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IEI AFE1203

2Mbps, Single Pair HDSL ANALOG FRONT END

FEATURES e 48-LEAD SSOP PACKAGE
SCALEABLE DATA RATE
e E1/T1 SINGLE PAIR 2B1Q OPERATION : OPERATION FROM:2.3Mbps TO 160kbps
e COMPLETE ANALOG INTERFACE '
o 385mM\W POWER DISSIPATION e +5V.ONLY (5V OR 3:3V.DIGITAL)
e PROGRAMMABLE POWER e —40°C TO +85°C OPERATION
DESCR' PT|ON on a single 8V supply. The digital circuitry in the unit can be

connected to a supply from 3.3V to 5V. The chip uses only
Burr-Brown’s Analog Front End greatly reduces the size and 385mW for full-speed.operation. It is housed in a small 48-lead
cost of a single pair HDSL (High bit rate Digital Subscriber SSOP package.

Line) system by providing all of the active analog circuitry The receive channel is designed around a fourth-order delta-
needed to connect an HDSL digital signal progessor to an sigma analog-to-digital converter. It includes a difference am-
external compromise hybrid and an HDSL line transformer. pjifier desigried to be used with an external compromise hybrid
The transmit and receive filter responses automatically changeso first-order analog echo cancellation. A programmable gain
with clock frequency, allowing the AFE1203 to-operate overa gmpiifiet with gains 0dB to +9dB is also included. The delta-

wide range of data rates. The power disSipation of the devicesigma modulator, operating at a 24X oversampling ratio, pro-

can be reduced under digital control‘for operation atower g,ces a 14-bit output at symbol rates up to 1168kHz (for
speeds. The AFE1203 will operate at bit rates from 160kbpS to 3Mpps operation)

2.3Mbps. It meets ETSI PSD specifications for single pair E1,
as wellas ETSI and ANSI PSD specifications for two pair/EL switched-capacitor pulse forming network followed by a differ-

and T1. o . . .

] o . ) _ential line driver. The pulse forming network receives symbol
Functionally, this unit consists of a transmit and'a receive gatq and generates a standard 2B1Q output waveform. The
section. The transmit Section generates, filters, and buffers ifferential line driver uses a composite output stage combining
outgoing 2B1Q data. [The receive section filters and digitizes cjass B operation (for high efficiency driving large signals) with
the symbol data received on thetelephone line, This IC operates;3ss AB operation (to minimize crossover distortion).

The transmit channel consists of a digital-to-analog converter and
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SPECIFICATIONS

Typical at 25°C, AVpp = +5V, DVpp = +3.3V, f, = 1168kHz (E1 single pair rate) and Normal Power mode, unless otherwise specified.

