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INTRODUCTION TO CALLER ID

The Caller ID feature is an on-hook capability that
provides the user information about the caller before
actually answering the call.  The information displayed  is
a data message sent from the central office to the CPE
using simplex VDI-1 (Voice Band Digital Interface) during
the silent interval and after the first 20Hz ringing burst.
The data contains the date (month and day), time (hour
and minutes), and calling party number information in one
of three forms:

a) 2 to 10 digit extension
b) privacy indication  for those calling parties which
    do not want their number displayed
c) out-of-area indication if the calling number can
    not be recovered for an on-screen display

VDI-1 is specified in terms of three architectural layers
(physical, datalink and presentation layers).  The
XR-2211 is primarily concerned with the physical layer
interface requirements, which refers to the electrical and
procedural characteristics that the CO uses to physically
connect to the CPE.  It is concerned solely with
transmitting a stream of bits, without regards to meaning
or structure.  The data link layer provides the procedural
characteristics that allow the CO to transfer complete
units of information to the CPE and the presentation layer
defines the general content and syntax needed to
transmit recognizable information.

MESSAGE FORMAT

Caller ID information is sent to the CPE in the silent
interval after the first ringing phase.  The central office
waits half a second after the ringing before starting
transmission of the data, and completes the transmission
half a second prior to the next ringing signal. FSK data is

sent to the CPE as a single or multiple message format
(see  Figure 1 &  Figure 2 ).  All Caller ID messages are
preceded by a 250msec channel seizure sequence
(01010101 pattern).  This signal is sent at the beginning of
each message to alert the CPE of the coming information.
This is then followed by a 150msec of ones (1200Hz),
intended to aid in “conditioning” the receiver for data.  The
message begins with the message type in one byte
sequence (see Table 1).  After that, a message length or
data word count value of 9 through 18 specifies the
number of data words that are going to be transmitted
following this word.  This number does not include the
check sum word which follows the last data word.

Caller ID information bits are grouped into 8-bit
characters preceded by a start bit (logical 0) and followed
by a stop bit (logical 1) (see  Figure 1 ).  Data words are
sent as ASCII characters without parity.  The first eight
words of data contain date (month and day) and local time
(hour and minutes) two characters each.  Word 11
through 20 carries the calling party information.  The
calling party information can be a 2 to 10 digit number or
an ASCII alpha character indicating “P” for privacy or “O”
for out of area.  The last byte is a check sum word which is
used by the CPE to insure the integrity of the received
data.  The check sum word consists of 2’s complement of
the module 256 sum of all the words transmitted from the
CO including the message type, message length and
data words.  The CPE then derives the sum and adds this
to the check sum.  Any result other than zero indicates that
the information was not received correctly.  (see Table 1)

Multiple data message formats include additional
parameter information.  Each parameter is a series of
data words specifying parameter type, parameter length
and parameter data as described in  Figure 2.
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Word # Signification
Binary Contents 
7  6  5  4  3  2  1  0 Description Dec. Value Hex Value

Mod. 256 in
Hex

1 Msg. Type 0  0  0  0  0  1  0  0 CND1 04 04 04

2 Length 0  0  0  1  0  0  1  0 18 18 12 16

3 Month 0  0  1  1  0  0  0  0 0 48 30 46

4 0  0  1  1  0  1  0  0 4 52 34 7A

5 Day 0  0  1  1  0  0  1  0 2 50 32 AC

6 0  0  1  1  1  0  0  0 8 56 38 E4

7 Hour 0  0  1  1  0  0  0  1 1 49 31 15

8 0  0  1  1  0  0  1  1 3 51 33 48

9 Minutes 0  0  1  1  0  0  1  0 2 50 32 7A

10 0  0  1  1  0  0  0  0 0 48 30 AA

11 Calling Number 0  0  1  1  0  1  0  0 4 52 34 DE

12 0  0  1  1  0  0  0  0 0 48 30 OE

13 0  0  1  1  1  0  0  0 8 56 38 46

14 0  0  1  1  0  1  0  0 4 52 34 7A

15 0  0  1  1  0  0  1  1 3 51 33 AD

16 0  0  1  1  0  1  0  0 4 52 34 E1

17 0  0  1  1  0  1  1  0 6 54 36 17

18 0  0  1  1  0  1  0  0 4 52 34 4B

19 0  0  1  1  0  0  0  0 0 48 30 7B

20 0  0  1  1  0  0  0  0 0 48 30 AB

21 Checksum 0  1  0  1  0  1  0  1 Checksum2 85 55 55

Notes
1 CND = Calling Number Delivery 
2 Calculated Checksum + Received Checksum = 0    AB + 55 = 0 Mod 256

Table 1.  Example of Caller Identification Coding

The demodulation of the FSK signals are done according
to Bell 202A specifications which are:

Link Type: Simplex

Modulation Scheme: Phase Coherent Frequency
Shift Keying

Logical 1 (Mark): 1200+/-12Hz

Logical 0 (Space): 2200+/-22Hz

Transmission rate: 1200 bits per second

Data: Serial, Binary, Asynchronous

Transmission Level: -13,5+/-1dBm into 900Ω

Table 2.  Bell 202A Specifications
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2 sec0.5 sec

Ring Signal (20Hz)

575 msec

4 sec

0.5 sec2 sec

Ring Signal (20Hz)

Check
Sum Word

1 Byte

Data Words

144 Bits max

Data
 Word Count

1 Byte

175 msec

Message
Type Word

1 Byte

Channel
Seizure Signal

250 msec 150 msec

30 bytes
of

1200Hz

All Ones

(01010101)
Signal

Month 04 Day 28 Hour 13 Minute 20 Number

Demodulated
Data

1200Hz
CLOCK

Mark STB 0 1 2

10 bits

3 4 5 6 7/P SPB STB 0

STB = Start Bit
SPB = Stop Bit

 Figure 1. Single Data Message Format

(510)668-7000
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4 sec
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Ring Signal (20Hz)

0.5 sec msec 0.5 sec

Ring Signal (20Hz)

2 sec

Check
Data Words

Parameter
109 Data Bits

Message
Length ParameterMessageChannel

Seizure
All OnesSignal

250 msec 150 msec

30 bytes
of

(01010101)
Signal

1200Hz

Type Word

1 Byte 1 Byte

Word

1 Byte 1 Byte

318 msec

1 Byte 1 Byte 144 Bits max

 Sum Word

1 Byte

NumberHour 13 Minute 20Day 28Month 04EXAR Rep.

718

Type Word Length
Word

Parameter
Type Word Length

Word

Parameter

(510)668-7000

 Figure 2.  Multiple Data Message Format

DESIGN INSTRUCTIONS

The Caller ID demo board design described herein is a
“how to” example on building the basic components
required to interface to the telephone line and extract the
CO (Central Office) supplied CID (Caller ID) information.
The kit includes a set of schematics describing how to
interface to the telephone line and extract the CID
information. The kit also includes a small executable
program that upon receiving the CO provided CID
information, converts this information into a form that can
be displayed onto a PC’s CRT.  The program when used in
conjunction with Bellcore TA-NWT-000030 specification
is a useful reference when designing your own user
interface. The schematics and software discussed herein
were built, tested and proven to be functional.  For BT
specifications, see TAN-009.

