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FEATURES

60ps Rise and Fall Times, 10ps Deterministic Jitter
Eye Diagram is Stable and Consistent Across
Modulation Range and Temperature

1mA to 12mA Modulation Current

Easy Board Layout, Laser can be Remotely Located
if Desired

No Input Matching or AC Coupling Components
Needed

On-Chip ADC for Monitoring Crltlcal Parameters
Digital Setup and Control with I2C™ Serial Interface
Emulation and Set-Up Software Available**
Operates Standalone or with a Microprocessor
On-Chip DACs Eliminate External Potentiometers
Constant Current or Automatic Power Control

First and Second Order Temperature Compensation
On-Chip Temperature Sensor

Extensive Eye Safety Features

Single 3.3V Supply

4mm x 4mm QFN Package

APPLICATIONS

= Gigabit Ethernet and Fibre Channel Transceivers
= SFF and SFP Transceiver Modules
= Proprietary Fiber Optic Links

155Mbps to 3.2Gbps Laser Diode Driver for VCSELs*

Ll”[ /\D LTC5100

TECHNOLOGY 3.3V, 3.2Gbps VCSEL Driver

DESCRIPTION

The LTC®5100 is a 3.2Gbps VCSEL driver offering an
unprecedented level of integration and high speed perfor-
mance. The part incorporates a full range of features to
ensure consistently outstanding eye diagrams. The data
inputs are AC coupled, eliminating the need for external
capacitors. The LTC5100 has a precisely controlled 50Q
output that is DC coupled to the laser, allowing arbitrary
placement of the IC. No coupling capacitors, ferrite beads
or external transistors are needed, simplifying layout,
reducing board area and the risk of signal corruption. The
unique output stage of the LTC5100 confines the modula-
tioncurrentto the ground system, isolating the high speed
signal from the power supply to minimize RFI.

The LTC5100 supports fully automated production with its
extensive monitoringand control features. Integrated 10-bit
DACs eliminate the need for external potentiometers. Anon-
board 10-bit ADC provides the laser current and voltage,

as well as monitor diode current and temperature. Status
information is available from the 12C serial interface for feed-

back and statistical process control.

An internal digital controller compensates laser tempera-
ture drift and provides extensive laser safety features.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
12G is a trademark of Philips Electronics N.V.

*Vlertical Cavity Surface Emitting Laser

**Downloadable from www.linear.com
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LTCS100

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

(Note 1)
VDDs VDD(HS) vvrererseessenisssiississisiis e AY) — ORDER PART
IN*, IN~ (Cml_en = 1) (Note 6) 0 oo NUMBER
Peak Voltage........... Vppeus) — 1.2V to Vppus) + 0.3V > & & =
Average Voltage...... vDDEHS;—o.ev to VDDEHS; +0.3V - ;,'Q—fj"_—il';‘ﬂ';“l,ﬁ - LTC5100EUF
IN*, IN™ (Cmi_en = 0) (Note 4).. 0.3V to Vpp(us) + 0.3V e[z | i 77| wooa
Cml_en = 0 (Note 4) wfa | 1] moos
Peak Difference Between IN*and IN™.............. +2.5V es[al L————— I T9] vss
Average Difference Between IN*and IN~....... +1.25V (5161718
MODA, MODB (Transmitter Disabled) ....~0.3V to 2.75V 555 2 UF PART MARKING
MODA, MODB *FPA “ f 5100
(Transmitter Enabled) .......... Vpp(is) — 2.75V t0 2.75V J6-LEAD (4rmm » Amim) PLASTIC GFY
EN, SDA, SCL, FAULT ........cco.c....... -0.3Vto Vpp + 0.3V Tunax = 125°, B0 = 37°CW
MD, SRC ... -0.3Vto Vpp MUST BE SOLDERED T0 PGS CAOLND PLANE
Ambient Operating Temperature Range .. —40°C to 85°C . — 1 :
Storage Temperature Range ................ —-65°C to 125°C Consult LTC Marketing for parts specified with wider operating temperature ranges.

GLGCTBICHL CHHRHCTGBISTICS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C; Vpp = VDD(HS&F 3.3V, Is = 24mA; Iy = 12mA (Iypp = 24mA); 49.9Q, 1%
0

resistor from SRC (Pin 14) to MODA (Pin 11); 50Q, 1% load AC coupled to

DB (Pin 10); 10nF, 10% capacitor from SRC (Pin 14) to

Vss; Cml_en =0, Lpc_en =1, transmitter enabled, unless otherwise noted. Test circuit in Figure 5.

PARAMETER | CONDITIONS | MIN  TYP  MAX | uNITS
Power Supply
Vop, Vop(us) Operating Voltage o | 3135 3.3 3.465 v
Vop + Vpp(s) Quiescent Current, Vpp = 3.465V
Excluding the SRC Pin Current (Note 2)
Transmitter Disabled, Power_down_en = 1 45 mA
Transmitter Enabled, Is_rng = Im_rng =3 54 mA
Impp = 24mA
High Speed Data Inputs (IN* and IN~ Pins) (Test Circuit, Figure 5)
Input Signal Amplitude Peak-to-Peak Differential Voltage (The Single- 500 to 2400 mVp_p
Ended Peak-to-Peak Voltage is One Half the
Differential Voltage)
Common Mode Input Signal Range (Note 3) Cml_en =0 (Note 4) 0 Vbp(Hs) \
Differential Input Resistance 80to 120 Q
Common Mode Input Resistance Cml_en =0 (Note 5) 50 kQ
Open-Circuit Voltage Cml_en =0 (Note 5) 1.65 Y
SRC Pin Current, Ig
Full-Scale Ig Current Is_rng=0 6 9 mA
Is_rng =1 12 18 mA
Is_rng=2 18 27 mA
Is_mg=3 24 36 mA
Minimum Operating Current (Note 7) 1/16 of Full-Scale Ig Current
Resolution 10 Bits
SRC Pin Voltage Range 1.2 Vpp - Y
200mV
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LTCS100

GLGCTR'C“L CHHRHCTGGBTKS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C; Vpp = VDD{HS&F 3.3V, Is = 24mA; Iy = 12mA (Iypp = 24mA); 49.9Q, 1%
o MO

resistor from SRC (Pin 14) to MODA (Pin 11); 50Q, 1% load AC coupled
Vss; Cmi_en =0, Lpc_en =1, transmitter enabled, unless otherwise noted. Test circuit in Figure 5.

DB (Pin 10); 10nF, 10% capacitor from SRC (Pin 14) to

PARAMETER | CONDITIONS | MIN  TYP  mMAX | UNITS
Laser Bias Current, Ig
Full-Scale Current (Note 8) Is_rng=0 6-lm 9-In mA
Is_rng =1 12—y 18-1Iy mA
Is_rng=2 18-y 27-1In mA
Is_rng=3 24—y 36-1Iy mA
Absolute Accuracy SRC Pin and MODA, MODB Pin Currents Within 125 %
Specified Voltage Ranges
Resolution 10 Bits
Linear Tempco Resolution 122 ppm/°C
Linear Tempco Range +15625 ppm/°C
Second Order Tempco Resolution 3.81 ppm/°C2
Second Order Tempco Range +488 ppm/°C2
Temperature Stability Ib_tc1=0,Ib_tc2=0 500 ppm/°C
Off-State Leakage Transmitter Disabled, Vsgg = 1.2V 50 pA
MODA, MODB Pin Current, Iy
Full Scale, Peak-to-Peak Modulation Current (Note 9) |Im_rng =0 6 9 mA
Im_rng =1 12 18 mA
Im_rng =2 18 27 mA
Im_rng=3 24 36 mA

Minimum Operating Current (Note 10)