AFE1203E
PARAMETER COMMENTS MIN TYP MAX UNITS
RECEIVE CHANNEL
Number of Inputs Differential 2
Input Voltage Range Balanced Differential® +3.0 \Y,
Common-Mode Voltage 1.5V CMV Recommended +1.5 Y
Input Impedance All Inputs See Typical Performance Curves
Input Capacitance 10 pF
Input Gain Matching Line Input vs Hybrid Input +2 %
Resolution 14 Bits
Programmable Gain Four Gains: 0dB, 3.25dB, 6dB, and 9dB
Settling Time Gain, rxSYNC, or Power Mode Change(®) 6 Symbol
Periods
Gain + Offset Error Tested at Each Gain Range 5 %FSR®
Output Data Coding Biflary Two’'s Complement
Data Rate Normal Power 384 2320 kbps
Medium Power 192 1168 kbps
Low Power 160 320 kbps
Output Word Rate Normal Power, rxSYNC®) 196 1168 kHz
TRANSMIT CHANNEL
Transmit Clock Rate, fry Symbol Rate, Normal Power 196 1168 kHz
Symbol Rate, Medium Power 96 584 kHz
Symbol Rate, Low Power 80 160 kHz
Transmit —3dB Point 2320kbps 485 kHz
1168kbps 292 kHz
784kbps 196 kHz
Transmit Power®) 13 13.5 14 dBm
Pulse Output See Typical Performance Curves
Common-Mode Voltage, Ve AVppl2 \%
Output Resistance(®) DC to 1MHz 1 Q
TRANSCEIVER PERFORMANCE
Uncancelled Echo®) rXxGAIN = 0dB, Loopback Enabled —67 dB
rxGAIN = 0dB{ Loopback Disabled —67 dB
rXxGAIN = 3.25dB, Loopback Disabled —69 dB
rXGAIN = 6dB, Loopback Disabled 71 dB
rxGAIN = 9dB, Loopback Disabled -73 dB
DIGITAL INTERFACE ®
Logic Levels
Vin [lxl'< 10pA DVpp — 1 DVpp + 0.3 \Y,
Vi [l | < 1OpA -0.3 +0.8 Y
Vou loy = —20pA DVpp — 0.5 \Y
VoL lop=20pA +0.4 \Y
POWER
Analog Power Supply Voltage Specification 5 \%
Operating /Range 4.75 5.25 \%
Digital Power Supply Voltage Specifjcation 3.3 \%
Operating Range 3.15 5.25 \Y
Power Dissipation 7) Normal Power 385 mw
Medium Power 300 mw
Low Power 240 mw
Power Dissipation(?) Normal Power, DVpp = 5V 415 mw
PSRR 55 dB
TEMPERATURE RANGE
Operating®) —-40 +85 °C

NOTES: (1) With a'balanced differential signal, the positive input is 180° out of phase with the negative input, therefore the actual voltage swing about the common
mode voltageé on each pin is +1.5V to,achieve a differential input range of 3.0V or 6Vp-p. (2) FSR is Full-Scale Range. (3) The output data is available at twice the
symbol raté with interpolated values. (4) With a pseudo-random equiprobable sequence of HDSL pulses; 13.5dBm applied to the transformer (27dBm output from
tXLINE, and txLINEy). (5) Guaranteed by design and characterization. (6) Uncancelled Echo is a measure of the total analog errors in the transmitter and receiver
sections including the effect of non-linearity and noise. See the Discussion of Specifications section of this data sheet for more information. (7) Power dissipation
includes only the power dissipated within the component and does not include power dissipated in the external loads. The AFE1203 is tested with a 1:2 line

transformer.(8) This is the settlingtime required for any gain change, change of rxSYNC or any change of power mode.

BURR - BROWN®

AFE1203




PIN DESCRIPTIONS

PIN # TYPE NAME DESCRIPTION
1 Ground AGND Analog Ground for PLL
2 Power AVpp Analog Supply (+5V) for PLL
3 Input tXCLK Symbol Clock
4 Input txDATy XMITB Line
5 Input tXxDATp XMIT Line
6 Output <D0 ADC Output Bit-0
7 Output rxD1 ADC Output Bit-1
8 Output rxD2 ADC Output Bit-2
9 Output rxD3 ADC Output Bit-3
10 Output rxD4 ADC Output Bit-4
11 Output rxD5 ADC Output Bit-5
12 Ground DGND Digital Ground
13 Power DVpp Digital Supply (+3.3V to +5V)
14 Output rxD6 ADC Output Bit-6
15 Output rxD7 ADC Output Bit-7
16 Output rxD8 ADC Output Bit-8
17 Output rxD9 ADC Output Bit-9
18 Output rxD10 ADC Output Bit-10
19 Output rxD11 ADC Output Bit-11
20 Output rxD12 ADC Output Bit-12
21 Output rxD13 ADC Output Bit-13
22 Input PWSEL Power Control
23 Input XSYNC ADC Sync Signal
24 Input rxGAINO Receive Gain Control Bit-0
25 Input rxGAIN1 Receive Gain Control Bit-1
26 Input xLOOP Loopback Control Signal (loopback'is enabled by positive signal)
27 Power AVpp Analog Supply (+5V)
28 Input XxHYBy Negative Input from Hybrid Network
29 Input rxHYBp Positive Inputifrom Hybrid Network
30 Input rXLINEy Negative Line Input
31 Input rXLINEp Positive Line Input
32 Ground AGND Analog Ground
33 Ground AGND Analog.Greund
34 Output REFp Positive Reference Output, Nominally 3.5V
35 Output Vem Common-Mode Voltage (buffered), Nominally 2.5V
36 Output REFy Negative Reference Output, Nominally 1.5V
37 Power AVpp Analog Supply (+5V)
38 Ground AGND Analog Ground
39 Output tXLINEy Transmit Line Output Negative
40 Power AVpp Analog Supply (+5V)
41 Output tXLINEp Transmit Line Output Positive
42 Ground AGND Analog Ground
43 NC NC Connection to Ground Recommended
44 NC NC Connection to Ground Recommended
45 NC NC Connection to Ground Recommended
46 NC NC Connection to Ground Recommended
47 Output PLLoyr PLL [Filter Output
48 Input PLL PLL Filter Input

