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(37) Abstract

A semiconductor laser driver circuit that provides single supply operation over a wide supply voltage range (e.g., 3V to 5.5V), 1s
capable of high speed data transmission, and is programmable over a wide laser modulation current range (such as SmA to 60mA). The
circuit includes temperature sensitive circuits to adjust for changes in Vbe over the operating temperature range, and to adjust a bias current

to maintain transistor gn, in the presence of temperature changes. Also included is an adaptive drive feature to accommodate different laser
drive currents. Details of these and other features are disclosed.
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BACRKGROUND OF THE INVENTIO]

1. Field n Ne)s!

The present invention relates to the field of

semiconductor laser driver circuits.
2. Prior Art

Existing high speed laser driver integrated
circuits require a single power supply of approximately
5V, or multiple power supplies. However, electronics
systems are evolving toward lower supply voltages to
conserve power and to exploit improving low voltage,
high frequency IC processes. Therefore, it 1s an
objective to provide a laser driver circuit capable of
operating with a single supply voltage as low as 3V. It
is also an objective to provide operation with existing

5V systems.

It is also an objective of the invention to comply
with existing SDH/SONET specifications at 2.448Gb/s, or

faster.

It is also an objective of the invention to

minimize power consumption.

It is also an objective of the invention to provide
a wide range of laser modulation current (such as 5mA to

60mA) while meeting the previous objectives.

It is a further objective of the invention to be
directly compatible with standard PECL logic at the data

inputs.
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Figure 1 is a simplified schematic of a typical
(Maxim MAX3261, Sony CXB1108AQ) integrated bipolar laser
driver. The output transistors Q1 and Q2 switch the
modulation current Imod i1nto an external laser depending
on the state of the differential data inputs Vin+, Vin-.
RL represents the typical matching impedance of a high
speed laser (e.g., 25£). Emitter follower transistors
03 and Q4 provide level shifting and current gain to
drive the output transistors. Additional emitter
followers can be included for more level shifting and
current gain ("A Versatile Si-Bipolar Driver Circuit
with High Output Voltage Swing for External and Direct
Laser Modulation in 10 Gb/s Optical-Fiber Links", H.-M.
Rein et al., IEEE Journal of Solid-State Circuits, Vol.
29, No. 9, September 1994). Differential pailir Q5 and Q6
provides voltage gain to ensure full switching of the
output devices by switching current I3 through Rl or RZ2
depending on the input data. The inputs can be buffered

by optional emitter followers (not shown).

The circuit of Figure 1 directly couples the output
current from the collector of transistor Q1 to the
laser. Since the supply voltage must be greater than
rhe headroom needed by the current source Imod, plus the
output transistor Q1l, plus the laser, this topology 1is
not capable of operation with a supply voltage of 3V.
For example, transistor Q1 and current source Imod both
need about 1V of headroom for high speed operation, the
typical DC laser drop is 1.5V, and a modulation current
of 60mA multiplied by the 25Q of RL is 1.5V. This is a
total of 5V, which clearly shows that operation on a

single 3V DC supply is not possible.

The circuit of Figure 2 can be used to AC couple
the output current from the collector ot transistor Ql

to a semiconductor laser. By using an inductor to set
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the DC voltage at the collector of Q1 to be equal to the
supply, adequate headroom 1s achieved. The value of the
inductor LAC is chosen to limit droop during long
consecutive streams of data ones or zeros and the value
of the capacitor CAC is chosen to provide the desired
high pass cutoff frequency. The use of this output
topology allows sufficient headroom for 3V operation.
This topology 1s commonly used in RF applications, and
1t has been previously applied to semiconductor lasers.
Similar AC coupling networks with resistive pull-up have

been previously implemented.

A disadvantage of the circuit of Figure 1 is that
the emitter follower currents Il and I2 must be
approximately equal to the peak base current (caused by
collector to base capacitance) of the output transistors
Ql and Q2. At high data rates and with large modulation
current, Il and I2 can become very large (10's of ma).
Transistors Q3 and Q4 must therefore be large devices
and will also have significant transient base current.
This sets a maximum value for Rl and R2 and can cause
the value of current I3 to be larger than desired. The
value of current I3 multiplied by R1 {(or R2) results in
the peak magnitude of the differential voltage signal
across the bases of transistors Ql and Q2. This signal
must be large enough to fully switch the modulation
current at 1ts maximum value. The required amplitude is

typically 400mV for 60mA of modulation current.

