Repeater and Remote Base Applications of the
FC-1 Frequency Control Board

Introduction

All of ACC’s repeater and remote base products support control of syn-
thesized remote base transceivers. One form of frequency control supported
is compatible with transceivers using thumbwheel frequency selection. The
controllers supply BCD (binary coded decimal) formatted data in a serial bit
stream, which may be captured by external shift registers to drive the
transceiver’s frequency synthesizer, simulating the thumbwheel switches.

Applications

The FC-1 board may be used with the RC-850 and RC-85 Repeater Controllers,
the ITC-32 Intelligent Touch-Tone Control Board and ShackMaster. It
provides the frequency control interface for the ICOM IC-2A4, IC-3A, or IC-4A
transceiver. With minor modifications, it may control certain other BCD
format transceivers. In addition, it can recover expanded remote control
output functions for several of the controllers. The applications include:

RC-850 Repeater Controller ...
Control IC-2/3/4A on Link 1 or Recover 32 Expanded UF Outputs

RC-85 Repeater Controller ...
Control IC-2/3/4A on Link and Recover 8 Expanded UF Outputs

ITC-32 Intelligent Touch-Tone Control Board ...
Control IC-2/3/4A on Link

ShackMaster ...

Control IC-2/3/4A as primary or secondary transceiver
and Control IC-751 HF rig through its keypad connector
and Recover 8 Expanded Control Outputs

The board is useful for controlling an IC-2/3/4A with any ACC controller.

It may be adapted for the other applications listed above, but in some cases it
may be simpler to duplicate its circuitry or the circuitry in the controller
manual in another format better suited to the application.

Warning ¢ Connection of the FC-1 to the ICOM transceiver is not a beginner’s project.
It requires suitable construction equipment including a temperature controlled soldering station
and suitable test equipment such as a good meter or oscilloscope. It also requires relativelv
advanced construction and troubleshooting skills and an understanding of digital circuitr .
ACC specifically disclaims responsibility for damage which may result to your transceiver.

While the FC-1 may be modified to control a variety of BCD controllable transceivers, ACC
has direct experience with only certain transceivers, as described in this note. We welcome
your input on successful interfaces to other transceivers, and we will make this information
available to others on an as-is basis on request. We regret that we can provide technical
assistance only for those transceivers with which we have direct experience.
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This application note contains the following information:

w System Block Diagram

w Board Layout and Suggested Enclosure

w» Control of the IC2/3/4A Transceiver

w Modifications for Control of the ICOM IC-22U 2M Transceiver
w Recovering RC-85 Controller Expanded UF Outputs

w Recovering RC-850 Controller Expanded UF Outputs

@ How It Works

@ Most Often Asked Questions ... and Answers

@ Schematic

@ ]C Data Sheets

System Block Diagram

The FC-1 board fits into a repeater or remote base system as shown below. Itis driven by

the controller and supplies frequency information to the BCD controllable transceiver.

The FC-1 board can also provide expanded general purpose remote control outputs
when the controller includes this capability as part of the serial bit stream, such as the
RC-85 controller and ShackMaster.
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Board Layout and Suggested Enclosure

The layout of the FC-1 board is shown below. Several of the circuits on the board apply
only to ShackMaster and are labeled as they apply to the ShackMaster application of
interfacing to the ICOM IC-751 HF transceiver keypad connector.

The FC-1 board may be mounted in any way convenient in your installation, but it is
designed to fit directly into a Unibox 130 standard enclosure, manufactured by Amerex,
P.O. Box 2815, Riverside, CA 92516, (714) 686-1400. Uniboxes are available from many
electronic suppliers. The Unibox enclosure is plastic. It may be preferable to use an rf
tight metal enclosure, depending on your installation.
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Control of the 1C-2/3/4A Transceiver
The ICOM IC-2/3/4A transceivers are low cost synthesized handheld rigs which are
easily controllable with external BCD frequency and offset logic signals.

Enclosure

For applications in high rf environments, it may be necessary to mount the transceiver
in an rf tight enclosure, such as a Bud Econobox, for optimum performance. Signals
entering and leaving the enclosure may go through feedthrough capacitors, as with any
high performance repeater rf equipment.

The FC-1 board may mount inside the enclosure with the transceiver to minimize the
number of I/0 lines requiring feedthrough capacitors. Be careful about degrading the
rise times of the clock and data signals from the controller - it may be necessary to
reduce the pullup resistors (R1, R2 and R3) to 1K to restore fast rise times when
capacitance is attached to the lines. At low rf sites or where optimum performance isn't
required, no special packaging considerations should be necessary.

