
;xye3ewtl.|6TIP%%z   1 Driver circuit for an electronic data transmission
element BACKGROUND 5 Field of the invention ~~4 The present invention
relates to a driver circuit for providing the current of a transmission
element such as diode for optical data transmission. 10 Description of the
related technology Data transmission via optical paths, for example in the
infrared wavelength range, is applied preferably for short distances, for
example for communication from mobile phones and notebooks to personal
computers (PCs), Another application is for data exchange between printers
and PCs. Transmission is standardized and takes place in most cases in
systems 15 operating in the infrared range on the basis of a so-called IrDa
protocol (IrDa = Infrared Data Association). Since data transmission takes
place bidirectionally, combined transmitter and receiver units, made from
so-called transceiver circuits for operating the transmitter and receiver
diodes, are used in such components. The transceiver circuits in turn
consist of a receiver circuit, a transmitter circuit, also known as a
driver circuit, and an interface circuit 20 which regulates the data
exchange between the processor and the transmission and receiver circuit.
The transmitter diodes used for data transmission are controlled from the
driver circuit that converts the digital input signal, supplied via the
interface circuit from a processor for example, into a current pulse. 25 In
the case of the known state-of-the-art methods, the transmitter diodes are
controlled from the driver circuits with fixed current values. These can
either not be varied by the user, such as the 115.2 kbit/s infrared
transceiver HSDL 3201 from Hewlett Packard, or they can be selected by the
user with a fixed value, as in the case of the IRMS6100 from Infineon, or
they can be set by the user to a fixed value by means of an external
resistor, as in the case of the 30 TSLM1 100 transceiver from Texas
Instruments. It is a disadvantage of the known state of the art that the
fixed current value is set once is determined by the system and cannot be
varied by the user or alternatively only with great effort, for example by
using external components. Since for many devices that are not   2 



.O ~ A~~~~ L~~s~ dependent on supply networks, such as mobile phones or
notebook for example, the power consumption is a critical factor, the
communication distance is frequently limited to values under I meter, for
example, by reducing the trigger power by a fixed predetermined amount. In
conjunction with the transmission of ever increasing data volumes, the
power consumption 5 also rises rapidly. Since the battery capacity of the
mobile devices is very limited and the operating time in the case of
notebooks and mobile phones in particular is a decisive factor, ways must
be found to keep the power consumption low for infrared data transmission
on the one hand, and on the other hand to achieve as large a communication
distance as possible and at the same time to prevent a drop in the data
rates in order to rapidly transfer even large 10 data volumes. Summary of
the invention The object of the present invention is to provide a circuit
arrangement with which the trigger power of the transmitter diodes can be
set according to the communication distance and 15 which can be
manufactured simply and at low cost. According to the present invention,
this object is achieved by the trigger power of a transmitter diode, from
which a test signal is output, being modified appropriately in a first
transceiver unit until a response signal is received with the currently set
trigger power and the trigger power 20 from the first transceiver unit is
stored. The object is achieved by virtue of a driver circuit for supplying
a driver current to an electronic data transmission component with:  a
switching device that in a first state connects a circuit junction point to
a supply voltage 25 and disconnects from a constant reference current, and
in a second state disconnects the circuit junction point from the supply
voltage and connects to the constant reference current;  a
voltage-controlled resistor to the input of which the supply voltage is
applied, from the output of which the driver current is delivered, and
whose control input is connected to the 30 circuit junction point; and a
voltage-controlled measuring shunt to the input of which the supply voltage
is applied, from the output of which a measured current is delivered having
a preset relationship to   



3 ;. ,._ the driver current, and whose control input is connected to the
circuit junction point, the measured current being coupled to the circuit
junction point with a sign that is inverted in relation to the constant
reference current. 5 In order to keep the power consumption low during the
setting phase, it is advantageous to generate as test signal a signal that
varies with time by triggering the transmitter diode with pulses that are
as short as possible. In the case of a longer data transmission session or
if data transmission is interrupted, it is also advantageous to repeat the
setting of the trigger power by generating the test signal with the trigger
power value last stored. 10 Studies carried out by the applicant have shown
that it is advantageous for the modification of the trigger power when the
current through the transmitter diode, referred to as driver current
hereinafter, is varied by the driver circuit in the transceiver unit which
comprises an interface circuit, a receiver circuit and a driver circuit. 15
The present new circuit arrangement provides a driver circuit for supplying
a driver current to an electronic data transmission component, such as a
transmitter diode for example, with the following characteristics: a
switching device which in a first state connects a circuit junction point
to a supply voltage and disconnects from a reference current source, and in
a second 20 state disconnects the circuit junction point from the supply
voltage source and connects to a constant reference current source; a
voltage-driven resistor, the control input of which is connected to the
circuit junction point; and a voltage-controlled measuring shunt to the
input of which the supply voltage is applied and from the output of which a
measuring current is supplied having a fixed relationship to the driver
current and whose control input is connected 25 to the circuit junction
point, the measuring current being linked to the circuit junction point
with a sign that is the inverse of that of the constant reference current.
