
Repeater and Remote Base Applications of ttie
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 rrC-32 Intelligent Touch-Tone Control Board and ShackMaster. It
provides the frequency control interface for the ICOM IC-2A, 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.

Connection of the FC-1 to the ICOM transceiver is not a Ijeginner'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 relatively
advanced construction and troubleshooting skills and an understanding of digital circuitry.
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.

>
<
ro
D
C

9
c/)
Oi

O

O

00 o

i.
N) 0)

fD

w o
U) tn
o —»

o

O O D

S i <
0^3
c« b.O
■_.(D (D

o

(D
n
c
<D
D
O
<

O
o
D

00
o
Q



This application note contains the following information:

^ System Block Diagram
Board Layout and Suggested Enclosure

«•" Control of the IC2I314A Transceiver

Modifications for Control of the ICOMIC-22U 2M Transceiver

Recovering RC-85 Controller Expanded UF Outputs
Recovering RC-850 Controller Expanded UF Outputs

•• How It Works

Most Often Asked Questions ... and Answers
Schematic

IC Data Sheets

System Block Diagram
The FC-1 board fits into a repeater or remote base system as shown below. It is 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
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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 IC-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-l board may mount inside the enclosure with the transceiver to minimize the
number of 1/O 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 (Rl, R2 and R3) to IK 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-l 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

CX1 CX 2 CX 3 (optional)
rrC-32 OUT 7 OUT 6
ShackMaster DATA CLK XFER

The FC-l board includes a transfer (XFER) logic input which transfers the outputs of the
shift registers to a set of storage registers (inside the 4094 ICs) 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-l 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 PEL 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 allO's so they don't short out the signals supplied
from the FC-l.



Ojfset 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.

f

%

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
rrC-32. The audio may be applied through a potentiometer wired as a variable voltage
divider for transmit audio level adjustment.
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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 74F1C08 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 CRl 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 'TLLIC-1" IC-22U Connector

10 J3-5
9 J3-6
8 J3-7
7 J2-1
6 J2-2
5 J2-3
4 J2-4
3 J2-5
14 —

13 —

12 J3-3
11 J3-4
"-600" Jl-2
"+600" Jl-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., UFl = CONTROL OUT 8, etc.).

UFl 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)



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

UFl

UF2

UF3

GNDD

FC-1 Board

DATA

CLK

XFER

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 PLLIClO-3 CMOS
9 ON/OFF CMOS
10 U7pin8 CMOS
11 U7 pin 6 CMOS
12 U7pin5 CMOS

13-16 PLLIC14-11 CMOS
17-22 KEY 0 -4, SPK CMOS
23 U3pin 12 (R5) CMOS
24 U3pinll(R4) CMOS

25-32 CONTROL OUTS 1-8 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
CXitput 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 1C-2/3/4A.

The expanded remote control mode causes 64 bits (UFl-64) to be shifted from UFl, UF2, while UF3 serves as
a transfer signal (see below). UFl-32 can be captured at Ul-4.

The RC-85 controller clocks out 24 bits -16 remote base frequency bits appear at U1 and U2 for controlling the
1C-2/3/4A, and 8 expanded UF output bits may appear at U4 buffered by U5 (U3 should be bypassed - see
"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 1C-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. This isn'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 ft-om 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 dicjdes isolate the gates from the oscillator when not
selected, and the 47K pulldown resistors provide a bleed path to ground.

8



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 (Rl, R2, and R3) to IK by paralleling a IK resistor
across the existing lOKs.

Output Characteristics
BCD Digits (Ul, 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 groimd for the circuitry in the transceiver. The 74HC08 and 74HC02
supplying these signals must operate from a 5 volt supply. If if 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. U5, a Sprague ULN2804A, 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.



Most Often Asked Questions... and Answers
RC-850 Controller Related...

How can I use two FC-l'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 coirimands.

Assuming the second board needs to operate at the same supply voltage (because both
transceivers op)erate 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 boeird. 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 1C-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 .gv

H
R6 data

1N914
i 9V logic RB DATA

SV logic RB DATA

CONTROLLER

H
RBCLK

♦5V ♦QV

li
Diodes isolole 9V togic
from 5V logic

IN914
9V logic RB CLK

SV logic RB CLK

How many FC-1 boards are required to recover all 64 user functions from my '850?
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 PIT appear?
It appears at UFB, which is at the pin labeled Control Out 1.