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.
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ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION

Analog INputs: CUITENt ........ceeviiiiiiiieee e +100mA, Momentary Top View SSoP
+10mA, Continuous
Voltage .....ooovevveeiieenieeieee, AGND -0.3V to AVpp + 0.3V
Analog Outputs Short Circuit to Ground (+25°C) ........cccceevenne Continuous
AV 10 AGND .ovoreeererseeeeeer oo .—0.3V to 6V AGND E E PLL,,
DVpp t0 DGND wceveevvvaaeeeeessssseessseessssseesssessss s -0.3V to 6V
PLLyy of PLLoyr to AGND..... -0.3V to AVpp + 0.3V AVpp E E' PLLoyr
Digital Input Voltage to DGND .........ccccceoviiiiennennens —0.3V to DVpp, + 0.3V
Digital Output Voltage to DGND ..........ceeeerrrreerrnnnn: —0.3V to DVpp, + 0.3V XCLK Iz EI NC
AGND, DGND Differential VOIAGE .........cccorvvrireirieieiiiseisesieins 0.3V I: :‘
JUNCtion TEMPETALUNE (T3) «.vvevereeriererienreieeeeeteie et +150°C ODATy | 4 45| NC
Storage Temperature Range ...... —40°C to +125°C tXDAT E E NC
Lead Temperature (SOIdering, 3S) ......ccceverreeerierrieeiee e +260°C P
POWET DISSIPALION ...ttt 700mwW rxDO IE EI NC
rxD1 IZ E‘ AGND!
rxD2 IE E‘ tXLINEp
PACKAGE/ORDERING INFORMATION w3, [ o | 0] Avo,
PACKAGE D4 E E' KLINE,,
DRAWING TEMPERATURE
PRODUCT PACKAGE NUMBER () RANGE xD5 IE E‘ AGND
AFE1203E | 48-Lead SSOP 333 —40°C t0 +85°C BGND IE El AVgp
B I B R AFE1203E
NOTE: (1) For detailed drawing and dimension table, please see end of data DV IE E‘ REE
sheet, or Appendix C of Burr-Brown IC Data Book. bR N
rxD6 IE E‘ Vewm
rxD7 IE E REF,
N ELECTROSTATIC 08 [15 ] aono
[¢A DISCHARGE SENSITIVITY w00 @) 2] acn
This integrated circuit can be damaged by ESD. Burr-Brown D10 E E TXLINE,
recommends that all integrated circuits be handled with D11 E E IXLINE,,
appropriate precautions. Failure to observe proper handling
. . rxD12 E E‘ XHYBp
and installation procedures can cause damage.
. rxD13 IE E IXHYBy
ESD damage can range from subtle performance degradatign
to complete device failure. Precision integrated circuits may PWSEL E E AVpp
be more susceptible to damage because very small paramettic IXSYNC E E XLOOP
changes could cause the device/not to meet its published
T . rxGAINO IE EI rXGAIN1
specifications.
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TYPICAL PERFORMANCE CURVES
At Output of Pulse Transformer

Typical at 25°C, AVpp = +5V, and DV = +3.3V, unless otherwise specified.