The advantage of the driver circuit of the present invention compared with
the state of the art is due to the fact that it permit the level of the
current pulses to be set and a high data rate at 30 high currents. Thus,
for example, precise current pulses can be generated with settable or
programmable current at a high date transfer rate of several Mbit/s. This
settabilty makes it possible to utilize the minimum necessary current
intensity for the actual transmission path in order on the one hand to
cover long paths and on the other to minimize current consumption  



4 -' Q r ,~y' ~7~? and thereby to extend the battery life. Furthermore, it
is an advantage that the load can be connected to ground. In particular,
this is achieved by a measuring transistor and an output transistor which
are so 5 connected that the output current flowing through the output
transistor is a fixed multiple of the current flowing through the measuring
transistor. The control inputs of the two transistors are joined at a
common junction point which is discharged by the reference current and
charged by the current which flows through the measuring transistor. In a
steady-state condition, the output current is therefore regulated to a
fixed multiple of the reference current. 10 In one example of embodiment,
the driver circuit is used for an infrared transmitter diode for wireless
communication in accordance with the IrDA standard, the driver circuit
being in CMOS technology. MOS transistors are used as voltage-controlled
measuring resistors, designed such that the current flowing through the
voltage-controlled resistor is a fixed 15 multiple of the current flowing
through the voltage-controlled measuring resistor, the relationship between
these two currents being settable by the ratio of the transistor widths of
20 25 30   _, . R~.,_ J~i'~n -5 the two voltage-controlled resistors at the
time of designing the circuit. In addition, the measured current is linked
via two series-connected current mirrors to the circuit junction point that
is connected to the control terminals of the two transistors so that
voltage decoupling is achieved between the measuring transistor and the
circuit junction point. 5 Whereas in the driver circuit described above the
driver current is set by means of the reference current, alternatively
several driver circuits according to the invention can be used in order
additionally or alternatively to the varying of the supplied reference
current to set the driver current by connecting or disconnecting the driver
circuits whose outputs are connected 10 together for addition of the
currents and each of which supplies a fixed driver current. A circuit
arrangement of this kind is advantageous because, due to the division of
the driver stage into identical blocks, the making capacity and the speed
depend largely on the technology and operating parameters and not on the
current that has been set. 15 The advantages of the present invention are
also due to the fact that, with the driver circuit according to the
invention, regulated driver current can be generated faster and the driver
current varies only slightly with changes in the supply voltage applied,
and with temperature and technology variations. 20 Brief description of the
fiqures The invention will now b'e described on the basis of preferred
examples of embodiment with reference to the drawings and explained in more
detail. The Figures show: Fig. 1 An optical data transmission system with
two transceiver units and a block diagram 25 of a transceiver unit, and
Fig. 2 a circuit diagram of a driver circuit according to the invention for
use in an example of embodiment in accordance with Fig. 1; and 30 Fig. 3 a
block diagram of a further driver circuit according to the invention,
comprising several driver circuits shown in Fig 2 and connected in parallel
on the output side. 