EQUIPMENT REQUIRED

The equipment requirement for this user interface is a PC
386 or greater, having an RS-232 port. The executable

program provided with the demo board design runs under
a DOS environment.

GENERAL OPERATION

The CID information provided by the CO to the CID demo
board is, after being decoded by the demo board, routed
directly into the PC via the RS-232 port. The PC is used to
control whether or not power is applied to the demo board,
as well as display the CID information.

While waiting for a CID signal most of the demo board is
powered off.  The first event in this sequence to occur is a
Ring Indication.  This initiates the second event which, by
way of the software program powers-up most of the demo
board, (this requires that the software program be
running).  The demo board is now ready to receive the
FSK encoded data sent by the CO.  Once the data is
demodulated, the information is then sent from the demo
board via a cable to the PC’s RS-232 port. The program
first captures and then displays the data on the PC’s CRT.
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After the CID information has been displayed, while still
under software control, the demo board is then returned
to the powered down state.

POWER SUPPLIES

The demo board design operates on a 6V supply. This
supply is broken down into 3 separate sub-supplies, also
6V supplies. The Ring Indicator circuit is connected to one
of these supplies.  This supply is directly connected to 6V
and is always connected.

The balance of the demo board (excluding the RS-232
interface, the MAXIM-235) is powered by a switched
supply. The switched supply is activated by the Ring
Indication. The MAXIM-235 is powered by the third
supply.  This scheme allows for easy measurement of the
power consumed by each of the 3 blocks in both the
powered-down and in the active modes.  The total current
consumed at the tip and ring inputs to the demo board
must be less than 20mA in an off-hook condition, to
prevent the CO from sending a dial tone.  The on-hook
condition must consume less than 5µA which is 1 ringer
equivalent.

INPUT STAGE AND DAA

The first stage (see  Figure 4) of the demo board design is
the Input Stage.  This stage includes the DAA function and
the Ring Indicator detector.  The DAA provides the
required isolation between the demo board and
telephone line while maintaining the ability to extract the
data sent by the CO. The DAA optimally terminates the
telephone line providing the proper Tip and Ring
impedance.

The isolation provided by the DAA is required to prevent
the full Ring Indicator voltage (max. 300V peak-to-peak
on top of the max. 48V already provided by the CO
battery), from damaging the low voltage components of
the demo board. At the same time, the DAA must reject
any voltage less than the minimum 26V ring voltage as a
not valid ring signal.  Non-flammable fuse resistors, 10Ω
in value, are the first demo board components to come
into contact with the phone line, providing a fuse
protection in case of over voltage.

In preparing to send CID information, the CO first sends a
Ring Signal, which puts the demo board on notice that it is
about to receive CID information.  The Ring Indicator is
used to power up the powered down portions of the demo
board.

The input stage also has a RC high pass filter which does
not have any appreciable effect on the bandwidth of the
filter stage. The demo board has an AC impedance as
seen by the CO of more than 7,000Ω. The only DC input
resistance is created by the leakage of the input
capacitors, which results in less than 5µA, the 1 ringer
equivalent specification.  Too small of a DC input
resistance can potentially result in spurious low frequency
noise inadvertently powering up the demo board.  The
input stage acts in part as a DC blocking stage.  Note that
devices on the input stage must be able to withstand a
maximum potential of 348V.

FILTER STAGE

The second stage (see  Figure 5) of the demo board
design is a filtering stage that consists of a band pass filter
and an amplifier.  The bandpass function is composed of a
2nd order Low Pass Active Butterworth filter and a 3rd
order High Pass Active Butterworth filter. This results in
an effective -3dB bandpass frequency range of 960 Hz to
2850 Hz, (see  Figure 8).  While an LM-324 was utilized
as the gain element, it should be noted that almost any
amplifier with a reasonably large gain (e.g. >10,000),
relatively high input impedance and a moderately high
bandwidth (e.g. >100,000 Hz) can be used. The Output
Drive strength should also be large enough to drive the
filter load impedance.  The bandpass response and the
gain achieved by the filter can be altered by the following
equations.  In addition, a gain versus frequency plot of the
low pass filter and of the high pass filter are provided in
 Figure 8 .

The computer program provided in Reference [2], Figure
27 was used to calculate order and component values of
the Butterworth filters.

Order of  the filter is calculated by:

N � INT �Log
10� �AMAX�10-1�

2((10� 0.3)-1)Log(Wn)
�� 1

AMAX:  Attenuation at the stop band frequency.
Wn = F1 / F2 for low pass filter calculation and 
Wn = FC /F1 for a high pass filter.
F1 = Stopband frequency.
FC = Cutoff Frequency

Depending on whether the values of N are even or odd, a
different set of equations will be used.  The program will
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execute a “For...Next” instruction until all the RC values
are calculated.  Gain at the passband will be unity.

Reference [1], Chapter 8 gives the basic theory about
active filters.
Reference [3], explains the basics of circuit theory.

The net result can be viewed as a bandpass filter with a 3
pole rolloff (60dB/decade) on the low frequency side and
a 2 pole rolloff (40dB/decade) on the high frequency side.
An additional requirement placed on the first and second
stages is to filter out the 20Hz ring signal and the 60 or 50
Hz electric line noise. The demo board design achieves
this by attenuating a 60Hz signal by at least 70dB. To
assure good filter characteristics, 1% resistor and 5%
capacitors should be used.  If the input stage were to also
be utilized for its high pass characteristics it too should
have similarly controlled resistor and capacitor values.

GAIN STAGE

The third stage (see  Figure 5) of the demo board design
is a wide band amplifier. The gain is chosen such that with
the worst case signal, 3.0mV rms (-48dBm), the PLL FSK
decoder will still be working and the system will be able to
extract the CID information. This stage also utilizes a
LM-324 as the gain element. The controlling equations for
the gain stage follow:

Gain � Rfb
Rin

Rfb:  is the resistor connected from the output to the
inverting input of the operational amplifier.

Rin:  is the resistor from the signal source to the inverting
input of the amplifier.

PLL, FSK DECODER

The fourth stage (see  Figure 6) of the demo board design
is the FSK Decoder and Carrier detect stage. This stage
tracks the phone line signal that passes through the
bandpass filter stage. This stage performs two tasks. First
it simply detects if a frequency exists in a specific band. If
so, the Energy Detect signal becomes active. Second it
demodulates the 1200 baud FSK modulation of a
frequency in the band from 1200Hz to 2200Hz.  This
demodulated data constitutes the CID information
modulated by the CO. Note that Energy Detect must be
valid before any CID information can be considered valid.

This stage utilizes the XR-2211 PLL to perform this
function. The XR-2211 center VCO frequency should be
adjusted by use of a potentiometer to a geometric mean
frequency of 1625Hz to guarantee a 50% duty cycle at pin
7 of the XR-2211.

A note, while it was not done in this demo board design it
may be possible to eliminate the amplifier in the filter
stage and utilize the XR-2211 as the principal gain stage.
This may require extracting more gain from the filter
stages or running the risk of not having enough sensitivity
to process low level, -48dBm, signals.  Equations for PLL
calculations follow:

C0 � 1
f0 * R0 f0 � f1� f2

2

f1, f2:  are the mark and space frequencies.