BRIEEF SUMMARY OF THE T TION

A semiconductor laser driver circult that provides
single supply operation over a wide supply voltage range
(e.g., 3V to 5.5V), 1is capable of high speed data

transmission, and 1s programmable over a wide laser
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modulation current range (such as 5mA to 60mA) is
disclosed. The circuit includes temperature sensitive
clrcults to adjust for changes in Vbe over the operating
temperature range, and to adjust a bias current to
mailntaln transistor gm in the presgence of temperature

changes. Alsc included 18 an adaptive drive feature to

accommodate different laser drive currents.
Accordingly, 1in one aspect, the present invention

provides a cilrcuilt for providing a semiconductor laser

drive current comprising: a laser drive circuit having

-
1

first and seccond input lines forming a differential

input for providing the laser drive current when the

voltage on the first line is higher than the voltage on

the second line and for nct providing the laser drive
current when the voltage on the second line is higher
than the voltage on the first line; and an active

differential pull-up/pull-down circuit responsive to

differential signals for actively pulling the voltage on

o

actively pulling the voltage on the second input line o:

D

the laser drive cilrcull down when the laser drive
current 1s to be provided, and pulling the voltage on

the first 1nput line of the laser drive circuit down and

puliing the voltage on the gecond iaput line of the
laser drive cilrcuit up when the laser drive current 1is
not provided.

In a still further aspect, the present invention
relates to an i1mprovement in a semiconductor laser
driver circult, the improvement comprising: first and
second power supp.y connections; first, second, third

and fourth transistors, each having an emitter, a base

and a collectcr; the first and second transistors having
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their emitters coupled together and through a first
current source to the second power supply connection;
the collector of the first transistor being coupled to a
laser diode connection to provide laser drive current
thereto, and the collector of the gecond transistor
being coupled to the first power supply connection; the
emitters of the third and fourth transistors beilng
coupled to the second power supply connection; the
collectors of the third and fcurth transistors belng
coupled to the bases of the first and second
transistors, respectively; the bases of the third and
fourth transistors being coupled to receive a

differential control voltage.

Detaills of these and other features are disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

B i TR P Y VT PRAR P AT A e d s TS b A by

Figure 1 18 a simplified schematic of a typical

prior art integrated bipolar laser driver.

Figure 2 1illustrates AC coupling of the output

current to a semiconducteor laser using an 1lnductor to

set the DC voltage at the ccllector of the laser draive
transistor to be equal to the supply to achlieve adequate

headroom.

Figure 3 1s a circuilt diagram for a first

embodiment of the present invention having a switch

driver with differential active puli-down.

Figure 4 1s a cilrcuit similar to the circuit of

Figure 3 and includes a resistive level shift R3
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controlled by a supply and temperature dependent current

source 17.

Figure 5 1s a circuit similar to the circuit o:

1 1

Figure 4 and includes the addition of a level shifting
input stage that is directly compatible with standard

PECL logic.

Figure 6 1s a circuit similar to the circuit of

Figure 4 and includes additional circuit components to
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implement an adaptive drive feature to accommodate

different laser drive currents.

Figures 7 through 10 present circuits for providing
bias currents with various characteristics for the
circult of Figure 6.

DETAILED DESCRIPTION OF THE INVENTIC

First referring to Figure 3, a first embodiment of
the present invention may be seen. In this embodiment,
the output transistors Q1 and Q2 are driven by two
parallel circuits. One circuit pulls the base of the
conducting output device high, and the other circuit
pulls the base of the non-conducting output device low.
The first circuit, comprised of differential pair Q5 and
Q6, load resistors Rl and R2, emiltter follower
transistors 03 and Q4, and current sources Il and I2, 1s
the identical topology as Figure 1. The emitter of
transistor Q3 or Q4, whichever is higher, pulls up on
the base of the conducting output device. The
additional second circuit is comprised of emitter
followers Q9 and Q10, differential pair Q7 and Q8, and
switched current source I4. (Additionally, current
sources I5 and I6 are required to provide blas currents
for transistors Q9 and Q10.) The collectors of
transistors 07 and Q8 are connected such that the
current I4 is switched to the base of the non-conducting

output device Q1 or Q2, thereby pulling it down.