Interface to Controller

The FC-1 board receives the serially encoded frequency and offset information from the
controller, performs the serial-to-parallel conversion, and provides the logic to interface
to the transceiver's offset circuitry. The controller provides serial data and clock (or
strobe) as follows:

Controller Data Clock Transfer
RC-850 UF7 UF Strobe ---

RC-85 CX1 CX2 CX 3 (optional)
ITC-32 ouT?7 OUT 6 ---
ShackMaster DATA CLK XFER

The FC-1 board includes a transfer (XFER) logic input which transfers the outputs of the
shift registers to a set of storage registers (inside the 4094 IC's) after the data has been
shifted out. The transfer logic input is optionally used with the RC-85 and ShackMaster
and prevents “glitches” from appearing at the FC-1 expanded remote control outputs.
The XFER input is left open (internally pulled up) with the ‘850 and ITC-32 controllers.

Power Supply

The synthesizer logic inside the IC-2/3/4A transceivers operates from 5 volts, so this
dictates the operating voltage of the logic supplying the control signals. The 5 volt
supply for the board may be obtained from inside the radio.

Interface to Transceiver

BCD Lines — The outputs of the first two shift/store registers drive the PLL IC inside the
radio directly. These are the BCD frequency control signals developed in response to
user commands to the controller. The additional logic develops the offset signals
required on transmit. They connect inside the radio as described below. The BCD
signals may connect directly to the PLL IC underneath the transceiver’s p.c. board. The
thumbwheel switches must be set to all 0's so they don’t short out the signals supplied
from the FC-1.




Offset Signals — The offset switches in the radio may be removed to open the internal
paths for the offset signals. Note that the PTT input (described below) must be
connected to the controller output driving the radio PTT to activate the offset circuitry.
Otherwise, the transmitter will be inhibited.

PTT - The active low open collector PTT signal from the controller should drive the
radio through a resistor (around 2.2K) to the base of the switching transistor (IC-2A -
Q23; IC-3A - Q23; IC-4A - Q26). Driving the switching transistor directly rather than
through the DC path from the PTT switch helps eliminate keying problems when
applying audio. Be sure to cut the trace or clip the resistor from the microphone to the

base of the keying transistor. This will prevent spurious keying by applied audio.

The PTT signal from the controller driving the transceiver must also connect to the PTT
input of the FC-1 board to activate the offset circuitry.

With the RC-85 controller in the Glitch-Free mode, the controller’s PTT output appears
at the FC-1 Control Out 1 (UF8). If not in the Glitch-Free mode, the PTT appears at CX3.

COS - The active high COS signal is available from the audio stage — the audio output
amp is powered up only when a signal is received. The switched supply voltage
becomes the COS available to the controller at the collector of IC-2A - Q16; IC-3A - Q16;
IC-4A - Q17.

Receive Audio to the controller (or to user supplied circuitry in the case of the ITC-32) is
easily obtained from the top of the volume control pot in the receiver. The level may be
too low to directly drive the RC-850 or RC-85 controller, but the RC-850 controller input
sensitivity can be increased by installing a 4.7K resistor at R87. An acceptable alternative
is simply getting speaker audio at the phone jack.

Transmit audio to the IC-2/3/4A should be taken from the RC-850, RC-85, or
ShackMaster Transmitter Audio output, or from the repeater receiver in the case of the
ITC-32. The audio may be applied through a potentiometer wired as a variable voltage
divider for transmit audio level adjustment.

FC-1 IC2A IC3A IC4A

PLL3-14 PLL IC pins 3-14

On/off not used

PTT through 2 2K to base Q23 (Q26)
and to controller FTT

0/5 KHz S2 nc S2

Simplex R24 R30 R25

Duplex - R31 -

+ R25 nc R62

- R26 nc R24

+5V internal "5V*

Ground ground

Controller

cos Coll Q16 Coll Q16 Coll Q17

Revr audio top of volume pot or speaker

Tx audio external mic input
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Modifications for Control of the ICOM IC-22U 2M Transceiver

The FC-1 board may be modified slightly to control the IC-22U 2 meter transceiver. The
logic circuitry inside the IC-22U operates at nine volts rather than the five volt levels of
the IC-2/3/4A. Therefore, the FC-1 needs to operate at nine volts as well, requiring a
change of two of the IC’s. The offset logic also operates somewhat differently.