1/8 of Full-Scale Peak-to-Peak
Modulation Current

Resolution (Note 11) 9 Bits
Current Stability Im_tc1=0, Im_tc2=0 +500 ppm/°C
Voltage Range Peak Transient Voltage on MODA and MODB 1.2 2.7 v
Absolute Accuracy of the Modulation Current 25 %
Linear Tempco Resolution 122 ppm/°C
Linear Tempco Range +15625 ppm/°C
Second Order Tempco Resolution 3.81 ppm/°C2
Second Order Tempco Range +484 ppm/°C2
Maximum Bit Rate 3.2 Gbps
Modulation Current Rise and Fall Times 20% to 80% Measured with K28.5 Pattern at 60 ps
2.5Gbps
Deterministic Jitter, Peak-to-Peak (Note 12) Measured with K28.5 Pattern at 3.2Gbps 10 ps
Random Jitter, RMS (Note 13) 1 PSRMS
Pulse Width Distortion 10 ps
Automatic Power Control (Note 14)
Minimum Operating Current for the Monitor Diode 20% of Full Scale
(Note 15) Monitor Diode Current
Temperature Stability Imd_tc1 =0, Imd_tc2=0 500 ppm/°C
Monitor Diode Bias Voltage (Note 16) Iyp < 1600pA 1.45 \
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LTCS100

GLGCTR'C“L CHHRHCTGGBTKS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C; Vpp = Vpp
resistor from SRC (Pin 14) to MODA (Pin 11); 50Q, 1% load AC coupled
Vss; Cmi_en =0, Lpc_en =1, transmitter enabled, unless otherwise noted. Test circuit in Figure 5.

3.3V, Ig = 24mA; Iy = 12mA (Impp = 24mA); 49.9Q, 1%
DB (Pin 10); 10nF, 10% capacitor from SRC (Pin 14) to

PARAMETER | CONDITIONS | MIN  TYP  MAX | UNITS

Automatic Power Control (Note 14)

Temperature Compensation (Note 17)

Linear Tempco Resolution 254 » Imd_nom/1024 ppm/°C

Linear Tempco Range 432300 ¢ Imd_nom/1024 | ppm/°C

ADC

Resolution | | 10 Bits

Source Current Measurement, I (SRC Pin Current)

Full Scale Is_rng =0 9 mA
Is_rng =1 18 mA
Is_mg=2 27 mA
Is_rng=3 36 mA

Accuracy +3% of Full Scale

+25% of Reading

Average Modulation Current Measurement, ly; (Note 18)

Full Scale Im_rg=0 9 mA
Im_rng =1 18 mA
Im_rng =2 27 mA
Im_rng =3 36 mA

Accuracy +3% of Full Scale

+25% of Reading

Laser Diode Voltage Measurement

Full Scale 35 Y

Accuracy +150mV £10% of Reading

Monitor Diode Current Measurement (Note 19)

Full Scale Imd_rng=0 34 VA
Imd_rng =1 136 VA
Imd_rng =2 544 PA
Imd_rng=3 2176 PA

Zero Scale ADC Code =0 1/8 of Full Scale

Resolution Relative to Reading 0.2 %

Accuracy +25% of Reading

Temperature Measurement

Full Scale Celsius 239 °C

Sensitivity 0.500 °C/LSB

Termination Resistor Voltage Measurement

Full Scale Is_rng=0 400 mV
Is_rmng =1 800 mV
Is_rng =2 1200 mv
Is_rng=3 1600 mV

Accuracy +30mV +£10% of Reading

Safety Shutdown, Undervoltage Lockout (UVLO)

Undervoltage Detection Vpp Decreasing 2.8 v

Undervoltage Detection Hysteresis 150 mV
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LTC5100
GLGCTR'C“L CHHRHCTGGBTKS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C; Vpp = Vpp(us) = 3.3V, Is = 24mA; Iy = 12mA (lypp = 24mA); 49.9Q, 1%
resistor from SRC (Pin 14) to MODA (Pin 11); 50Q, 1% load AC coupled {o &IODB (Pin 10); 10nF, 10% capacitor from SRC (Pin 14) to
Vss; Cmi_en =0, Lpc_en =1, transmitter enabled, unless otherwise noted. Test circuit in Figure 5.

PARAMETER | CONDITIONS | MIN  TYP  MAX | UNITS

Bias Current Limit, lg imim)

Set Point Resolution 7 Bits

Set Point Range Is_rmg=0 9 mA
Is_mg =1 18 mA
Is_rng=2 27 mA
Is_rng=3 36 mA

Optical Power Limit Automatic Power Control Mode Only, Apc_en = 1

Overpower Limit Expressed in % Over the Imd Set Point 50 %

Underpower Limit Expressed in % Under the Imd Set Point -50 %

Safety Shutdown Response Time Time from the Fault Occurance to Reduction of 100 bS

the Laser Bias Current to 10% of Nominal

FAULT Qutput, Open-Drain Mode, Flt_drv_mode = 0

Output Low Voltage lor =3.3mA 04 Y
Output High Leakage Current VeauLr = 2.4V 10 pA
FAULT OQutput, Open-Drain Mode with 330pA Internal Pull Up, Flt_drv_mode =1

Output Low Voltage loL = 3.3mA 0.4 v
Output High Current VeayLt = 2.4V -280 VA
FAULT OQutput, Open-Drain Mode with 500pA Internal Pull Up, Flt_drv_mode =2

Output Low Voltage loL = 3.3mA 0.4 v
Output High Current VeayLt = 2.4V -425 VA
FAULT Output, Complementary Drive Mode, FIt_drv_mode = 3

Output High Voltage loy =—3.3mA 2.4

Output Low Voltage lor = 3.3mA 0.4

EN Input, Ib_gain or (Apc_gain in APC Mode) = 16, Im_gain =4, Is_rng =0, Im_rng =0

Input Low Voltage 0.8 v
Input High Voltage 2 \
Input Low Current En_polarity = 0 (EN Active Low), Vgy = 0V -10 VA
Input High Current En_polarity = 0 (EN Active Low), Vey = Vpp -10t0 10 pA
Input Low Current En_polarity = 1 (EN Active High), Vgy = OV -10t0 10 VA
Input High Current En_polarity = 1 (EN Active High), Ven = Vpp 10 VA
Transmit Enable Time Time from Active Transition on EN to 95% of 100 ms

Nominal Laser Power and 95% of Full Modulation.
First Time Transmission is Enabled After Power
On or with Rapid_restart_en =0

Transmit Re-Enable Time Time from Active Transition on EN to 95% of 1 ms
Nominal Laser Power and 95% of Full Modulation.
When Transmission is Re-Enabled After the First
Time and with Rapid_restart_en =1

Transmit Disable Time Time from Inactive Transition on EN to 5% of 10 s
Nominal Laser Power

Minimum Pulse Width Required to Clear 10 s
a Latched Fault
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LTCS100

GLECTR'CHL CHHRHCTGGBTKS The « denotes the specifications which apply over the full operating
temperature range, otherwise specifications are at Ty = 25°C. Vpp = Vpp(us) = 3.3V, Is = 24mA; Iy = 12mA (Iypp = 24mA); 49.9Q, 1%
resistor from SRC (Pin 14) to MODA (Pin 11); 50Q, 1% load AC coupled to MODB (Pin 10); 10nF, 10% capacitor from SRC (Pin 14) to
Vgs; Cml_en =0, Lpc_en =1, transmitter enabled, unless otherwise noted. Test circuit in Figure 5.

