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General Information

The GD16553 is a high performance

2.5 Gbit/s 4:1 Multiplexer with on-chip
PLL and high-current laser driver de-
signed for use in ITU-T STM16 or
SONET OC-48 fiber optic communication
systems.

The GD16553 multiplexes four

622.08 Mbit/s data streams into a single
2.488 Gbit/s data stream output using an
external master clock at 38.8 MHz or
77.6 MHz.

Optionally the MUX may be bypassed
allowing direct 2.5 Gbit/s input to the
laser driver.

Internal clock synchronisation is provided
by an on-chip PLL circuit requiring a sim-
ple passive external loop filter only. The
PLL circuit features an NLDET pin output
for simple implementation of a lock de-
tect function, as shown overleaf.

The multiplexed data stream is output by
a high modulation-current laser driver
with a modulation-current sink capability
of up to 60 mA (typ.)

The mark/space ratio of the output can
be monitored as a dc voltage between
the two pins MSO and MSNO, provided a
decoupling capacitor is connected be-
tween the pins. The mark/space ratio can
be controlled by SYM pin.

GD16553 requires a single -5 V supply
only.

The device is available housed in a

48 pin JEDEC standard Thin Quad Flat
Pack (TQFP-48L-EDQUAD) plastic
high-speed package.
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Preliminary

Features

® Complies with ITU-T STM-16 and
SONET 0OC-48 standards.

® On-chip PLL ensures precise retiming
of high-speed data controlled by
external low frequency reference.

® On-chip LC type VCO ensures a low
jitter generation of 4 mUIgrus (typ.).

® PLL lock detect output.

® On-chip high modulation current laser
driver (5 - 60 mA typ.).

® QOutput signal mark/space adjustment.
® Mark/space monitor.
® Single supply operation.

® ECL compatible data and clock
inputs.

® Power dissipation: 0.95 W (typ.).

® Available in a 48 Pin JEDEC
TQFP-48L-EDQUAD package

Applications

® Tele Communications systems:
— SDH STM-16
— SONET OC-48

® Data Communications
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Functional Details

The GD16553 consists of three major
functional parts:

¢ a4:1 MUX unit

¢ a PLL system with on-chip VCO
¢ alaser Driver.

The function of the MUX is to multiplex
the 4-bit word D40-3 into a 4-bit serial
data stream. The order of bits in the
multiplexed bit stream is D40 as the first
coming bit followed by D41, D42, and
D43.

The multiplexed bit stream is retimed by
the PLL system, buffered and converted
to an output current in the laser driver in
order to interface to a 25 /50 Q laser
diode (or similar load). Data HI corre-
sponds to output current in pin OUT On
and output current in pin NOUT Off. The
outputs OUT and NOUT are complemen-
tary outputs with the same electrical
characteristics.

The internal VCO is locked to the fre-
quency of the external reference
(CKREF) selectable at either 38.8 MHz
or 77.6 MHz by using the on-chip PLL.

The PLL system consists of:

¢ a Phase Frequency Detector

¢ acharge pump

¢ alow-jitter LC type VCO running at
approximately 2.5 GHz.

The 4:1 MUX can be bypassed by setting
the SEL_LD input low, thus selecting the
2.5 Gbit/s ECL inputs (D25IN / D25INN).

Application Details

PLL Loop Filter

For the PLL in the GD16553, GIGA rec-
ommends to use a loop filter composed,
as shown in Figure 1 below. This simple
low pass filter has been found suitable
for keeping jitter performance within the
specifications. GD16553 loop filter com-
ponent values should be optimized for
the specific application of GD16553.

Resistor (R1) connected between the
pins PFDO and VCTL, is charge resistor
for the capacitor C1 and furthermore
helps to linearise the current source in
the charge pump.

Resistor (R2) and capacitor (C1) com-
plete the loop filter. The optimum compo-
nent values with regard to jitter genera-
tion are affected by the reference clock
phase-noise content.

In order to obtain best noise and jitter
performance it is imperative that C1 is
connected to VDDA in close proximity of
the VCTL pin.

Lock Detect Circuit

A simple PLL lock detect function can be
implemented by 3 external components,
comprising a low-pass filter (R3 and C3)
followed by a Schmitt trigger (ST1), as
shown in Figure 1 below. Indicative
values of 1 k©/100 nF for R3/C3 may be
used.

NLDET R3 ST1
W[ >o— Lock
C3 I
PFDO
PFC HH
R1(00)
VCO
§ veTL R2 (2.2 kQ)
T C1 (10 nF)

VDDA

Figure 1. PLL Loop Filter

AC Coupled Output

When DC coupled the output swing will
be limited by OUT output voltage speci-
fied to -2 V. For maximum output voltage
swing the output should be AC coupled.