The modifications required to operate the FC-1 with the IC-22U transceiver include:

Replace U8 74HCO08 with 74C00 (yes, that's 74C00)

Replace U7 74HC02 with 74C02 (for proper offset logic sense and to allow
operating the board at 9 volts)

Reverse polarity of CR1 and CR2

Lift U7 pin 10 from socket and jumper pins 8, 9, and 10 together
(don’t want inversion of 5 kHz signal)

Ground PTT input to FC-1 (so offset circuitry always enabled)

Clip out R6 and R7 (so they don’t load down pullup resistors)

Operate board from 9 volts obtained from IC-22U instead of 5 volts

The FC-1 BCD outputs may connect to the IC-22U BCD control lines as shown below:

FC-1 “PLL IC-1” IC-22U Connector
10 ]3-5
9 ]3-6
8 ]3-7
2 J2-1
6 J2-2
5 ]J2-3
4 J2-4
3 J2-5
14 -—
13 -—
12 J3-3
11 ]3-4
“-600” J1-2
“+600” J1-3

Recovering RC-85 Controller Expanded UF Outputs

In addition to controlling the IC-2/3/4A transceiver, the FC-1 board can recover the
eight expanded User Function remote control outputs supplied by the RC-85 Repeater
Controller. To recover the outputs, bypass the third shift/store register by removing U3
and shorting U3 pin 2 to pin 9. The eight UF outputs are available as open collector
signals at CONTROL OUTS 8-1 (i.e., UF1 = CONTROL OUT 8, etc.).

UF1 Control Out 8 UF5 Control Out 4
UF2 Control Out 7 UF6 Control Out 3
UF3 Control Out 6 UF7 Control Out 2
UF4 Control Out 5 UF8  Control Out 1 (Link PTT in

“Glitch-Free” mode)
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Recovering RC-850 Controller Expanded UF Outputs

The FC-1 Frequency Control Board can recover 32 of the 64 expanded User Function
remote control logic outputs from the RC-850 controller, although because of the board
layout, it may be simpler to build the shift register circuitry as shown in the ‘850
Hardware Reference Manual.

The “expanded mode” programming command should be executed on the "850 to
inform it of the presence of the FC-1 board. The signals from the ‘850 to the FC-1 are as
follows:

RC-850 Controller FC-1 Board
UF1 DATA
UFR2 CLK
UF3 XFER
GNDD GND

The board may be operated at any supply voltage ranging from five to fifteen volts. The
operating voltage determines the voltage swing of the recovered outputs. If operated at
other than five volts, ICs U7 and U8 must be removed, since they are five volt devices
(the sockets may be left empty). The logic outputs are available at the following
terminals:

UF Output Location Characteristic

1-8 PLLIC 10-3 CMOS
9 ON/OFF CMOS
10 U7 pin 8 CMOS
11 U7 pin 6 CMOS
12 U7 pin 5 CMOS
13-16 PLLIC 14-11 CMOS
17-22 KEY 0 -4, SPK CMOS
23 U3 pin 12 (R5) CMOS
24 U3 pin 11 (R4) CMOS

25-32 CONTROL OUTS1-8  Open Collector

How It Works

The FC-1 board is simply a set of digital shift registers which perform a serial-to-parallel
conversion of the data stream supplied by the controllers. In addition, offset logic is
included to directly interface to the IC-2/3/4A transceivers.

Shift Registers
The shift/store registers are 4094B 8-stage shift/store registers with three-state outputs.

They combine an 8-stage shift register with a data latch for each stage and a three-state
output from each latch. Data applied to the shift register is shifted in on the positive
clock transition. Shift registers are cascaded by applying the output from the last stage of
one register to the data input of the next. The clock signal drives each shift register in
parallel. In the FC-1 board, the logic outputs are kept continuously enabled by tying the
Output Enable pin (15) high.



The signals from the controller include Data, Clock, and optionally, Transfer. When the
controller updates the FC-1 board, the information is sent in a rapid burst. The first data
entered ends up at the far end (right hand side) of the shift register chain. For each bit,
first the data signal is taken high or low, then the clock signal is toggled back and forth to
clock the data bit into the shift registers. This process is repeated for each bit in the data
stream.

The RC-850 controller clocks out 48 bits from its RB Data and RB Strobe outputs - the last 16 bits are
Link/Remote Base 1 frequency information and appear at U1 and U2 for controlling the IC-2/3/4A.

The expanded remote control mode causes 64 bits (UF1-64) to be shifted from UF1, UF2, while UF3 serves as
a transfer signal (see below). UF1-32 can be captured at U14.

The RC-85 controller clocks out 24 bits — 16 remote base frequency bits appear at U1 and U2 for controlling the
IC-2/3/4A, and 8 expanded UF output bits may appear at U4 buffered by U5 (U3 should be bypassed - sce
“Recovering RC-85 Controller Expanded UF Outputs”, below).

The ITC-32 control board clocks out 16 bits when in the serial mode, and again these bits appear at U1 and
U2 for controlling the IC-2/3/4A.

ShackMaster clocks out 32 bits, including information for the IC-2/3/4A at U1 and U2, IC-751 control signals
at U3, and 8 general purpose remote control outputs appearing at U4 buffered by U5.

