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MNDSPEED CX02048

Low Power 3.3 Volt Limiting Amplifier for Data Rates to 3.3 Gbps

FEATURES DESCRIPTION
O Wide dynamic range with 5 mV input sensitivity at The CX02048 is an integrated high-gain limiting amplifier
3.3 Gbps intended  for  high-speed fiber optics based

communications. Placed following the photodetector and

Q' Programmable input signal level detect transimpedance amplifier, the limiting amplifier provides

Q Fully differential the necessary gain to ensure full CML output swing even
0O CML data outputs with default <80 ps rise and fall at minimum input sensitivity.
time Capable of operating over a very wide frequency range,
O Temperature range 0 to +85°C the CX02048 supports data rates up to 3.3 Gbps.
. The CX02048 also includes a programmable signal level
+
Q Operates with 3'3. v supply detector, allowing the user to set the threshold at which
Q  Supply current typically 26 mA the status logic outputs are enabled.
O Programmable output amplitude (default 400 mVpp
differential) TABLE1_____ ORDERING INFORMATION
Q On-chllp DC offset cancellation circuit; no external Part Number Pin Package
capacitors needed :
CX02048DIEWP Waffle Packed Die
APPLICATIONS CX02048WAFER | Expanded whole wafer on a Grip ring
O 3.3 Gbps SDH/SONET with FEC CX02048B16 BCC++16
O 2.5 Gbps STM-16/0C-48 SDH/SONET CX02048B16TR BCC++16 Tape and Reel
M02048-EVM Evaluation board

Q 2.12 Gbps Fibre Channel
Please see application note CX02048-Note 0019.

CONNECTIONS Top LEVEL DIAGRAM
Fig.1 BCC++16 Package Top View Fig. 2
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MNDSPEED CX02048

Low Power 3.3 Volt Limiting Amplifier for Data Rates to 3.3 Gbps

TABLE 2 PIN DESCRIPTIONS
Die Pads | BCC++16 Name Function
23 1 Reg Receiver signal strength indication. Connect to ground with a 4.7 nF capacitor
(referenced to V)
1 ) AMPgzr E.nables.settir)g of output voltage swing from 400 mV pp differential to 800 mV pp
ifferential using an external 1% resistor (RaypseT to ground)

2 - GNDD Digital ground

3 - GNDD Digital ground

4 3 IFUT Inverting differential data output

5 4 Dout Non-inverting differential data output

6 - GNDD Digital ground

7 5 VecD Digital positive supply

8 6 VecA Analog positive supply

9 - GNDA | Analog ground

10 7 VseT Signal detect threshold setting input. User programmed with 1% resistor (RgeT) to Ve
11 - GNDA Analog ground

- 8 NC Not connected

- 9 NC Not connected

12 10 Din Non-inverting data input

13 11 Diy Inverting data input

14 - GNDA | Analog ground

15 - GNDA | Analog ground

16 12 VecA Analog positive supply

This pin generates an on-chip reference current, and must be connected via an external

17 13 IReF 1% resistor (Rggr) to ground

18 - GNDA | Analog ground

19 ” jay | When HIGH data outputs Doy and Dqare disabled (Dot being held LOW and Doyt
being held HIGH)

20 15 ST Logical inverse of ST pin. May be connected to JAM pin to enable automatic jam
function on output. This is an open drain output with an internal 100K Q pull-up

21 16 ST Input signal level status. This output is low when the input signal is below the set
threshold. This is an open drain output with an internal 100K € pull-up

22 - GNDA | Analog ground

- Center GND Ground. Connect via die-plate

Information provided in this Data Sheet is PRELIMINARY and is subject to change without notice.
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MNDSPEED CX02048

Low Power 3.3 Volt Limiting Amplifier for Data Rates to 3.3 Gbps

TABLE 3 ABSOLUTE MAXIMUM RATINGS
Parameter Rating Units
Power supply voltage (Vcc-GND) -0.5to +6V V
Operating ambient temperature 0to +85 °C
Storage temperature -65 to +150 °C

These are the absolute maximum ratings at or beyond which the IC can be expected to fail or be damaged. Reliable
operation at these extremes for any length of time is not implied.