L1 and L3 = Siemens Chip

Inductors (B82432A1224K).
L2 and L4 = Siemens ferrite
cores B64290-A36-X33 with
8 turns of 0.22mm Cu-Wire.

100nF

100nF

25Q

VDD

Figure 2. AC Coupled Output

Laser Driver Current Control

The output modulation current is con-
trolled by the pin VMOD and can be con-
trolled in the range from 5 mA to 60 mA.

The output voltage swing across the ex-
ternal load may be varied accordingly.
The modulation current control on pin
VMOD is implemented as a current
mirror and therefore sinks a current pro-
portional to the modulation current. The
current sink into the VMOD pin is appro-
ximately 3/80 of the modulation current.

By using an external general-purpose
operational amplifier the laser current
may be controlled accurately and inde-
pendently of environmental changes
with a feed-back network as shown in
Figure 3 below.
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Figure 3. Laser Drive Output

The op-amp must be able to drive the
VMOD pin input in the range VEE to
VDD.
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The Outputs / Inputs

The mark/space ratio of the output may
be monitored as the DC signal between
the MSO and MSNO pins. These outputs
may be connected as shown in Figure 4
below.

MSO M
+
'L 100nF —
T
VWV
MSNO

VWY

Figure 4. External connection for
MSO/MSNO

The pulse width of the output signals
OUT and NOUT from the laser driver can
be adjusted by the SYM input. If the SYM
is input left unused (open), the driver will
automatically set the output waveform to
symmetrical pulses. When left uncon-
nected, the SYM terminal will have a volt-
age of approximately -2.5 V.

Inceasing the SYM voltage towards VDD
will increase the pulse width of the OUT
signal and decrease NOUT correspond-
ingly as indicated in Figure 5. Reducing
the SYM voltage will affect the output
pulse width in the opposite direction.

Inout

IOUT
I symup

NOUT

ouT
| sYM down

NOUT

out

Figure 5. Adjustment of SYM input

Practical Considerations

The thermal pad under the package must
be connected to VDD for optimum perfor-
mance.

Loop filter capacitor must be connected
to VDDA using shortest possible connec-
tion.

The laser driver output signals OUT and
NOUT are duplicated on the package in
order to accommodate high output cur-
rents and good match to transmission
lines in the PCB. The duplicated output
pins are connected in parallel inside the
device. Both OUT (or NOUT) pins can be
shortcircuited together and jointly con-
nected to a transmission line conductor
on the PCB.

Both the output connected to the laser as
well as the complementary output con-
nected to the balancing termination resis-
tor should be deigned as transmission
lines matching the impedance of the la-
ser. Source termination of the transmis-
sion line driving the laser may be neces-
sary to prevent oscillations, depending
on the termination characteristics of the
laser itself. If source termination is used,
it should be placed as close as possible
to the output pins of the package, and
attention must be paid to avoid any
‘branches’ leading to RF stub effects.

General Hints

In order to obtain optimum performance
at bit-rates in the gigabit range, it is im-
perative to keep signal traces designed
as transmission lines, properly termi-
nated. Smooth curvature should be used
and sharp corners avoided. Signal leads
should be kept shortest possible, and all
power supply pins decoupled individually
in close proximity to the device package.

Positive Supply Operation

If the device is driven from a positive
power supply with VEE connected to the
system OV reference, a local VDD supply
‘plane’ should be laid out for connection
to the heat sink slug of the package, and
to the supply pins. The VDD supply plane
must then be decoupled at multiple
points to the system signal reference
plane.
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Pin List