PARAMETER | CONDITIONS | MIN  TYP  MAX | UNITS
SCL, SDA
SCL, SDA Input Low Voltage, V. -0.5 03e \
Voo
SCL, SDA Input High Voltage, Viy 0.7 Vop + V
Voo 0.5
SCL, SDA Input Low Current (Note 21) Vspa, VsoL = 0.1 Vpp -100 PA
SCL, SDA Input High Current (Note 21) Vspa, VsoL = 0.9 Vpp -100 PA
SCL, SDA Output Low Voltage lgL = 3mA 0 04 v
Hysteresis 280 mV
Serial Interface Timing (Note 20)
SCL Clock Frequency 100 kHz
Hold Time (Repeated) START Condition. After This 4 s
Period the First Clock Pulse is Generated
Low Period of the SCL Clock 4.7 s
High Period of the SCL Clock 4 [
Set-Up Time for a Repeated START Condition 4.7 s
Data Hold Time 0 3.45 bs
Data Set-Up Time 250 ns
Input Rise Time of Both SDA and SCL Signals 1000 ns
Output Fall Time of SCL and SDA from Viywn) to 300 ns
Vi wax) With a Bus Capacitance from 10pF to 400pF
Set-Up Time for STOP Condition 4 s
Bus Free Time Between a STOP and START Condition 47 s
Capacitive Load for Each Bus Line 400 pF
Noise Margin at the LOW Level for Each Connected 0.1e V
Device (Including Hysteresis) Vop
Noise Margin at the HIGH Level for Each Connected 0.2e V
Device (Including Hysteresis) Vop

Note 1: Absolute Maximum Ratings are those values beyond which the life
of the device may be impaired.

Note 2: The quiescent Vpp and Vpp(us) currents refer to the current with
zero SRC pin current (i.e., the laser is operating with zero bias current and
zero modulation current). The total power supply current is the quiescent
current plus the SRC pin current, Ig, plus any current sinked from IN* and
IN".

Note 3: The peak transient voltage at the IN* and IN™ pins must not
exceed the range of —300mV to Vpp(ys) + 300mV.

Note 4: When Cml_en = 0 (not in CML mode), the termination is 100Q
differential with 50k common mode to Vppus)/2.

Note 5: The common mode input resistance is measured relative to
Vpp(Hs)/2 with the inputs tied together.

Note 6: When Cml_en = 1 (CML mode), the termination is nominally 50Q
to Vpp(us) on each of the IN* and IN™ pins.

Note 7: The SRC pin current can be programmed to near zero in each
range, but the recommended minimum operating level is 1/16 of full scale.

Note 8: The laser bias current is the average current delivered to the laser.
It is equal to the SRC pin current minus the average modulation current at
the MODA and MODB pins, or Ig = Ig—lyy. Full scale for the bias current
therefore depends on Is_rng and the actual modulation current.

Note 9: The MODA and MODB pins are connected on-chip. The modulation
current refers to the sum of the currents on these pins. Iy refers to the
total average current at the MODA and MODB pins. lypp refers to the total
peak-to-peak modulation current at the MODA and MODB pins. lypp differs
from the laser modulation current, lyop. Impp Splits between the laser and
the termination resistor according to lyop = Impp ® R1/(RT + RLp), Where
Rt is the value of the termination resistor and Ry p is the dynamic
resistance of the laser diode.

sn5100 5100fs
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LTCS100

ELECTRICAL CHARACTERISTICS

Note 10: The modulation current can be programmed to near zero in each
range, but the high speed performance is not guaranteed for currents less
than the specified minimum.

Note 11: The effective resolution of the modulation current is 9 bits
because the modulation servo system uses only one-half of the 10-bit
ADC range.

Note 12: As defined in ANSI x3.230, Annex A, deterministic jitter is the
peak-to-peak deviation of the 50% crossings of the modulation signal
when compared to the ideal time crossings. The specification for the
LTC5100 pertains to the electrical modulation signal. The K28.5 pattern is
the repeating sequence 00111110101100000101.

Note 13: Random jitter is the standard deviation of the 50% crossings of
the electrical modulation signal as measured by an oscilloscope. It is
measured with a 1GHz square wave after quadrature subtraction of the
random jitter of the pulse generator and oscilloscope. Peak-to-peak
random jitter is defined as 14 times the RMS random jitter.

Note 14: The LTC5100 digitizes and servo controls the logarithm of the
monitor diode current. Many of the characteristics of the APC system,
such as range and resolution, are determined by the ADC.

Note 15: The minimum practical operating current for the monitor diode is
determined by servo settling time considerations.

Note 16: Iy;p must be less than 25pA, 100pA, 400pA and 1600pA
corresponding to Imd_rng =0, 1, 2, 3.

Note 17: The temperature coefficients of the monitor diode current depend
on the lyp setting because of the logarithmic relationship between the set
point and the monitor diode current. Imd_nom is the digital code setting
for the nominal monitor diode current. Imd_nom lies between 0 and 1023.
Note 18: The ADC digitizes the average modulation current, which is 50%
of the peak-to-peak current for a 50% duty cycle signal.

Note 19: The LTC5100 ADC digitizes the logarithm of the monitor diode
current. This implies that the ADC resolution is a constant percentage of
reading and that the monitor diode current is non-zero when the ADC
reads zero. See the Design Notes for further information.

Note 20: Serial interface timing is guaranteed by design from

-40°C to 85°C.

Note 21: The LTC5100 has 100uA nominal pull-up current sources on the
SCL and SDA pins to eliminate the need for external pull-up resistors when
connected to a single EEPROM device. The LTC5100 meets the maximum
rise time specification of 1000ns with external 12C bus capacitances up to
25pF. Example: 10pF EEPROM + 150mm trace ~ 25pF.

Note 22: Vpp and Vpp(Hs) must be tied together on the PC board.
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LTCS100

TYPICAL PERFORMANCE CHARACTERISTICS

Vop = Vpp(us) = 3.3V, Ta =25°C, Cml_en =0, Lpc_en =1, transmitter enabled, unless otherwise noted. Test circuit shown in Figure 5.

100uW/DIV

0.5mA/DIV

Optical Eye Diagram at 3.2Ghps
with 850nm VCSEL

50ps/DIV
EMCORE MODE LC-TOSA VCSEL
215 PRBS, 7dB EXTINCTION RATIO, 300uW AVG
PWR, 2.4GHz 4TH ORDER BESSEL-THOMPSON
LOWPASS FILTER

5100 Go1

Electrical Eye Diagram at 25°C
3.2Ghps, 2 3 PRBS, lypp = 3mA

EEEEEe ]
49ps RISING 50ps/DIV 5100 604 51ps RISING 50ps/DIV 5100605
54ps FALLING 59ps FALLING
Im_rng =0 Im_rng =2
PEAKING = 16 PEAKING = 16
Electrical Exe Diagram at -40°C, Electrical E
3 3.2Ghps, 2

125uW/DIV

2mA/DIV

Optical Eye Diagram at 2.5Ghps
with 850nm VCSEL

60ps/DIV
EMCORE MODE LC-TOSA VCSEL
215 PRBS, 10dB EXTINCTION RATIO, 300pW AVG
PWR, 1.87GHz 4TH ORDER BESSEL-THOMPSON
LOWPASS FILTER

5100 G02

Electrical Eye Diagram at 25°C
3.2Ghps, 223 PRBS, lypp = 12mA
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Effect of Peaking Control on the
Electrical Eye Diagram

3mA/DIV

50ps/DIV 5100603
3.2Gbps, 223 PRBS, Im_rng = 2, lyypp = 12mA,
PEAKING =4, 8, 16, 30

Electrical Eye Diagram at 25°C
3.2Ghps, 2 3 PRBS, Iypp = 24mA

4mA/DIV

50ps RISING
62ps FALLING
Im_rmg =3
PEAKING = 16

50ps/DIV

5100 G06

Diagram at 85°C,

e
% PRBS, Iypp = 12mA

3.2Ghps, 2

2mA/DIV

2mA/DIV

47ps RISING
56ps FALLING
Im_mng =2
PEAKING = 16

50ps/DIV

5100 GO7

Im_rng =2
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67ps FALLING

50ps/DIV
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LTCS100

TYPICAL PERFORMANCE CHARACTERISTICS

Vop = Vpp(us) = 3.3V, Ta =25°C, Cml_en =0, Lpc_en =1, transmitter enabled, unless otherwise noted. Test circuit shown in Figure 5.
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Monitor Diode Current
vs Temperature in APC Mode
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LTCS5100
TYPICAL PERFORMANCE CHARACTERISTICS

Vop = Vpp(ns) = 3.3V, Tp =25°C, Cml_en = 0, Lpc_en =1, transmitter enabled, unless otherwise noted.

