance
the selected timer’s port line becomes an input which can
monitor HIGH to LOW, LOW to HIGH or both transitions of
an external signal. When the prescribed transition is recog-
nised, the value of TO is stored in the capture register, and the
capture flag (CAP) is set, interrupting the processor if desired.
The actual time taken for the event to occur is calculated from
the number of times TO has overflowed plus the value held in
the capture register.

The final operating method, Counter mode, only requires
the use of T1 or T2. As with the previous mode the port line
behaves as an input which senses either or both transitions
of an external logic level. If a specific number of transitions
is being sought the counter can be pre-loaded so that an
over-flow occurs when that number has been attained. Other-
wise the counter is initially zeroed and polled by the CPU to
ascertain the current number of transitions.
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IFAST CONTROLLER

The user can rcad or write data starting from any memory
location, not just from address zcro as in conventional
FIFO-RAM controllers. The controller’s preload feature
makes this possible by letting the user initialize the device’s
counters at any value. In addition, the system designer can
program the half-full. or user-defined flag (UDFLAG), to
show any level. All address outputs are three-state and can
drive 16 mA. The device works with any semiconductor
memory.

Besides gencrating the control signals needed by a RAM,
the chip issues full. half-full. and empty status flags, re-
flecting the FIFO buffer’s contents. The user can also
override the full and empty flags. [f the full output is forced
low. the next Write Request, WR, removes the full flag,
which stays low until the controller again detects a full
condition. Similarly, if the empty output is forced low. the
next Read Request. RR, removes the empty flag until the
device again detects an cmpty statc.

The controller has three 16-bit counters, arbitration
logic, multiplexing and latching circuitry, and the logic that
generates the status flags and control signals (Fig.1). The
rcad and write counters are up-counters that generate
memory addresses. The status counter is an up- and down-
counter responsible for the status flags. The chip’s arbitra-
tion logic minimizes mectastable conditions.

ARBITRATION PRIORITIES

Although read and write requests may occur asynchro-
nously, the controller responds to only one at a time. The
arbitration logic chooses between the two, with WR re-
ceiving priority. In fact, a device must activate an RR a
certain minimum time before WR. or the controller will
always select WR.

When a write operation starts, the contents of the write
counter go to the address bus. The Write output is then
asserted. To end the write cycle, the controller forces WR
high. which negates the Write output and latches the address
bus. The address bus outputs, however, remain valid until
another read or write is requested.

When WR s disabled. the write and status counters are
incremented and the read counter is unchanged. The in-
cremented value of the write counter appears on the ad-
dress bus only after a device requests another write cycle.

A read cycle is very similar to a write cycle: The con-
troller puts the read counter’s contents on the address bus
and asserts the Read output. When RR is disabled, the
controller increments the read counter and decrements the
status counter, and the write counter does not change. As
with the write cycle, the controller docs not place the
incremented value onto the address bus until another rcad
cycle is requested.

The controller also has a burst transfer mode. Since this
mode disables either the controller’s rcad or write address
generator, the device operates only as one or the other.
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This mode is handy when, for example, a fast processor and
slow peripheral try to access the FIFO buffer.

In this case, the processor, while making a read or write
request, forces the Burst Transfer (BT) input low, effec-
tively blocking the peripheral’s access. The processor
continues reading or writing without sharing cycles with
the slower peripheral. The peripheral gets access to the
buffer only after the processor is finished and negates the
BT input.

When the controller is resct, all counters initialize to
zero. The user, however, can preload the counters with
other values. For that, the address outputs become inputs
that accept the preloaded data. For example, the full,
empty, and user-defined flags automatically adjust ac-
cording to the different preload values and the FIFO-
register depths.

Designers may cascade any number of FIFO-RAM con-
trollers. Two connected devices, for example, can address
16 megawords. In the cascade mode. the four most significant
address outputs, A12 — A5, transfer register information
from the previous least significant device, LSD. to the next
most significant device. MSD (Fig.2). As a result, they can
no longer serve as address outputs. Address line Ag of the
next MSD serves as A7 of the previous LSD.

Each cascaded FIFO-RAM controller must know its own
order in the RAM array — that is, least significant, next
most significant, or most significant. Differentation is auto-
matic when a Reset is issued while the BT input is held low.
The devices with pin A]2/PLD12/STATIN tied high be-
come the least significant devices; those with pin A3/
PLD|3/STATOUT tied low become the most significant
devices.