ShackMaster Related...
Can the same FC-1 that is used for the ICOMIC-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.

10



General...

The rig that I would like to use isn't on your list of compatible rigs. What steps should 1
take to determine whether or not it vrill interface and function properly?
Understand how the transceiver's frequency synthesizer is controlled. If if 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 (OV) for duplex.
Plus/Minus Offset - U2 pin 7. High for plus, low for minus.
5 kHz - 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 ICOMIC-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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a National
Semiconductor

CD4094BMICD4094BC 6-BH Shift R«gister/Lateh
wHh TRkSTATE® Outputs

Q«nml Dwcftption
The C040MBM/C040MBC consistsof «n 8 b)t shift regis
ter ano a TRi STATE 8^t latch Data is shiMea senafiy
through the shift register on tfw posmwe iransriion of the
Clock The output of the last st^ lO^i can be used to
cascade several devices Oats on the Os output is trans
ferred to a second output. O^. on the toltOMnng negative
ciock edge

The output of each stage oi the shift register feeds a
latch. Mhich :atches data on the negative edge of the
STROBE input When STROBE is high, data propagates
through the letch to TRi STAte output gates. These
gates ere enabled erhen OUTPUT ENABLE •$ tanen nigh

FeatuTM

• Wide si^iy voliage range

■ High noiae immunity

■ LowponverTTL
compatibility

• TRi-STATE outputs

Connection Diagram
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: 10 V V- • : V O' 9GV
:  '5V Vr,-. • 5v 31 '3 5V

Low Level
Output Current
(Note 3)

Voo»
Vlc «
VqD'

5 0V V- X ; 41
tOV V , -j5V
15 V Vo = • 6 V

High Level
Output Current
(Note 3>

Vops
Voo«
VpO'

5 0V Voa4 6V
tov V^s95v
lSV.V.~r t3 5V

TRI STATE Output 1
Leakage Cui'ent !

:15V \
: tsv \

35 35 35 V
70 70 ' 7 0 . V

11 0 It 0 110

0 64 051 ' 086 0 36 xA
t 6 ■  1 3 225 0 9 rrA
42 •  34 86 24 j mA
064 , '  051 ;  086 , 036' mA
16 13 255 -09 ; mA

-4 2 1  34 66 , i  24 . : mA

Voo « '5 V \

.sMJ

^ - 0 V 31 "

DC Electrical Characteristics co'nodBc in^ie 2.

tynt
;  ̂ -40X 2SX ' 8$X '

Paramotor CondHiene ' ♦ _ ^ —> units
MM Mai MM Typ Mai MM Mai

loo Ouiesce-' Vt>o*50V 20 20 ' . 15C -A
Device Cufre-.t Voo*tOV 40 40 300 -A

VsD«t5V 80 80 600 -A

Vot Low Level Voo* 5.0 v| 005 0 0 05 : 005 V
Outoul Voltage Vqo* lOv •: < 10-A 0 05 0 0 05 0 06 v

Voo = 15V j ' 005 0 0 05 0 06 V
Vo.. High Level Voo*50vj , 495

Output Vnitage Vpo * tOV | i; v 1 ..A 9 95
Voc » tsv 1 14 95

495 5 0 4 9* V
9 95 10 0 ' 9 95 V
14 95 15 0 14 95 V

Vii Low Level Vod*50V. Vos05V or 45V IS
Input voltage Voo ■ lOV Vq s 1 Ov or 90V 3 0

Voc«t5V. VoslSVor 13 5V 4 0

15 15 i V
. 30 , 30 ' V
:  40 ' 40 V

V|H High Level Vod*50V VosOSV or 45V , 35
inpo! voltage Voo ® tO v. Vc c 10v or 9 Ov 7 0

Voc = l5V Vc=i5Vor 13 5V ; 110

35 35 V
70 70 ' V
110 110 ' V

<Ol Low Level ' Voo-SOV Vo = C4V j 0 52
Output Cu'rent Voo * to V. Vo s 0 5 V • 13
(Note 3) ■ Voc* 15V Vc» ' 5v | 3.6 1