The first advantage of the circuit of Figure 3,
when compared to the circuit of Figure 1, is improved
high frequency performance with lower power consumption.
To understand the transient behavior of this circuilt,

assume that the differential data input signal 1s being
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switched from a logic zero to a logic one. In other
words, the voltage at the base of transistor Q9 1is
moving higher and the voltage at the base of transistor
010 is moving lower. The voltage at the collector of
transistor 05, which is connected to the base of
transistor Q4, is moving lower because current source I3
is being switched through transistor Q5. Similarly, the
voltage at the connection of the collector of transistor
06 and the base of transistor Q3 is moving higher since
I3 is being switched away from transistor Q6. The
transient voltages at the emitters of transistors Q3 and
04 are moving in the same direction as the voltages at
the bases. Thus, the voltage at the emitter of
transistor 03 (base of transistor Ql) is rising, and the
voltage at the emitter of transistor Q4 (base of
transistor Q2) is falling. Because of stored base
charge and junction capacitance, this differential
voltage transient across the bases of large switching
transistors 01 and Q2 results in a surge of current into
the base of transistor Q1 and a surge of current out of
the base of transistor Q2. Emitter follower transistor
O3 can supply the current surge 1nto the base of
transistor Ol, but the current surge out of the base of
transistor Q02 must be supplied by elither current source
T2 or the collector of transistor Q8. Remembering that
rhe base of emitter follower transistor Q9 is moving
higher and the base of emitter follower transistor Q10
is moving lower, the respective emitters will be moving
in the same manner. Because of the circuit connections,
the base of transistor Q8 is moving higher, and the base
of transistor 07 is moving lower. This action switches
current source I4 through transistor Q8 (and away from
transistor Q7) at the moment that it 1s most needed to
supply the current surge coming Irom the base of
transistor 02. The end result is very fast switching of

rhe modulation current Imod from transistor 02 to
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transistor Q1. The output current from the collector of
transistor Q1 flows through the coupling capacitor CAC
and i1ncreases the laser current, signifying a transition
from a logic zero to a logic one.

Because the dynamic nature of this circuit supplies
transient current to the bases of transistors Q1 and Q2,
constant current sources Il and I2 can be significantly
reduced, down to the small value required to prevent
emitter followers Q3 and Q4 from turning off.
Simulations have shown superior output transient current
edge speeds when the total of current sources Il, I2 and

I4 1s less than half of the total current through Il and
I2 1n Figure 1.

Other advantages of the circuit in Figure 3 are:

1. The propagation delay of the pull-up signal
path consisting of differential pair Q5 and Q6 and
emitter followers Q3 and Q4 is similar to the

- propagation delay of the pull-down signal path
consisting of emitter followers Q9 and Q10 and
differential pailr Q7 and Q08. This delay match results
in improved output current edge speed when compared to

other active pull-down circuits.

2. Because of the switching action of transistors
Q7 and Q8, the peak currents in the collectors and 1in
the bases of emitter followers Q3 and Q4 are reduced.
The reduced collector currents allows the use of smaller
devices than Q3 and Q4 in Figure 1, decreasing
capacitive loading on sensitive high frequency nodes.
The smaller transient base currents allow the use of
larger values for R1 and R2, which in turn reduces the

required value of I3, saving more power.
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3. Because the value of I3 is also related to the
current required in level shifting circuitry to be
described below, the topology of Figure 3 also results

in reduced power (and device size) in the preceding
stage.

It is desirable for the bias voltages at the
coupled emitters of transistors Q1 and Q2 to be
maintained at a constant voltage of about 1V. This
value of 1V, which results in a voltage of about 1.8V at
the bases of transistors Q1 and Q2, allows sufficient
headroom for the AC coupled topology of Figure 2 when
using a 3V supply, and allows the DC coupled topology of
Figure 1 for moderate modulation currents when using a
5V nominal supply. Use of the DC coupled topology 1s
desired when possible to eliminate the need for the

inductive AC coupling network.