R0:  is the frequency control resistor connected at pin 12
of XR-2211.

R1 � f0 * R0 * 2
f2-f1

R1:  is the resistor connected from pin 12 to pin 11.

�� 1.25 * C0
R1 * C1
�

ς: is the Damping Factor.  R1 in kΩ.

VREF �
VCC

2
� .650

VREF:  is the reference voltage at pin 10.

KO � � 2 * �
VREF * C0 * R1

�

K0:  VCO Conversion Factor in Radians per second per
volt.

Kd � VREF * R1
10 * �
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Kd:  Phase Detector Gain in Volts per Radian.  R1 in kΩ.

For more information on choosing components for use
with the XR-2211 in a FSK application, contact EXAR and
request the XR-2211 Application Program and
Application Note.

RS-232 ENCODER

The fifth stage of the demo board consists of a
MAXIM-235. The 235 takes the decoded data provided by
the XR-2211 and converts the voltage level provided by
the XR-2211 to a level that is required by the RS-232 port
of the PC.

To ensure proper operation, the RS-232 registers
contained within the PC must be available in a timely

manner to be able to begin downloading the CID
information stream.

Once the board detects a Ring signal the Carrier Detect
signal becomes active and sends information to the PC
through the RS-232 interface, then the PC program
responds by turning on the unpowered part of the board,
again using the RS-232 interface.  Then the system is
ready to process the information sent by CO.

After receiving the data the program will perform the
checksum test.  It will turn off the originally unpowered
section of the demo board and will show on the screen the
CID data or a message if the transmission was
unsuccessful.

Direct Analog Access

CIDUSDAA.SCH

ITIP

PU

RIIN

Input Filter

USINFIL.SCH

ITIP SIGOUT

FSK Decoding

USFSK.SCH

DOUT

EDC

SIGOUT

RS232 Interface

CIDUS232.SCH

DOUT

EDC

RIIN

PU
RIIN

PU

ITIP

 Figure 3. CID for the US Using XR-2211
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ITIP
ITIP

C1 0.01µF/400V

VCC

Q2
2N4403

R18
2.2K

R21

10K

PU
PU

6V
BatteryR8

22K

1
2
3
4

J1

RJ-11

M1

220V

R1
10/0.5W

R2

10/0.5W

D4

1N4748

TIP R7

8.2K 1 6 5

42

Q1
H11AA

C16
0.47µF

RIIN
RIIN

C4

0.47µF
400V

D3

1N4748

RING

C2
0.01µF
/400V

R4
68K

+

 Figure 4. Direct Analog Access
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R9
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Second Order
Low Pass
Butterworth

C9
4.7nF
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R17
330K
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 13
14

U1D

LM324

R16 240K

SIGOUT

Wide Band
Amplifier
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1µF

VCC

+

+

-
+

-
+

 Figure 5. Input Filter for U.S. Implementation
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XR-2211

VCC
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C20
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(RL)
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 Figure 6. FSK Decoding U.S. Implementation
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 Figure 7. RS232 Interface
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BILL OF MATERIALS

Direct Analog Access

Item Quantity Reference Part Tolerance

1 2 C1,C2 0.01µF 400V

2 1 C4 0.47µF 400V

3 1 C16 0.47µF

4 2 D4,D3 1N4748

5 1 J1 RJ-11

6 1 M1 220V

8 1 Q2 2N4403

9 2 R1,R2 10 0.5W

10 1 R4 68K

11 1 R7 8.2K

12 1 R8 22K

13 1 R18 2.2K

14 1 R21 10K

15 1 6V BATTERY

Input Filter for US Implements

Item Quantity Reference Part Tolerance

1 1 C3 10nF

2 4 C5,C6,C7,
C8

10nF 5%

3 1 C9 4.7nF 5%

4 1 C17 0.1µF

5 1 C18 1µF

6 4 D2,D1,D6,
D7

1N914

7 1 R3  68K

8 3 R5,R6,R17 330K

9 1 R9 12K 1%

10 1 R10 4.7K 1%

11 1 R11 226K 1%

12 1 R12 232K 1%

13 2 R13,R14 9.31K 1%

14 1 R15 10K 1%

15 1 R16 240K

16 1 U1 LM324
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FSK Decoding US Implementation

Item Quantity Reference Part Tolerance

1 1 C10 27nF 5%

2 3 C11,C15,
C19

0.1µF

3 1 C12 6.8nF

4 1 C13 1.8nF

5 1 C14 8.2nF 5%

6 1 C20 10µF

7 1 POT1 POT 10K

8 1 R19 33K 1%

9 1 R20 18K 1%

10 1 R2 470K

11 2 R23,R26  5.1K

12 1 R24 1.2M

13 1 R25 150K

14 1 R27 3.3M

15 1 U2 XR-2211

RS232 Interface

Item Quantity Reference Part

1 1 C21 1µF

2 1 P1 DB25

3 1 U3 MAX235
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NET LIST OF DEMOBOARD

/N00001 R10(2) U1(6) U1(7) R13(1);
/N00002 R10(1) C6(2) C7(1);
/N00003 R5(2) C3(2) U1(3) R6(1);
/N00004 R3(2) D1(CATHODE) D2(ANODE) C3(1);
/N00005 R11(2) C7(2) R17(1) R12(1) U1(5);
/N00006 U1(1) U1(2) C5(1);
/N00007 C5(2) R9(1) C6(1);
/N00008 C8(1) R13(2) R14(1);
/N00009 C8(2) U1(9) U1(8) R15(1);
/N00010 D7(CATHODE) R15(2) D6(ANODE) R16(1) U1(13);
/N00011 R14(2) C9(1) U1(10);
/N00012 R17(2) U1(12) C18(1);
/N00013 R19(2) R25(1) U2(11) C14(1);
/N00014 C15(2) R27(1) U2(2);
/N00015 U2(3) C12(1) R22(1);
/N00016 U2(14) C10(2);
/N00017 C10(1) U2(13);
/N00018 R20(1) R19(1) U2(12);
/N00019 U2(10) C11(1);
/N00020 R20(2) POT1(B);
/N00021 U2(8) R25(2) R24(1) C13(1);
/RXD-5 U3(3) P1(3);
/CD-5 U3(4) P1(8);
/RI-5 U3(2) P1(22);

/CTS-5 U3(10) P1(20);
/TIP-2 C1(2) R1(2) D4(ANODE);

/N00027 Q2(BASE) R18(1) R21(1);
/BAT-2 R18(2) Q2(EMITTER) 6V(+) R8(1);

/N00029 D4(CATHODE) R7(1);
/N00030 R7(2) Q1(1);
/N00031 J1(2) R1(1);
/N000320 J1(3) R2(1);
/RING-2 R2(2) C2(1) D3(CATHODE);

/N000340 Q1(2) C4(2);
/N00035 D3(ANODE) C4(1);
/N000360 C2(2) R4(1);

/ITIP-1 R3(1) C1(1);
/PU-1 U3(9) R21(2);

/RIIN-1 U3(15) R8(2) Q1(5) C16(1);
/N00040 D7(ANODE) D6(CATHODE) R16(2) U1(14) C15(1);
/N00041 R26(2) U2(5) U3(7);
/N00042 U2(7) R24(2) R23(2) U3(8);