Note: The die-plate must be adequately grounded to ensure correct thermal and electrical performance, and it is
recommended that vias are inserted through to a lower ground plane.

TABLE 4 RECOMMENDED OPERATING CONDITIONS
Parameter Rating Units
Power supply (Vcc-GND) 3.3+10% \Y
Junction temperature 0to+110 °C
Operating ambient 0to +85 °C

Information provided in this Data Sheet is PRELIMINARY and is subject to change without notice.
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MNDSPEED

CX02048

TABLE 5

Low Power 3.3 Volt Limiting Amplifier for Data Rates to 3.3 Gbps

(Ve =+3.3V +10%, To =0 °C to +85 °C, unless otherwise specified)

DC CHARACTERISTICS

Parameter Conditions Min. Typ. Max. Units
AC-coupIed.SO Q load 400 mVpp differential 26 3 mA
Supply current (Ioc) output amplitude
800 mV p-p differential output amplitude 32.5 41 mA
RampseTr = 0 Q (Note 1), Output load AC- or
Vee -0.21 Ve 0.2 | Vec-0.19
CML outputs LOW DC-coupled 50 Q to V¢ single ended ce ce cc v
Rampser = 0 Q (Note 1), Output load AC- or
Ve -0.02 V
CML outputs HIGH DC-coupled 50 Q to V¢ single ended ce ce v
RampseT = 820 Q (Note 1), Output load DC-
Vo042 | V04 | Vec-0.38
CML outputs LOW coupled 50 Q to V¢ single ended ce ce ce v
RAMPSET =820 Q (Note 1), OUtpUt load DC-
Ve -0.04 v
CML outputs HIGH coupled 50 Q to V¢ single ended cc 00 ce v
Dat.a input differential input (2 x50 Q to Vg internally) 85 100 15 0
resistance
Data ogtput differential (2 100 Q to Vg internally) 170 200 230 0
output impedance
Status output HIGH voltage | 10 kQ pull up resistor Vee-0.1 v
Status output LOW voltage 10 kQ pull up resistor 100 mV
JAM input HIGH voltage 1.33 v
JAM input LOW voltage 1.1 V
Status output sink current 1.5 V

Note 1: The maximum single-ended output value when AC-coupled into a 50 Q load is 200 mVpp (Rampset =0 Q). When
connected as shown in Fig. 3, the maximum AC-coupled output value is 300 mVpp (Raypser = 820 Q). When DC coupled,
the maximum single-ended output is 400 mVpp. For more information, please refer to Product Bulletin 02048-PBD-001-B.

02048-DSH-001-B
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MNDSPEED

CX02048

Low Power 3.3 Volt Limiting Amplifier for Data Rates to 3.3 Gbps

TABLE 6 AC CHARACTERISTIC
(Vec =+3.3V +10%, Tp =0 °C to +85 °C, unless otherwise specified)
Parameter Conditions Min. Typ. Max. Units
Input Sensitivity For BER <101, differential input 35 5 mVpp
Input Overload For BER <10 "0, differential input 1200 mVpp
Signal detect programmable range Differential inputs (Note 3) 10 200 mVpp
Assert and deassert reaction time Crss = 4.7 nF 2.3 10 V]
. . . Signal detect level set to assert level of
Signal detect hysteresis (electrical) 15 mVipp (Note 1) 2.0 45 6.0 dB
Small signal -3dB low frequency Excluding AC-coupling capacitors 20 kHz
cut-off
Pulse width distortion Alternating 1-0 pattern at 622 Mbps 20 ps
400 mV pp differential output amplitude,
(RAMPggr = 0 Q) (Note 2) 65 | 80 ps
tr, tf
800 mV pp differential output amplitude,
(RAMP = 820 Q) (Note 2) 8 | 100 ps

Note 1: Hysteresis of 4.5dB Electrical, corresponds to 2.25dB Optical hysteresis.