Hot Plug with EN Active in Hot Plug with EN Active in Start-Up with Slow Ramping
CCC Mode APC Mode Supply in APC Mode
\ \ \
VQD ] Vpp _| Vpp _|
T ! L o
- SCL_| SCL_| il scL_|
o | _I —T
FAULT FAULT EEPROMREAD| | ppyy
LASER OUTPUT LASER OUTPUTH LASER OUTPUT |
10ms/DIV 10ms/DIV 10ms/DIV
5100 G23 5100 G24 5100 G25
Transmitter Enable Transmitter Disable Transmitter Enable, Rapid Restart
\ [ \
Vpp _| Vpp _| Voo _|
FAULT FAULT FAULT
— \ ] - 1
EN EN EN
LASER OUTPUT] LASER OUTPUT |
LASER OUTPUT
e
5us/DIV 5us/DIV 10us/DIV
5100 G26 5100 G27 5100 G28
Response to Fault Fault Recovery Time
FAULT\ FAULT
Vmp |
,.-‘P-‘
5us WIDE
FAULT " p{LSE ONEN
M EN
LASER OUTPUT LASER OUTPUTA
10ps/DIV 10ms/DIV

5100 G29 5100 G30
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LTCS100

PIN FUNCTIONS

Vgs (Pins 1,4,9,12, 17): Ground for Digital, Analog and
High Speed Circuitry. These pinsare internally connected.
Connect Pins 1, 4, 9 and 12 to the ground plane with
minimal trace lengths. Place a minimum of four vias
(preferably nine vias) to the ground plane in the Exposed
Pad area. Most of the high speed modulation current is
returned through the Exposed Pad (Pin 17).

IN*, IN"(Pins 2, 3): High Speed Laser Modulation Inputs.
The inputs are differential with internal termination resis-
tors. The input amplifier is internally AC coupled. With
currentmode logic (CML) enabled, the inputsare indepen-
dently terminated to Vpp(ns) with 50Q resistors. With
CML disabled, the inputs provide 100Q differential termi-
nation and permit rail-to-rail common mode range. The
input pins can be AC coupled with external capacitors.
When externally AC coupled, the input pins self-bias to
Vop(Hs)/2. The Cml_en bit selects the termination mode.

FAULT (Pin 5): Signals One of Five Safety Fault Con-
ditions: laser overcurrent, overpower, underpower, power
supply undervoltage and memory load error. The pin can
be programmed active high or active low with the
Flt_pin_polarity bit. The FAULT pin can be programmed to
four different drive modes with the Flt_drv_mode bits.

SDA, SCL (Pins 6, 7): Serial Interface Data and Clock
Signals. The pins are open drain witha 100pA internal pull-
up current. An external pull-up resistor can be added to
drive larger capacitive loads.

Vppus) (Pin 8): Power Input for the High Speed Laser
Modulation Circuitry. Filter this pin with a ferrite bead and
bypass the pin directly to the ground plane with a 10nF
ceramic capacitor.

MODA, MODB (Pins 11, 10): High Speed Laser Modula-
tion Outputs. MODA and MODB are connected on-chip
and driven by an open-drain output transistor. One of
these pins should be connected to the laser. The other
should be connected to a termination resistor. See the
Applications Information section for details.

MD (Pin 13): Monitor Diode Input for Automatic Power
Control of the Laser Bias Current. The MD pin allows
connection to the cathode or anode of the monitor diode.
The Md_polarity bit selects the polarity of the monitor
diode.

SRC (Pin 14): Current Source for Biasing the Laser. See
the Applications Information section for details.

EN (Pin 15): Transmitter Enable and Disable Input. This
inputis TTL compatible and can be programmed for active
high or active low operation with the En_polarity bit. An
internal 10pA current source disables the transmitter if the
EN pin becomes disconnected. This safety feature oper-
ates whether the EN pin is active high or active low.

Vpp (Pin 16): Power Input for Digital and Low Speed
Analog Circuitry. Gonnect this pin to Vppus) (Pin 8) with
a short trace. No bypassing is needed at the Vpp pin if the
trace length to the Vpp(us) bypass capacitor is less than
10mm long.
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BLOCK DIRGRAM

FAULT PIN

Over_current—>, ) DRIVER
Ugt‘j’g:*m:: TRANSMIT AND mt’m"sm“—e”
vor 16 UNDERVOLTAGE | ,, Under_voltage i FAULT 5 ] FAULT
DDE DETECTION [ & polamy_; CONTROLLER
EN 15] Mem_load_errorr : Fit_drv_mode
Fit_pin_polarity
LOGARITHMIC
AMPLIFIER
100pA dbmo;m DATA BUS
CURRENT
5 IMD(MON) =9 ‘—Ele MD
SDALS ¢ SERIALDIGITAL] ATTENUATOR
scLl7 INTERFACE S Over_pwr=— POWER LIMIT
B Under_pwr —| COMPARATORS
REGISTER PR Md_polarity Imd_rng
SET |
S(MON)
LASER POWER |, IM(moN) Over_current
CONTROLLER 1b LIMIT DAC
7BITS
Im_rng Is_rn
I'S(MON) _rg Is_rng
M(MON) Voo
o VD 10-BIT ADC > ’ »
TEMP MD(MON) Is_mg
SENSOR v -
TERM(MON) T Is(moN)
sel Is DAC = |
10 BITS . ]
Transmit_en
Is
—_—
¢——14] sre
Im DAC
> 10 BITS Is_rmg
Vpp(HS)
Vbp(Hs) [8] y
OML en TERM(MON)
f 20F N PEAKING DAC
lr—| Ij_ 5BITS
< <
<;SOQ :;50(2

F

17}
Vgss (EXPOSED PAD)

Figure 2. Block Diagram

5100 F02
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LTCS100

FUNCTIONAL DIAGRAMS

Vop
EN
SDA | 6]
SCL|7
TEMP
SENSOR
Tintadc
i
\
\
Text |
'/
Ext temp en

Peaking —p|

Imd nom =——p

Imd tc1 =,

TEMP
comp

Imd tc2 =

»
>

ADC

| Y +

Imtcl =] TEMP

comp

Imtc2 =]

Y
Imd set + E

DAC

* Im set
Im nom —>®

é:l FAULT

Imd rng Md polarity

ImMp
_ CURRENT —
Imd adc +—  ADC | arenoaros [T Mo
Vop
—
- Is rng —>;>/
USER_ADC. Data «—] ADC - S
- f————¢
Apc gain — 0
i ! —
ma error, \/ -
B—>® X Isdac — DAC Il—_b
MINIMUM
GAIN CTRL ¢ Is
A
Is
¢——14] sre
+ +
USER_ADC. Data «+—  ADC VTERM
USER_ADC. Data «—  ADC <« V|p
Im gain
ff\lm error " —I q
O >( X > mdac —{ DAC
— A

Im adc <—

ADC

1]
Vsg (EXPOSED PAD)

Figure 3. Functional Diagram—Automatic Power Control Mode
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LTCS5100
FUNCTIONAL DIAGRAMS

oo FAULT
o 13| MD
SDA | 6}
SCL|7
Isrng
//’(BIAS CURRENT)
/
/ +
! m: Isadc «— ADC
«— Imrng
Ibset TN Ib -
Ib nom —»(%)—» EBﬂ;@-—»— Isdac —q DAC
TEMP Ib gain
SENSOR bl —>f 7emp I
I Ibtc2 —p{ COMP
Tintadc 4 Is
—»
] + $—14] sh
N ADC :_ . N
_T_\\ | USER_ADC. Data «—  ADC VrERM
Text Il T nom /— _
—.1 v
Exttem_p - Imtct —p| USER_ADC. Data «——  ADC «—¢ V|p
TEMP _—
COMP
Imtc2 =i mgan
i + Im_error l
Im nom ’®_’€9—>®— Imdac — DAC
— A