/VCC U1(4) R11(1) C17(2) R5(1) C19(1) U2(1) C20(1) R23(1) R26(1)
Q2(COLLECTOR);

/GND C18(2) C9(2) R12(2) R9(2) R6(2) D2(CATHODE) D1(ANODE) U1(11),
C17(1) C14(2) C13(2) POT1(A) POT1(WIPER) U2(4) C11(2) R27(2),
R22(2) C12(2) C19(2) C20(2) U3(11) U3(20) U3(5) U3(24), U3(18)
U3(13) U3(21) P1(7) U3(16) U3(22) C21(2) R4(2), Q1(4) C16(2) 6V(-);

/VEXT C21(1) U3(12)
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 Figure 9.  Micro Controller Firmware Flow Chart

The following pages are a description in the form of a flow chart, of a typical program that handles
a Caller Identification Delivery Recovery.
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 Figure 10.  Flow Chart for Caller ID Processing
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NOTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability.  EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement.  Charts and schedules contained here in are only for illustration purposes and may vary
depending upon a user’s specific application.  While the information in this publication has been carefully checked;
no responsibility, however, is assumed for inaccuracies.

EXAR Corporation does not recommend the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affect its safety or effectiveness.  Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1995 EXAR Corporation
Datasheet October 1996
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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7KH &DOOHU ,' IHDWXUH LV DQ RQ�KRRN FDSDELOLW\ WKDW

SURYLGHV WKH XVHU ZLWK LQIRUPDWLRQ DERXW WKH FDOOHU EHIRUH

DFWXDOO\ DQVZHULQJ WKH FDOO� 7KH LQIRUPDWLRQ GLVSOD\HG LV

D GDWD PHVVDJH VHQW IURP WKH FHQWUDO RIILFH WR WKH &3(

XVLQJ VLPSOH[ 9',�� �9RLFH %DQG 'LJLWDO ,QWHUIDFH� EHIRUH

WKH ILUVW ��+] ULQJLQJ EXUVW� 7KH GDWD FRQWDLQV WKH GDWH

�PRQWK DQG GD\�� WLPH �KRXU DQG PLQXWHV�� DQG FDOOLQJ

SDUW\ QXPEHU LQIRUPDWLRQ LQ RQH RI WKUHH IRUPV�

D� � WR �� GLJLW H[WHQVLRQ

E� SULYDF\ LQGLFDWLRQ IRU WKRVH FDOOLQJ SDUWLHV ZKLFK
GR QRW ZDQW WKHLU QXPEHU GLVSOD\HG

F� RXW�RI�DUHD LQGLFDWLRQ LI WKH FDOOLQJ QXPEHU FDQ�
QRW EH UHFRYHUHG IRU DQ RQ�VFUHHQ GLVSOD\

9',�� LV VSHFLILHG LQ WHUPV RI WKUHH DUFKLWHFWXUDO OD\HUV

�SK\VLFDO� GDWDOLQN DQG SUHVHQWDWLRQ OD\HUV�� 7KH

;5����� LV SULPDULO\ FRQFHUQHG ZLWK WKH SK\VLFDO OD\HU

LQWHUIDFH UHTXLUHPHQWV� ZKLFK UHIHUV WR WKH HOHFWULFDO DQG

SURFHGXUDO FKDUDFWHULVWLFV WKDW WKH &2 XVHV WR SK\VLFDOO\

FRQQHFW WR WKH &3(� ,W LV FRQFHUQHG VROHO\ ZLWK

WUDQVPLWWLQJ D VWUHDP RI ELWV� ZLWKRXW UHJDUGV WR PHDQLQJ

RU VWUXFWXUH� 7KH GDWD OLQN OD\HU SURYLGHV WKH SURFHGXUDO

FKDUDFWHULVWLFV WKDW DOORZ WKH &2 WR WUDQVIHU FRPSOHWH

XQLWV RI LQIRUPDWLRQ WR WKH &3( DQG WKH SUHVHQWDWLRQ OD\HU

GHILQHV WKH JHQHUDO FRQWHQW DQG V\QWD[ QHHGHG WR

WUDQVPLW UHFRJQL]DEOH LQIRUPDWLRQ�

0(66$*( )250$7

&DOOHU ,' LQIRUPDWLRQ LV VHQW WR WKH &3( DIWHU WKH OLQH

UHYHUVDO DQG EHIRUH WKH ILUVW ULQJ� 7KH FHQWUDO RIILFH ZDLWV

���P6 DIWHU WKH OLQH UHYHUVDO EHIRUH VWDUWLQJ WUDQVPLVVLRQ

RI WKH WRQH DOHUW IROORZHG ZLWK WKH GDWD� DQG FRPSOHWHV WKH

WUDQVPLVVLRQ ���P6 SULRU WR WKH ULQJLQJ VLJQDO�

)6. GDWD LV VHQW WR WKH &3( DV D VLQJOH RU PXOWLSOH

PHVVDJH IRUPDW �VHH )LJXUH � 	 )LJXUH ��� $OO FDOOHU ,'