Description of the preferred embodiments. The object of the transceiver
units SE1 and SE2 shown in Figure 1 is to exchange data in the 35 optical
range over short distances. For this purpose, a first transceiver unit SE1
is, for example, built into a mobile phone or notebook and a second
transceiver unit SE2 is, for example, integrated in a PC. In accordance
with the method according to the invention, the   0 7 7~~~ ~ ~~'~~ -6
trigger power needed for the relevant distance is set before data
transmission by means of a test signal. Each of the transceiver units SE1
and SE2 has an integrated transceiver circuit 10 and 11 respectively and
each has a transmitter diode 40 and 41 respectively and a receiver diode 35
5 and 36 respectively. The transceiver circuits 10 and 11 consist of a
receiver circuit 15 and 16 respectively, a driver circuit 20 and 21
respectively and an interface circuit 25 and 26 respectively. The interface
circuits 25 and 26 are connected on the one hand to a processor (not shown)
in order to exchange input/output signals 30 and 31, respectively, and on
the other to the receiver circuits 15 and 16 respectively and to the driver
circuits 20 and 21 10 respectively. The receiver diodes 35 and 36, which
transform the received light pulses 45 into current pulses, are connected
to the receiver circuits 15 and 16 respectively. The transmitter diodes 40
and 41, which transform the current pulses into light pulses 46, are
connected to the driver circuits 20 and 21 respectively. The task of the
first transceiver circuit SE1 is to output a test signal before data
transmission 15 by triggering the transmitter diode 40 from the driver
circuit 20 by means of a short current pulse and then waiting within a
predetermined time window for a response signal in the receiver circuit 15.
Furthermore, the magnitude of the current pulse of the output test signal
is stored in the driver circuit 20. In the further sequence, one can
distinguish between two cases: 20 Case 1: The output test signal is
transformed in the receiver circuit 16 in conjunction with the receiver
diode 36 into an electrical signal and then) by means of a current pulse
through the transmitter diode 41, the interface circuit 26 causes the
driver circuit 21 to return a response signal. If a response signal is
detected in the receiver circuit 15, the processor (not shown) is caused
via the interface circuit 25 to make the data to be transmitted available
to the driver 25 circuit 20 via the interface circuit 25. The driver
circuit 20 transforms the data stream into optical signals through the
agency of current pulses via transmitter diode 40, the magnitude of the
current pulses corresponding to the last stored value of the trigger
current on outputting the test signal. Case 2: If no response signal is
detected in the receiver circuit 15 in the predetermined time 30 window,
the interface circuit 25 initiates in another time window the output of
another test signal from the driver circuit 20 by means of a next higher
current value through the transmitter diode 40. This operation is repeated
until a response signal is detected in the receiver circuit 15. 35 The
circuit elements of Figures 2 and 3 described below refer to the
transmitter portion of the integrated transceiver circuit 10, i.e. the
driver circuit 20. The driver circuit 20 ensures that precise current
pulses with programmable, i.e, settable, current can be generated for a
higher data transfer rate of several Mbitls. Only by being able to program
the current pulses is it possible to determine the minimum necessary
current intensity for the actual   r-; . , ._ ,.-i -7 transmission path as
shown in Fig. 1 in order to minimize the current consumption. By these
means, it is possible, for example, to extend the life of the battery in
such cases where the transceiver circuit 10 is used in a battery-powered
device. 5 Fig. 2 shows a circuit diagram of a driver circuit 100 which is
implemented, for example, in CMOS technology. The driver circuit 100 has a
first input terminal 105 to which a digital Input signal TxD (Transmit Data
Signal) is applied, a second input terminal 110 to Which a first reference
current IRer~ is applied, and an output terminal 115 at which the driver
current tondo is output. The driver circuit 100 also includes a switching
device MN 1, MP1, a measuring 10 transistor MPs, an output transistor MPO
and three current mirrors CM1, CM2 and CM3. In the example of embodiment
described here, both the measuring transistor MPS and the output transistor
MPO are PMOS transistors or p-channel MOSFETs to the source of which a
supply voltage Voo is applied. The drain terminal of the output transistor
MPO is connected to the output terminal 115 of the 15 driver circuit 100.
The gate terminal of both the measuring transistor MPS and of the output 



transistor MPO are connected to a circuit junction point PGate. The drain
terminal of the measuring transistor MPS is connected via the two current
mirrors CM2) CM3 to the circuit junction point PGate for voltage isolation.