After the last bit is clocked out by the controller, a high going transfer pulse may transfer
the stabilized data in the shift register to the output latches. In this way, data at the
output latches can be kept stable during the shifting process.

If a transfer signal is not supplied by the controller, the FC-1 board holds the transfer
inputs of the shift/store registers high so that the shift register outputs always appear at
the latch outputs. The result is that while the new data is being shifted in, for a period
of about 1 ms, the data at each of the outputs will spuriously change. Thisisn’t a
‘problem for the transceiver, since the disturbance is too short to cause the phase-locked
loop to lose lock. It also isn’t a problem for any outputs driving relays, since the relay
switching time is too long to notice. However, any one-shots or 555s driven by
“expanded remote control outputs (such as for starting a tape player as an “external
device”) may be triggered by the “glitches”. In this type of application, be sure to use the
transfer signal from the controller.

Offset Circuitry

The IC-2A transceiver uses an electronically switched crystal offset oscillator in
conjunction with its frequency synthesizer. One crystal is used on receive, electronically
switched on by R5V (5 volt supply for the receiver). In transmit, one of three crystals is
selected, based on simplex, duplex-plus, or duplex-minus operation. The logic on the
FC-1 board uses the simplex/duplex and +/- bits from the controller to decide which
crystal to activate. The series diodes isolate the gates from the oscillator when not
selected, and the 47K pulldown resistors provide a bleed path to ground.

(;uw-



The offset signals are needed only during transmit. Therefore, the FC-1 board logic gates
in the PTT signal (PTT input to board) to activate the appropriate offset signal only
during transmit. The PTT signal must be supplied to the FC-1 offset logic to activate the
proper crystal, as well as to the transceiver to key it.

The IC-3A and IC-4A are similar.

Input Characteristics
The Data, Clock, and Transfer inputs are intended to be driven from open collector

drivers from the controller. Each controller output presents either an open circuit, in
which case the pullup resistor on the FC-1 determines the logic high state, or the output
provides a switch closure to ground, forcing a logic low state of zero volts.

If it’s necessary to bypass these inputs with a capacitor to keep out rf, don’t exceed about
100 pF. Decrease the pullup resistors (R1, R2, and R3) to 1K by paralleling a 1K resistor
across the existing 10Ks.

Output Characteristics
BCD Digits (U1, half of U2). These output bits are supplied from the 4094B CMOS

shift/store registers. The logic outputs swing between zero volts and the supply voltage.
They are capable of sourcing and sinking approximately one mA when operating from a
5 volt supply, or 3 mA when operating from a 12 volt supply. See the attached data
sheet for details.

Duplex, Simplex, +, -, +5 kHz. These offset signals are supplied by 74HC logic gates,
capable of sourcing and sinking at least 4 mA. Since all the outputs except +5 kHz have
a series diode, these outputs only source current. The 47K pulldown resistors provide a
DC path to ground for the circuitry in the transceiver. The 74HC08 and 74HC02
supplying these signals must operate from a 5 volt supply. If it's necessary to operate at a
different supply voltage, replace these with their 74C equivalents.

Control Outputs. The control logic outputs from the fourth shift/store register (U4) are
buffered by a Darlington transistor array. US, a Sprague ULN28044, is capable of sinking
up to 500 mA at each output in the on state, with a total power dissipation for the
package not to exceed 2.25 watts. In the off state, each output can withstand up to 50
volts DC. Being Darlington transistors, when in the on state, the DC output voltage will
equal one transistor base-emitter voltage plus one collector-emitter saturation voltage.
This means that the low voltage will be .7 volts or higher, depending on the load

current. The outputs will not switch to within a couple of tenths of a volt from ground
like a single transistor switch.

U/D. The Up/Down output is intended for use only with ShackMaster and is
compatible with the ICOM microphone Up/Down input in its transceivers.
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Most Often Asked Questions ... and Answers

RC-850 Controller Related ...

How can I use two FC-1’s on my ‘850 to control two synthesized remotes?

The two synthesized remotes can be assigned to Link 1 and Link 2 by simply cascading
the two FC-1 boards. To do this, connect one board to the controller by connecting Data
to the controller's RB DATA and Clk to RB STB (or RB CLK). This first board will
respond to Link 1 frequency commands.

Assuming the second board needs to operate at the same supply voltage (because both
transceivers operate at the same logic levels), attach its Clk to RB STB as with the first
board. Connect its Data to pin 9 of U2 on the first board. This second board will respond
to Link 2 frequency commands.

