DESIGN IDEAS LY

Simple Logic Provides Sensible
Power Conirol of LT1794-Based
ADSL Line Drivers

Introduction

As the popularity of DSL for high
speed Internet access grows, so too
does the need for more central office
DSL lines to handle the demand.
Without the luxury of unlimited space,
central office cabinets are filled with
racks of circuit cards with each card
containing as many as 128 separate
DSL ports. At full transmission
power, each typical port consumes
approximately 1.3 watts and dissi-
pate on the order of 1 watt of power.
Should it ever occur that every port in
asingle cabinet is called into action at
the same time, the demand on the
power supplies and heat manage-
ment system would be immense.
Fortunately, this is a very rare
situation.

The randomness of connections
through the central office provides
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the opportunity for optimizing the
overall power consumption of the
entire system by reducing the quies-
cent power consumption of lines that
are not in use. This preserves the
power available for meeting the actual
demand at any point in time. The
LT1794 is a 200MHz gain-bandwidth
product, 500mA output drive, dual
power amplifier optimized for use in
central-office DSL line-driving appli-
cations. The amplifier'’s operating
current can be programmed to opti-
mize power consumption. Using one
or two I/0 lines from the port-con-
trolling DSP device and a few carefully
selected resistors, the line driver can
be set to operate at any desired quies-
cent power level in response to
intelligent monitoring of the overall
system power demands.
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Figure 1. Logic inputs for power control can tailor the power consumption

of a standard ADSL line driver.

by Tim Regan

The LT1794 Line Driver

Figure 1 illustrates a standard cen-
tral office ADSL line driver. The
LT1794 has been designed to provide
sufficient output voltage swing head-
room to prevent clipping of the large
transient voltages that occur in the
complex discrete-multitone (DMT)
transmit signal with power supply
rails of 12V or less. Operating each
line driver with minimum power sup-
ply rails is the best way to reduce the
overall power consumption of the sys-
tem. The next degree of freedom in
reducing power consumption is to set
the driver operating current to the
minimum amount required. The
acceptable level is generally deter-
mined by testing a complete data
transmission loop through worst-case
phone line conditions and backing off
the driver quiescent current until the
data rate or the bit error rate of the
transmission just meets the expected
performance. For the LT1794, this
operating current typically falls in the
range of 6mA to 10mA per amplifier,
depending on the specific application.
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Figure 2. LT1794 internal bias circuitry that
sets the operating current
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Figure 3. Set it and forget it: single-resistor programming choices

Too low an operating current can
result in distortion-induced trans-
mission errors, whereas too high an
operating current wastes power. The
significance of this seemingly small
range of current becomes apparent
when the power consumption of an
entire card is considered. With £12V
power supplies, the idle state power
of each driver could range from
144mW to 240mW. Using a 128-port
card as an extreme example, the cur-
rent optimization process could save
as much as 12.3 watts of quiescent
power consumption.

Two pins of the LT1794 are used to
set the operating current: Shutdown
(SHDN) and Shutdown Reference
(SHDNREF). Figure 2 illustrates the
internal biasing circuitry used to pro-
gram the operating current. In a basic
application, a single resistor is
selected to fix the operating current of
the two current sources. One of these
internal current sources provides
current to the device start-up cir-
cuitry, while the other is scaled up
and used to provide bias current to
the stages of each amplifier. If the
SHDN pin is taken to a voltage within
0.4V of the potential on the SHDNREF
pin, the amplifiers are shut off com-
pletely and the supply current drops
to typically only 100pA. The ultimate
power saving approach is to com-
pletely shut down idle channels. The

optional external transistor shown in
Figure 1 or an open-drain logic output
can provide the complete shutdown
function. The LT1794 wakes up and
returns to full operation in just a few
microseconds when enabled. One
problem with complete shutdown of
the driver, however, is that the output
stages become very high impedance.
In many DSL applications, an idle
channel must still remain capable of
receiving signals from the line, which
are sensed across the transformer
back-termination resistors. Toreceive
a signal, the amplifier connection to
these resistors cannot be allowed to
float.
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Three Approaches
to Current Control

Fixing the operating current of the
LT1794 to the optimum level is a
simple matter of selecting a single
resistor value. As shown in Figure 3,
this can be done in one of two ways. A
resistor can be connected between
the SHDN pin and the V¢ supply of
the driver with the SHDNREF pin
grounded. Alternately, the SHDN pin
can be tied directly to the V¢ supply
of the driver with a resistor placed
between the SHDNREF pin and
ground. The design equations are
provided in the figure. The only differ-
ence between the two approaches is
the internal scaling of the programmed
current. The power supplies will
always provide this current, regard-
less of whether the driver is actively
transmitting data or idle.