AVERAGE POWER SPECTRAL DENSITY LIMIT

Frequency (Hz)

-20
T1 ‘ HHM ‘ ‘ ‘ LOWER BREAK UPPER
® SPEED LIMIT | FREQUENCY |  SLOPE LIMIT
= 40 )\ 1 —80dB/decade {1
5 l TR T1 T1, Two Pair -38dBm/Hz 196kHz -80dB/decade | —118dBm/Hz
= El N E1, Two Pair —40dBm/Hz | 292kHz | £B0dB/decade | 4420dBm/Hz
z 60 El E1, Single Pair (E1-SP) |-42.5dBm/HZ)|,  485kHz /| —-80dB/decade [(~122dBm/Hz
3 E1-SP X
[ -
8 g0 ) X E1-SP
< I
g HIANNS
g —100 i
0 1|,
s Wi
g -120 i N
o | :
1
-140 :
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CURVE 1. Upper Bound of Power Spectral Density Measured atthe/Transformer Output.

0.4T 0.4T
| | TWO PAIR T1 AND E1 SINGLE PAIR E1
NORMALIZED NORMALIZED
LIMITS| LEVELS QUATENARY SYMBOLS (V) LEVELS QUATENARY SYMBOLS (V)

+3 +1 AL -3 +3 +1 -1 -3

A 0.01 0.0264 | 0.0088 | -0.0088 | -0.0264 0.01 0.0250 | 0.0083 | -0.0083 | 0.0250

B 1.07 2.8248 |), 0.9416 |'=0.9416 | —2.8248 1.07 2.6750 | 0.8917 | -0.8917 | -2.6750

c 1.00 2.6400 | 0.8800 | -0.8800 | —2.6400 1.00 2.5000 | 0.8333 | -0.8333 | -2.5000

D 0.93 2.4552 | 0.8184 | -0.8184 | -2.4552 0.93 2.3250 | 0.7750 | -0.7750 |-2.3250

E 0.03 0.0792 |1 0.0264 | -0.0264 | -0.0792 0.04 0.1000 | 0.0333 | -0.0333 | -0.1000

F -0.01 0.0264 | ~0.0088 | 0.0088 | 0.0264 -0.01 -0.0250 | -0.0083 | 0.0083 | 0.0250

G -0.16 -0.4224 /' -0.1408 | 0.1408 | 0.4224 -0.20 -0.5000 | -0.1667 | 0.1667 | 0.5000

H -0.05 -0.1320 | -0.0440 | 0.0440 | 0.1320 -0.05 -1.2500 | -0.0417 | 0.0417 | 0.1250

1.25T
! | |\// |
—1.2T 14T 50T

—0.6T |10.5T

CURVE 2. Transmitted Pulse Template and Actual Performance as Measured at the Transformer Output.

INPUT IMPEDANCE vs BIT RATE

100 T T T
Two Pair T1 = 784kbps, 45kQ
\ Two Pair E1 = 1168kbps, 30kQ
g 75 Single Pair E1 = 2320kbps, 15kQ ]
x
(0]
c
5]
B 50 A\ T1
[=X
g \
= El
>
[=R
£ 25
I—T =
Single Pair
0 .
200 600 1000 1400 1800 2200 2600

Bit Rate (kbps)

CURVE 3. Input Impedance of rxLINE and rxHYB.
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THEORY OF OPERATION XLOOP INPUT

rxLOOP is the loopback control signal. When enabled, the
rXLINEp and rxLINE, inputs are disconnected from the
AFE. The rxHYB> and rxHYB, inputs remain connected.