If the boards must operate at different logic levels, such as one at five volts (for an IC-4A,
for example), and another at nine volts (for an IC-22U), then the boards can be isolated
easily by driving the Data and Clk to the lower supply voltage board through diodes (see
below). +5V <9V

RB DATA
| 9V logic RB DATA

— lj_ IN914
4 L SV logic RB DATA

*SV +0V Diodes 1solete SV logic
CONTROLLER é from SV logic
| RBCLK
_"r_lg YV 9V logic RB CLK
= . e SV logic RB CLK

How many FC-1 boards are required to recover all 64 user functions from my ‘8507

Two. Cascade them by connecting the Data input of the second board to pin 9 of U4 on
the first board. Clk should drive both boards in parallel. Keep in mind that for this
application, it may be more appropriate to build the shift register circuitry independently
as shown in the Hardware Reference Manual.

RC-85 Controller Related ...

Does sharing the phone line tie up any of my remote control outputs (UF)?

Yes. The Phone Line Busy Out appears at UF3 (Control Out 6), making it unavailable for
general purpose remote control.

If I'm using the RC-85 controller’s “glitch-free” mode, where does the remote base or
link PTT appear?
It appears at UF8, which is at the pin labeled Control Out 1.

ShackMaster Related ...
Can the same FC-1 that is used for the ICOM IC-751 control my secondary rig?
Yes, as long as the secondary rig frequency synthesizer operates at five volts.

How many remote control outputs do I have available with an ICOM IC-751 connected
to ShackMaster?
Eight.
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General ...

The rig that I would like to use isn’t on your list of compatible rigs. What steps should I

take to determine whether or not it will interface and function properly?

Understand how the transceiver’s frequency synthesizer is controlled. If it's three digit
BCD and the offset looks like it can be electronically switched, then chances are you
should be able to design the interface logic. The offset signals supplied by the FC-1 board
include:

Simplex/Duplex - U2 pin 6. High (+5V etc.) for simplex, low (0V) for duplex.
Plus/Minus Offset - U2 pin 7. High for plus, low for minus.
5kHz-U2 pin 5. High for +5 kHz, low for 0 kHz. (This is the one’s kHz digit.)

Can I control two synthesized transceivers from a single FC-1?
Yes, although only one should be activated at a time. See ACC Notes, July/ August 1986
for details.

If I convert my FC-1 to work with the ICOM IC-22U, are my remote control outputs (UF)
affected in any way?

Not if they’re obtained from the Control Output pins. These outputs are open collector.
That is, they look either open circuit or like a contact closure to ground. Their operation
is independent of the board’s power supply voltage.