The above mentioned switching device consists of a PMOS transistor MP1 and
a NMOS transistor MN1 whose gate terminals are connected to 20 the first
input terminal 105. While the PMOS transistor MP1 of the switching device
is connected between the supply voltage vpo and the circuit junction point
PGate, the NMOS transistor MN1 of the switching device is connected between
the circuit junction point PGate and the current mirror CM1 which in turn
is connected between the second input terminal 110 and the NMOS transistor
MN1. While the current mirrors CM1, CM2 are connected to 25 ground, the
current mirror CM3 is connected to the supply voltage Vpp. As can be seen
in Fig. 2, the anode terminal of an infrared transmitter diode 120 is
connected to the output terminal 115 of the driver circuit 100, the cathode
terminal of the same being connected to ground. 30 The mode of operation of
the driver circuit 100 will now be explained, This driver circuit 100 is to
deliver a precise current pulse lo,oa~ with a programmable magnitude to the
transmitter diode 120 so that this generates light pulses 125 with a
corresponding programmed intensity. The first reference current IR,", which
can for example amount to 12.5 pA, fed to the second 35 input 110 of the
driver circuit 100 is amplified by the current mirror CM1 by n, as shown in
Fig. 2 by the specified ratio "1:n,". If the input signal TxD at the first
input 105 of the driver circuit 100 is in a lower state, i.e. TxD = 0), the
NMOS transistor MN1 is switched off and the PMOS transistor MP1 is switched
on. Subsequently in this state the circuit junction point PGate is held at
voltage Voo. If the input signal TxD for a transmission pulse changes into
a   f l r r ~ . ~y~~'~ _8_ higher state (TxD = 1), the PMOS transistor MP1
is switched aff and khe NMOS transistor MN1 is switched on and at the same
time reference current IRe2 amplified by the current mirror CM1 discharges
the junction point PGate, Due to this discharge, the voltage of the circuit
junction point PGate drops until the transistors MPO and MPS are switched
on. Due to 5 the circuit configuration of the transistors MPS and MPO in
the manner shown and described above, the driver current flowing through
the output transistor MPO and the measuring current flowing through the
measurement transistor MPS have a fixed ratio to each other of 1.n2. This
ratio is largely determined by the ratio of the transistor widths of the
two PMOS transistors MPO and MPS. The following applies: 10 WMPO~MPS = n211
(1) In equation (1 ), WMPO specifies the transistor width of the PMOS
transistor MPO, WMPS the transistor width of the PMOS transistor MPS and nZ
the gain ratio between the two PMOS 15 transistors MPO and MPS. The
measurement transistor MPS then delivers at its drain terminal a measured
current IS,, which has the following relationship to the driver current lo;
ade: 20 Is, = loioa~n2 (Z) The measured current Is, is fed into the circuit
junction point PGate by mirroring with the current mirrors CM2 and CM3. The
circuit junction point PGate is then discharged by a constant current IRS
during transmission (TxD = 1) and charged by a current Is2 which is 25
proportional to the duvet current lo;ode. If the driver current Ir,;oae
reaches the desired value (i.e. 



IR~~ . nz) the measured current IS, equals the reference current IRerz and
the voltage Vp~ at the circuit junction point PGate reaches a fixed voltage
value because the charging and discharging current from/to the circuit
junction point PGate are of equal magnitude. Then, in a steady-state
condition, the driver current is regulated by the feedback to the desired
value 30 IRen n~  nZ. The driver current lo;ode therefore also reaches a
fixed value and any changes due to fluctuations in temperature or supply
voltage are compensated. Variations in the technology parameters are also
compensated because the current mirrors CM2 and CM3 used here do not depend
on the technology parameters. 35 Rt the end of a transmission pulse, i.e,
when the input signal TxD changes to the low state (TxD = 0), the
transistor MN1 is switched off and the PMOS transistor MP1 is switched on,
This causes the voltage VPO~ at the circuit junction point PGate to be
pulled up to the supply voltage Voo and consequently the driver current lo;
odo is reliably switched off. The measuring transistor MPS is also switched
off thus causing the entire feedback to be switched off. Apart   :lei;n _g_
from leakage currents to the transistors in the switched off state, the
driver circuit 900 then no longer needs any supply current which is
supplied from the supply voltage V~o. It should be mentioned at this point
that the doping level of the transistors and the polarity of 5 the driver
voltages can be interchanged. Fig. 3 shows a block diagram of a circuit
arrangement 200 comprising a multiple of the driver circuits portrayed in
Fig. 2. Whereas in the circuit shown in Fig. 2 of the driver circuit loiode
is programmed steplessly by varying the first reference current !R~" input
into the circuit, the 10 total driver current Io~oaecesBr~ in the circuit
arrangement shown in Fig. 3 can be programmed by connecting or
disconnecting as required several driver circuits such as those shown in
Fig. 2 whose outputs are connected together. In addition, here too the
driver currents Ip;aee supplied through the individual drover circuits can
be set via the reference current. 15 As driver stage, circuit 200 has
several identical driver circuit blocks 205, 210, 295 and 220 which
correspond to the circuit shown in Fig. 2 except for the omission of the
first current mirror CM1, i.e. in which the second reference current IRer2
is fed in directly. In Fig. 3, four driver circuit blocks 205, 210, 215 and
220 are shown although, however, any number m of driver circuit blacks can
be provided. The outputs of the driver circuit blocks 205 - 220 are 20
connected together for current addition in order to supply the total driver
current IDioa~ce~mr which is connected to a transmitter diode 225. The
driver circuit blocks 205 - 220 each supply a fixed driver current loroae.