The transmit channel consists of a D/A converter and a
switched-capacitor pulse forming network followed by a
differential line driver. The pulse forming network receives ; X . : .
symbol data from the DSP and generates a 2B1Q outpu{'ooﬁffggkl;_s enabled by applying a positive signal (Logic 1)
waveform. The output meets the pulse mask and power

spectral density requirements defined in European Telecom-

munications Standards Institute document RTR/TM-03036 ECHO CANCELLATION IN THEAFE

for E1 mode and in sections 6.2.1 and 6.2.2.1 of BellcoreThe rxHYB input is designed to, be subtracted from,the
technical advisory TA-NWT-001210 for T1 mode. The rxLINE input for first-order echo“cancellation. To acecom-
differential line driver uses a composite output stage com-plish this, note that the fXLINE input is,connecied to the
bining class B operation (for high efficiency driving large same polarity signal atthe transformer (positive to positive
signals) with class AB operation (to minimize crossover and negative to negative),while the rxHYB input is con-
distortion). nected to oppositespolarity.through the compromise hybrid

The receive channel is designed around a fourth-order deltdN€gative to positive and positivé,to negative) as shown in
sigma A/D converter. It includes a difference amplifier Flgure 2.

designed to be used with an external compromise hybrid for

first-order analog crosstalk reduction. A programmable gain RECEIVEMDATA CODRING

amplifier with gains of 0dB to +9dB is also included. The The data from the réceive channel A/D converter is coded in
delta sigma modulator operating at a 24X oversampling ratioStraight Offset Binary.

produces 14 bits of resolution at output rates up to 584kHz.

T_he basic functionality of the AFE1203 is illustrated in [ANALoG WPUT GUTPUT CODE (D13 - rxDO)
Figure 1. Positive Full Scale 1111111111111
The receive channel operates by summing the two differéns, Negative Full Scale 00000000000000

tial inputs, one from the line (rxLINE) and the other from the
compromise hybrid (rxHYB). The connection of these two

inputs so that the hybrid signal is subtracted fromsthe linegccEVE'CHANNEL PROGRAMMABLE
signal is described in the paragraph titled “Echo Cancella-gaAn AMPLIFIER

tion in the AFE”". The equivalent gain for each input in the . o . .
difference amp is 1. The resulting signal then passes to EIl'he gain of the amplifier at the input of the Receive Channel

: . : : Is set by two gain control pins, rxGAIN1 and rxGAINO. The
programmable gain amplifier which can be set for gains of . . .
0dB through 9dB. The ADC converts the ‘signal to a resulting gain between 0dB and +9dB is shown below.

14-bit digital word, rxD13-rxDO.

rXxGAIN1 rXGAINO GAIN
SCALEABLE TIMING 0 0 0dB
The AFE1203 scales operation with the clock frequency. All | © 1 3.25dB
internal filters, the A/D converter,.thé D/A converter, and | 1 0 6dB
the pulse former change frequency with the clock'speed sq t ! 9dB

that the unit can be used at different frequéncies by changing
the clock speed.

DIA —O tXLINEp
XDAT O Converter Pulse Former

——O tXLINE,

Differential
Line Driver
o XHYBp
14 \ | O rXxHYBy
rxD13 - rxDO O ADC
/ o MXLINER
O
Programmable xLINEy
Gain Amp Difference
Amplifier