Figure 4 shows a circuit topology with a resistive
lJevel shift R3 controlled by a supply and temperature
dependent current source I7. A capacitor can be
sncluded across resistor R3 to minimize transient
voltage variation at the connection of resistors R1l, R2Z,

R3 and current source 17.

The voltage across R3 is simply the value of
resistor R3 multiplied by the sum of the currents I3 and

I7. The optimum value of the current I7 is given by:

Vee = (I3 + I7)R3 + 2Vbe + 1V, oOr
- \V

17 = Vcc — 2Vbe (}___ N 13) (1)
R 3 R3

where: VCC is the supply voltage, Vbe is the base
to emitter voltage of a bipolar device on the
process being used to implement the circuit,

specifically the combination of devices Q3 and
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Ql, and devices Q4 and Q2, and the 1V is the
headroom for Imod.

It has been determined that it i1s advantageous to
compensate for the base to emitter variation of the
switching transistors Q1 and Q2 by setting the Vbe
multiplier in the above equation to 2, as 1n equation
(1). This extra temperature compensation (compared to
only 1Vbe compensating for transistors Q3 and Q4) gives
the maximum possible collector to base voltage on output

transistors Q1 and Q2, and results in optimum high
frequency performance.

A current source circuilt resulting 1n the desired

temperature and supply dependence of the current 1in

accordance with equation (1) is presented in Figure 7.

In this circuit, neglecting base currents:

VCC = Igrg * R8 + 2Vbe (the Vbes of Q16 and Ql17)

Iois = Irg - Il6

Substituting for Irg, the foregoing equation can be
rewritten as:

Vcec -~ 2Vbe
lois = T - I16 (2)

with the current Ip)s in transistor Q15 being mirrored to

transistor Q17 to provide current I7 (or I8 or I9).
Equation (2) can now be made identical to equation (1)

with proper component value selection.

Because of the addition of the resistive level
shift in Figure 4, the voltage at the collectors of
transistors Q5 and Q6 remains at a nearly constant value
with respect to ground at a given temperature regardless
of supply voltage. Therefore, the stage that drives the

circuit of Figure 4 must also include a level shift to
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prevent transistors Q5 and Q6 from saturating over the
supply voltage range. Figure 5 shows a circuit
containing the circuit of Figure 4 and the addition of a

level shifting input stage that is directly compatible
with standard PECL logic.

The circuit of Figure 5 contains input gain stage
transistors Q13 and Q14 with current source Il2 and load
resistors R4 and R5. This stage is buffered by emitter
followers Q11 and Q12 with bias current sources I10 and
I1l. The level shift is provided by current sources IS8
and I9 through load resistors R6 and R7. Speed-up
capacitors Cl and C2 are included to compensate for
device and metal interconnect capacitance. Note that I4
has been replaced with a resistor because the additional
voltage drop caused by transistors Qll and Q12 reduces
the headroom on I4 to a value lower than that required
by a transistor current source. The current through I4
1s set by the voltage at the emitters of transistors Q7
and Q8, which 1s related to the base to emitter voltages
of switch transistors Q7 and Q8, emitter followers Q9
through Q12, and the level shift voltage across
resistors R6 and R7. For optimum high frequency
response, 1t 1s desired for the current of I4 to
increase with temperature. This increasing current
compensates for the decreasing transconductance (gm) of
transistors Q1 through Q4 and Q7 and Q08 in the final
stage, resulting 1n nearly constant output current rise
time over temperature. If the average voltage at the
bases of transistors Q7 and 08 is held at the silicon
bandgap voltage (1.2V) regardless of power supply or
temperature, a commonly used analog design technique,
the resulting current through the resistor providing the
current I4 will be proportional to absolute temperature
(PTAT). Since 1t 1s desired to maintain the average
voltage at the bases of transistors Q7 and Q8 to 1.2V
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(neglecting signal voltage swings), the required level
shift currents are given by equation (3):

Vee — 1.2V — 2Vbe
I8 = —— -2 ¥ — £7FF (3)
R6

where again: Vcc 1s the supply voltage, Vbe is the
base to emitter voltage of a bipolar device on
the process being used to implement the
circuilt, this time the combination of devices
09 and Ql1l1, and the 1.2V 1is the silicon
bandgap voltage (transistor Q8 in the specific

path being considered).