The circuit arrangement Z00 also has a reference current block 230 and a
digital trigger block 25 235. Both blocks 230 and 235 have the same number
of outputs as there are driver circuit blocks Z05 - 220. Each output of the
reference current block 230 is connected to a corresponding second input
110 (see Fig. 2) of a driver circuit block 205 - 220, while each output of
the digital trigger block 235 is connected to a corresponding first input
105 (see Fig. 2) of a driver circuit block 205 to 220. The reference
current block 230 receives at an input an 30 input signal IR~"A for a
programming reference current. The digital trigger block 235 receives at
two Inputs the input signal TxD and a current select signal CS that
determines the (1 to m, or "1;m") driver circuit blocks 205 - 220 that are
to be connected or disconnected. The total driver signal Ip~oa~~esa",~,
resulting from addition of all driver signals loraaa of all driver circuit
blocks 205 -- 220, Is Supplied to the transmitter diode 225 for one
transmission signal 245. 35 The mode of operation of circuit 200 shown in
Fig. 3 will now be explained. The several driver circuit blocks 205 - 220
each deliver a fixed driver current Iti~Qa, of, for example, 50 mA. For
this purpose, the reference current block 230 supplies ail driver circuit
blocks with a fixed reference current OIR~ of equal magnitude, depending on
the reference current IRS,'.  



fl l ~U~ ,?~~ -10 Depending on the desired current value, the current
select signal CS through the digital trigger block 235 is used to switch on
one, several or all driver circuit blocks 205 - 220 in accordance with a
digital decoding function in the digital trigger block 235. Consequently, a
suitable number of driver circuit blocks 205 - 220 can be switched on via
the current select 5 signal in order to supply to the transmitter diode 225
a driver signal loioaece98m~ with a sufficient magnitude corresponding to
the total of all individual driver currents Ip~ode of the switched-on
driver circuit blocks. If there are, for example, eight driver circuit
blocks then it is possible to set a driver current Io~oae~BaB",~ of 50,
100, 150, ... 400 mA. 10 It should be noted that it is not essential for
the reference currents IRef2 for the driver circuit blocks 205 - 220 to be
of equal magnitude provided this is allowed far with regard to the current
select signal CS and the decoding in the digital trigger block,
Furft~ermore, several digital trigger blocks can be connected together at
their first input so that these can be connected and disconnected at one
and the same time. 15 It should be noted that, although specific examples
of embodiment and specific implementations of these have been shown in the
above drawings and description, the main features of the driver circuit
according to the present invention can be realized in a different manner.