CASCADE FUNCTIONS ARE DIFFERENT

Output signals Aj4 and A5 function differently in a
cascade setup. Signal A4 becomes Read Write Input,
RWIN, and Ajs becomes a Read Write Output, RWOUT.
RWOUT sends information from a lower-order device to
the next-high-order controller’s RWIN so that the read and
write counters of the higher-order unit increment properly
— that is, they enable and disable at the right times. In
other words. RWOUT of the LSD connects to RWIN
of the next MSD. Exceptions are RWOUT of the MSD,
which may be left unconnected, and RWIN on the LSD,
which should be tied high.

Each controller’s Reset, CE. BT, WR, and RR signals
connect to the other device's corresponding inputs. Simi-
larly, the three output flags connect to the other device’s
output flags. Either device's Read and Write outputs can
assert a read or write to the memory. A Reset signal issued
while BT is low initializes the cascaded devices.
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MANAGING GRAPHICS DISPLAYS

MICROCONTROLLER OPERATION

The microcontroller separates its /O into three banks. The
A and B banks are reserved for the display memory, while
the C bank is assigned to host interface requirements and
other system functions.

Given the display’s high resolution, the workstation
must be capable of storing information on over a million
pixels. For the display of 16 colours, cach pixel requires
four bits. and the pixels themsclves are arranged in groups
of cight. The display memory, totalling 512 kbytes, is broken
up into cight 64-kbyte planes, four cach for banks A and B
(Fig.2). The system can then take full advantage of the
chip’s bank-to-bank transfers and dual bank outputs.

The display memory sub-system is composed of 64 dual-
port dynamic RAMs and two dynamic RAM controllers.
The controllers generate all timing and refresh signals re-
quired by the RAMs, thereby offering a transparent memory
interface with the microcontroller chip.

Accessing four planes of 64 kbytes each nccessitates
16-bit addresses. Two 8X470 programmable 1/O ports
serve as address registers to generate the 16-bit values for
cach bank. Pixel addressing reliecs on the physical addresses
contained in the port chips. However, since the host accesses
pixels according to their logical X-Y addresses, the micro-
controller must translate these values into physical ad-
dresses. With the display’s 1024-by-1024-pixel resolution,
the host uses 10 bits each for the X and Y coordinates.
The microcontroller translates the 20 bits into a bank
selection bit,a 16-bit byte address, and a 3-bit pixel address.

Inputs to the memory controllers arc the outputs from
the address ports and the Rcad and Write lines. Outputs
include the Memory Address Complete line (CMPLT) and
the Access Request Acknowledge line (ACK). Read/write
logic ensures that Read and Write commands are removed
within 50ns of a memory cycle’s completion (indicated by
asserting CMPLT); ACK is asserted within 50ns of every
memory access request that is granted immediately.

Since the microcontroller lacks a microprocessor’s
Read/Write line, either an 8X470 port or extended micro-
code must be used to generate access commands for the
memory controllers. For the sake of screen dynamics. two
bits of extended microcode gencrate the Read and Write
commands for each bank. The two bits are latched by the
read/write logic and are then fed to the dynamic RAM
controllers.

Another four 8X470s, used here as data ports, hold the
32 bits of data flowing between the microcontroller and
the display memory. The time-critical access needs of the
data ports arc much less than those of the address ports,
so that normal software selection procedures may be used to
reduce system costs. Each data 1/O port holds two 4-bit
pixels. The translation of the host’s logical addresses in-
cludes a 3-bit pixel address: the first two bits select one of
the four data ports on a bank, and the least significant bit
chooses one of the two 4-bit pixels within the sclected port.
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The organization of the data ports to hold two 4-bit
pixels is different from that of the display memory. A byte
in the display memory contains onc bit for each of eight
consecutive pixels. This reformatting of data between the
data ports and the display memory is then just a matter
of appropriate cross-wiring between the ports and the
display memory; no additional circuitry is nceded.

TIMING IS EVERYTHING

The display memory’s dynamic RAMs have a 200 ns access
time and a 300ns cycle time. With the propagation delay
through the dynamic RAM controller being 100ns, the
8X401A controller’s memory access path becomes 300 ns
and the cycle time now totals 400 ns. With multiple me-
mory accesscs, the 100 ns dynamic RAM precharge time of
the current access can be overlapped with the memory
controller’s propagation delay of the next cycle, giving
access to the display memory every 300 ns.

