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(57) Abrége/Abstract:

The Invention relates to a driver circuitry suitable for controlling an operation of a laser or an optical modulator and providing
extended dynamic range of the output power and enhanced quality of the output signal. It comprises a power control unit, a pre-
driver stage and an output stage. The pre-driver stage and the output stage include differential amplifiers, the output stage
amplifier preferably having a cascode configuration. The pre-driver stage provides a preliminary amplification of an input signal
which Is recelved and further amplified by the output stage. The power control unit operates in response to a reference signal,
e.g. variable DC voltage or a feedback signal, and generates two control signals which control operating points of the pre-driver
and the output stage in such a manner that higher output power of the driver corresponds to the higher output signal from the pre-
driver stage. Conveniently, both the pre-driver stage and the output stage may be controlled by the same control signal.
Depending on the product requirements, the driver circuit can be monolithically integrated with a device to be driven by the
circuit.
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ABSTRACT OF THE DISCLOSURE
The invention relates to a driver circuitry suitable for controlling
an operation of a laser or an optical modulator and providing extended
5 dynamic range of the output power and enhanced quality of the
output signal. It comprises a power control unit, a pre-driver stage
and an output stage. The pre-driver stage and the output stage
include ditferential amplifiers, the output stage amplifier preferably
having a cascode configuration. The pre-driver stage provides a
10 preliminary amplification of an input signal which is received and
turther amplified by the output stage. The power control unit operates
in response to a reference signal, e.g. variable DC voltage or a
feedback signal, and generates two control signals which cbntrol
operating points of the pre-driver and the output stage in such a
15 manner that higher output power of the driver corresponds to the
higher output signal from the pre-driver stage. Conveniently, both the
pre-driver stage and the output stage may be controlled by the same
control signal. Depending on the product requirements, the driver

circuit can be monolithically integrated with a device to be driven by

20  the circuit.
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HIGH SPEED VARIABLE OUTPUT POWER DRIVER

FIELD OF THE INVENTION

The invention relates to a driver circuitry, and in particular, to
the driver circuitry which provides high speed variable output power

and high performance operation within a wide dynamic range.

BACKGROUND OF THE INVENTION

Output power drivers have found numerous applications in
telecommunications, microelectronics and other hi-technology
industries. In fiber optics industry, for example, such drivers are
widely used for direct modulation of lasers and optical modulators.
Driver circuits designed for fiber optics applications must satisfy
certain requirements, including operability in a controlled impedance
environment, capability to deliver variable output power and provide a
pre-determined output waveform within a wide dynamic range of
power. Moreover, high level of circuit integration and demand for high
speed operation impose an additional requirement for the driver
circuitry to operate at a low voltage supply while maintaining other
characteristics of the circuitry.

Unfortunately, existing laser driver circuits provide an optimum
performance over a narrow range of the output power which doesn't
guarantee sufficient quality of an optical eye output and requires high
voltage supply to maintain the quality of the waveform at the required
level. As avresult, existing circuit designs are not compatible with high
level of integration, high speed and low power requirements.

‘Accordingly, there is a need to develop a driver circuitry which
would provide a high performance operation over a wide dynamic

range of the output power.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a driver

circuitry which would avoid the afore-mentioned problems.
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According to one aspect of the invention there is provided a
driver circuit, comprising an output stage having a first differential
amplifier whose operating point is controlled by a first control signal.
Preterably, the differential amplifier is a cascode amplifier. The circuit
may further comprise a pre-driver stage having a second differential
amplifier, the pre-driver stage being responsive to an input signal and
generating an output pre-driver signal to be received by the output
stage of the driver. Preferably, the operating point of the second
differential amplifier is controlled by a second control signal. It is
arranged that the operating points of the first and second differential
amplifiers are controlled in such a manner that higher output power
of the driver corresponds to the higher output pre-driver signal.
Conveniently, the first and second control signals are generated by the
same control unit. If required, it may be arranged that generated the
signals are identical. The control unit is operating in response to a
reference signal, e.g. variable DC voltage or a feedback signal supplied
from the output of the driver. Alternatively, the feedback signal may
be supplied trom the output of the device being controlled by the
driver circuit, e.g. from the output of a laser or an optical modulator.
Beneficially, the driver circuit is monolithically integrated with a
device to be driven by the circuit.

According to another aspect of the invention there is provided a
drivér circuit, comprising a pre-driver stage having a differential
amplifier whose operating point is controlled in such a manner that
higher oufput power of the driver corresponds to the higher output
signal from the pre-driver.