PHVVDJHV DUH SUHFHGHG E\ D ���PVHF FKDQQHO VHL]XUH

VHTXHQFH ��������� SDWWHUQ�� 7KLV VLJQDO LV VHQW DW WKH

EHJLQQLQJ RI HDFKPHVVDJH WR DOHUW WKH&3(RI WKHFRPLQJ

LQIRUPDWLRQ� 7KLV LV WKHQ IROORZHG E\ D ���PVHF RI RQHV

�����+]�� LQWHQGHG WR DLG LQ ´FRQGLWLRQLQJµ WKH UHFHLYHU IRU

GDWD� 7KH PHVVDJH EHJLQV ZLWK WKH PHVVDJH W\SH LQ RQH

E\WH VHTXHQFH �VHH 7DEOH ��� $IWHU WKDW� D PHVVDJH

OHQJWK RU GDWD ZRUG FRXQW YDOXH� VSHFLILHV WKH QXPEHU RI

GDWD ZRUGV WKDW DUH JRLQJ WR EH WUDQVPLWWHG IROORZLQJ WKLV

ZRUG� 7KLV QXPEHU GRHV QRW LQFOXGH WKH FKHFN VXP ZRUG

ZKLFK IROORZV WKH ODVW GDWDZRUG� &DOOHU ,' LQIRUPDWLRQELWV

DUH JURXSHG LQWR ��ELW FKDUDFWHUV SUHFHGHG E\ D VWDUW ELW

�ORJLFDO �� DQG IROORZHG E\ D VWRS ELW �ORJLFDO ���VHH

)LJXUH ��� 'DWD ZRUGV DUH VHQW DV $6&,, FKDUDFWHUV

ZLWKRXW SDULW\� 7KH ILUVW HLJKW ZRUGV RI GDWD FRQWDLQ GDWH

�PRQWK DQG GD\� DQG ORFDO WLPH �KRXU DQG PLQXWHV� WZR

FKDUDFWHUV HDFK� :RUG �� WKURXJK �� FDUULHV WKH FDOOLQJ

SDUW\ LQIRUPDWLRQ� 7KH FDOOLQJ SDUW\ LQIRUPDWLRQ FDQ EH D �

WR �� GLJLW QXPEHU RU DQ $6&,, DOSKD FKDUDFWHU LQGLFDWLQJ

´3µ IRU SULYDF\ RU ´2µ IRU RXW RI DUHD� 7KH ODVW E\WH LV D

FKHFN VXP ZRUG ZKLFK LV XVHG E\ WKH &3( WR LQVXUH WKH

LQWHJULW\ RI WKH UHFHLYHG GDWD� 7KH FKHFN VXP ZRUG

FRQVLVWV RI �·V FRPSOHPHQW RI WKH PRGXOH ��� VXP RI DOO

WKHZRUGV WUDQVPLWWHG IURP WKH&2 LQFOXGLQJ WKHPHVVDJH

W\SH� PHVVDJH OHQJWK DQG GDWD ZRUGV� 7KH &3( WKHQ

GHULYHV WKH VXP DQG DGGV WKLV WR WKH FKHFN VXP� $Q\

UHVXOW RWKHU WKDQ ]HUR LQGLFDWHV WKDW WKH LQIRUPDWLRQ ZDV

QRW UHFHLYHG FRUUHFWO\� �6HH 7DEOH ���

0XOWLSOH GDWD PHVVDJH IRUPDWV LQFOXGH DGGLWLRQDO

SDUDPHWHU LQIRUPDWLRQ� (DFK SDUDPHWHU LV D VHULHV RI

GDWD ZRUGV VSHFLI\LQJ SDUDPHWHU W\SH� SDUDPHWHU OHQJWK

DQG SDUDPHWHU GDWD DV GHVFULEHG LQ )LJXUH ��
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'(6,*1 ,16758&7,216

7KH &DOOHU ,' GHPR�ERDUG GHVLJQ GHVFULEHG KHUHLQ LV D

´KRZ WRµ H[DPSOH RQ EXLOGLQJ WKH EDVLF FRPSRQHQWV

UHTXLUHG WR LQWHUIDFH WR WKH WHOHSKRQH OLQH DQG H[WUDFW WKH

&2 �&HQWUDO 2IILFH� VXSSOLHG &,' �&DOOHU ,'� LQIRUPDWLRQ�

7KH NLW LQFOXGHV D VHW RI VFKHPDWLFV GHVFULELQJ KRZ WR

LQWHUIDFH WR WKH WHOHSKRQH OLQH DQG H[WUDFW WKH &,'

LQIRUPDWLRQ� 7KH NLW DOVR LQFOXGHV D VPDOO H[HFXWDEOH

SURJUDP WKDW XSRQ UHFHLYLQJ WKH &2 SURYLGHG &,'

LQIRUPDWLRQ� FRQYHUWV WKLV LQIRUPDWLRQ LQWR D IRUP WKDW FDQ

EH GLVSOD\HG RQWR D3&·V&57� 7KH SURJUDPZKHQ XVHG LQ

FRQMXQFWLRQ ZLWK %ULWLVK 7HOHFRP �%7� 6,1����

VSHFLILFDWLRQ LV D XVHIXO UHIHUHQFH ZKHQ GHVLJQLQJ \RXU

RZQ XVHU LQWHUIDFH� 7KH VFKHPDWLFV DQG VRIWZDUH

GLVFXVVHG KHUHLQ ZHUH EXLOW� WHVWHG DQG SURYHQ WR EH

IXQFWLRQDO� )RU 8�6 VSHFLILFDWLRQV� VHH 7$1�����

(48,30(17 5(48,5('

7KH HTXLSPHQW UHTXLUHPHQW IRU WKLV XVHU LQWHUIDFH LV D 3&

��� RU JUHDWHU� KDYLQJ DQ 56���� SRUW� 7KH H[HFXWDEOH

SURJUDPSURYLGHGZLWK WKH GHPR�ERDUG GHVLJQ UXQV XQGHU

D '26 HQYLURQPHQW�

*HQHUDO RSHUDWLRQ

7KH &,' LQIRUPDWLRQ SURYLGHG E\ WKH &2 WR WKH &,'