11
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$108¢ = 1 o8 o Output Current Voo =10V 4, -95V 16 t13 228 ce mA
oAl = 7 ,,_m: (Note 3) Vpp =15V v, ="5V a2 34 88 24 mA
cuoes —{3 f——os Order Number CD4094BMJ or CD4004BCJ low | High Leve! ! Vop=50V V=46V n6s. T 051, 088 . , 036 mA
e O np—o See NS Package J16A Output Current | Voo=10V V=95V 16 . 13 2% -09 : mA
b0~ te 3 Vop=18V. Isv -42 , 34| 68 ;24 ma
ot ¥ nee Orgder Number or N e —+— = B e T T H
0= o See NS Package N16E b | Input Currert Vop =15V V. v 01 01 10 1 LA
w—{" wh—os e Voo = 15V V o L o1 10, WA
s = i \oz | TRISTATE Outoutl Vpp= 18V Vo =L/ ar 'Sy 03! i 203 ! HEDRED
Leaxage Current | , | i : | ! i
100 vaw —_——
DC Electrical Characteristics cosnusc oe 22
i T T e 25 j ! )
Block or Logic Diagram Oym | Porameter ' Conditions R P S G s & TR
Min - Max Min  Typ Mex  Min  Ma
1
H lpo ,Ouiesce~' Vp=50V 20 20 . 180 7y
S T SR w @ = o 3 Device Currer:  Vpp =10V «© “ 00 .
s Qe [ & 2w [ &2 [ Qo [ & "™ Vap= 18V L P c 600 A
A A A A A A Vo, | Low Level vm,-sov| 005 0 005 1005 Vv
' Output Voltage  Vpp=10V [ i- < 10.A , 005 ] 005 005 v
Vor = 15V 005 0 005 005 v
1 O O 9 O R R Z omom s
Outout Voitage  Vpp=10V } 1o 1 14A 995 - 995 100 ‘995 v
o] Vpp = 15V 14.95 11495 150 1495 v
- Vi, | Low Leve! Vop=50V. Vg =05V ordsv 15 15 15 | v
wng » >o-on Input Voltage Vop=10V.Vo=10Vor 90V 30 : . 30 | 30 v
Vpp=15V. Vo= 15V or 135V 40 | . 40 40 v
Vin | High Lever Vop=50V V=05V ora5v | 3§ 35 35 v
. 0 Inpy® Voltage Vop=10V.vc=10Vor 90V 70 70 . ' 70 ¢ v
cuoc La Voc =18V Vg =18Vor 135V | 110 © 110 10 ¢ v
lo, | Low Leve! " Vpp=S0V Vo=Cav | 052 ; 04ea 088 036 | mA
e Output Cutrert  Vpp=10V. V5 =05V 13 v 228 09 | i mA
(Note 3) { Vpo=18V.Vg='5V | 36, 30 , 88 24 | | ma
5204 5205
—~ - - ) 8[_____, —_— .
DC Electrical Characteristics (con o cowseec (Note 2) Logic Truth Tabie
M | N Twe ] e T -
Sym ' Perameter Conditions — T Units g R
Min | Max [Min | Typ | Max | Min | Max 0!
Ige, HIgh Level Vop=SOV. Vo= 4.8V 082 -044 | 088 -0.36 mA 3
Outout Current Vop=10V. Vo= 9.5V -1.3 -11 | 298 -09 mA
___WNoted) _ .| _Vop=15Vv.vom13sV -38 =30 | o8 -2.4 mA i Ovtput Paratiel Outputs |  Seris! Outputs
I iINut Current Vpp & 15V, Vi = OV -0.3 -03 10 | wA i Clost |Ensbie | Swede | Dete Y
Voo = 15V, Vi = 18V 03 03 10 | A ! 3| O | 9 L Os
Ioz TRISTATE Output Voo= 15V, Vim0V or 15V 1 1 0 | A O Vs ° X d Wz | W2 | O7 InoCho
iLeshage Current l ! L [ X x WiZ | M2 [NoCngi Q7
e ek e pup— -4 J— —
S 1 [] X |NoCng.NoChg. | Q7 |[NoCng
AC Electrical Characteristcs .- oo ___ . X
i
' Paremeter Congitions Min | Typ | Max | Units S 1 1 1 1 _|Ow-1]| 07 [noCng
I, I, Propagstion Detay Clock 1 Qs Vop=5.0V 300 | 600 ns ; =~ 1 1 1 |NoCng|noCng [NoCngl Q7
' Voo = 10V 125 0 ns !
; Voo = 18V % 190 ns . e Dont Care
tpm, !p = Propagation Detay Ciock 10 Q Vpo=50V 230 80 ns At the POSive CIOCK 0009, IMOrMANON In IR TIN SNt register Stage 18
Vpo =10V 110 20 ns transterrec 1o Q8 ana Qg
——— - ., _Vpp=1SV 75 10 | ns
te=. ‘s~ Propaga:.or Deiay Ciock 10 Paraliel Out Vpp=S5.0V 420 840 | ns
Voo = 10V 195 % . ns
e e . Vpp=15V 138 270 | ns
tom, !5« Propagation Delay Strobe 10 Parane! Out Voo =50V 280 %80 ' ns
Voo =10V us % | ns
Vop= 18V 00 | 200 . ns .
1pez Propagation Delay High Leve! 10 Migh impedance| Vpp = 5.0V 140 280 ns
Voo =10V ” 150 ns
Vpp=15V £2) 110 ns
o Propagation Delay Low Leve! 10 High impedance Vop=50V 140 20 ns
I Vpo=10V ”» 150 ns
| Voo=15V 5 110 ns
[ Propagetion Detay High impedance to High unl‘i Vop = 5.0V 140 £ ns :
! Vops=10V » 150 ns N
o Voo =15V S8 110 ns .
o2, Propagation Delay High Impedance 10 Low Level |  Vpp= 8.0V 140 280 ns
Voo = 10V ” 150 ns
Vpp= 15V £ 110 ns
trm,. 1, Transition Time Voo =50V 100 200 ns
Voo = 10V 0 100 ns
=15V « ] ns
[ Set-up Time Data to Clock Voo = 5.0V [ « ns
Voo = 10V «© 2 ns
Vpp= 18V 2 10 ns i
[ Maximum Clock Rise and Fall Time Vpo=5.0V 1 ms !
Vpp =10V ) ms .
Vop =15V 1 ms i
tec Minimum Clock Pulse Wigih Voo =S50V 200 100 ns
Voo = 10V 100 50 ns
Voo =18V [ «© ns
tog WMrmimum Strodbe Puise Width Voo =80V 0 100 ns
Vop = 10V [ L. ns |
. Vop= 18V n » n ]
fuax Maximum Clock Frequency Voo=3.0V 15 30 MMz |
Voo =10V 30 (1] MMz
Voo s 15V 40 8.0 MMz
Any Input 50 75
iMum RaUNGS™ are ThOSE values Beyond which The ly Of the Oevice CSNNO! DS Quarantesd. 1hey are not
IMDly (Rt The devices. Should De OPEraled 8! these imils The ladies of ) " ang '
€Eteciica: CRAtaCIensiics ' DrowsGe CONGN-OnS 101 8C1us! dEvICe Operation H
Now 2 vgs = OV uriess Olherwise SDeCThed l
L et iom 410 oy ore.iesiad one oviout &t & eme ‘