FIGURE 1. Functional Block Diagram of AFE1203.
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l 0.1pF l 0.1pF J~ 0dpF
PLLour REF, Vewm REFy :l: :l: :I_:
1ka 130 1:2 Transformer
PLL tXLINE Tip
" F M 4TnE——
200Q 130 T
tLINE,, VWW—ry Ring
:EOAlpF NegI Pos l
Compromise 47”'::[
tXDAT, Hybrid 1
txDAT,, Neg PoS B
tXCLK 3750
xSYNC
DSP rxLOOP PYEe _L \/\/\/\
AFE1203E 100pF
rXGAINL HYB,, T 3750l
rXGAINO
rxD13 - rxDO \/\/\/\
14 Input anti-alias
filter fe B12MHz
AGND IXLINE,, VWA
DGND 375Q
AGND —— 100pF
AGND
AGND rXLINEp
AGND 375Q
— PLL
DVpp AVpp AVppy AVpy AVpp
5V to 3.3V Digital — A O 5V Analog
10pF 0.1pF 0.1pF | 0.1pF O.luF_L 1-10uF _L 100UF
WI I I\ I I T™
5Q - 10Q Resistor for Isolation
FIGURE 2. Basic.€onnection Diagram.
rxHYB AND rxLINE INPUT ANTI,ALIASING FILTERS rxHYB AND rxLINE INPUT BIAS VOLTAGE

The —3dB frequency of the input anti-aliasing filter for the The transmitter output on the txLINE pins and the rxLINE
rxLINE and rxHYB differential inputs should be approxi- inputs are centered at midscale, 2.5V.

matelys2MHz for operationdat 2.3Mbps. Suggested values|nside the AFE1203, the rxHYB and rxLINE signals are
for the filter are 378 foreach of the two input resistors and g ptracted as described in the paragraph on echo cancella-
100pF for the capacitor. Together the two Q7&sistors  jon above. This means that the rxHYB inputs need to be
and the 100pF capacitor result in —3dB frequency of justcentered at 2.5V just as the rxLINE signal is centered at
over 2MHz. The 378 input resistors will result in a mini- 2 5y The external compromise hybrid must be designed so
mal voltage divider loss with the input impedance of the nat the signal into the rxHYB inputs remains centered at
AFE2203. 25V,

This cireuitapplies at rates of 1Mbps to 2Mbps. For slower

rates, the anti-aliasing filters will give best performance with

their —3dB frequency approximately equal to the bit rate. For

example, a —3dB frequency of 500kHz should be used for a

single pair bit rate of 500kbps.

BURR - BROWN®
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TIMING DIAGRAM

Transmit Timing

toa

ttxZ

tXCLK

[T
WY
LY
AT

tXDAT, (+3 Symbol)

tXDATp (+1 Symbol)

txDAT, (-1 Symbol)

txDAT, (-3 Symbol)

H 5 B L

-— g/ —

tixll 2

3ttxl/ 4

— ~— t,,/16'min
Receive Timing
~—— Nt /16 —
XxSYNC

Nt,,,/16 + 59t,/96

~— nt,,,/16 + 11t ,/96\—=

rxD13 - rxDO Datanl: XXWX Data la XXMXX Data 2

5NS_—m- —— 5NS —m= ———

— = |- 5ns —| |-+— 5ns

NOTES: (1) Any transmit sequence not shown will result in‘a zero symbol. (2) All transitions are specified relative to the rising edge of
txCLK. (3) Maximum allowable error for any txDAT edge iS %t,,/12 (+72ns for single pair E1 rate). (4) txDAT is the inverse of txDAT.
(5) Both txDAT inputsdre reachby the AFE12 03 at 1/8¢3/8, and 5/8 of a symbol period from the rising edge of txCLK. (6) rxSYNC can
shift to one of 16 discrete delay times from thé rising edge of txCLK. (7) It is recommended that rxD13 - rxDO0 be read on the rising edge
of IxSYNC.

FIGURE 3. Timing Diagram.

RECEIVETIMING

The rxSYNC signal controls portions of the A/D converter’s rate of 24X the symbol rate. The A/D converter’s decimation
decimation filter and the|data output timing of the A/D filter downsamples the modulator output by a factor of 12.
converter. It is generated at the symbol rate by the user and he bandwidth of the decimation filter is equal to one-half
must be synchronized with txCLK. The leading edge of the symbol rate. This yields two output words per symbol
rxSYNC can oecur at thé leading edge of txCLK or it can be period. These two output words are shown as Data 1 and
shifted by the user in‘increments of 1/16 of a symbol period Data 1a in Figure 3. The specifications of the AFE1203
to one of 15 discrete delay times after the leading edge ofassume that one A/D converter output is used per symbol

txCLK. period and the other output is ignored. The Receive Timing
diagram above suggests using the rising edge of the rxSYNC
RECEIVE OUTPUT DATA RATE pulse to read the first data output in a symbol period. Either

The receive channel delta-sigma A/D converter of the data output may be used. Both data outputs may be used for
AFE1203 uses a modulator which operates at an oversamplingnore flexible post-processing.