Peaking —p DAC

| |_ .
) |
100Q 3
| _
|
Imadc «— ADC

F

i
Vgg (EXPOSED PAD)

Figure 4. Functional Diagram—Constant Current Control Mode
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TEST CIRCUIT

Vpp 1.8V POWER SOURCE 10nF
ol
Ist
) 6 |15 |14 |13 10nF
Vpp EN SRC MD I__|_
1 12 -
Vss Vss %00
Z =300 v MODA f1
FRoM Zo = 50Q LTC5100 2 =50Q
BERT _, 70~ ] woos 1 0= | |__>TO
TIIITTT 77777777 | | SCOPE
4 9 MICROWAVE
Ves Vss __‘_'_ BLOCKING
= CAPACITOR
FAULT SDA  SCL Vpps)
[5 fs |7 |8
1 :_I___10nF
- = 5100 F05
RESISTORS: 0402 SURFAGE MOUNT
CAPACITORS: 0402 SURFACE MOUNT, X7R DIELECTRIC
Figure 5. Test Circuit
LTC5100
Vbp LTC5100 VoD
R VoD d>100uA

0 EN ACTIVE LOW

En_polarity
1 EN ACTIVE HIGH

|||—>

10pA

Vss

5100 F06

Figure 6. Equivalent Circuit for the EN Pin

LTC5100 Voo
4| 400pA
DRIVER
Vbp
—_& COMPLEMENTARY 4000 L
DRIVE PULL-UP
? FAULT A
| . 5 3m L
DRIVER i

Figure 8. Equivalent Circuit for the FAULT Pin.

All Switches are Open in Open-Drain Mode

5100 FO8

A

L
SDA, SCL )
. 6,7 %

1

vl

|_<_

5100 FO7

Figure 7. Equivalent Circuit for the SDA and SCL Pins

Vbp

15w

T
i

Md_polarity VDD

jlmd

LTC5100

L2

;

Figure 9. Equivalent Circui

5100 FO9

t for the MD Pin
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E€QGUIVALENT INPUT AND OUTPUT CIRCUITS

LTC5100

e
ON _|
'~|

<
o
=
=
&

VDD(HS)
Cml_en
50k
<

|_
b

1
gL _{ | |_
i 25k
= T0 INPUT
WA—e AMPLIFIER

<
o
=
E
>

50Q

%%50!2

] IN~

A

5100 F10

Figure 10. Equivalent Circuit for the IN* and IN~ Pins

LTC5100 Vbp

Vbp(Hs)
_l émz # SRC
* 1T {14
25k Vé MODA m
DD(HS)
JLML L)

—h&'\/ﬁ 1M

5100 F11

Figure 11. Equivalent Circuit for the SRC, MODA and MODB Pins

OPERATION

OVERVIEW
(Refer to Figure 1 and the Block Diagram in Figure 2)

The LTC5100 is optimized to drive common cathode
VCSELs in high speed fiber optic transceivers. The chip
incorporates several features that make it very compact
and easy-to-use while delivering exceptional high speed
performance. Only a capacitor, a resistor and a small
EEPROM (excluding laser diode and power supply filter-
ing) are needed to build a complete fiber optic transmitter.
Digital control over the I2C serial interface allows fully
automated laser setup to improve manufacturing effi-
ciency. The LTC5100’s extensive set of eye safety features
meet GBIC and SFF requirements but go beyond the
standards with open-pin protection, redundant transmit-
ter enable controls and other interlocks.

10-hit integrated DACs set laser bias and modulation
levels, eliminating the cost and space of digital potentiom-
eters. A multiplexed ADC allows monitoring of tempera-
ture and laser operating conditions in production or field
operation. Laser bias and modulation currents are digi-
tally temperature compensated to second order for tight
control of average powerand extinction ratio. The LTC5100

provides both constant current and automatic power
control of the laser bias current. In automatic power
control mode, special circuitry maintains constant set-
tling time in spite of variations in the laser slope efficiency
and monitor diode response characteristics.

The high speed inputs of the LTC5100 are internally
terminated in 50Q and internally AC coupled, eliminating
all external components at the inputs. The modulation
output is DC coupled to the laser and presents a high
quality resistive drive impedance to deliver very fast and
clean eye diagrams in spite of laser impedance variations.
The modulation output is capable of driving significant
lengths of transmission line, allowing the LTC5100 to be
placed at an arbitrary distance from the laser. This feature
allows for packaging flexibility within the module.

The LTC5100 minimizes electromagneticinterference (EMI)
with several architectural features. The unique design of
the driver output forces the high speed modulation current
to circulate only in the laser and ground system. The high
speed amplifier chain and the digital circuitry are internally
filtered and decoupled to further reduce power supply
noise generation.
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OPERATION
LASER BIAS AND MODULATION

Modulator Architecture

The LTC5100 drives common cathode lasers using a
method called “shunt switching”. As shown in Figure 12,
shunt switching involves sourcing DC current into the
laser diode and shunting part of that current with a high
speed current switch to produce the required modulation.
The SRC pin provides the DC current and the MODA,
MODB pins (which are connected on chip) provide the
high speed modulation current. This technique results in
a very fast, single-ended driver that confines the high
speed modulation current to the laser and ground system.
The LTC5100 actually uses a modified shunt switching
scheme in which the source current is delivered through
a “termination” resistor, Ry, that is bypassed to ground
with a large capacitor. The resistor brings three advan-
tages to the modulation stage. First, it gives the modulator
a precise resistive output impedance to damp ringing and
absorb reflections from the laser. Second, the resistor
isolates the capacitance of the SRC pin from the high
speed signal path, further improving modulation speed.
Third, the resistor and capacitor heavily filter the high
speed output signal so that it does not modulate the power
supply and cause radiation or interference. On-chip
decoupling of the high speed amplifiers further reduces
power supply noise generation.

LTC5100 Voo
Cr
Is 10nF
SRC —
14 Ij—
Rt =
50Q
<
MODA, MODB 1Y|P ol
3.2Gbps 11,10 ] | s=1B+Im
MODULATOR
i Im ¢ I
Imop
I
IMpp=2°Im :Y:’/“j’
= Vss =

Figure 12. Simplified Laser Bias and Modulation Circuit

Terminology and Basic Calculations

Figure 12 through Figure 16 define terminology that is
used throughout this data sheet. The current delivered by
the SRC pin is called Is. The average modulation current
delivered by the chip atthe MODA, MODB pins is called Iy.
The laser bias current, Ig, is defined as the average current
inthe laser. Ig is the difference between the source current
and average modulation current.

The peak-to-peak modulation current delivered by the
chip is called lypp. l\pp is twice the value of Iy because
the high speed data is assumed to have a 50% duty cycle.
The peak-to-peak modulation current is divided between
the termination resistor and the laser. The peak-to-peak
modulation amplitude in the laser is called lyop. The
relationship between lypp and lyop depends on the
relative values of the termination resistor and the laser
dynamic resistance.

Y

I

|B$ —

Im 1|MPP
0

5100 F13

Is

Figure 13. Components of the LTG5100 Source and
Modulation Currents (The Laser Bias Current is Also Shown)

The relationships between the source, bias, and modula-
tion currents are as follows.

lg=lg— Iy (1)
||\/|pp =2 ||\/| (2)
IMoD = 75— *ImpP

(Rt +Rup) )
where

Ry is the termination resistor value.

Rip is the dynamic resistance of the laser, defined in
Figure 15.

The expression for Ig in Equation 1 shows that the maxi-
mum achievable laser bias current is a function of the
maximum source current, I, and the average modulation

sn5100 5100fs
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OPERATION

current, lyy. The maximum value of lg is given in the
Electrical Characteristics and the value of Iy, depends on
the laser characteristics and the termination resistor value.

The logic “1” and “0” current levels in the laser are given
by:

[1= g+ MOD (4)
2
Imop
10 = Ip— -MOD
B~ (%)

5100 F14

Figure 14. Components of the Laser Bias
and Modulation Currents

The power levels correspondingto |1 and 10are P1and PO,
as shown in Figure 16.