Assuming balanced differential operation, R7 1is
equal to R6 and I9 1s i1dentical to I8. Since this
equation 1s of the same general form as egquation (1),
the circuit of Figure 7 will work for either case
(current source I7, and current sources I8 and I%9) with

the appropriate choice of component values.

A major problem associated with the design of high
speed semiconductor laser driver circuilts is satisfying
the need for a wide range of modulation current.
Emerging laser technologies are achieving greater
efficiencies resulting in smaller regquired modulation
currents. However, existing devices require modulation
currents of 60mA or more. Because of the major
investment required to develop production quality analog
integrated circuits, it is highly desirable to provide a
wide range of modulation current (5mA to 60mA) with a
single integrated circuit. Unfortunately, 1t 1s
difficult to provide such a wide current range with good
high frequency signal response. The output device size
must be large enough to reliably conduct the largest
required modulation current. Large devices obviously

will have higher junction and metal interconnect
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capacitance. The signal swing across the bases of the
output transistors Q1 and Q2 must also be large enough
to fully switch the output devices with the maximum
modulation current. As mentioned above, this drive
signal swing is on the order of about 400mV per side
with 60mA of laser modulation current. If the
modulation current 1i1s reduced by an order of magnitude
without adjusting the switch transistor drive
characteristics, excessive overshoot and ringing results
on the output current waveform. These aberrations are a
result of direct current injection through the collector
to base capacitance of transistors Q1 and Q2 and
indirect current injection caused by the capacitance of
current source Imod. This second effect i1s caused by
transient common mode voltage swings at the coupled
emitter of transistors Q1 and Q2. It 1s therefore
desirable to reduce the drive signal across the bases ot
transistors Q1 and Q2 when small modulation currents are
being switched. This effect is reported in the paper by
Rein et al., herein before referred to, after using an
analog computer to optimize several current sources.

The method in which an adaptive driver is implemented in

this invention, however, 1s unique.

The circuit of Figure 6 includes additional circuit
components to implement the adaptive drive feature
discussed above. First, it is desirable to reduce the
voltage swing across the base of transistors Q1 and Q2
when using small modulation current. This can be
accomplished by reducing the value of current source 13,
as indicated by the variable current source I3 1in Figure
6. In order to preserve the level shift voltage across
R3, an additional current source I15 must be introduced
to counteract the DC effect of I3 across R3. 1In other
words, I3 is reduced at low modulation current to reduce

the signal amplitude across the collectors of
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transistors Q5 and Q6, and Il5 is increased at low
modulation currents to maintain the proper DC level

shift across R3 in spite of the reduction in the current
I3.

In addition to reducing the signal voltage across
output transistors Ql and Q2 at low modulation currents,
1t 1s advantageous to reduce the switched pull-down
current available at the collectors of transistors Q7
and Q8. Because of the resistive current source I4,
this adjustment must be accomplished indirectly. The
additional current sources I13 and I14 in Figure 6 have
been included to accomplish the adjustment of the
current source I4. By increasing the currents through
I13 and Il14 at low modulation currents, the common mode
voltage at the bases of emitter followers Qll and Q12 is
reduced. This change of common mode voltage is
transferred by emitter followers Ql1 and Q1l2, level
shift resistors R6, R7, and emitter followers Q9 and Q10
to the bases of transistors Q7 and Q8. The lower common
mode voltage at the bases of transistors Q7 and 08 in
turn results i1n a lower voltage at the coupled emitters
of transistors Q7 and 08, which reduces the current
through I4, as desired. In summary, currents I13 and
I14 must increase at lower modulation current values to

reduce the drive current switched by transistors Q7 and

Q8.

Other methods could be used to attain the desired
adjustment. For example, a current variation could be
implemented as part of current sources I8 and 19, or I4
could be directly adjusted i1f the specific regquirements
allowed a transistor current source for I4. The method
described above 1s preferred to minimize current source
complexity because of the available headroom at the

collectors of transistors Q13 and Ql14.
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Circuits to provide the required dependent current
sources mentioned have been designed using common analog
circult design practices. Figure 7 provides the desired
supply and temperature dependence of eguations (1),

(2) and (3). The relative emitter area of transistors
015 and Q17 and other component values can be adjusted

to achieve DC current galn to minimize bilas current

power dissipation.