The two series diode drops (typi-
cally 1.2V at 25°C) in the biasing
network have a temperature coeffi-
cient of approximately -4mV/°C. This
causes the operating current to
decrease at cold temperatures, with a
possibility of dropping below the level
required for the desired data trans-
mission performance of the line. In
actual systems, the drivers run fairly
hot, so this is not normally a problem.
If very cold ambient conditions are
expected, the operating current
should be increased a little to accom-
modate any change with temperature.

The approach shown in Figure 4
provides the means for a single logic-
control bit to reduce the quiescent
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Figure 4. Obtain two operating levels from one logic-control input: the driver can be
powered down when idle, but still provides termination for the receive channel.
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current to a lower level when the line
is idle. A second resistor programs
any lower current level desired. This
is very useful for power management
when the port must remain termi-
nated to receive signals from the line.
For the LT1794, with an operating
current of only 2mA/amplifier, the
output impedance of each amplifier is
less than 2Q up to 1MHz. This par-
tially shutdown state of the line driver
keeps the transformer termination
resistors connected and able to
develop a received signal.

The control-logic output line
sources extra current into the SHDN
pin when it is high and the driver is to
be operational. When low, the control
line takes away from the available
current to the SHDN pin. Proper
selection of the resistor values can be
a little tricky because the voltage at
the shutdown pin changes as the
current into it varies. The Thevenin-
equivalent circuit, also shown in Figure
4, is an easy way to evaluate the
circuit operation. The single Thevenin
resistance, Ryy, is the parallel combi-
nation of the Rg/p resistor and the
logic control resistor, Rc. The Rg/p
resistor is normally connected to the
driver Vqc supply, but could be con-
nected to a logic supply or some other
voltage. For a general design example,
this node is called Vg . The control-
logic high-level voltage could be any
voltage (2.5V, 3.0V, 3.3V, or the like),
depending on the operating voltage of
the DSP port controller. Vi ggc is the
general term for this high voltage level.
The low logic level is assumed to be
OV. The Thevenin-equivalent input
voltage will change in response to the
control logic and set the current into
the SHDN pin. The actual supply cur-
rent of the LT1794, in mA per amplifier,
is 25.6 times the current into the
SHDN pin.

Two-Level Current Control
Design Example

The following is an example of how to
select the proper resistors to control
the operating current at either 10mA/
amplifier when enabled, logic input
high, or 2mA/amplifer to terminate

the receive channel when idle, logic
input low.

For this example the following are
the desired operating conditions, (1)
means when the control input is high
and (0) when the input is low:

Ishonty = lsuppLymax/25.6 (1)
=10mA/25.6 = 0.391TmA

Vshong) = ISHDN{1) e 2k +1.2V (2)
=1.98
Ishon(o) = IsuppLymin/25.6 (3)

=2mA/25.6 = 0.078mA

Vshon(o) = ISHDNéO) e 2k +1.2V (4)
=1.356V

This significant change in the volt-
age at the SHDN pin is important to
consider when determining circuit
component values. The Thevenin-
equivalent resistance driving the
SHDN pin is:

()

RtH=Rsmp|[Rc=Rsp* Rsi i Re

With the control logic low, the fol-
lowing relationship sets the operating
current:

(6)

X(0) * VRgp = Vsrono) = lain * Rrw

where X ¢ VRgp is the Thevenin
voltage contribution from the Vg,

supply:

X(0) = Re/(Re + Rsyp) = Rri/Rs)p
With the control logic high:

(7)

(8)

X(0) * Vg, *+ X(1) * Vioaic =
SHDN(1) = Imax ® RTH
where X(;) ® Viogic is the additional

voltage contribution from the logic
input high level:

X1y =Rsp/(Re + Rsp) = Rr/Re ~ (9)

Considering all the variables and
applying some straightforward alge-
bra, a value for the resistor Rg/p can
be determined from the following
equation:

(VRg/p = VsHon()) * (VLoaic = VsHon(1)) + VsHon(o) ® (VRgp — VsHDN(1))

For example, assuming that the
Rg/presistoris connected to the driver
12V supply line and that the logic
control input comes from a 3.3V logic
output, the ideal value for Rg/ is
43.7k (43.2k is the nearest 1% toler-
ance resistor value).