BURR - BROWN®
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D|SCUSS|ON OF levels, the maximum bit rate is lower and in addition, the

minimum bit rate is lower. The power control pin (pin 22)
SPECIFICATIONS has three input levels, Logic 1, Logic 0, and high impedance.
UNCANCELLED ECHO In the high impedance state, up tqu!ﬂeakgge current can
e tolerated out of the power control pin. The AFE1203
quires six baud periods to sgttle after a change in the power
ontrol pin status.

The key measure of transceiver performance is uncancellec?
echo. This measurement is made as shown in the diagram g
Figure 4. The AFE is connected to an output circuit includ- ) I o )
ing a typical 1:2 line transformer. The line is simulated by a Typical power dissipation specifications, shown in Table I,

135Q resistor. Symbol sequences are generated by the test@8SUme a 5V analog supply, a 3.3V-digital supply, standard
and applied both to the AFE and to the input of an adaptivel3.5dBm delivered to the line, & pseudo random equiprob-
filter. The output of the adaptive filter is subtracted from the able sequence of HDSL output pulses, and a 1:2 turns ratio
AFE output to form the uncancelled echo signal. Once theline transformep T_he_power_dlssmatlon speC|f|_cat|ons in-

filter taps have converged, the rms value of the uncancellecfludes all power dissipated in the AFE1203—it does not

echo is calculated. Since there is no far-end signal source ofnclude power dissipated in the external load. The external
additive line noise, the uncancelled echo contains only noisePower is 16.5dBm, 13.5dBm to the line and 13.5dBm to the

and linearity errors generated in the transmitter and receiverimpedance maiching ‘resistors. The external power of
16.5dBm is 45mW. If a 5V digital supply is used rather than

% 38V supply, th dissipation i b i-
rms uncancelled echo (referred to the receiver input throughm SV supply, the power dissipation increases by approxi

The data sheet value for uncancelled echo is the ratio of th

the receiver gain) to the nominal transmitted signal (13.5dBm ately 3mwy:

into 1350, or 1.74Vrms). This echo value is measured under

a variety of conditions: with loopback enabled (line input axivon Aivom Egv'VCEARL

disconnected); with loopback disabled under all receiver| power | speeb sPEeD | DISsIPATION PIN 22

gain ranges; and with the line shorted¢®sed in Figure 4). LEVEL (Mbps) (kbps) (mw) INPUT
Normal 2.320 384 385 Logic 1

PROGRAMMABLE POWER DISSIPATION Medium 1168 192 300 Logic 0

The power dissipation of the AFE1203 is digitally program- | Low 0.320 160 240 High Impedance

mable by the user to three levels: Normal,-Medium, and
Low. The maximum bit rate of the AFE1203"1s"2.3Mbps TABLE |. Power Control Operation.
with Normal power dissipation. At lower power dissipation

13Q 1:2 5.6Q

Transmit
Data XDAT, tXLINEp YW
130 135Q \'S,
txLINE, 5 YW

576Q
XHYBp
1.54kQ
—— 100pF
3 / AFE1205
25 T 0.01pF 150Q
Q =
§ T rxHYBy, . VW
576Q
375Q
rxLINE, _L VWA
—— 100pF
XLINE,, VW
_ 375Q
Uncancelled
Echo \i/ " rxD13 - rxDO

\/_\

FIGURE 4. Uncancelled Echo Test Diagram.
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both a 1QiF tantalum capacitor and a QFR.ceramic capaci-
LAYOUT tor. Both capacitors should be placed between pins 1 and 2.