g National Absolute Maximum Ratings mows 142 Operating Conditions
2 Supply voRage (Vo) -08tw +7.0v -n [ Unite
m OC input voitage (Vag =18 Ve + 1.5V Supply VoRage (Vor) 2 [} v
DC Output Vorage (Vour) -0.81 Ve + 0.5V OC tnpast or Outpnst Voage [} Ve v
Clamp Drode Current (I, iow) 120 mA Vou Voum)
Hco' ‘:o‘ OC Output Cusrent, per pan (igyT) 2B mA Operstng Temp Range (T4)
“us‘ ,”"7‘H DC Vog or GND Cusvent, per pin (ico) 280 mA MMYeNC - +88 <
m 2""’“‘ AND G‘“ Sworage Temperature Range (Tsra) -85"C 1o + 150°C MMS4HC -88 +128 <
Power Dwapason (Pp) (Nots 3) 800 mw ingut Ruse or Fall Times
General Features Lead Temp. (T, (Sokdenng 10 seconds) 200°C f® Vog=20v 1000 ™
These AND gaise ulitze microCMOS Technology, 3.5 m- @ Typical propagetion detay: 7 e (e, 12 M (e Vec=asv 200 ~
m“pmmammm ® Fenout of 10 LS-TTL loads Vec=0.0v 400 ~
simiir ©© LS-TTL gates with the low power [ ] power 2pA o room
sandard CMOG intagrated arcults. The HOOB v--.,um emperature
mmunty and the © e aument 10-8 lectrical Characteristics
m'owm:ﬁ—unc/wc*m-m ® Typeoal rput 1079 uA DCE cal Note §)
tonally ss wel @ PN Competbis with e standerd Taotwe 90 senc
-.2?:..;:.,-—7"“&7; Symbol vee | * Ta= -0 08C | Ta= -561 120°C | Unms
g ground. ™™ Guarertosd Limits:
Vi Mirrmum High Level 20v 15 15 18 v
Connection Diagram ingust Voltage asv 318 318 18 v
6.0V 42 .2 .2 v
Ousiin-Line Packege Ve Maxmum Low Level 20v 03 Y 03 v
Vee B4 A4 ve 83 A3 v3 "ot Vonage asv 09 09 09 v
] |18 o2 |10 Jo |e |e oo 12 12 12 Y
Vom Mremum High Level | V= Va
Output Volage . ilour!$20 pA 20v]| 20| 19 19 9 v
a5V | 48 44 44 LX) v
oov| 60| 89 59 89 v
Ve Vi
ouris4.0mA 4sv | 42 | 308 384 a7 v
lour'zs2ma | eov | 87 | se8 534 52 v
Vou Maxmum Low Level | Viy= Vi or vy
Output Voltage oyt <20 wA 20v| o 01 01 01 v
asv| o | o1 0.1 01 v
eov| o | o1 0.1 0.1 v
Viv=Vior Vi
1 |2 I: 4 l [ |0 l‘l louris40OmA 4sv | 02 | 02¢ 0.3 04 v
At Yi A2 B2 Y2 G loyrss2ma | eov | 02 | oze 0.3 04 v
NIFram -1
o~ Maamum ingut V= Voc or GND | 8.0V 201 210 210 pA
Top View Current
Order Number MAS4HCOS) or MIM74NCOS), N c Maxmum Qusscent | Vay=Vcg or GND | 8.0V 20 2 «© nA
So0 NS Package J14A or N14A Supply Current tout =0 A
N9te 1: ADSOASS Maovusn RESNGS &7e OB YBASE DEYOND WACh BMEQS > P GBVCS MBy 00O
MNete £ Unisms otwrwse speciied 8 voREgEE 970 Slenced 10 ground.
et 3 Pows DESDENON WMOIERSe GISIg — MSSEC N DECRAgS. - 12 MW/ C #om §5°C © 02°C. cmamk “J” gackage - 12 "W /°C bom 100°C © 128°C
Hate & For 8 COwS GUpDly OF SV 2 10% T10 WOrS! CEES CUIDME vORIGED (V0ne. 90 Vo) O0DW 10 MC 81 4 SV Thus 910 4.5V vahuss BRGSO Be UBSO Mn GSagwg
P T KEPh WO CEES V. 70 ¥y 00O 8 Vor = 5.5V 900 4 5V respecively (The Ve, value 8 $.57 © 3.85V ) The worse Cane ERAQS CUTeNt (i, icg, SNG
(02) o for CMOS of 19 Ngher voREgS 610 80 919 6.0V vakmSs ShOUld b8 weed.
2 ]
'mn ATED Darlington Transistor  Electrical Characteristics
Arrays  (Unlessoth I ch apply for Ty «25°C only.)
p OWER Charecteriatic Towt CongRions Dovice | 'Min ' Typ  Max Jums
SEMICONDUCTORS, LTD. Ot Leakage Cument. icg x v | e | . s wm
Veg =SV Tp e 70° 100 [ wA
VeE =50V, Vgy =6 OV. Tp = 70C T2oeme T V7 o [ A