GHPR�ERDUG LV� DIWHU EHLQJ GHFRGHG E\ WKH GHPR�ERDUG�

URXWHG GLUHFWO\ LQWR WKH 3& YLD WKH 56���� SRUW� 7KH 3& LV

XVHG WR FRQWURO ZKHWKHU RU QRW SRZHU LV DSSOLHG WR WKH

GHPR ERDUG� DV ZHOO DV GLVSOD\ WKH &,' LQIRUPDWLRQ�

:KLOH ZDLWLQJ IRU D &,' VLJQDO PRVW RI WKH GHPR ERDUG LV

SRZHUHG RII� 7KH ILUVW HYHQW LQ WKLV VHTXHQFH WR RFFXU LV D

/LQH 5HYHUVDO DQG 7RQH $OHUW� 7KLV LQLWLDWHV WKH VHFRQG

HYHQW ZKLFK� E\ ZD\ RI WKH VRIWZDUH SURJUDP SRZHUV�XS

PRVW RI WKH GHPR�ERDUG� �WKLV UHTXLUHV WKDW WKH VRIWZDUH

SURJUDP EH UXQQLQJ�� 7KH GHPR�ERDUG LV QRZ UHDG\ WR

UHFHLYH WKH )6. HQFRGHG GDWD VHQW E\ WKH &2� 2QFH WKH

GDWD LV GHPRGXODWHG� WKH LQIRUPDWLRQ LV WKHQ VHQW IURP WKH

GHPR�ERDUG YLD D FDEOH WR WKH 3&·V 56���� SRUW� 7KH

SURJUDP ILUVW FDSWXUHV DQG WKHQ GLVSOD\V WKH GDWD RQ WKH

3&·V &57�

$IWHU WKH &,' LQIRUPDWLRQ KDV EHHQ GLVSOD\HG� ZKLOH VWLOO

XQGHU VRIWZDUH FRQWURO� WKH GHPR�ERDUG LV WKHQ UHWXUQHG

WR WKH SRZHUHG GRZQ VWDWH�

32:(5 6833/,(6

7KH GHPR�ERDUG GHVLJQ RSHUDWHV RQ D �9 VXSSO\� 7KLV

VXSSO\ LV EURNHQ GRZQ LQWR � VHSDUDWH VXE�VXSSOLHV� DOVR

�9 VXSSOLHV� 7KH OLQH UHYHUVDO FLUFXLW LV FRQQHFWHG WR RQH

RI WKHVH VXSSOLHV� 7KLV VXSSO\ LV GLUHFWO\ FRQQHFWHG WR �9

DQG LV DOZD\V FRQQHFWHG� $ �9 VXSSO\ ZDV FKRVHQ KHUH

EXW D VXSSO\ YROWDJH EHWZHHQ �9 DQG ��9 FDQ EH XVHG DV

ZHOO ZLWK QR FKDQJHV WR WKH GHPR ERDUG GHVLJQ�

7KH EDODQFH RI WKH GHPR�ERDUG �H[FOXGLQJ WKH 56����

LQWHUIDFH� WKH 0$;,0����� LV SRZHUHG E\ D VZLWFKHG

VXSSO\� 7KH VZLWFKHG VXSSO\ LV DFWLYDWHG E\ WKH OLQH

UHYHUVDO� 7KH 0$;,0���� LV SRZHUHG E\ WKH WKLUG VXSSO\�

7KLV VFKHPH DOORZV IRU HDV\ PHDVXUHPHQW RI WKH SRZHU

FRQVXPHG E\ HDFK RI WKH � EORFNV LQ ERWK WKH

SRZHUHG�GRZQ DQG LQ WKH DFWLYHPRGHV� 7KH WRWDO FXUUHQW

FRQVXPHG PXVW EH OHVV WKDQ ��PD LQ DQ RII�KRRN

FRQGLWLRQ� WR SUHYHQW WKH&2 IURPVHQGLQJD GLDO WRQH� 7KH

RQ�KRRN FRQGLWLRQPXVW FRQVXPH OHVV WKDQ �PDZKLFK LV �

ULQJHU HTXLYDOHQW�

,1387 67$*( $1' '$$

7KH ILUVW VWDJH �VHH )LJXUH �� RI WKH GHPR�ERDUG GHVLJQ LV

WKH ,QSXW6WDJH� 7KLV VWDJH LQFOXGHV WKH'$$ IXQFWLRQDQG

WKH OLQH UHYHUVDO GHWHFWRU� 7KH '$$ SURYLGHV WKH UHTXLUHG

LVRODWLRQ EHWZHHQ WKH GHPR�ERDUG DQG WHOHSKRQH OLQH

ZKLOH PDLQWDLQLQJ WKH DELOLW\ WR H[WUDFW WKH GDWD VHQW E\ WKH

&2� 7KH '$$ RSWLPDOO\ WHUPLQDWHV WKH WHOHSKRQH OLQH

SURYLGLQJ WKH SURSHU 7LS DQG 5LQJ LPSHGDQFH�

7KH LVRODWLRQ SURYLGHG E\ WKH '$$ LV UHTXLUHG WR SUHYHQW

WKH IXOO 5LQJ ,QGLFDWRU YROWDJH �PD[� ���9 SHDN WR SHDN RQ

WRS RI WKH PD[� ��9 DOUHDG\ SURYLGHG E\ WKH &2 EDWWHU\��

IURP GDPDJLQJ WKH ORZ YROWDJH FRPSRQHQWV RI WKH

GHPR�ERDUG� $W WKH VDPH WLPH� WKH '$$ PXVW UHMHFW DQ\

YROWDJH OHVV WKDQ WKH PLQLPXP ��9 ULQJ YROWDJH DV D QRW

YDOLG ULQJ VLJQDO� 1RQ�IODPPDEOH IXVH UHVLVWRUV� �� RKPV

LQ YDOXH� DUH WKH ILUVW GHPR�ERDUG FRPSRQHQWV WR FRPH

LQWR FRQWDFW ZLWK WKH SKRQH OLQH� SURYLGLQJ D IXVH

SURWHFWLRQ LQ FDVH RI RYHU YROWDJH�

,Q SUHSDULQJ WR VHQG &,' LQIRUPDWLRQ� WKH &2 ILUVW VHQGV D

OLQH UHYHUVDO� ZKLFK SXWV WKH GHPR�ERDUG RQ QRWLFH WKDW LW

LV DERXW WR UHFHLYH &,' LQIRUPDWLRQ� 7KH OLQH UHYHUVDO LV

XVHG WR SRZHU XS WKH SRZHUHG GRZQ SRUWLRQV RI WKH

GHPR�ERDUG�

7KH LQSXW VWDJH DOVR KDV DQ5&KLJK SDVV ILOWHU ZKLFKGRHV

QRW KDYH DQ\ DSSUHFLDEOH HIIHFW RQ WKH EDQGZLGWK RI WKH

ILOWHU VWDJH� 7KH GHPR�ERDUG KDV DQ $& LPSHGDQFH DV
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VHHQ E\ WKH &2 RI PRUH WKDQ ����� RKPV� 7KH RQO\ '&