Combining equations 6 and 7, the
value for Ry can be found:

Rry = VSHDN(OS' Rs/n/(Vag,p = (11)
Ishon(o) ® Rsp 9

Equation 8 can be used to deter-
mine the factor X;); equation 9 then
produces the proper value for R¢ of
8.2k.

Connecting a 43.2k resistor to 12V
and an 8.2k resistor to the OV to 3.3V
logic input yields the same result as
connecting a single 6.9k resistor to a
Thevenin voltage of 4.7V with a logic
1, and 1.8V with a logic 0. These
settings will adjust the current of the
LT1794 from 10mA per amplifier to
2mA per amplifier.

Four Current Levels from
Two Control Inputs

It may also be beneficial to reduce the
driver operating current to match the
required output power of the driver at
any given time. With short loop con-
nections, the full transmitted power
is not required, so backing off the
driver current to a new minimum
level will also help save total system
power. What level this current can be
needs to be determined from careful
characterization with the system
transmitting at a specific lower power
level.

With two logic control inputs, four
operating levels can be obtained. Full
power and terminate are the max and
min settings, and two other interme-
diate levels can be set. Figure 5 shows
how to implement this extended
capability. The values shown will pro-
vide operating current levels of 10maA,
7mA, 5mA and 2mA per amplifier in
response to the input control bits.
This assumes that the Rg/, resistor is
connected to the driver 12V supply

(10)

Rsp =

IsHDN(1) * VsHoN(0) + IsHDN(0) ® (VLoGIC — VSDHN(1))
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and the input logic level, Vg and V¢,
are 3.3V.

The design procedure is the same
as with the two level controls, but
with two additional states. For the
example shown (the logic input levels
indicated use V; as the MSB and Vg
as the LSB, that is binary code 10 is
VCl = 3.3V and VCO = 0\7)

|SHDN(11) =10mA/25.6 = 0.391mA (12
ISHDN(10) =7mA/25.6 = 0.273mA (13

)
)
lsHon(o1) = BMA/25.6 = 0.195mA  (14)
IsHon(oo) = 2MA/25.6 = 0.078mA  (15)

)

Vsuonginy = 1.2V + Isypnginy © 2k (16
= 1.981V

Vsionio) = 1.747V (17)

Vsionor) = 1.591V (18)

Vsion(oo) = 1.356V (19)

The Thevenin equivalent series
resistance is Rg/p |l Reo |l Rey. The
four operating states are:

X(00) * VRg, = VsHon(oo) (20)
= Iston(oo) * Rrw;
with X(OO) = RTH/RS/D

X(00) * VRgp + X(o1) * Voo = (21)

sHON(01) = IsHon(o1) ® Rk
with X(m) = RTH/RCO

X(00) * Vg )y + X(10)® Vi = (22)

SHDN(10) = Iskon(1o) ® R
with X(10) = RTH/RC1

X(00)* Vg, + Xo1)® Voo + (23)
Xe10) ® V1 = Vstongy = Iswongty © Rru
Resistor Rg/p can be determined

from just the max and min current
states:

(VRgp — VsHpN(00)) * (VLogic — VsHDN(11)) + VsHon(0o) * (VRg/p —VSHDN(11))

Then Rpy can be found:

VsHpn(0o) * Rs/
(VRgp — IsHDN(00)) * Rs/p

Rty = (29)

Term X(OO) is Rry/Rg)p

Equation 21 can now be used to
determine the factor Xgy), then Reg =
Ruyy/X01). Likewise Equation 22 can
determine X(;¢), then Rey = Ry /X1
The design is then complete.
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Conclusion

Optimizing power consumption is
critical in high port-density central
office DSL equipment. The LT1794 is
a workhorse power amplifier ideal for
driving DSL transmission signals on
to the phone line. With built in oper-
ating current programmability, the
power consumption of the driver can
be tailored through the selection of an
external resistor. If logic control is
available, the power can be adjusted
on the fly to match the operating
requirements at any given time. L7

Note: A spreadsheet to perform these calculations
is available; contact the author.
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Figure 5. Two logic inputs allow the adjustment of power consumption

to data transmission power levels

RS/ D= (24) for
IsHDN(11) * VSHDN(00) + IsHDN(00) * (VLOGIC — VSHDN(11) the latesi information
on LTC products,
visit
www. linear-tech.com
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