. VoE =50V V= 1OV.Tp s T0C. Toumu| 7 T wm
Cobect Eminer Saturaton 'c.= 100mA Ig < 25004 ] B TBEEE K]
Description Features Vohage. VCE(SAT) 'C = 200mA, Ig = 350pA ] TIRETE I3
These power driver arrays are an arrangement of « 7 or 8 darlington power drives in _ \c = 350mA, ig = S00uA REBELE KR
either seven (2000 series) or eight (2800 series) single package routCument. Iy (ON) __;f% ~ R :;x i 4&% E
darlington transistors vmh independent inputs | | VyedssV ] 3 = mA
ngt o Gosned 1o rovide a ioh SOV or 85V breskdown voitage Ve ioV 500 5060 —sxtortm
and Y P 9 ratings e e — —t
dium current interface b low Ve 12V 0 eSS [ ma
vollagc control logic and peripheral loads. The <+ 500mA or 600mA output current Vneldov - “Tomms | T Idlma
range of inputs ;vmhbb ‘lltl:;w spocuhc capability per driver PRGN OFF] - "_——!:-W.Ta-iﬁ' - F 6 =
bilty with all popul c il «  Low saturation voita Voitage. V, VCg =20V, i = 300mA "] 2002. 2802 v
(PMOS, CMOS, TTL, Shoftky TTL). Dferent uration voliage reutonaon. Vo (on) CEL 1= N
. §input options to allow correct Vg = 20V. I - 200mA 2003. 2803 24 1V
maximum output current / output voltage combi- nput op! Vo=V c-B0mA — ~ vt -
nations -aliow the customer 10 select the device interface with all popular loglc Ce =<V - ] . LY
closest to the exact needs of the application. families | Vog-20V.ico300mA 4 1 30V
Each darlington is configured as an open . [nternsl clamp diodes for driving VeE =20V, (g = 125mA I kel B
collector output with internal fyback diode to inductive loads [ Vo -20V.goTovA -] .80
protect against p i VCE =20V.Ic = 275mA ] - 10 v
vohages caused by inductive loads. . ”“9'7"“ °:|°"'“"‘ nolse Vg =2 c-30ma T e [ v
suppressio Veg =20V, ¢  350mA 2005. 2605 i 2e [V
« Avsliable in plastic DIP and SOIC DC Forward Current VCE =20V, I = 350mA - 20012801 | 1000
packages Transter Rao, heg _ .
Connections B o . out Capaciance.Ciy T = .5 | o+
| ! Top View Tum-on Delay. lpy 05Exy® 05EquT [T 025 10 [ ws
. ouT: Tum-oft Delay. tppg 0SEn® 0SEouT [ 1025 10| us
Clamp Dode Leakage VRe S0V [ S0 [ wA
N2 out2 Current, iy VR8OV, T4 e 70C 700 | WA
N3 out3 Gamp Diode Foward Fo350mA AN 7 20| V
Voltage. Vg
2004, 2014, 2024 me ours
ULN . .
ULN2804, 2814, 2824 NS outs Absolute Maxlmun Ratings (Tp=25°C)
: NG outs Output Voltage, V Continuous Base Current, Ig 25mA
. Mzwozotomaws- SV pouer Disaipation, Pp
" N7 our* ULN2020, 2820 Series %V (Single Darlingon Drive) 10w
ro | o we ouTs input Voltage, Viy “Total Package ULN20OON 20W
~ v ULN2002, 2003, 2004, 2602, 2803, 2804 oV ULN2000D 0.96W
K H GND S?OMDMEON , 2805 18V ULN280ON 225w
- CLAMP Continuous Collector Current, ic ULN28000 1.08W
= mmmmazos- SO0mA Opersting Tempersture Range, Ty -20°Cto +85°C
- i ULN2010. 2810 Series S0mMA  Siorege Temperature Range, Ts  -55°C 1o +150°C

49

Absolute Maximum ratings are those vaiues beyond which the ssiety of the dewice canno! be guaranied They are not meant to
arply that the devices should De Operated & these kmt The slectncal characwnstcs prowde condibons for actual dewce

operason
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