P1=n(11-lm) (6)
PO =n (10 - Ity) (7)

where n isthe slope efficiency and Ithis the laser threshold
current, defined in Figure 16.

The average optical power and extinction ratio are given
by:

P1+P0
Pavg = 5 (8)
P1
ER=_—
50 (9)

The average voltage on the laser diode relative to ground
is Vi p (see Figure 12 and Figure 15). The voltage on the
SRC pin is:
Vs=Vip+ls*Rr
=Vip + (Ig +Im) * Ry

The value Vg isimportant because Vg must not exceed the
limits given in the Electrical Characteristics.

(10)

Rip

)

10 Ig I

5100 F15

Figure 15. Approximate VI Curve for a Laser Diode

P1

Pava

PO

ILp
|1 5100 F15

ITH 10 I

Imop
Figure 16. Approximate LI Curve for a Laser Diode

The voltage across the termination resistor is:

V7erm = Vsre — Vimopa (11)

=Ise* Ry
The LTC5100 can digitize the voltage across the termina-
tion resistor using the on-chip ADC, which can give amore
accurate measurement of Is than that given by digitizing

the currentinternally. See the Electrical Characteristics for
details.

Temperature Compensation

The LTC5100 digitally compensates the temperature drift
of the laser bias current, laser modulation current and

sn5100 5100fs
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OPERATION

monitor photodiode current. In each case the fundamental
calculation is the same. The LTC5100’s digital controller
multiplies the nominal value of the quantity (Ig, Iy or Iyp)
by a quadratic function of temperature. Temperature mea-
surements are supplied either by an on-chip temperature
sensor or by an external microprocessor, according to the
setting of Ext_temp_en. The general temperature com-
pensation formula is:

|=1_nome(TC2+2 18 e AT2 + TC1 027130 AT + 1) (12)

where | is the digital representation of the laser bias
current, modulation current or monitor diode current (Ig,

||\/| or |MD)-

When using the internaltemperature sensor (Ext_temp_en
=0), the temperature measurements are taken by the on-
chip ADC, and AT is the change in the LTC5100 die tem-
perature relative to a user defined nominal temperature:

AT =T_int_adc —T_nom (13)

When using an externaltemperature source (Ext_temp_en
= 1), the temperature measurements are provided in
digital form by a microprocessor or host computerand AT
is the change in temperature relative to a user defined
nominal temperature:

AT =T_ext-T_nom (14)

T_int_adc, T_ext,and T_nomare 10-bit, unsigned numbers
scaled at0.5K/LSB. The maximum temperature that can be
represented is therefore 210 0.5°K = 512°K or 239°C.

TC1 and TC2 are the first and second order temperature
coefficients. They correspond to the registers Im_tc1 and
Im_tc2 for modulation current, Ib_tc1 and Ib_tc2 for bias
current and Imd_tc1 and Imd_tc2 for monitor diode
current. In each case TC1 and TC2 are 8-bit signed
numbers in two’s complement format. The range of the
temperature coefficients is therefore —128 to +127. When
TC1 is multiplied by its weighting coefficient of 2713 in
Equation 12, the effective value of the first order tempera-
ture coefficient is 122ppm/°C per LSB. The full-scale
range is approximately +15500 ppm/°C. When TC2 is
multiplied by its weighting coefficient of 2718 in Equation
12, the effective value of the second order temperature
coefficient is 3.81ppm/°C2 per LSB. The full-scale range is
approximately +484 ppm/°C2.

Note that Equation 12 is applied to the digital representa-
tion of the currents, not the physical current themselves.
This is a particularly important point where monitor diode
currentis concerned, because the digital representation of
the monitor diode current is the logarithm of the current.
Thus the temperature compensation is of the logarithm of
the monitor diode current and not the current itself.

Notation Used for Registers and Bit Fields

The LTC5100 has a large set of registers, many of which
are subdivided into fields of bits. Register names are given
in all capitals (SYS_CONFIG) and bit fields are given in
mixed case (Apc_en). For example, the bit that enables
Automatic Power Control mode is contained in the System
Configuration register. This bit is denoted by:

SYS_CONFIG.Apc_en

In many cases this bit field will simply be referred to as
“Apc_en.”

The functional diagrams of Figure 3 and Figure 4 show
registers and bit fields within registers between horizontal
bars. For example, the “Data” field in the ADC register is
shown as:

USER_ADC.Data
A write operation to this register is shown as:

— USER_ADC.Data
A register read operation is shown as:

Peaking —>

Range Selection for the Source
and Modulation Currents

The source and modulation currents each have four ranges
of operation to optimize ADC and DAC resolution as well
as high frequency performance. The source current range
iscontrolled by two bits called Is_rng. Similarly, the modu-
lation currentrange s controlled by two bits called Im_rng.
The maximum currentthat can be delivered is proportional
to the range, so the current outputis 1, 2, 3 or 4 times the
typical base value of 9mA for the source current and
4.5mA for the average modulation current or 9mA peak-
to-peak.
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Figure 17 depicts the current ranges for the source cur-
rent. The guaranteed full scale is 6mA per range. The
minimum operating level should be limited to 1/16 of full
scale to avoid the coarse relative quantization seen in any
ADC or DAC when operated at low levels. The source
range, Is_rng, should be selected as low as possible such
that the source current, Ig, stays within the guaranteed
current limits over temperature, considering the laser
temperature characteristics. From Equation 1 we can see
that the source current is the sum of the laser bias and the
average modulation currents:

Is = lg+ Iy (15)
Is_rng should be chosen to support the total current
required for laser bias and modulation, taking temperature
changes in Ig and Iy into account.

Is (mA)
36

Is_rng=3

27

Is_rng=2

Is_rng=1
RECOMMENDED
‘ MINIMUM IS 1/16

OF FULL SCALE

T
45— 'S_mf=0l [

0

5100 F17

Figure 17. Ranges for the Source Current

Im (mA)
18

Im_rng =3

RECOMMENDED
‘ MINIMUM IS 1/8

OF FULL SCALE

E: Im_mf:O l :W—[

Figure 18. Ranges for the Modulation Current

0

5100 F18

Figure 18 depicts the current ranges for the average
modulation current. This is the average modulation cur-
rentatthe MODAand MODB pins ofthe chip (recall that the
MODA and MODB pins are connected on-chip). The peak-
to-peak modulation at the pins of the chip is twice the
average. Guaranteed full scale is 3mA average or 6mA pp
per range. The minimum operating level should be limited
to 1/8 of full scale to preserve the quality of the eye
diagram. Operating below 1/8 full scale causes increased
overshootand undershoot. The modulationrange, Im_rng,
should be selected as low as possible such that the
modulation current, Iy, stays within the guaranteed cur-
rent limits over temperature. The modulation current
varies over temperature to compensate the loss in slope
efficiency typical of most VCSELs. Therefore, the choice of
Im_rng should take temperature changes into account.

High Speed Aspects of the Modulation Qutput

The LTC5100 modulation output presents a resistive drive
impedance with very low reflection coefficient. This output
design suppresses ringing and reflections to maintain the
quality of the eye diagrams in spite of laser impedance
variations. The reflection coefficient is sufficiently low that
the LTC5100 can drive the laser over an arbitrary length of
transmission line, as shown in Figure 19. A well designed
transmission line stretching the entire length of a typical
transceiver module goes virtually unnoticed in this sys-
tem. The only practical limitation on interconnect length to
the laser is high frequency line loss.

LTC5100

Vop

3.2Gbps '
MODULATOR M TRANSMISSION $ ls
o LINE
M1 v
3 L
= Vss -

Figure 19. High Speed Details of the Modulation Output
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Figure 19 shows how the LTC5100 achieves a low reflec-
tion coefficient. The unavoidable capacitance of the high
speed driver transistor, bond pads and ESD protection
circuitry (G1) is compensated by the inductance of the
bond wires (Lgwa and Lgwg).