'According to another aspect of the invention there is provided a
pre-driver stage for a driver circuit, the pre-driver stage providing a
preliminary amplification of an input signal and comprising a
differential amplifier whose operating point is controlled in such a
manner that higher output power of the driver corresponds to the

higher output signal from the pre-driver.
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According to one more aspect of the invention there is provided
a driver circuit, comprising:

a power control unit;

a pre-driver stage and an output stage;

the power control unit being responsive to a reference signal
and generating tirst and second control signals;

the pre-driver stage comprising a second differential amplifier
and being responsive to an input signal and the second control signal
and generating an output pre-driver signal, the output pre-driver
signal being a preliminary amplified input signal;

the output stage comprising a first differential amplifier and
being responsive to the output pre-driver signal and the first control
signal and generating the output driver signal,;

the first and second control signals controlling operating points
of the first and second differential amplifiers respectively.

Control of the operating points of the first and second
differential amplifiers is provided in such a manner that higher output
power of the driver corresponds to the higher output pre-driver signal.

According to yet another aspect of the invention there is
provided a method of operating a driver circuit, the circuit comprising
an output stage having a first differential amplifier and a pre-driver
stage having a second difterential amplifier, the pre-driver being
respbnsive to an input signal and generating an output pre-driver
signal to be received by the output stage,

the method comprising controlling of operating points of the
output stage and the pre-driver stage in such a manner that higher
output power of the driver corresponds to the higher output signal
from the pre-driver.

Additionally, the method may comprise the step of controlling
operating points of the output stage and the pre-driver stage by first

and second control signals, the signals being identical.
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The proposed architecture of the driver circuit provides an
extended dynamic range of the output power of the driver and

improved wavetorm quality of the output signal.

BRIEF DESCRIPTION OF THE DRAWINGS

One embodiment of the invention will now be described, by way
of example, with reference to the accompanying drawings in which:

FIGURE 1 is a block diagram of the driver circuit according to
an embodiment of the invention;

FIGURE 2 illustrates a schematic of the output stage of the
driver circuit of FIGURE 1;

FIGURE 3 illustrates a schematic of the pre-driver stage of the
driver circuit of FIGURE 1; and

FIGURE 4 illustrates a schematic of the power control unit of
the driver circuit of FIGURE 1.

DETAILED DESCRIPTION OF THE EMBODIMENTS

A driver circuit 10 according to the embodiment of the invention
is shown in Figure 1. It comprises a power control unit 12, a pre-
driver stage 14 and an output stage 16 designed so as to provide
control of operation of a semiconductor laser device. The control unit
12 is .operable in response to a reference signal 18, the reference
signal being a variable DC voltage or a feedback signal, and generating
first and second control signals 20 and 22 respectively. The output
stage 16 and the pre-driver stage 14 include first and second
differential amplifiers, the output stage amplifier having a cascode
switch configuration shown in Figure 2. The pre-driver stage 14 is
responsive to an input signal 24 and the second control signal 22 and
generates an output pre-driver signal 26, the output pre-driver signal
26 being a preliminary amplified input signal 24. The first and second
control signals 20 and 22 generated by the control unit 12 control
operating points of the first and second differential amplifiers of the

output stage 16 and pre-driver 14 respectively in such a manner that
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higher output power of the driver corresponds to the higher output
signal from the pre-driver stage as will be described in detail below.
Conveniently, as illustrated in Figure 1, both the pre-driver stage 14
and the output stage 16 are controlled by the same control signal
‘'vesv' (variable current source voltage). The pre-driver 14 and the
cascode switch 16 are fully differential to minimize noise generation.
The main power supply is connected between "vp" (positive) and “vn”
(negative) voltages. Depending on the m.aximum output power
requirements the cascode switch may have a separate power supply

(vpo, vn). The input signal 24 has non-inverting and inverting

components labeled as "in" and "inb" respectively, with the output pre-

driver signal having corresponding non-inverting and inverting'

components labeled as “sw” and "swb”. Accordingly, the cascode
switch 16 provides two outputs, “out “(non-inverted) and “outb”
(inverted) to be used for different applications. The two outputs are 50
Ohm on chip terminated to provide the source impedance. The
outputs are AC coupled to 50 Ohm loads. The required relationship
between the output voltage peak to peak swing and the input control

voltage is assumed to be linear., i.e.

LiE, P

The output power control is implemented by adjusting operating
points of the pre-driver 14 and the cascode switch 16. A detailed
description of the structure and operation of the driver circuit 10 is
given below.