0 44 0 88 0 36 , : mA
1 1 2 25 0 9 j mA
30 ; 86 ' 2* \ j mA

Sym Peremeter Condltloni
-40X 28X

-  -

MM 11 Mai MM Typ Mai MM Max

lo- .High Level
Output Current
INote 3)

Voo*S.OV ¥b«4.8V
Voo*10V. Vb*0.5V
Voo«t5V.Vo.t3Jv

-052
-1.3
-36

•044
-It

-3.0

0.88
295
OJ

-0.36
-0.9
-2.4

mA

mA
fViA

liM i Input Current VpO-tSV. Vm-OV
Voo*l5V.Vw-15V

-0.3
0.3

-03
0.3

-to
1.0

uA
■A

\Qi TRi STATE Output
•Leakage Current

Voo-tSV. Vm>0Vor19V 1 1 10 ■A

DC Electrical (^ractaristics (cont dl C04094BC (Note 2)

AC Elaetffcal Charactariadcs t«.2sx Ci.sopp

ifww <PLM. Rrpoagaiion Delay Oock to' Os

te*,i. Ipl" Propagation Ooiay Cfeck 10 0$

Voo* 5.0 V
VoD*10V
VeD»15V

ip.;. Propaga; or Deiay Ctocii 10 Parallel Out

Voo*SOV
Voo* tov

_Veo «ISV

tp^. tp.. Prooegation Oeiay Strobe 10 Paranei Out

Proeagaiion Delay High Lavei to High tmpodanco

Propagation Delay Low Lavoi to High impooanco

Voo*5.0V
Voo* tov

Voo = 5.0V
Voo* tov
VDD*t5V
Voo* 5.0 V
Voo* tov
VpD«t5V

Propagation Delay High impodanco to High Lavai j

Voo* 50V
Voo* tov
Voo* ISV

Propagation Ooiay High impodanco to Low Laval

Ith^. iTt.M Transition time

Set-up Tune Data to Cto^

Maaimum Cloek Rise and Paii Tuna

Minimum Clock Pulse Width

Mmimum Strobe Pwiae Width

Masunwm Cloek PinqiiMicy

Cm
J-

<  input Capacitance

Voo* 5.0 V
VK)*t0V
Voo c 15 V
Voo-50V
Voo* tov
VpD*t5V
Voo* 5.0 V
Voo* tov
Vbo*i5V
Voo* 5.0 V
Voo-tov
Vopwlflv
Vbo«5.0V
Vbo-tOV

Voo* 5.0 V
Voo* tov
^90*

■ 5.0 V
■ 10V

V00»18V
Voo-8.0 V
Vbo-lOv
Voo-15V
Any litput

80
40
20

100
08

80
70

IS
SO
4i>

Neie 1: Aosoiute Maummn Rotmgs are those values beyond which iho satety Of the device eatwrnt be giiManteed.
(Ttpani la ••ttalk ffipi ihp tm. ■ .• -- - - - ... . ..fheani 10 imply thpi inp i Oparai
Etectncs' Cnsrsriensiies

Neiat; vsg«Ow wniess otherwisasoacrtwd
NwaB to»ienfltote»a.iaiiadowaoiiteutetabiha

TfP
300
125
06

230
tic
75

420
195
135

140
75
86

140
75
55

100
SO

5^

600
250

220
ISO

390
270

580
290
200

280
150
110

200
100
80

ing Conouwns- ano

Logic Truth Table

deak
Odlput
EnaMa SBRBa Oala

Paiaiial OtfCputa iaflaiOirtpirta

01 On OS- 08
0 X X Hi-2 HI-Z 07 NoCng !

X ■ 0 X X Hi-Z HiZ NoChg
1

y t 0 X NoChg NoChg 07 NoChg

y 1 1 0 0 Qh-t 07 NoChg.

y 1 1 1 1 Oh-i 07 NoChg.
1 1 1 No Che NoChg NoChg 07

X ■ Oon t Care
'At the potiinre eiocii edgs. mtormetien n
transterree to 00 ano Qg.