LQSXW UHVLVWDQFH LV FUHDWHG E\ WKH OHDNDJH RI WKH LQSXW

FDSDFLWRUV� ZKLFK UHVXOWV LQ OHVV WKDQ �PD� WKH � ULQJHU

HTXLYDOHQW VSHFLILFDWLRQ� 7RR VPDOO RI D '& LQSXW

UHVLVWDQFH FDQ SRWHQWLDOO\ UHVXOW LQ VSXULRXV ORZ IUHTXHQF\

QRLVH LQDGYHUWHQWO\ SRZHULQJ XS WKH GHPR ERDUG� 7KH

LQSXW VWDJH DFWV LQ SDUW DV D '& EORFNLQJ VWDJH� ,Q

DGGLWLRQ� WKH LQSXW VWDJH DOVR DSSOLHV ERWK D '& DQG DQ

$& ORDG RQ 7LS DQG 5LQJ OLQHV GXULQJ WKH SHULRG DIWHU OLQH

UHYHUVDO DQG EHIRUH OLQH VHL]XUH� 1RWH WKDW GHYLFHV RQ WKH

LQSXW VWDJH PXVW EH DEOH WR ZLWKVWDQG D PD[LPXP

SRWHQWLDO RI ���9�

),/7(5 67$*(

7KH VHFRQG VWDJH �VHH )LJXUH �� RI WKH GHPR�ERDUG

GHVLJQ LV D ILOWHULQJ VWDJH WKDW FRQVLVWV RI D EDQG SDVV ILOWHU

DQG DQ DPSOLILHU� 7KH EDQGSDVV IXQFWLRQ LV FRPSRVHG RID

�QG RUGHU /RZ 3DVV $FWLYH %XWWHUZRUWK ILOWHU DQG D �UG

RUGHU +LJK 3DVV $FWLYH %XWWHUZRUWK ILOWHU� 7KLV UHVXOWV LQ

DQ HIIHFWLYH ��GE EDQGSDVV IUH�XHQF\ UDQJH RI ��� WR

���� +HUW]� �VHH )LJXUH ���� :KLOH DQ /0���� ZDV

XWLOL]HG DV WKH JDLQ HOHPHQW� LW VKRXOG EH QRWHG WKDW DOPRVW

DQ\ DPSOLILHU ZLWK D UHDVRQDEO\ ODUJH JDLQ �H�J� !��������

UHODWLYHO\ KLJK LQSXW LPSHGDQFH DQG D PRGHUDWHO\ KLJK

EDQGZLGWK �H�J� !�������+HUW]� FDQ EH XVHG� 7KH2XWSXW

'ULYH VWUHQJWK VKRXOG DOVR EH ODUJH HQRXJK WR GULYH WKH

ILOWHU ORDG LPSHGDQFH� 7KH EDQGSDVV UHVSRQVH DQG WKH

JDLQ DFKLHYHG E\ WKH ILOWHU FDQ EH DOWHUHG E\ WKH IROORZLQJ

HTXDWLRQV� ,Q DGGLWLRQ� D JDLQ YHUVXV IUHTXHQF\ SORW RI WKH

ORZ SDVV ILOWHU DQG RI WKH KLJK SDVV ILOWHU DUH SURYLGHG LQ

)LJXUH ��

7KH FRPSXWHU SURJUDP SURYLGHG LQ 5HIHUHQFH >�@� )LJXUH

�� ZDV XVHG WR FDOFXODWH RUGHU DQG FRPSRQHQW YDOXHV RI

WKH %XWWHUZRUWK ILOWHUV�

2UGHU RI WKH ILOWHU LV FDOFXODWHG E\�

1
 ,17 Æ/RJ ��A�$0$; � ����

�����A������ /RJ�:Q��
É� �

$0$;� $WWHQXDWLRQ DW WKH VWRSEDQG IUHTXHQF\�

:Q  )� � )� IRU ORZ SDVV ILOWHU FDOFXODWLRQ DQG

:Q  )& �)� IRU D KLJK SDVV ILOWHU�

)�  6WRSEDQG IUHTXHQF\�

)&  &XWRII IUHTXHQF\

'HSHQGLQJ ZKHWKHU WKH YDOXHV RI 1 DUH HYHQ RU RGG� D

GLIIHUHQW VHW RI HTXDWLRQV ZLOO EH XVHG� 7KH SURJUDP ZLOO

H[HFXWH DQ ´)RU���1H[Wµ LQVWUXFWLRQ XQWLO DOO WKH 5& YDOXHV

DUH FDOFXODWHG� *DLQ DW WKH SDVVEDQG ZLOO EH XQLW\�

5HIHUHQFH >�@� &KDSWHU � JLYHV VRPH EDVLF WKHRU\ DERXW

DFWLYH ILOWHUV�

5HIHUHQFH >�@� H[SODLQV VRPH EDVLF FLUFXLW WKHRU\�

7KH QHW UHVXOW FDQ EH YLHZHG DV D EDQGSDVV ILOWHU ZLWK D �

SROH UROORII ���GE�GHFDGH� RQ WKH ORZ IUHTXHQF\ VLGH DQG D

� SROH UROORII ���GE�GHFDGH� RQ WKH KLJK IUHTXHQF\ VLGH�

$Q DGGLWLRQDO UHTXLUHPHQW SODFHG RQ WKH ILUVW DQG VHFRQG

VWDJHV LV WR ILOWHU RXW WKH �� +HUW] ULQJ VLJQDO DQG WKH �� RU

�� +HUW] HOHFWULF OLQH QRLVH� 7KH GHPR�ERDUG GHVLJQ

DFKLHYHV WKLV E\ DWWHQXDWLQJ D �� +HUW] VLJQDO E\ DW OHDVW

��GE� 7R DVVXUH JRRG ILOWHU FKDUDFWHULVWLFV �� UHVLVWRU

DQG �� FDSDFLWRUV VKRXOG EH XVHG� ,I WKH LQSXW VWDJH

ZHUH WR DOVR EH XWLOL]HG IRU LWV KLJK SDVV FKDUDFWHULVWLFV LW

WRR VKRXOG KDYH VLPLODUO\ FRQWUROOHG UHVLVWRU DQG FDSDFLWRU

YDOXHV�

*$,1 67$*(

7KH WKLUG VWDJH �VHH )LJXUH �� RI WKH GHPR�ERDUG GHVLJQ

LV D ZLGH EDQG DPSOLILHU� 7KH JDLQ LV FKRVHQ VXFK WKDW ZLWK

WKH ZRUVW FDVH VLJQDO� ���P9UPV ����G%P�� WKH 3// )6.

GHFRGHU ZLOO VWLOO EH ZRUNLQJ DQG WKH V\VWHP ZLOO EH DEOH WR

H[WUDFW WKH &,' LQIRUPDWLRQ� 7KLV VWDJH DOVR XWLOL]HV DQ

/0���� DV WKH JDLQ HOHPHQW�

7KH FRQWUROOLQJ HTXDWLRQV IRU WKH JDLQ VWDJH IROORZ�

*DLQ

5IE

5LQ

5IE� LV WKH UHVLVWRU FRQQHFWHG IURP WKH RXWSXW WR WKH

LQYHUWLQJ LQSXW RI WKH RSHUDWLRQDO DPSOLILHU�

5LQ� LV WKH UHVLVWRU IURP WKH VLJQDO VRXUFH WR WKH LQYHUWLQJ

LQSXW RI WKH DPSOLILHU�

3//� )6. '(&2'(5

7KH IRXUWK VWDJH �VHH)LJXUH �� RI WKH GHPR�ERDUG GHVLJQ

LV WKH )6. GHFRGHU DQG &DUULHU GHWHFW VWDJH� 7KLV VWDJH

WUDFNV WKH SKRQH OLQH VLJQDO WKDW SDVVHV WKURXJK WKH

EDQGSDVV ILOWHU VWDJH� 7KLV VWDJH SHUIRUPV WZR WDVNV�)LUVW

LW VLPSO\ GHWHFWV LI D IUHTXHQF\ H[LVWV LQ D VSHFLILF EDQG� ,I

VR� WKH (QHUJ\ 'HWHFW VLJQDO EHFRPHV DFWLYH� 6HFRQG LW

GHPRGXODWHV WKH ���� EDXG )6. PRGXODWLRQ RI D

IUHTXHQF\ LQ WKH EDQG IURP ����+] WR ����+]� 7KLV
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GHPRGXODWHG GDWD FRQVWLWXWHV WKH &,' LQIRUPDWLRQ

PRGXODWHG E\ WKH &2� 1RWH WKDW (QHUJ\ 'HWHFW PXVW EH

YDOLG EHIRUH DQ\ &,' LQIRUPDWLRQ FDQ EH FRQVLGHUHG YDOLG�

7KLV VWDJH XWLOL]HV WKH ;5����� 3// WR SHUIRUP WKLV

IXQFWLRQ� 7KH ;5����� FHQWHU 9&2 IUHTXHQF\ VKRXOG EH

DGMXVWHG E\ XVH RI D SRWHQWLRPHWHU WR D JHRPHWULF PHDQ

IUHTXHQF\ RI ���� +HUW]�

$ QRWH� ZKLOH LW ZDV QRW GRQH LQ WKLV GHPR�ERDUG GHVLJQ LW

PD\ EH SRVVLEOH WR HOLPLQDWH WKH DPSOLILHU LQ WKH ILOWHU

VWDJH DQG XWLOL]H WKH ;5����� DV WKH SULQFLSDO JDLQ VWDJH�

7KLV PD\ UHTXLUH H[WUDFWLQJ PRUH JDLQ IURP WKH ILOWHU

VWDJHV RU UXQQLQJ WKH ULVN RI QRW KDYLQJ HQRXJK VHQVLWLYLW\

WR SURFHVV ORZ OHYHO� ��� �G%P�� VLJQDOV� (TXDWLRQV IRU

3// FDOFXODWLRQV IROORZ�

&�

�

I� 
 5�

I�

I�� I�

�

I��I�� DUH WKH PDUN DQG VSDFH IUHTXHQFLHV�

5�� LV WKH IUHTXHQF\ FRQWURO UHVLVWRU FRQQHFWHG DW SLQ ��

RI ;5������

5�

I� 
 5� 
 �

I�²I�

5�� LV WKH UHVLVWRU FRQQHFWHG IURP SLQ �� WR SLQ ���

½

���� 
 &�

5� 
 &�
¯

9 � LV WKH 'DPSLQJ )DFWRU� 5� LQ .2KPV�

9
5()