Output stage (Cascode Switch)

The cascode switch 16 comprises a first differential amplifier
including a main switch formed by transistors Q1 and Q2, and
cascode stage formed by transistors Q3 and Q4 as shown in Figure 2.
The collectors of the cascode transistors are connected to the output
“out” and “outb” respectively. The two source resistors Rcl and Rc2
are assumed to have 502 nominal values. The base of the cascode

devices are connected to a common bias designated as “casc”.
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The collectors of the transistors, forming the main switch and
being designated as “col” and “colb”, are connected to the two emitters

of the cascode transistors. The inputs to the main switch are

designated as “sw” and “swb” as mentioned above.

The switch current is assumed to be controlled by a current
source formed by transistor Q5 and resistor Rt. By varying the base
voltage of the current source (vcsv), the operating current is adjusted

to the desired value (Isw). A simplified relationship between the output

voltage on a 50Q2 load and the switch current can be written neglecting

the base current in the main switch and the cascode transistors,

accounting for the base current in the power control unit 12.

R
Vour.pp = 2021y R+ 350Q ()

where R, = R, = R,

i

The cascode collector current can be written as a sum of a

continuous current and a variable current

/ R 5 :
'](fc?f. = = + (3 )

N W, pp

and the current flowing through the collector resistors Rcl and Rc2

{

KW

IR*, - T + (].nr - l.s'-w ' M)pp (4)

In order to simplify the analysis, we assume that collector resistor and

the collector current becomes

W AW -

I = 5 +—5pp (5)

The cascode collector voltage has a maximum value when the

corresponding transistor in the main switch is "off', and a minimum

value when the transistor is "on".

The cascode bias voltage Vcasc is controlled by the resistor

Rcasc and the sum of two currents, namely by If which is a constant
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current, and by Isw/p which is a variable current, or scaled down

switch current

{

= vpo - R . “:l“ (6)

‘j

col, max

5 When the cascode device is "off", the collector base voltage is

7
’ — vty . 3 7 '
v cg = VPO R{’” ' 4 -} NIATS (7)

When the cascode device is "on", the cascode collector voltage has the

minimum value and the collector emitter voltage can be expressed as

*

o "0d

7 . ’ - .) ’ | ’ e
"c’m} piin VPO [‘{’ 1._5*11.’ (8}
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The equations (6) to (9) can be used to calculate power supply

value needed for a given maximum output voltage and to evaluate the

breakdown and saturation conditions.

Assuming that a condition V_ >V, is used as a saturation limit
15 for maximum output power for all devices forming the cascode switch,

i.e. cascode stage, main switch and current source, we can write

3
vpo-vn2 R ---J +3-V

1 +R, -1

(1)

b e NW. X

Correspondingly, the voltage drop across R__ at maximum output

CascC

power becomes

[

/ — M AW, mAX 51
‘ Reasce,max ™ R(:as'v [I t + 7 (1)
20 ‘

In order to avoid cascode saturation at the maximum output power,

the collector voltage must be higher or equal to the base voltage

- | N, I |
R(fm'{" . (’J’ + T) < R(“ . 3» ‘ ].sw. niax | (12)
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A similar condition can be derived for protecting the main switch
against saturation at the maximum output power. The maximum
input voltage on the switch input (V_,__ ) must satisfy the condition

given by the following equation

V Svpo—-R

Y, Hayxy

. f ' § ' 7 5
NG { ]f + ']Ji'w,, nm.r.) o ‘ b p “3)

In order to avoid saturation in the switch current source (Q5, Rt), the
maximum input voltage on the switch input at the maximum power

must satisfy an additional requirement below:

R A T V0 SV man Svpo-R. (1 rt i max) = Ve - (14)
The conditions given by equations (12) and (14) allow to design the
cascode switch so that the saturation is avoided at the maximum
output power and control of the operating point of the cascode switch
is provided.
An additional set of conditions can be defined to avoid breakdown
at the minimum output power when the tail current has the minimum

value I In order to optimize the design, we can divide the voltage

sw.min"’

equally across the three devices (cascode stage, switch and current

source)

. 1 C 3
! = YV o o - 2T cem v - oo LF o ' ) A S 7 " |
v ve, cascode v CE, AWIHTCH ‘ e (> 3 (l A ") R(‘.' I;s‘u--‘, MK 4 {R!’ lﬁt‘, min )) ( 15)