Note 2: The rise and fall times are defined as 20% to 80% of each output. The output is AC-coupled into 50 Q to ground.

Note 3: Refers to assert level (asserted when ST switches from logic 0 to logic 1).

OUTPUT CONNECTION FOR MAXIMUM AC-COUPLED OUTPUT AMPLITUDE OF 300MVPP SE

Fig. 3
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MNDSPEED

CX02048

Low Power 3.3 Volt Limiting Amplifier for Data Rates to 3.3 Gbps

FUNCTIONAL BLOCK DIAGRAM

Fig. 4 Voeh
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FUNCTIONAL DESCRIPTION
Overview Fig. 5
The CX02048 is a high-gain limiting amplifier for Voo '
applications up to 3.3 Gbps and incorporates a limiting
amplifier, a CML buffer, and an input signal level detection
circuit. The CX02048 also features a fully integrated DC- Rour Rour Dour
offset cancellation loop that does not require any external O f
components. DL) ’ - -
The user is provided with the flexibility to set the data > >
output amplitude levels and the signal detect level. Ryy;= 100 1
lee Rom = 50
Inputs
The data inputs are internally biased to V¢ via 50 Q -
resistors and may be AC or DC-coupled. Note that if the
inputs are AC-coupled, the coupling capacitor should be DC Offset Compensation

of sufficient value to pass the lowest frequencies of
interest, bearing in mind the number consecutive identical
bits and the input resistance.

Outputs

The basic output configuration is as shown in Fig. 5. By
controlling the value of /g¢ via external resistor Rappsers
it is possible to set the output voltage swing linearly
between 400 mVpp differential and 800 mVpp differential
when terminated with the appropriate load. See the
applications information for further details.

Internal DC feedback requiring no external components is
included to remove the effects of DC offsets and act as a
DC auto-zero circuit. The circuit is configured such that
the feedback is effective only at frequencies below the
lowest frequency of interest. The low frequency cut off is
less than 20 kHz.

Signal Level Detector

The CX02048 features input signal level detection over an
extended range. Using an external resistor, (Rggr),
between pin Vggr and Vg, the user can program the
input signal threshold level. The signal detect status is

Information provided in this Data Sheet is PRELIMINARY and is subject to change without notice.
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MNDSPEED

CX02048

Low Power 3.3 Volt Limiting Amplifier for Data Rates to 3.3 Gbps

FUNCTIONAL DESCRIPTION

indicated on the ST and ST open-drain output pins. The
signal detection circuitry has the equivalent of 4.5 dB
(typical) electrical hysteresis. The curve in Fig. 8 gives an
indication of the typical value of Rggt required to set a
given signal detect level. See the applications section for
further details.

JAM Function

Signal level detection can be used to automatically force
the data outputs to a known state when the input signal
falls below the threshold. The function is normally used to
allow data to propagate only when the signal is above the
user's bit-error-rate requirement. It therefore inhibits the
data outputs toggling due to noise when there is no signal
present JAM.

In order to implement this function, ST should be
connected to the JAM pin, thus forcing the data outputs to
logical zero when the signal falls below the threshold.

Note that Rger must be connected, even if the level
detector function is not required.

Bias
The CX02048 contains an accurate on-chip bias circuit

requiring an external 12 kQ 1% resistor, Rggr from pin
Irer to ground to define an on-chip reference current.

RSSI

The voltage at RSSI (with respect to V) allows the user
to monitor the input signal amplitude, see Fig. 9.