Mnemonic: Pin No.: Pin Type: Description:
D40, D41 41,40 ECL IN Single-ended data Inputs (622.08 Mbit/s). The order of bits in the
D42, D43 39, 38 multiplexed bit stream is D40 as the first coming bit, then D41,
D42, and D43.
VREF 36 ANL 1/O ECL reference Input/Output
CKREF 6 ECL IN Differential Clock Inputs. Selectable 38.8 MHz or 77.6 MHz.
NCKREF 7 ECL IN NCKREF internally biased at the ECL reference. This may
be externally overridden.
SEL_78 1 ECL IN Reference Clock Input Frequency select pin
(“0" = 38.8 MHz, "1" = 77.6 MHz).
PLLRES 42 ECL IN PLL Reset Input (test only). Connect to VEE.
VMOD 26 ANL IN Laser current control input. VMOD controls modulation current
from 5 to 60 mA.
SYM 25 ANL IN Laser Driver symmetry control
VCTL 4 ANL IN VCO control-voltage Input.
TCK 48 ECL IN Low frequency test clock. For test only. Leave open.
SELTCK 47 ECL IN Test select input. For normal operation connect to VEE.
SEL LD 33 ECL IN Data select between D40..43 and inputs D25IN(N).
D25IN, D25INN 32, 31 ECL IN Direct 2.488 Gbits input to laser driver
CKREF2 NC ECL IN Bonding option. Reference clock input with divide by two.
SEL_REF NC ECL IN Bonding option. Select signal to select between optional reference
input CKREF2 and CKREF. For normal operation bonded into
cavity.
ouT 22,23 OPEN Laser Driver Output (2.488 Gbit/s).
COLLECTOR
NOUT 19, 20 OPEN Inverted Laser Driver Output (2.488 Gbit/s).
COLLECTOR
CKO4 14 ECL OUT Clock Output (622.08 MHz).
NCKO4 15 ECL OUT Inverted Clock Output (622.08 MHz).
LCLKO 13 ECL OUT Clock output (38 MHz).
NLDET 10 ANL OUT Inverted Lock-Detect Output.
MSO, MSNO 30, 29 ANL OUT Mark/Space monitor output.
PFDO 8 ANL OUT Phase/Frequency Detector Output,
VDD 17, 21, 24, 27, 34, PWR Ground pins. Supplies digital circuit of GD16553.
44
VDDA 2,3,11, 46, 16 PWR Ground pins. Supplies PLL and laser circuits.
VEE 35, 37,43 PWR Negative supply pins. Supplies digital part of GD16553.
VEEA 5,9,12,45 PWR Negative supply pins. Supplies PLL circuit.
VEEP 18, 28 PWR Negative supply pins. Supplies laser driver output.
Heat sink Connected to VDD.
Data Sheet Rev.: 07 GD16553 Page 4 of 10




Package Pinout
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Figure 6. Package Pinout, 48 Lead TQFP - Top View
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Maximum Ratings

These are the limits beyond which the component may be damaged.
All voltages in the table are referred to VDD (Ground).
All currents in the table are defined positive out of the pin.

Symbol: Characteristic: Conditions: MIN.: TYP.: MAX.: UNIT:
Vee, Veea, Veer Power Supply -6 0 V
Vo Applied Voltage (All Outputs) Ve -0.5 0.5

Vo, OUT/NOUT Applied Voltage OUT,NOUT Vee -0.5 2 \Y
Io ECL Output Current ECL -10 40 mA
lo NLDET Output Current NLDET -3 mA
lo MSO,MSNO Output Current MSO, MSNO -4 4 mA
Vv, Applied Voltage Vee -0.5 0.5 V
Vo ESD ESD /O Sensitivity Note 2 +500 Vv
I, ECL Input Current ECL -1 1 mA
I, sYm Input Current SYM -4 4 mA
|, vMmoD Input Current VMOD Note 1 -6 6 mA
To Operating Temperature Channel -40 +125 °C
Ts Storage Temperature -65 +150 °C

Note 1:  Voltage and/or current should be externally limited to specified range.
Note 2: Human body model (100 pF, 1500 Q) MIL 883 standard. Actual ESD level TBD.
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DC Characteristics

Tcase = 0 °C to 85 °C, appropriate heat sinking may be required.

All voltages in table are referred to VDD.
All currents in table are defined positive out of the pin.

Symbol: Characteristic: Conditions: MIN.: TYP.: MAX.: UNIT
Vee, Veea, Veer Power Supply 55 5.2 -4.7 \%
lee Negative Supply Current 200 mA
Poiss Power Dissipation Vee = -5.0V (Note 1) 0.95 W
Vier Internal ECL ref. Vee =-5.0V -1.3 \%
Vy ECL ECL Input HI Voltage Virer=-1.3V -1.1 -0.7 \Y
V, ECL, ECL Input LO Voltage Virer=-1.3V -2 -1.5 \Y
Iy, ECL ECL Input HI Current @V max TBD pA
1, ECL ECL Input LO Current @V, min TBD A
1,y cKREF,NCKREF | CKREF and NCKREF Input HI Current @V max TBD pA
I, ckrReF,NCKREF | CKREF and NCKREF Input LO Current @V min TBD pA
V, vmoD VMOD Input Voltage Viee Voo \Y
V,veTL VCTL Input Voltage Viee -0.5 V
V,sym SYM Input Voltage -4.5 -2.5 -0.5 Vv
Vo OUT,NOUT OUT,NOUT Output Voltage Note 3 -2.0 -0.05 \Y
Vo MSO,MSNO MSO,MSNO Output Voltage Note 4 -1.0 0 V
lon ECL ECL Output HI Current Note 2 20 23 30 mA
o1 ECL ECL Output LO Current Note 2 -8.0 -5 0 mA
Von NLDET NLDET Output HI Voltage -1.2 0 \Y,
VoL NLDET NLDET Output LO Voltage Viee Veet1.2 \%
oy NLDET NLDET Output HI Current 1.0 mA
lo. NLDET NLDET Output LO Current -1.0 mA
oy OUT,NOUT OUT,NOUT HI Current Note 3, 5 -60 -5 mA
lo, OUT,NOUT OUT,NOUT LO Current Note 3 -3 1 mA
lon CHP PFDO Source Current Terminated to -2.5V 100 pA
o1 CHP PFDO Sink Current Terminated to -2.5V 100 pA