The resulting conditions for the cascode bias voltage and the

switch input voltage are given in the following equations

I I
swoann ) g . 1 1 ‘ L .. | ST, <
RC‘HS’Z' ._ (!f + P )m R() 13‘&%-} min g + 3 (( VPO VR ) - (Rf ‘ ,:i."w,. it )) - } he (16)
l SW, = V{)(J o 3 . (1’[)(} =¥ ”) - (Rt ' I..s’w. min Z) o (Rf ' ]s"u.‘, min)) + 1 he ( 17)

This equation can be rewritten

v:ﬁt-', in = (VPO — (2 . (_l?p() -~ ‘l-’n)) + (Rt . ISW, ain 3) +-

by »

2 2 LY g
(R, 15&9’, min) TV pe

W b

B 1 LM o L AR LS 1 M P R LTS PRI R RN, L EMATINEIT F 0 W DA PTG (RN M (111 AR PO 16 MG U 3 MRt RS ot Rp (3G st 036 R 4= R

(18)
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The equation (15) allows to select the technology for a given
application, while equations (16) and (18) are used to design the
cascode switch to satisfy the breakdown conditions at the minimum
output power. The same set of equations can be used to define the
operating conditions of the cascode stage and the main switch over
the dynamic range of the output power. The circuit topology described
above has a capability to adaptively adjust the operating conditions as
a function of the output power.

Pre-driver stage

The pre-driver stage performs two functions. It isolates the other
circuits from the cascode switch and provides power amplification.
Additionally, it provides an optimum output signal (“sw”,”swb”) for the
cascode switch depending on the required output power in accordance
with equations (14) and (18).

The pre-driver stage 14 shown in Figure 3 comprises a second
differential amplifier including a differential pair Q10 and @11 having

collector resistors R, and R ,. The tail current is provided by two

b
current sources Q8 (variable current) and Q9 (constant current). The
outputs are taken from the collectors ("'sw" and "swb") as shown in
Figure 3.

The pre-driver high output voltage is controlled by a common
mode resistor Rcom, the pre-driver current and a sum of two currents
provided by two current sources Q13 (constant current) and Q12

(variable current).
,_ [ o
% - R (1 +-;--) (19)

e, OUr AR Ti? .
pr. Ty

where "s" is a scaling ftactor.

Reducing the switch input voltage at low output power and
increasing the switch input voltage at high output power, allows to
maintain the rise and fall times and the crossing point at ~50% of the

output amplitude over the output power dynamic range.
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The pre-driver high output voltage value increases at low output
power and decreases at high output power, as required by equations

(14) and (18) in the previous section:

V = yvn —K v [ ]3“*’ 1--'?"3'&-'- ‘i)
= M P v T feom s fr t ot — {20)

pr, hivh ,_ )
o i— (1 S

The proposed pre-driver architecture satisfies all the requirements for
optimum cascode switch operation.
Power Control Unit
The circuit schematic of the output power control unit 12 is

shown in Figure 4, wherein “i_set” is a power level control current and
R is an off chip resistor generating a reference voltage Vref. This
voltage is a DC or slow varying voltage.

The transfer function from the control current to the output voltage

can be written

V = k-1, - L2 (21)

Dut, pp AY )

The on chip error amplifier generates the bias voltage “vcsv” (see
Figures 2 and Figure 3) to control the cascode switch tail current and
the first operating point of the cascode and the second operating point
of the pre-driver. A scaled down tail current (transistor Q14) is used to
monitor the cascode switch tail current. The on chip and off chip
resistors 2R monitor the current division between the on chip
termination and the external load, as expressed in equation (2). For
optimum performance, it is recommended that the internal resistor 2R
in the control loop is matching with the internal termination resistor
Rc (see equation 2). The cascode switch base current compensation is
provided by the two transistors Q15 and Q16 in Figure 4. For
optimum performance, it is recommended that the two bias
voltages,“biasl” and “bias2” track “Vcom” (Figure 3) and “casc” (Figure
2) respectively.

Thus, the driver circuit 10 having adaptive control of operating
points of the pre-driver and the output stage is provided. The

operating points, responsible for coefficients of amplification of the
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corresponding differential amplifiers, are controlled in such a manner
that higher output power of the driver corresponds to the higher
output signal from the pre-driver stage. As a result, the dynamic range
of the driver is substantially enhanced, quality of the output waveform
over the output power range is improved, and adaptive capability for
the output stage to avoid breakdown and saturation conditions over
the range of the output power is achieved.