APPLICATIONS CIRCUIT (1) 400 MVPP-DIFF

Fig. 6

Note: Coupling capacitors are 10 nF

Note : RSET

VCC
T
- 3K9 1% _10#10%
n =
T ;L Q B
= 8 7 6 5
— Q 5 8 8
R =’ > = 4
i __ I3
H-0—] Doir O
o™ cxooss | 500 =
= I O0— i AMPger [0
M02013 — 1 .
12| "CC w = RSSI l__l_
ld_cJ = 1% = 47nF=
13 &14 (gs A)16
ﬁ 7
12 k1% =

3k9 - typ. 50 mVpp assert level
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MNDSPEED CX02048
Low Power 3.3 Volt Limiting Amplifier for Data Rates to 3.3 Gbps
APPLICATIONS CIRCUIT (2) 800 MVPP - DIFF (DC-CouPLED OUTPUT ONLY)
Fig. 7 Ve
| :L10 nF ‘T‘ 1-(: F
10nF 3k9 1% H .
I{ 1
— 8? 7 6 5
—— 2 5 8 3
%{i S i R
i 3
NARC K cxooss Z_O—?l
= 1 0 11| O AMPSET_O—%._-L-
M02013 e . '_RSSI 1 4.7!;‘:_

12k 1%

Note: Coupling capacitors are 10 nF

Note : Rger 39 - typ. 50 mVpp assert level

APPLICATIONS INFORMATION

Setting Output Swing Level

The output circuit is shown in Fig 5. It is basically a
differential pair with a tail current of /g¢. The load of the
differential pair is formed by the parallel combination of
Royrand Ry oap for high frequencies where the coupling
capacitor can be considered as a short circuit (100 // 50 =
33.3 Q). The power consumption in the output stage is
given by EQ.1:

P=IEEX VCC EQ.1
The single-ended output voltage swing is given by EQ.2:
Vswing = Iee X (Rout / Rroap) EQ.2

So the power consumption and the voltage swing are
related to each other. The required minimum voltage
swing sets the /g and the Igg determines the power
consumption. The minimum voltage swing depends on
the application. Therefore, CX02048 provides the user
the flexibility to optimize the voltage swing and the power
consumption in his own application by setting /g using
an external resistor (Raypsgr). To select the required
swing, use the following simple equation (EQ.3):

Ige = 6 MA + (Ryypser X 7.3 x10°3) mA EQ.3

In default case, /gg is at minimum and equal to 6 mA
which can be set by just connecting AMPggr pin to

ground. So in this case, there is no external resistor
needed (Raypser = 0 Q, short-circuit). The resulting
voltage swing is 200 mVpp, single-ended
(= 6 mA x 33.3 Q). This is sufficient for most of the
applications. If needed the voltage swing can be
increased at the expense of the power consumption by
connecting an external resistor Raypsgr between
AMPggt and GND pins. The value of Ryypset can be
calculated from EQ.3. A resistor of 820 Q results in 12 mA
tail current (EQ.3) which delivers a voltage swing of 400
mVpp, single-ended (12 mA x 33.3 Q). (Please see Note
1 under Table 5).

Setting Signal Detect Level

The CX02048 allows the user to set the required signal
detect assert level using an external resistor (Rget) to
V. To select the appropriate value, refer to Fig. 8. Three
example values are given below:

TABLE 7 RESISTOR VALUES
VIN (mV pp) single-ended Rset (KQ)
10 4.6
50 39
100 3.65

Information provided in this Data Sheet is PRELIMINARY and is subject to change without notice.
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MNDSPEED CX02048

Low Power 3.3 Volt Limiting Amplifier for Data Rates to 3.3 Gbps

TYPICAL SIGNAL DETECT LEVEL

Fig. 8 Signal detect Assert threshold vs. Ry
Vg =33 V. Temp.=27°C
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RSSI CHARACTERISTICS
Fig. 9
RSSI Characteristics - 2.488 Gbps 22 pattem
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MNDSPEED CX02048

Low Power 3.3 Volt Limiting Amplifier for Data Rates to 3.3 Gbps

PACKAGE INFORMATION

Fig. 10
TOP VIEW BOTTOM VIEW
PIN 1 CORNER 4.00 +0.10 J 3.15
P 1 T
T ual M m M M }
LH L LH 0dJ
2.50
+H -
s | N il 8
;\ P SL I I p
) FHEHY | HE
% ( i H )] }
- 0670025 0.75+0.025
A" PIN 1 CORNER ‘ 520 \L 4»—%50 -