the Ttn shih register stegt ts



SemioonduclDr

MM54HC08/MM74HC(W
QiMd 24nput AND Gat*

nrienCMOe Teehnoioar. 3J na- ■ Typtcii piapiQrton mar 7
■ Fanem of 10 LfrTTL

Of ■ Qi
ani«a.ThaHOOe

iaa Mimuftty wd t» ttMy to
•Na 10 tS>TTL taida Tha S4HC/74HC logie tomiir« tono-

S4LS/74LS logic 101%. Al «auto w P
aga dua to MMlc dMNKoa by *1

■ Typnal topm euaant; 10'* pA

Cwm«ctlon Otagram

Vcc B4 A4 y4 B3 A3 V3

Abaoluta Maximum RatlngaiNeiaa 1*2) OpaiatlnoConditiana
Supply vonagatvoc)
DCinpwiveNiga(VM)

DCOuipiiivaiaoa(Vour)

Oarap Dioda Curaia Ow. Iqk)
OC OMpid Cwram. par pn (tour)

DC Voe V OND Cimm. par pm doc)

Pa«ar OMpaaon (Pq) (Noia 3)

LaadTamp (TjaptoamglOaaeondN

-05 to ♦7.0V
-IStoVcc-^l-SV
-04«DVqc<*-0JV

tlOniA

tSOmA

-an ID ♦190%
900 mW

MPhrvpaagi(Voe)
OCkipuiarOiApiiivodiga

(VpiiVour)
^araMoTamp RangafTA)

IM74HC

0

Voc

•c
•c

lnpi« Raa or Fal rmaa
IV U Vte-2.0y

Vee-Asv
voc-o^

DC Electrical Charactarlatlca iNoiaa)

Syntoet CeraMana Voe
Ta-STC 24NC

Ta- -ssiearc
S4NC

TA--sstei2rc (Mia

TKP 1 11 ni iiiHibiiSi

Vw MranwnHgh Laval 2.0V 1.5 1.5 1.5 V
mpuiveiMea 4.SV 3.15 3.15 3.15 V

SOV 4.2 4.2 43 V

Vtt. Maianwn Low Laval 2.0V 03 0.3 03 V

MputVenaga 4.9V 0.9 0.0 0.9 V

SOV 1.2 ie 13 V

VOM Mawnumiagn Laval Vai-V|M
OutotoVoRaga i<ourU20aA aev 20 1.3 1.9 13 V

4av 4.9 4.4 4.4 4.4 V
eov SO 5J 5.9 5.9 V

Vw-Va4
'•out'i 4.0 mA 4.SV 4.2 39e 3.S4 3.7 V
llQUT'iSJtmA SOV 5.7 54S 5.34 6.2 V

Vot Manmum LOW Laval ViN-VworVH.
OuoutvoitagD !Iout;4»hA 2.0V 0 01 01 01 V

4.SV 0 01 01 01 V

SOV 0 0.1 01 01 V

Va(-V«orV>.
lOUT^&X.OmA 4.SV 0.2 OlS 0.33 04 V
"out''5.2 mA SOV 0.2 02S 0.33 0.4 V

Im MaMmim Input Var-VocarOND SOV ±0.1 tl.O 41.0 aA
Cwiani

Icc Manmum QuNaoom Vav-VccorOt® SOV 2.0 30 40 aA
Supply Currant «OUT*0mA

-1« munc aowt apc » pre uwii -r pingi -KMMr/xuvittoacBii
■ (V»»*avauaeMto>iC«4tv nwwwi svwhmaieeaeieweiwiaiig

v», «aM a a.8v • aasv) «am oMt ama> ctfTM <%» tB.

POWER
SEMICOMDUCTMS, LTD.

Desertption
These power driver arrays are an arrangement of
either seven (2000 series) or eight (2800 series)
dartington transistors with independent inputs
and outputs. They are designed to provide a high
vottage, medium current interface t>etween low
vcritage control logic and peripheral loads The
range of inputs available allow specific
compatibility with all popular bgic families
(PMOS. CMOS. m. Shottky TTL). Different
maximum output current t output voltage combi
nations allow the customer to select the device
closest to the exact needs of the af^lication.
Each dartington is configured as an open
collector output with internal flyback diode to
^tect against potentially destructive transient
voftages caused by inductive loads.

Dartington Transistor
Arrays

Electrical Characteristics
(Unless otherwise indics^ed. electricalchvacteri^ics apply for T^ •2S°C only.)