The circuit of Figure 8 i1s used to generate a
differential voltage that is proportional to modulation
current for use in the circuits of Figure 9 and Figure
10. The voltage at node DriveH 1s VCC - I18 * R10 - Vbe
and the voltage at DriveL 1s VCC - (Imod/X) * R9 - Vbe.
The differential voltage DriveH - Drivel 1s Imod/X * R9
- (I18 * R10), which is proportional to the modulation
current Imod if X is a constant. The current source

Tmod/X can be easily implemented as a current mirror

addition to transistor current source Imod.

Figure 9 is used to derive the level shift currents
I13 and Il4. By including degeneration resistors Rll
and R12 in the emitters of differential amplifier
transistors 020 and Q21, the current through transistor
021 is inversely proportional to the differential
"Drive" signal as desired. The current through
transistor Q21 is equal to current source I19 at low
modulation currents and zero at high modulation currents
if the values of resistors R11l and R12 are selected
properly. By way of example, 1f resistors R11l and R12
are equal, and DriveH exceeds Drivel by at least I19 *
R11l, then all of the current I19 will flow through
transistor 020. Since DriveH - DriveL = Imod/X * R39 -
(I18 * R10), this will occur when Imod/X * R9 - (Il8 *
R10) > T19 * R11l, or Imod = (X/R9) ((I19 * R1l1l) - (Il18 *
R10)). When Imod is low, then DriveH - Drivel = Imod/X
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* R9 - (I18 * R10) will approach - (I18 * R10), or
DriveLL will exceed DriveH by approximately (I18 * R10).
Now 1f (I18 * R10) = I19 * R1ll, essentially all of the
current I19 will flow through transistor Q20, as

previously stated.

Similarly, Figure 10 is used to generate the
desired variation of current sources I3 and Il15. The
current through transistor Q22 increases with Imod and
the current through transistor Q23 decreases with Imod
because of the nature of the differential "Drive"
signal. Because of the limited headroom in Figure 6,
current mirror transistors Q24 through Q31 are included
to transfer the currents 1n transistors Q22 and Q23 to
the collectors of transistors Q29 and Q31, respectively.
The result i1s that the collector current of transistor
Q29 1s approximately proportional to Imod, and I15 at
the collector of transistor Q31 is approximately
inversely proportional to Imod, as desired. By properly
choosing the values R13 and R14, the currents in the
collectors of transistors 029 and Q31 will vary between
zero and the value of current source I20 over the full
modulation current range. Constant current source I21
is included to set the minimum voltage swing across the

collectors of transistors Q5 and Q6 in Figure 6.

Several modifications to the circuit of Figure 6
can be implemented without changing the spirit of the

invention. These include:

1. Additional emitter followers can be added to
buffer the PECL inputs.

2. If DC coupled operation at a 5V nominal supply
1s not required, the level shifting circuitry of Figures
4 through 6 could be deleted. In this case, current
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source I4 could be a transistor current source and

varied directly for adaptive drive.

3. Additional adaptive drive can be accomplished
by directly varying current sources Il and I2. However,
since the topology allows for significant reduction in
the value of these current sources, this is a minor

improvement.

There has been described herein a new and unique
semiconductor laser driver circuit that provides single
supply operation over a wide supply voltage range, such
as 3V to 5.5V, is capable of high speed data
transmission, and is programmable over a wide laser
modulation current range, such as SmA to 60mA. While
certain preferred embodiments have been described
herein, it will be recognized by those skilled in the
art that various changes in form and detail may be made

therein without departing from the spirit and scope of

the 1nvention.
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The embodiments of the 1nvention i1in which an

exclusive property or priviiege i35 claimed are defiined

as follows:

1. A circuis for providlng & semiconductor laser
drive current comprising:

a laser drive circulit haviag firs:t and second i1nput

es forming a differential input Icr providing tne

‘ager Grive current wnen ohe voltags on the first line

-5 nigher than tne voltage on the s=acond lLine anc :LorT

net providing the laser drive current wnen tne voltage

on the second line 1s nigner =—han tne voltage cn tnhe

first line; and,
an ac-ive differential pull-up/pull-down circult

responsive to diffe

tne volrage on tne I

i—msir uo and actively pulling the wvoltage on the

coraond inout line of the laser drive CLroull Cown Wiher

rhe laser drive curren: 13 to pe provided, and pulllng

cilyreuis deown and sulling nhe woltage on the second Lnput

line of the laser drive clircuit up whern thne laser drive

current 18 not Lo pe proviaed.