While the circuit 10 of the embodiment described ‘above
provides adaptive control of the operating points of both the pre-driver
stage and the output stage, the alternative embodiments may provide
control of the operating point of the pre-driver only or the output stage
only. Additional modifications of the circuit 10 may include monolithic
integration of the driver circuit with the device to be driven, e.g. laser,
modulator, cable driver. It is also contemplated that the circuit
described may be used to other application where high speed
operation and variable power output is required. While
implementation of the driver 10 has been done for silicon bipolar/SiGe
technology and operating in a 50 Ohm transmission environment, it is
understood that circuit design may be adapted for other technologies
and .other source/termination impedances.

Thus, it will be appreciated that, while specific embodiments of
the invention are described in detail above, numerous variations,
combinations and modifications of these embodiments fall within the

scope of the invention as defined in the following claims.
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What is claimed is:

1. A driver circuit, comprising an output stage having a first
(differential) amplifier whose operating point is controlled by a first

control signal.

2. A driver circuit as defined in claim 1, further comprising a
pre-driver stage having a second differential amplifier, the pre-driver
stage being responsive to an input signal and generating an output

pre-driver signal to be received by the output stage of the driver.

3. A driver circuit as defined in claim 2, wherein the
operating point of the second differential amplifier is controlled by a

second control signal.

4. A driver circuit as defined in claim 3, wherein first and

second control signals are generated by the same control unit.

5. A driver circuit as defined in claim 4, wherein first and

second control signals are identical.

0. A driver circuit as defined in claim 4, wherein the unit is

responsive to a reference signal.

7. A driver circuit as defined in claim 6, wherein the

reference signal is a variable DC voltage.

8. A driver circuit as defined in claim 6, wherein the
reterence signal is a feedback signal provided from the output of the

driver.

9. A driver circuit as defined in claim 1, wherein the

differential amplifier is a cascode amplifier.
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10. A driver circuit as defined in claim 3, wherein the
operating points of the first and second differential amplifiers are
controlled in such a manner that higher output power of the driver

corresponds to the higher output pre-driver signal.

11. A driver circuit as defined in claim 1 for use as a driver

circuit for a laser.

12. A driver circuit as defined in claim 1 for use as a driver

circuit for an optical modulator.

13. A driver circuit as defined in claim 8 for use as a driver

circuit for a laser.

14. A driver circuit as defined in claim 13, wherein the
reference signal is a feedback signal provided from the output of the

laser.

15. A driver circuit, comprising a pre-driver having a
differential amplifier whose operating point is controlled in such a
manner that higher output power of the driver corresponds to the

higher output signal from the pre-driver.

16. A pre-driver stage for a driver circuit, the pre-driver stage
providing a preliminary amplification of an input signal and
comprising a différential amplifier whose operating point is controlled
in such a manner that higher output power of the driver corresponds

to the higher output signal from the pre-driver.
17. A driver circuit, comprising:

a power control unit;

a pre-driver stage and an output stage;
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the power control unit being responsive to a reference signal
and generating first and second control signals;

the pre-driver stage comprising a second differential amplifier
and being responsive to an input signal and the second control signal
and generating an output pre-driver signal, the output pre-driver
signal being a preliminary amplified input signal;

the output stage comprising a first differential amplifier and
being responsive to the output pre-driver signal and the first control
signal and generating the output driver signal;

the first and second control signals controlling operating points

of the first and second differential amplifiers respectively.

18. A driver circuit as defined in claim 17, wherein controlling
of the operating points of the first and second differential amplifiers is
provided in such a manner that higher output power of the driver

corresponds to the higher output pre-driver signal.

19. A method of operating a driver circuit, the circuit
comprising an output stage having a first differential amplifier and a
pre-driver stage having a second differential amplifier, the pre-driver
stage being responsive to an input signal and generating an output
pre-driver signal to be received by the output stage,

the method comprising controlling of operating points of the
output stage and the pre-driver stage in such a manner that higher
output power of the driver corresponds to the higher output signal

from the pre-driver.

20. A method as defined in claim 19, comprising the step of
controlling operating points of the output stage and the pre-driver
stage by first and second control signals, the control signals being

identical.

Pttt e o gt 0 LR R I A4 AL U AT MR T W13 54 T Mo 0 LEMTREIABE 18071 I (T b 27200 MBS0, il L tiemie o s e B na e e el NGOV RN b NN ORI T M e M
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21. A driver circuit as defined in claim 1, the circuit being

monolithically integrated with a device to be driven by the circuit.
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