Features
7 or 8 dartington power drives In
single peckage
SOV or 95V breakdown voltage
ratings

500mA or 600mA output current
capability per driver

Low saturation voltage

5 Input options to allow correct
Interface with all popular logic

Connections

Internal clamp diodes for driving
Inductive loads

lR^»roved crosa>talk rwlae
euppresalon

Available In plastic DIP and SOIC

Top View

ULN2004, 2014. 2024
ULN2804. 2814. 2824

IN1 E IS OUT'

IN2 E 33 OUT 2
IN3 Q 33 OUT 3
IN4 E 33 OUT 4
INS E 33 OUT 5
INS E 33 OUTS
IN7 E 21 OUTt
INS E ID OUTS

OND E COMMON
DIODE
CLAMP

ULNISOO

ONaraclaiiaile Tail CendSlona Davlea umiaMin ' Typ , Mai
Outoui Laakaga Currant. |q£x Vcf-SOV AB

~2b02T28iM'
2004.2804

.  SO aA
VGg.S0V.TA*70* 100 aA

VcE • SOV. Vgi • S OV, Ta • 70% "  ̂ 500 aA
Vet - SOV . Vm -1 OV. Ta . 70% ■  ! 500 aA

OaSacftr-Emmar Saturaban

vaitoga,Vc£,SAT)
IC-100mA. Ig.TSOiiA AO 00 i 11 V

IC* 200mA, Ib^3S0|>A 11 , 13 V

^.3SOmA.lB«SOOAA i  13 IS V

bvut Currant. Im (ON) Vm-17V 2002.2002 . 0.62 1 135 mA

Vp|. 3.85V 2003.2003 ' 090 • 135 -unA

Vm-SOV 2004.2804 1 035 > OS mA

VW-12V '  10 ; 145 mA

VM-3.0V 2005.2005

AS

•  1 5 2 4 mA

Input Current. Ipj (OFF) t-S00|iA.TA-70% SO ' 65 aA

mputVoitaga.VM (ON) VcE • 20V. ic-300mA 2002.2802 13 V

~v
~v

VcE-20V. Ic« 200mA 2003.2803 24

Vce»2OV.io.250mA
VcE«2OV.^.300rr«A ! 30

5.0

V

"~v~VGE«20V.lc-l2SmA 2004.2804 1
VcE - 20V. Ic« 200mA ' 60 V

VcE* 20V. 279mA 70 V

VcE-20V. ic« 390mA *  ; 80 V

Vcf-2OV.^.3S0mA 2005 2005 i  • 2.4 V

DC Farward Currant

Trarniar Rttie.ttFE
VcE»2.0V.lc*3S0mA 2001.2801 1000

Input Capaotanea. Cm AS 15 : 25 PF

Twrr^Dalay. Ipix OSEMtoOOEoUT AB ! 035 1 0 AB

Tun«-eR Delay. tpHL OSEg^to OOEqut AR , 035 ' 1.0 A*

CtompOwda Laakaga

Cunent IR
VR.90V Afl '  SO aA

VR.i0V.TA*70% i  100 aA
CtompOiDda Forward

VeitogaVF

^•S90mA AS 1.7 2.0 V

Absolute Maxinwn Ratings (Ta-25*c)
Output Vottage, V^g Osednueus 8ese Cunent, Ig

ULN2000.2D10.2800.2810 Series
ULN2020,2820 Series

SOV
95V

Pewer Otselpetiew. Pp
jingle Oerlngiwi Ddve) VOW

MilVettigp.Vg| lotMPaekegeULNgooON 20W
ULNa002.2003.2004.2802.2803, 2804 30V ULNSOOOD 0.98W
ULN200$.2805 15V ULN2800N 2.2SW

mdwiOMS Ceilecter Ciwiewt, Iq UIN28000 108W

UU42000.2020,2800.2820 Seriet SOOmA Opweting Temperetwe Range, Tr -20%;ib^»c
ULN2010.2810 Series 800mA Storage Temparatufe Range, Tg •SS-Cto^lSO^

4-9
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fliply too mo eoweoD thouM be opwiM «i toooo Tiw tooctoce eharaewnsba wtonM oondoont fpt actual dovm

4-11