-

2. The laser drive cirrculrt of ciam 1 further

N
1

5
H
'...l
®
o}

of first and second current sources coupied Lo

3. The laser drive cilrcuit of claim 1 wnereirn the

~i

> . . i \ " - " —y oy y
lacer drive circulc is an AC coupled circult wlin

induc+tive pull-up.

RTTR ,:_:||.||p.'.-:-.:'|f,',{ip:,||,u,';i||};;~;§-.|'|-|u|:'n:1;-.-5.: X FPRST TS IRER
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4 . Tne laser arive circurit of clam 3 fTurther

comprised of a £irst lave. shifc circulrc coupled to the
active differential pull-up/pull-down circult to grovide
the differential signals thercstec 2o allow operation of

the laser crive circulr with a range of power supply

voltages,

ser drive cirreult of claim 3 further

ond level snift cilrcult coupled o the

-

1al pull-up/oull-down clLrcult Lo pravice
A als tnereto naving &4 ditftferent commen
ge than differentia. 1lnput signals provided to

. I~ LY H av T
’ . Y 1 L ' n o
~ad lewvel shifr ocLirmoui

5 . In a semiconductor liaser driver circuit, the
Lmprovement COMRI1SLNG:
Zirst and secona power supply connections;

Firsht. secord, Yhird ang fourtr transistors., each

- ) S - " . e .‘1 \ « b L]
Daving an emltier, a Zase and & CoLlecLor

C
emitters coupled Togeiner and -hrcugn a IL.lrst current
source to the secosnd power supoly connection;

the collector of the first transister belng coupled
to a laser cicde connection te providae laser crive
current thereto, and the ccl.lecto
translstor pelng couplied to the tirst power supply
connection;

the enrltiers of rthne trhirc and urth cransistors

fou

being counled Lo the seccond power sSUpplLyY connectlion;
che ccllectors of the third and fourth Transistors

being coupied o <he nases of the fi1rst and gecond

transistors, respectively;

the bases of the third and fourth transistors being

coupled To recelve & oifierential contrcl voltage.

Mas e eeebaae JRPTST RRPOTS S 1 JETTTT S PORTOR DN THERICRY B R RTT M Sl e b e Em e MWW
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7. The 1mprovement of claim 6 further comprised

of an input circuit coupled to the bases of the first,
second, third and fourth transistors to provide first
and second control signals complimentary to third and
fourth control signals, the firxrst, second, third and
fourth control signals being responsive to a
differential input signal, the first and second control
signals being coupled to the bases of the first and
fourth transistors., respectively, and the third and
fourth control signals being coupled to the bases of the

second and third transistors, respectively.

8. The i1improvement of claim 6 wherein the
emitters of the third and fourth transistors are coupled
Lo the second power supply connection through a second

current source.

9. The improvement of claim 6 further comprised
of:

fifth and sixth transistors, each having an
emitter, a base and a collector;

the collectors of the fifth and sixth transistors
being coupled to the first power supply connection, the
emitters of the fifth and sixth transistors being
coupled to the collectors of the third and fourth
transistors, respectively, and to the bases of first
and second transistors, respectively; and,

an lnput circuit coupled to the bases of the third.
fourth, fifth and sixth transistors to provide first and
second control signals complimentary to third and fourth
control signals, the first, second, third and fourth
control signals being responsive to a differential input
signal, the first and second control signals being
coupled to the bases of the fourth and fifth
transistors, respectively, and the third and fourth

AMENDED SHEET (ARTICLE 19)
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control signals being coupled to the bases of the third
and sixth transistors, respectively.

10. The improvement of claim 9 further comprised
of second and third current sources coupled to the
emitters of the fifth and sixth transistors.

respaectively.

11. The improvement of claim 9 further comprising
a bilasing circuit maintaining the voltage of the

emitters of the first and second transistors relative to
the voltage of the second power supply connection

substantially independent of temperature variations.

12. The i1mprovement of claim 11 wherein the

emitters of the third and fourth transistors are coupled

to the second power supply connection through a second
current source.