Since the access path of the memory is relatively slow
compared with the 100ns instruction cycle of the micro-
controller, it's incfficient to force the chip to wait for the
complction of the memory cycle. For optimal performance
the microcontroller should initiate a memory request and
then proceed with another task. It can then return three
instructions, or 300 ns later when the memory access should
be complete.

However, if the microcontroller’s memory request is
delayed by a conflict with RAM refreshing, then the 300 ns
time is no longer valid. To ensure proper operation in this
case, the RAM controller refuses to assert ACK, thercby
halting the 8X401A and effectively causing a wait state.
Then, when CMPLT is asserted, the microcontroller restarts.

The dynamic RAM input TR/QE differentiates between
row accesses for refreshing the display and random accesses
for updating it. TR/QE also enables data output for random
access read cycles.

Two extended microcode bits (one for each bank)
select TR/QE for row accesses, which are required once per
raster line. With a line scanned every 23 us, the micro-
controller accesses a row in display memory cvery scan,
and is interrupted once every 23 us to initiate the scrcen
display process.

After the row data has been sent to the shift register of
the dynamic RAMs, it can be serially shifted out to refresh
the screen. Each shift delivers a new byte of information
per planc, and cach planc has an 8-bit shift register into
which the RAM's serial output data is loaded.

The screen is refreshed from only one bank at a time.
For instance, logic associated with the C bank selects
bank A to refresh half the scrcen (say, the upper half)
while placing bank B in a three-state condition (Fig.3).
The bank being displayed is switched whenever a micro-
controller select cycle runs on bank C at hexadecimal
address FF.
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Improved varicaps for tv tuners

D. ECKSTEIN and R. W. STAMER

In a modern tuncr, the tv signal is fcd from the aerial via
tuned input filters and a MOSFET amplifier to a tuned
circuit, the resonant frequency of which is adjusted by
varicaps. Normally, the tuned circuit comprises a double-
tuned bandpass filter whose output is then mixed with that
of the local oscillator, also tuned by a varicap. to generate
the required i.f. signal. For aconstant i.f.. the local oscillator
signal has to track the filter signal, requiring matched vari-
caps in both tuned circuits.

In the local oscillator, the voltage (across the varicap) is
the largest a.c. voltage in the tuner. The voltage can be so
large that tuning non-linearity, due to the shape of the
varicap’s capacitance/voltage (C/V) characteristic, can cause
a net deviation from the resonant frequency, detuning the
circuit. This causes amplitude distortion of the i.f. mixer
output signal due to mistracking of the tuned bandpass
filter circuit.

Tuning non-linearity in the filter can also be a problem.
Here the amplified r.f. aerial signal is at its highest level and
detuning can result in cross-modulation of the signal with
adjacent channels.

In the past, the effect of non-linearity was not so im-
portant; to prevent amplitude distortion, a broad filter
bandwidth was used. However, to meet today’s stringent
interference requirements, narrower filter bandwidths are
required which call for improved varicaps to increase both
the Q of the filter and tuning linearity.

Some manufacturers have tried to get over this problem
simply by reducing the series resistance of a varicap to in-
crease the Q of the filter. However, this by itself is of no
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use since without a corresponding increasc in tuning li-
nearity, amplitude distortion increases. The real solution is
to increase tuning linearity as well by optimizing the C/V
characteristic, thereby reducing non-linear distortion and
cross-modulation.

Over the past 20 years, new technologies and manu-
facturing techniques have evolved for varicaps that both
reduce their series resistance and increase tuning linearity.
Hand-in-hand with these improvements have come others
such as:

e higher capacitance ratios for a wider tuning range
e higher frequency operation

e lower cost

e improved reliability

e closer tolerances which allow for larger groups of
matched diodes.

However, improving a varicap involves a trade-off between
some of these parameters. For example, shortening the
depth of the epitaxial layer under the pn-junction reduces
series resistance but also reduces both the breakdown
voltage and the capacitance ratio. For our BB405 and
BB909 varicaps we have therefore made a compromise
between:

e capacitance level and capacitance ratio (tuning range)
e series resistance (Q)
e optimization of the C/V characteristic

e breakdown voltage.
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