The ceramic capacitor should be placed as close to the
The analog front end of an HDSL system has a number ofAFE1203 as possible. The placement of the tantalum capaci-
conflicting requirements. It must accept and deliver digital tor is not as critical, but should be close. @ fo 10Q
outputs at fairly high rates of speed, phase-lock to a high-resistor should be used to connect the/PLL supply (pin 2) to
speed digital clock, and convert the line input to a high- the analog supply. This resistor, in’ combination with the
precision (14-bit) digital output. Thus, there are really three 10uF tantalum capacitor, form aflow passdilter to keep
sections of the AFE1203: the digital section, the phase-glitches that occur on the genéral analog’ supplypAV
locked loop, and the analog section. A combined analog androm affecting the PLL supply. The PLLE ground (pifiy1)
digital ground plane is recommended. The ground planeshould connect directly todthe ground plane. The' ground
should pass under all of the AFE1203 and its pins. plane should also extend underneath &L and/PLL,

The power supply for the digital section of the AFE1203 can (Pins 47 and 48, respectively).

range from 3.3V to 5V. This supply should be decoupled to The remaining portioh of the"AFE 1203 should be considered
ground with a ceramic QUE capacitor placed as close to analog. All AGND4pins should be connected directly to the
DGND (pin 12) and DY, (pin 13) as possible. Ideally, both  common ground plane and all"AMpins should be con-

a digital power supply plane and a ground plane should runnected to an analog 5V power planesBoth of these planes

up to and underneath the dlglta' pins of the AFE1203 (pinSSh0u|d have a low impedance path to the power 5upp|y
3 through 26). However, DY, may be supplied by a wide

printed circuit board (PCB) trace. A ground plane under-
neath all digital pins is strongly recommended.

Ideally, all ground planes and traces and all power planes
and traces, should return tothe power supply connector
before being connected together (if necessary). Each ground
The Phase Locked Loop (PLL) analog supply, pin 2, must beand power trace,pair shéuld be routed over each other,
derived from AV, the general analog supply. The power should not overlap any portion of another pair, and the pairs

supply to the PLL must be in the range of 4.75V to 5.25V. should be separated by a distance of at least 0.25 inch
The PLL section of the AFE1203 should be decoupled with (emm).

BURR - BROWN®
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IMPORTANT NOTICE

discontinue
ant information

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their product
any product or service without notice, and advise customers to obtain the latest version of r,

pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications a
accordance with TI's standard warranty. Testing and other quality control tec
Tl deems necessary to support this warranty. Specific testing of all paramete
performed, except those mandated by government requirements.

Customers are responsible for their applications using Tl components.

tions, adequate de
or procedural hazards.

In order to minimize risks associated with the customer’s ap nd operating

safeguards must be provided by the customer to minimize inh

Tl assumes no liability for applications assistance or custo . Tl does not warrant or represent
that any license, either express orimplied, is granted unde i i ask work right, or other
intellectual property right of Tl covering or relating to any c process in which such
semiconductor products or services might be or are used. TI's ation regarding any third
party’s products or services does not constitute TI's approval, warra ement thereof.

N4
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i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 11-Nov-2025

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
AFE1203E/1K NRND Production SSOP (DL) | 48 1000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR - AFE1203E
AFE1203E/1K.B NRND Production SSOP (DL) | 48 1000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR  See AFE1203E/1K AFE1203E

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1
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i3 TEXAS PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 24-Jul-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
AFE1203E/1K SSOP DL 48 1000 330.0 324 |1135( 162 | 3.1 16.0 | 32.0 Q1
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i3 TExAs PACKAGE MATERIALS INFORMATION
INSTRUMENTS

www.ti.com 24-Jul-2025

TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
AFE1203E/1K SSOP DL 48 1000 356.0 356.0 53.0

Pack Materials-Page 2



IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com