9
&&

�
²����

95()� LV WKH UHIHUHQFH YROWDJH DW SLQ ���

.
�

 z � 
 ¶

9
5()


 &� 
 5�
z

.�� 9&2 &RQYHUVLRQ )DFWRU LQ 5DGLDQV SHU VHFRQG SHU

YROW�

.
G



9
5()


 5�

�� 
 ¶

.G� 3KDVH 'HWHFWRU *DLQ LQ 9ROWV SHU 5DGLDQ� 5� LQ

.2KPV�

)RU PRUH LQIRUPDWLRQ RQ FKRRVLQJ FRPSRQHQWV IRU XVH

ZLWK WKH ;5����� LQ DQ )6. DSSOLFDWLRQ� FRQWDFW (;$5

DQG DVN IRU WKH ;5����� $SSOLFDWLRQ 3URJUDP DQG

$SSOLFDWLRQ 1RWH�

721( $/(57 '(7(&7

,Q WKH %7 YHUVLRQ DQ DGGLWLRQDO WRQH DOHUW GHFRGLQJ

IXQFWLRQ� UHTXLULQJ DQ DGGLWLRQDO ;5����� LV LQFRUSRUDWHG

LQWR WKH GHPR ERDUG GHVLJQ� 7KLV WRQH GHFRGHU GHWHFWV D

����+] ��� ���+] VLJQDO WKDW ODVWV IRU DW OHDVW �� PV� %7

&2·V XVH WRQH $OHUW WR SXW WKH GHPR ERDUG RQ QRWLFH WKDW

&,' LQIRUPDWLRQ LV DERXW WR EH VHQW� 6LQFH %7 &2·V

URXWLQHO\ SHUIRUP OLQH UHYHUVDO IRU WKHLU RZQ WHVWLQJ

SXUSRVHV� LW PDNHV LW QHFHVVDU\ WKDW D 7RQH $OHUW VLJQDO

DOVR EH VHQW WR HQVXUH WKDW WKH &,' LQIRUPDWLRQ LV LQ IDFW

DERXW WR EH VHQW� :KLOH WKH /LQH 5HYHUVDO LV SRZHUHG XS

DW DOO WLPHV� WKH 7RQH $OHUW FLUFXLWU\ LV SRZHUHG XS RQO\

DIWHU D /LQH 5HYHUVDO FRQGLWLRQ�

56���� (1&2'(5

7KH ILIWK VWDJH RI WKH GHPR ERDUG FRQVLVWV RI D

0$;,0����� 7KH ��� WDNHV WKH GHFRGHGGDWD SURYLGHGE\

WKH ;5����� DQG FRQYHUWV WKH YROWDJH OHYHO SURYLGHG E\

WKH ;5����� WR D OHYHO WKDW LV UHTXLUHG E\ WKH 56���� SRUW

RI WKH 3&�

7R HQVXUH SURSHU RSHUDWLRQ� WKH 56���� UHJLVWHUV

FRQWDLQHG ZLWKLQ WKH 3& PXVW EH DYDLODEOH LQ D WLPHO\

PDQQHU WR EH DEOH WR EHJLQ GRZQORDGLQJ WKH &,'

LQIRUPDWLRQ VWUHDP� $Q H[WUHPHO\ VORZ FRPSXWHU FDQ

FDXVH SUREOHPV� LW ZLOO ORRN DV LI WKHUH LV D SUREOHPZLWK WKH

GHPRERDUG GHVLJQ� ,W LV UHFRPPHQGHG WKDW D&38� ZLWK D

IDVWHU FORFN IUHTXHQF\� EH WULHG LI WKLV RFFXUV�

2QFH WKH ERDUG GHWHFWV D OLQH UHYHUVDO WKH &DUULHU 'HWHFW

VLJQDO EHFRPHV DFWLYH DQG VHQGV LQIRUPDWLRQ WR WKH 3&

WKURXJK WKH 56���� LQWHUIDFH� WKHQ WKH 3& SURJUDP

UHVSRQGV E\ WXUQLQJ RQ WKH XQSRZHUHG SDUW RI WKH ERDUG�

DJDLQ XVLQJ WKH 56���� LQWHUIDFH� 7KHQ WKH V\VWHP LV

UHDG\ WR SURFHVV WKH LQIRUPDWLRQ VHQW E\ &2�

$IWHU UHFHLYLQJ WKH GDWD WKH SURJUDP ZLOO SHUIRUP WKH

FKHFNVXP WHVW� ,W ZLOO WXUQ RII WKH RULJLQDOO\ XQSRZHUHG

VHFWLRQ RI WKH GHPR�ERDUG DQGZLOO VKRZRQ WKH VFUHHQ WKH

&,' GDWD RU D PHVVDJH LI WKH WUDQVPLVVLRQ ZDV

XQVXFFHVVIXO�
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7RQH $OHUW 'HFRGHU
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NOTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability.  EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement.  Charts and schedules contained herein are only for illustration purposes and may vary
depending upon a user’s specific application.  While the information in this publication has been carefully checked;
no responsibility, however, is assumed for inaccuracies.

EXAR Corporation does not recommend the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affect its safety or effectiveness.  Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1996 EXAR Corporation
User Manual November 1996
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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GENERAL DESCRIPTION

This demo board is a blank printed circuit card that
simplifies design, breadboarding, and test of circuits
using the XR-2206, XR-2211, or the XR-2212.  The 5.0 by
4.75 inch board can be used to build practically all of the
databook application circuits that are given for these
devices.  With the exception of common power feed, each
chip and its associated passive components are
independent circuit blocks on the demo board.  Therefore,
it can be assembled with any one or more of the chips
according to the user’s needs.

BOARD SCHEMATIC DIAGRAM

The schematic diagram contains separate sections for
the XR-2206, XR-2211, and the XR-2212.  Circuit design
for a specific application requires using these diagrams
while referring to the appropriate circuits and equations
that are given for each device in the EXAR databook.  A
breadboard section with isolated power and ground
busses is also provided for additional analog or digital
circuitry that may be required.

The purpose of this schematic is to show the circuit
capabilities for each integrated circuit.  Although the
component values shown are reasonable and each of the

three devices will function properly with them, they are
provided for illustration only, and are not chosen for any
specific application.  Also, all the parts that are shown may
not be required for a particular circuit since the schematic
shows everything that the board can accommodate.

COMPONENT CONSIDERATIONS

The component marking, which is 1:1 scale, gives
individuals who do not have an actual demo board an
approximate idea of component sizes.

Power, input, and output connections are made at pads
that are located close to the associated IC pin or
component.  Holes for five banana jacks or binding posts
are located at the rear of the board.  Two of these should
be used for power and ground, and the remaining three
can be wired to the I/O pads as needed.

The style of electrical components that the board uses
should be readily available.  The potentiometers are the
inexpensive vertical-mount PC board type.  Resistors are
1/4 watt and the bypass capacitors can be 0.1µF
monolithic ceramic type with radial leads spaced 0.1 inch.
The electrolytic capacitors are also vertical mount units
with 0.1 inch lead spacing.  The board area provided for
the various timing capacitors should be sufficient for small
mica, polystyrene, or mylar units.
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