The high speed behavior of the circuit in Figure 19 can be
understood in greater detail by examining the simplified
circuit in Figure 20. In Figure 20 the switched current
source (M1 in Figure 19) launches a current step (1)
toward the termination resistor (2A) and toward the trans-
mission line (2B) connected to the laser. The laser is
typically mismatched to the line impedance and reflects a
portion of the incident wave (3) back toward the MODB
pin. There it encounters an L-C-L structure composed of
the bond wires and driver capacitance. This structure is
carefully designed as a lumped element approximation to
the transmission line impedance. It therefore transmits
wave (3) through the IC package without reflecting energy
back toward the laser. The traveling wave passes through
the chip largely unimpeded (4) and is absorbed by the
matched termination resistor, Ry.

The matched termination is provided by the termination
resistor, Ry, decoupled by capacitor Ct. Ct forms an AC
short across the entire frequency range contained in the
modulation data.

The termination resistor, R, need not be 50Q. 50Q is best
for electrical testing because it matches the impedance of
most highfrequency instruments. Ry canbe made smaller,
35Q, for example, to more closely match a laser with low
dynamic impedance or to allow more voltage headroom at
the SRC pin. This may be necessary for lasers that run at
high voltages or high bias currents. Ry can be made larger,
70Q for example, to more closely match a laser with high

=f4 =f3
<A gy, lows 28T Zo=Rr

T
MODB  TRANSMISSION
LINE W

B i

5100 F20

Figure 20. Wave Propagation in the Laser Interconnect

dynamic impedance or if a narrow, high impedance PC
board trace is needed to connect to the laser.

Figure 21 shows that the high speed modulation current is
confined to the ground system, laser and back termination
network. No high speed current circulates in the power
supply where it could cause radiation and interference
problems.

HIGH SPEED DATA INPUTS

The high speed data inputs, IN* and IN~, are internally
terminated in 50Q and internally AC coupled, eliminating
the need for external termination resistors and AC cou-
pling capacitors. Figure 10 shows the equivalent circuit
for the high speed data pins. By default, the high speed
data inputs are terminated differentially with 100Q for
compatibility with LVDS, PECL and similar differential
signaling standards (Cml_en = 0). Alternately, the inputs
can be programmed for 50Q single-ended termination to
the power supply for biasing a current mode logic (CML)
driver. To select CML compatibility, program Cml_ento 1.
Althoughinternally AC coupled, the inputs are biased with
high valued resistors (50k equivalent) to Vppus)/2, so the
LTC5100 remains compatible with external AC coupling
capacitors. When externally AC coupled, the inputs self-
bias to approximately Vpp(us)/2.

Internal AC coupling gives the LTC5100 rail-to-rail input
common mode capability. The inputs can be driven as
much as 300mV beyond the rail during peak excursions.
The AC coupling circuit is a distributed highpass filter with

LTC5100 VDD NO HIGH
SPEED
CURRENT
0nF
MODA |_
MgbZL?L%%R = MODBI ¢
3
o= ’— T
|_
M1 =
|
Vss | EXPOSED
T PAD 5100 F21

Figure 21. High Speed Current Flow in the Modulation Output
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approximately second order characteristics. The design
maximizes the flatness of the step response over extended
periods, giving optimal performance during long strings
of ones or zeros in the data.

MODULATION CURRENT CONTROL
IN APC AND CCC MODES

The LTC5100 controls the modulation current with a
digital servo control loop using feedback from the on-chip
ADC. Figure 3 and Figure 4 are Functional Diagrams of the
LTC5100 operating in Automatic Power Control (APC)
mode and Constant Current Control (CCC) modes, respec-
tively. These diagrams show the organization and opera-
tion of the servo control loops for laser bias and laser
modulation. Either diagram can be used to understand the
modulation current control loop.

Servo Control

The average modulation current is controlled by a digital
servo loop (shown in the lower half of Figure 3). The
nominal modulation current, Im_nom, is multiplied by a
temperature compensation factor, producing a 10-bit
digital set point value, Im_set. Im_set is the target value
for average modulation current. The ADC digitizes the
average modulation current, producing a 10-bit value
Im_adc. The difference between the target value and the
actual value producesthe servolooperrorsignal, Im_error.
Im_error is multiplied by a constant, Im_gain, to set the
loop gain. The result is integrated in a digital accumulator
and applied to a 10-bit DAC, increasing or decreasing the
modulationamplitude as required to drive the loop errorto
zero. The servo loop adjusts the modulation amplitude
every four milliseconds, producing 250 servo iterations
per second.

The modulation servo loop operates onthe average modu-
lation current, which is one-half of the peak-to-peak value
for a 50% duty cycle signal. The analog electronics in the
high speed modulator ensure that controlling the average
modulation current is equivalent to controlling the peak-
to-peak current.

The ADC input for average modulation current is scaled
such that code 512 is the nominal full-scale value, corre-
sponding to 4.5mA per range. Thus, if Im_rng = 0 and
Im = 4.5mA, the ADC digitizes code 512. The control
system for the modulation current effectively has 9-bit
resolution, because at most one-half of the 10-bit ADC
range is utilized. This provision maximizes the compliance
voltage range of the modulation output.

The difference equation for the modulation servo loop is:

Im_gain
Im_adc, =Im_adcp—1 + =9

eIm_error (16)

_ Im_gain
=Im_adcp-1 +T (

Im_set— Im_adcn_1)
Im_gain is a 3-bit digital value, so the scaling factor,
Im_gain/8, takes onthe discrete values 0,1/8,2/8, ..., 7/8.
If Im_gain = 4, then Im_gain/8 = 0.5 and the error in the
control loop is cut in half with each servo iteration. In this
case the step response of the loop is given by:

0 | s
Im_adcy, = Im_set-a— H— m_:amg B (17)
8 |

The step response has the familiar exponential settling
characteristic of a first order system. The step response is
shown in Figure 22 for Im_gain = 4. The remaining error
is reduced by one-half with each servo iteration. In seven
iterations, or about 28ms, the modulation current settles
tounder 1% inthis example. The measured step response,
including the modulation envelope, is showninthe Typical
Performance Characteristics.
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Im_adc
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Figure 22. Step Response of the Average Modulation Current
for Im_gain =4

sn5100 5100fs

22

LY UNER



LTCS100

OPERATION

Reducing Im_gain slows the settling time and increasing
Im_gain speedsthe settling time. For example, with Im_gain
=1, the residual loop error is cut by 1/8 with each servo
iteration. In this case it would take 35 servo iterations
(about 140ms) to settle to 1%. With Im_gain = 7, the
residual servo loop error is cut by 7/8 with each servo
iteration. In this case it would take only three servo
iterations (about 12ms) to settle to 1%, but the servo loop
will tend to “hunt” or oscillate at a low level with such a
high loop gain.

Temperature Compensation

The set point value for the modulation current, Im_set in
Figure 3 and Figure 4, changes with temperature to com-
pensate the temperature dependence of the laser diode’s
slope efficiency. Temperature measurements are supplied
either by an on-chip temperature sensor or by an external
microprocessor, according to the setting of Ext_temp_en.
The temperature compensated expression for Im_set is
given by:
Om_tc2e2718epT2 [

Im_set =Im_nome
o Im_tc1e2-13 « AT +1 (18)

Im_tc1and Im_tc2arethefirstand second ordertempera-
ture coefficients for the modulation current.

LASER BIAS CURRENT CONTROL IN APC MODE

Figure 3 is a functional diagram of the LTC5100 operating
inautomatic power control (APC) mode. In APC mode, the
LTC5100 servo controls the average optical power with

feedback from a monitor photodiode. Setting Apc_en =1
selects this mode. In APC mode the monitor diode current
can be temperature compensated with first and second
order temperature coefficients.