Note 1: Laser Driver modulation current loyr, Inout forced to 0 mA.

Note 2:  Ripap =50 Qto Vrr=-2.0V for all ECL outputs only.

Note 3:  Rioap =50 Qto Vpp. Sink current is controlled by VMOD pin and may be adjusted in the range as specified.

Note 4: Output swings between -2.0 V and 0 V (typ.). Output impedance (resistive) is 4 kQ (typ.).

Note 5: Typically the maximum sink current will be 60 mA.
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AC Characteristics

Tcase = 0 °C to 85 °C, appropriate heat sinking may be required.

‘ - toik - = ‘
CKO4
t
D40.043 S SOKKK
= sy =
OUT/NOUT
_ tPD _

Symbol: Characteristic: Conditions: MIN.: TYP.: MAX.: UNIT:
fuax CKREF CKREF Input Frequency 77.8 MHz
fyax LCLKO LCLKO Output Frequency 38.6 MHz
fuax CLKO4 CLKO4 Output Frequency 622 MHz
fuax D40-3 Data Input Frequency 622 Mbit/s
fuax OUT Data Output Frequency 2488.32 Mbit/s
teik Output Clock Cycle 1538 1608 1739 ps
tsy D40-3,CKO4 Data Input Set-up Time Note 1, 2 405 ps
t,; D40-3,CKO4 Data Input Hold Time Note 1, 2 -110 0 ps
trise OUT Output Rise Time Note 3 100 ps
tea, OUT Output Fall Time Note 3 100 ps
top CKO4 CKO4 Output Propagation Delay Note 4 430 ps

(CLK=CKREF).
tow Output Pulse Width Note 5 402 ps
towany. Output Pulse Width adj. +/- Note 6 50 ps
Kveo VCO Gain Constant 200 MHz/V
JimsOUT,,OUT OUT jitter (RMS) 12 kHz - 20 MHz Note 7 4 muUl

OUT pp jitter 12 kHz - 20 MHz Note 7 40 muUl

OUT pp jitter 1 MHz - 20 MHz Note 7 36 muUl
fuco VCO Frequency Range 2400 2488 2700 MHz
Note 1:  See timing definitions above. PLL must be in phase-locked state.

Note 2:
Note 3:
Note 4:
Note 5:
Note 6:
Note 7:

DATA = D40-3 set-up and hold times are referred to CLK = CKO4 (falling edge).
Rioap = 50 Q, terminated to VDD. I,p = 60 mA. Rise/Fall times at 20 - 80% of HI/LO voltage levels.
Rioap =50 Q, terminated to Vrr=-2.0 V. See timing definitions above.

2.5 Gbit/s operation assumed. /,p =20 — 60 mA, V(SYM) = Vg/2 +2.0 V (target specification).
Pulse width may be adjusted by forcing internal bias of SYM +/-2.0 V max. from its internal value -2.5 V (R;, = 500 Q).
Assuming 2.5 Gbit/s operation with the PLL in lock and assuming that the reference clock jitter is insignificant within the

loop bandwidth, that the loop filter is designed for < 0.1 dB peaking and a loop Q = 600 (BW = 2.075 MHz base band).

Data Sheet Rev.: 07

GD16553

Page 8 of 10




Package Outline
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Figure 7. Package 48 Lead TQFP, Power Enchanded
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Device Marking
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Figure 8. Device Marking, Top View

Ordering Information

To order, please specify as shown below:

Product Name: Intel Order Number: Package Type: Case Temperature Range:
GD16553-48BA FAGD1655348BA 48 lead TQFP, EDQUAD 0..85°C
MM#: 836074

E = E a GD16553, Data Sheet Rev.: 07 - Date: 24 July 2001
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