13. The improvement of claim 6 further comprising

fifth, sixth, seventh and eighth transistors, each
having an emitter, a base and a collector;

the emitters of the third and fourth transistors
being coupled to the second power supply connection

through a second current source:

the collectors of the fifth and sixth transistors

being coupled to the first power supply connection, the
emitters of the fifth and sixth transistors being

coupled to the collectors of the third and fourth

transistors, respectively, and to the bases of first

and second transistors, respectively;

the emitters of the seventh and eighth transistors

being coupled together and through a third current
source to the second power supply terminal:

AMENDED SHEET (ARTICLE 19)
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the collectors of the seventh and eighth
transisctors being coupled % the bases of the fifth and
sixth transistors, respectively, and through first and
second resistors to a common node, the common node being
coupled to the first power supply connection through a
thixrd resistor

a fourth current source coupled between the common
node and the second power supply connection: and,

an lnput circuit coupled to the bases of the third.
fourth, seventh and eighth transistors to provide first
and second complimentary control signals, the first and
second control signals being responsive to a
differential input signal, the first control signal
being coupled to the bases of the fourth and eighth
transistors, respectively, and the second control gsignal
being coupled to the bases of the third and geventh
transistors, respectively. |

14. The improvement of claim 13 wherein the second

current source 18 a fourth resistor.

15. The improvement of claim 14 wherein the input
clrcuit comprises a circuit for maintaining the average
voltage cf the bases of the third and fourth transistors
substantially at the bandgap voltage of the transistors
relative to the voltage of the second power supply

connection.

16. The improvement of claim 15 further comprising
a biasing circuit maintaining the voltage of the
emitters of the first and second transistors relative to
the voltage of the second power supply connection
substantially independent of temperature variations.

AMENDED SHEET (ARTICLE 19)
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17. The improvement of claim 13 further
comprising:

ninth and tenth transistors, each having an
emlitter, a base and a collector:
fifth and sixth current sources:

the 1nput circuit being coupled to the bases of the
ninth and tenth transistors;

the ninth and tenth transistors having their
collectors coupled to the first power supply connection
and their emitters coupled to the bases of the fourth
and the third transistors, respectively, and through the
fifth and sixth current sources, respectively to the

second power supply connection.

18. The improvement of claim 17 wherein the input

clrcuit comprises
eleventh, twelfth, thirteenth and fourteenth

transistore, each having an emitter, a base and a
collector;

fourth, fifth, sixth and seventh resistors; and,

seventh, eighth, ninth, tenth, eleventh, twelfth
and thirteenth current sources:

the eleventh and twelfth transistors having their
emitters coupled together and through the seventh
current source to the second power supply connection,
their bases coupled to form differential inputs to the
differential laser driver circuit, and their collectors
coupled to the bages of the thirteenth and fourteenth
transistors, respectively, to the second power supply
connection through the eighth and ninth current sources,
respectively, and through the fourth and fifth resistors
respectively to the first power supply connection:

the thirteenth and fourteenth transistors having
their collectors coupled to the first power supply
connection, and their emitters coupled to the second

AMENDED SHEET (ARTICLE 19)
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power supply connection through the tenth and the
eleventh current sources, and to the bases of the tenth
and the ninth transistors, respectively, through the
sixth and the seventh resistors, respectively;

the bases of the ninth and tenth transistors being
coupled to the second power supply connection through
the twelfth and thirteenth current sources,

respectively.

19. The improvement of claim 18 wherein the second

current source 1S a eighth resistor.

20. The improvement of claim 19 wherein the
twelfth and thirteenth current socurces have a
temperature dependence maintaining the average voltage
of the bases of the third and fourth transistors
substantially at the bandgap voltage of the transistors
relative to the voltage of the second power supply

connection.

21. The improvement of claim 20 wherein the thirad
and fourth current sources have a temperature dependence
maintaining the voltage of the emitters of the first and
second transgistors relative to the voltage of the second

power supply connection substantially independent of

temperature variations.

22. The improvement of claim 19 wherein some of
the current sources are variable to reduce the voltage
swing on the bases of the first and second transistors
and to reduce the common mode voltage on the bases of

the third and fourth transistors.

AMENDED SHEET (ARTICLE 19)
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