For example, the current mirrors used in the driver circuit can be realized
differently, 20 and the two current mirrors that are used to input the
measured current into the circuit junction point PGate can be replaced by
other circuit elements in order to isolate the voltage between the output
of the measurement transistor MPS and the circuit junction point PGate. It
should be noted that the present invention can also be applied for other
electronic data 25 transmission components where current pulses are used,
as for example in a wire-bound transmission system.   11 CLAIMS What is
claimed is: 5 t`~ 1. Driver circuit (100) for delivering a driver current
(loiode) to an electronic data transmission component (120) with the
following features:  a switching device (MP1, MNI) which, in a first state,
connects a circuit junction point (PGate) to a supply voltage (V~~) and
disconnects it from a constant reference current 10 (IRef2) and, in a
second state, disconnects the circuit junction point (PGate) from the
supply voltage (V~o) and connects it to the constant reference current
(IRef2);  a voltage-controlled resistor (MPO), at the input of which the
supply voltage (V~~) is applied, the output of which delivers the driver
current (Diode), and the control input of which is connected to the circuit
junction point (PGate); and 15  a voltage-controlled measuring resistor
(MPS), at the input of which the supply voltage (Vo~) is applied, the
output of which delivers a measured current (Is~), that has a fixed
relationship to the driver current (loiode), and the control input of which
is connected to the circuit junction point (PGate), the measured current
(Is~) being linked to the circuit junction point (PGate) with a sign that
is the inverse of that of the constant reference current 20 (IRef2). 2.
Driver circuit (100) in accordance with Claim 1, wherein the electronic
data transmission component (120) is an infrared transmitter diode (120). 



25 3. Driver circuit (100) in accordance with Claim 2, in which the
switching device (MP1, MN1 ) consists of an NMOS transistor and a PMOS
transistor, of which one (MP1 ) is connected between the circuit junction
point (PGate) and the supply voltage (Voo), and one (MN1 ) is connected
between the circuit junction point (PGate) and the reference current
(IRef2), the input signal (TxD) being applied to the gate terminal of both
transistors (MP1, MN1 ). 30 4. Driver circuit (100) in accordance with
Claim 3, in which the switching device (MP1, MNI) receives a digital input
signal (TxD), and in which the first state corresponds to a low state of
the input signal (TxD) and the second state to a high state of the input
signal (TxD), the PMOS transistor (MP1 ) being connected between the
circuit junction point (PGate) and   12 a~ ._a,~,.~ the supply voltage
(Vo~), and the NMOS transistor (MN1) being connected between the circuit
junction point (PGate) and the reference current (leefz). 5. Driver circuit
(100) in accordance with Claim 4, in which the reference current (IRerz) is
5 input by a current mirror (CM1 ). 6. Driver circuit (100) in accordance
with Claim 5, in which current mirror (CM1 ) amplifies a pre-reference
current (IRef2) in order to deliver the reference current (IRefz). 10 7.
Driver circuit (100) in accordance with Claim 6, in which the
voltage-controlled resistor (MPO) is an MOS transistor. 8. Driver circuit
(100) in accordance with Claim 7, in which the voltage-controlled
measurement resistor (MPS) is an MOS transistor. 15 9. Driver circuit (100)
in accordance with Claim 8) in which in the second state the driver current
(IDlode) is a multiple of the measured current (Is~), the ratio of the two
currents being set by the ratio of the transistor widths of the two
voltage-controlled resistors (MPO' MPS). 20 10. Driver circuit (100) in
accordance with Claim 9, in which the measured current (Isi) is linked to
the circuit junction point (PGate) via two current mirrors (CM2, CM3)
connected in series. 25 11. Driver circuit (100) in accordance with Claim
10, in which the driver current (ID~ode) can be set steplessly via the
reference current (IRerz), the driver current (IDlode) in the second state
being a fixed multiple of the reference current (IRerz). 12. Driver circuit
(100) in accordance with Claim 11, in which the data transmission 30
component (120) is connected between the output of the voltage-controlled
resistor (MPO) and ground. 13. Driver circuit in accordance with Claim 12,
implemented in CIVICS technology.   13 



~ ~ ~Iflf ?. ~tJ~ 14. Driver circuit (100) in accordance with Claim 13, in
which the supply voltage (VDD) is unregulated. 15. Circuit arrangement,
with: 5  several driver circuits (205 - 220) in accordance with Claim 1,
the outputs of which, to which the driver currents (loiode)are delivered,
are connected together in order to deliver a total driver current;  a
reference current setting device (230) which supplies all driver circuits
with separate reference currents (IRef2); and 10  a digital trigger device
(235) which connects or disconnects a specific number of driver circuits
(205 - 220) depending on a desired driver current intensity. 16. Circuit
arrangement in accordance with Claim 15, in which the separate reference
currents (IRef2) are identical. 15 .Ay.A.A.A .AL.ALN,?.A9;,.A9H,.A&Le.A&;
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