Figure 9 shows an equivalent circuit for the MD pin and
Figure 23 shows details of the monitor diode circuit. The
Md_polarity bit selects whetherthe monitor diode sources
orsinks current fromthe MD pin. A programmable attenu-
ator and logarithmic amplifier permit a very wide range of
monitor diode currents spanning 4.25pA to 2176pA (typi-
cal) with constant 0.2% set point resolution. The attenu-
ator divides the monitor diode current by 1, 4, 16 or 64
dependingonthevalue of Imd_rng. Two bits called Imd_rng
control the attenuator setting, selecting afull scale current
range of 34, 136, 544 or 2176pA typical. A 5kHz lowpass
filter provides antialiasing and limits noise. The logarithmic
amplifier compresses the dynamic range of the monitor
diode currentand plays a role in maintaining constant and
predictable settling times regardless of the photodiode
characteristics.

Range Selection

Figure 24 depicts the current ranges for the monitor diode
current. The full-scale range of the monitor diode current
is 34pA «4!Md_MAtypical where Imd_rng=0,1,20r 3. The
minimum operating level should be limited to 20% of full
scaleto ensure adequate settling time of the optical power
output of the laser. The range should be selected so that
the monitor diode current stays within the guaranteed
current limits over temperature.

) Vop
LTC5100 Imd_rng Md_polarity |
.
l l I~ + Md_polarity = 1
5kHz
ATTENUATOR POLARITY MD J
LOWPESS 1971, +4, 16, +64 controL [* {13} |
//‘f/ i Md_polarity =0
. 10-BIT ADC ——> Imd_adc
5100 F32

Figure 23. Detail of the Monitor Photodiode Circuit
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Figure 24. Operating Ranges for the Monitor Diode Current

The SRC pin current range, Is_rng, should be chosen so
that the SRC pin can supply the required bias current over
temperature. See the section titled Range Selection for the
Source and Modulation Currents.

Servo Control

The average optical power is controlled by a digital servo
loop shown in the upper half of Figure 3. The loop sets and
controls the logarithm of the monitor diode current. The
logarithm of the nominal monitor diode current, Imd_nom,
is multiplied by a temperature compensation factor, pro-
ducing a 10-bit digital set point value, Imd_set. Imd_set is
therefore the temperature compensated /ogarithm of the
target value for monitor diode current. The ADC digitizes
the logarithm of the monitor diode current, producing a
10-bit value called Imd_adc. The difference between the
target value and the actual value produces the servo loop
error signal, Imd_error. Imd_error is multiplied by a
constant, Apc_gain, to setthe loop gain. Imd_erroris also
multiplied by the set point value of the modulation current
to further stabilize the servo dynamics, as explained
below. The resultisintegrated ina digital accumulator and
applied to a 10-bit DAC, increasing or decreasing the SRC
pin current (and consequently the laser bias current) as
required to drive the loop error to zero. The servo loop
adjusts the laser bias current every four milliseconds,
producing 250 servo iterations per second.

The open-loop gain of the APC loop is proportional to the
laser slope efficiency, n (Watts/Amp), and monitor diode

response, y (Amps/Watt). These parameters vary widely
from laser to laser. If nothing is done to compensate the
variations in n and y, the settling time of the optical power
output will vary over an unacceptably wide range. For
example, a 4:1 variation in slope efficiency and a 5:1
variation in monitor diode response could create a 20:1
variation in settling time.

The LTC5100 uses two techniques to fully compensate for
variations in the laser and monitor diode characteristics,
achieving constant settling times under all conditions.
First, taking the logarithm of the monitor diode current
precisely compensates variations in the monitor diode
response. Second, multiplying the error signal by the
modulation current precisely compensates for variations
in laser slope efficiency.

The difference equation for the APC loop is:
Im_adc, =Imd_adc,—4 +AeImd_error (19)
=Imd_adcy_1 +Ae(Imd_set—Imd_adc,)

where A is the small-signal loop gain, given by:

A= Apc_gain (1+Is_rng 1
32 1+Im_rng In(8)
.ER—1.RT +Rip
ER+1 Rt

where:
In(8) = 2.079 is the natural logarithm of 8
ER is the extinction ratio
Rt is the termination resistance
Rip is the dynamic resistance of the laser diode

Apc_gain is a 5-bit digital value, so the scaling factor,
Apc_gain/32, takes on the discrete values 0, 1/32, 2/32,
..., 31/32.

In practice, the extinction ratio is usually high (ER >> 1),
and Ry ~ R p, so Equation 20 simplifies to:

_Apc_gain A 1+Is_rng

A
32 1+Im_rng

(1)
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Equation 20 shows that the loop gain is completely inde-
pendent of the slope efficiency and monitor diode re-
sponse. Consequently the servo dynamics and settling
time are independent of these highly varying quantities.
The Apc_gain quantity can be set to compensate for the
selected values of Is_rng and Im_rng as well as the
extinction ratio, termination resistance and laser dynamic
resistance.

The step response of the APC loop is:
Imd_adc, = Imd_set e [1 - (1 - A)"] (22)

The step response given in Equation 22 has the familiar
exponential settling characteristic of a first order system.
The step response is shown in Figure 25 for A=0.5. The
remaining error is reduced by one-half with each servo
iteration. In seven iterations, or about 28ms, the modula-
tion current settles to under 1% in this example. The
measured step response, including the modulation enve-
lope, is shown in the Typical Performance Characteristics.

Choosing A = 0.5 is nearly optimal because it results in
smooth, exponential settling. A=1 will settle in about two
servo iterations or 8ms, but “hunting” or low level oscil-
lation will be seen in the laser bias current. A > 1 results
in overshoot and A > 2 results in sustained high level
oscillation.

A

Imd_set

Im_adc

L SERVO
1 2 3 4 5 6 7 8  ITERATIONS
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Figure 25. Step Response of the Monitor
Diode Current for a Total Loop Gain of 0.5

Temperature Compensation

The set point value for the monitor diode current, Imd_set
in Figure 3, can be changed with temperature to compen-
sate the temperature dependence of the monitor diode
response. Temperature measurements are supplied either
by an on-chip temperature sensor or by an external

microprocessor, according to the setting of Ext_temp_en.
The temperature compensated expression for Imd_set is
given by:

Imd _set=
e0-18enT2 U
gllld_tCZ 2 AT (23)

Imd _nome 0
[ Imd_tc1e2713 ¢ AT +10

Imd_tc1 and Imd_tc2 are the first and second order
temperature coefficients for the monitor diode current.
Equation 23 applies to the digital representation of the
monitor diode current. Recall that Imd_set is the digital set
point for the logarithm of the monitor diode current. This
fact has two important implications. First, the first order
temperature coefficient in Equation 23 (Imd_tc1) results
in an exponential change in the physical monitor diode
current with temperature. However, the monitor diode
temperature driftis usually very small, and the exponential
is well approximated as linear. Second, if Imd_tc2 = 0, the
relative temperature sensitivity of the physical current is
given by:

diyp . 1 13 Imd_nom
——e¢—=|n(8)e27 "2 eImd _tcle—————
dT  lvp ©) B 1024 (24)

where lyp is the physical monitor diode current in Amps.

Equation 24 shows that the temperature coefficient of the
physical current depends on the nominal monitor diode
current. For example, if Imd_nom =512 and Imd_tc1 =4,
the physical temperature compensation would be:

diwp, 1 _ 13040212 _
ZMD o ° —|n(8)e2 13e4e =508ppm~C
dT  lvp ©) 1024 bP (25)

The effect of Imd_tc2 on the physical monitor diode
current has no simple physical interpretation. In most
cases it will be sufficient to set Imd_tc2 to zero and use the
first order temperature coefficient, Imd_tc1 to correct
monitor diode drift.

LASER BIAS CURRENT CONTROL IN CCC MODE

Figure 4 is a functional diagram of the LTC5100 operating
in constant current control (CCC) mode. In CCC mode, the
LTC5100 sets the laser bias current directly. Setting
Apc_en =0 selects this mode. In CCC mode the laser bias
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