030 +0.03

0.45 +0.03

0.40+0.03
0.45 +0.03

0.45 +0.03

B ok mas

DETAIL "A" DETAIL "B" (12X) DETAIL "C" (3X

Thermal performance <50 °C/W
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MNDSPEED CX02048

Low Power 3.3 Volt Limiting Amplifier for Data Rates to 3.3 Gbps

BARE DIE
Fig. 11 < <C
2 2 L .~ = S g
0 (&) o lo = O L
AMP
SET
Vech
GNDD
GNDA
GNDD GNDA
DOUT I:)IN
D
ouTt DIN
GNDD GNDA
Die thickness: 275 um £10%
Die size: 1.535 x 1.535 mm

TABLE 8 PAD CO-ORDINATES
Pad Reference X (um) Y(um) Pad Reference X (um) Y(um)
AMPget -591.274 418.987 W 662.726 -175.413
GNDD -591.274 278.987 GNDA 662.726 -35.413
GNDD -591.274 -35.413 GNDA 662.726 216.737
m— -590.986 -175.413 VecA 662.726 356.737
Dout -590.986 -315.413 IReF 486.126 614.287
GNDD -591.274 -455.413 GNDA 346.126 614.287
VeeD -430.224 -599.713 JAM 129.776 614.287
VecA -271.824 -599.713 ST -10.224 614.287
GNDA -131.824 -599.713 ST -150.224 614.287
Vser 8.176 -599.713 GNDA -290.224 614.287
GNDA 662.726 -455.413 Rssi -430.224 614.287
Din 662.726 -315.413
Information provided in this Data Sheet is PRELIMINARY and is subject to change without notice.
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MNDSPEED CX02048

Low Power 3.3 Volt Limiting Amplifier for Data Rates to 3.3 Gbps

DISCLAIMER

© 2003 Mindspeed Technologies™, as a wholly owned subsidiary and the Internet infrastructure business of Conexant
Systems, All Rights are Reserved.

Information in this document is provided in connection with Mindspeed Technologies. "Mindspeed" products. These
materials are provided by Mindspeed as a service to its customers and may be used for informational purposes only.
Mindspeed assumes no responsibility for errors or omissions in these materials. Mindspeed may make changes to
specifications and product descriptions at any time, without notice. Mindspeed makes no commitment to update the
information contained herein. Mindspeed shall have no responsibility whatsoever for conflicts or incompatibilities arising
from future changes to its specifications and product descriptions.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document.
Except as provided in Mindspeed Terms and Conditions of Sale for such products, Mindspeed assumes no liability
whatsoever.

THESE MATERIALS ARE PROVIDED "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESS OR IMPLIED,
RELATING TO SALE AND/OR USE OF CONEXANT PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING
TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT,
COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT. Mindspeed further does not warrant the accuracy or
completeness of the information, text, graphics or other items contained within these materials. Mindspeed shall not be
liable for any special, indirect, incidental, or consequential damages, including without limitation, lost revenues or lost
profits, which may result from the use of these materials.

Mindspeed products are not intended for use in medical, life saving or life sustaining applications. Mindspeed customers
using or selling Mindspeed products for use in such applications do so at their own risk and agree to fully indemnify
Mindspeed for any damages resulting from such improper use or sale.

The following are trademarks of Mindspeed Technologies,. the symbol M1, Mindspeed™, and "Build It First™" Product
names or services listed in this publication are for identification purposes only, and may be trademarks of third parties.
Third-party brands and names are the property of their respective owners.

Reader Response: Mindspeed Technologies, strives to produce quality documentation and welcomes your feedback.
Please send comments and suggestions to mailto:tech.pubs@mindspeed.com. For technical questions, or to talk to a field
applications engineer contact your local Mindspeed™ sales office listed below. For literature send email request to
literature@mindspeed.com.
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MNDSPEED Contact Information

Headquarters

Newport Beach

Mindspeed Technologies

4000 MacArthur Boulevard, East Tower
Newport Beach, CA 92660

Phone: (949) 579-3000

Fax: (949) 579-3020
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