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ML2003, ML2004

Logarithmic Gain/Attenuator

GENERAL DESCRIPTION

The ML2003 and ML2004 are digitally controlled
logarithmic gain/attenuators with a range of -24 to
+24dB in 0.1dB steps.

The gain settings are selected by a 9-bit digital word.
The ML2003 digital interface is either parallel or serial.
The ML2004 is packaged in a 14-pin DIP with a serial
interface only.

Absolute gain accuracy is 0.05dB max over supply
tolerance of +10% and temperature range.

These CMOS logarithmic gain/attenuators are designed
for a wide variety of applications in telecom, audio,
sonar, or general purpose function generation. One
specific intended application is analog telephone lines.

FEATURES

® Low noise 0 dBrnc max with +24dB gain
» Low harmonic distortion -60dB max
» Gain range -24 to +24dB
= Resolution 0.1dB steps
s Flat frequency response  +.05dB from .3-4kHz

+.10dB from .1-20kHz
Low supply current 4mA max from +5V supplies
TTL/CMOS compatible digital interface
m ML2003 has pin selectable serial or parallel
interface; ML2004 serial interface only
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ML2003, ML2004

" PIN DESCRIPTION

NAME FUNCTION NAME FUNCTION
C3 In serial mode, pin is unused. In parallel F1 In serial mode, pin is unused. In
mode, coarse gain select bit. Pin has parallel mode, fine gain select bit. Pin
internal pulldown resistor to GND. has internal pulldown resistor to GND.
(LATI) C2  In serial mode, input latch clock which GND Digital ground. 0 volts. All digital inputs
loads the data from the shift register and output are referenced to this
into the latch. In parallel mode, coarse ground.
gain select bit. Pin has internal SER/PAR  Serial or parallel select input. When
pulldown resistor to GND. SER/PAR = 1, device is in serial mode.
(SID) C1  In serial mode, serial data input that When SER/PAR = 0, device is in parallel
contains serial 9 bit data word which mode. Pin has internal pullup resistor to
controls the gain setting. In parallel Vee
mode, coarse gain se!ect bit. Pin has (SOD) FO  In serial mode, serial output data which
internal pulldown resistor to GND. is the output of the shift register. In
(LATO) C0 In serial mode, output latch clock which parallel mode, fine gain select bit. Pin

loads the 9 bit data word back into the
shift register from the latch. In parallel
mode, coarse gain select bit. Pin has
internal pulldown resistor to GND.

Ppon Powerdown input. When Ppy = 1, device
is in powerdown mode. When Ppy = 0,
device is in normal operation. Pin has
internal pulldown resistor to GND.

F3 In serial mode, pin is unused. In parallel
mode, fine gain select bit. Pin has
internal pulldown resistor to GND.

In serial mode, shift register clock
which shifts the serial data on SID into
the shift register on rising edges and
out on SOD on falling edges. In parallel
mode, fine gain select bit. Pin has
internal pulldown resistor to GND.

(SCK) F2

has internal pulldown resistor to GND.
VIN Analog input.

AGND Analog ground. 0 volts. Analog input
and output are referenced to this
ground.

Vss Negative supply. -5 volts £10%.

Vour Analog output.

Ve Positive supply. +5 volts =10%.

ATTEN/GAIN In serial mode, pin is unused. In
parallel mode, attenuation/gain select
bit. Pin has internal pulldown resistor to
GND.

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage
WOE corererserersermsinens cussatissssssnsesis sosnnnesesssneeesessnnnsssansannsses +6.5V
VGG saneereeemimmammintiresstsretnrenresrssessrrsrsssonsnssssssenmnesasessnnasnnnns -6.5V
AGND with respect to GND ... +.5V
Analog Input and Quiput .....cceeeveinnenene Vg5 0.3V 10 Ve +0.3V
Digital Input and OWPULS ..eevevsvivrnnn GND-0.3V to V¢ +0.3V
Input Current Per Pin ., *25mA
Power Dissipation .......iiiee e einntec e 750mwW
Storage Temperature Range ... iininns —65°C 1o +150°C
Lead Temperature (Soldering, 10 5¢C) v 300°C

OPERATING CONDITIONS

Temperature Range (Note 2)

MLZ2003CX, MLZOUACX ..o rinceneees 0°C to 70°C

ML2003IX, ML2004IX .coovviviriiniiiviiivesrisincsninns -40°C to 85°C
Supply Voltage

VCC rerrerrmnrseerisssssroriansinttesssinteess s nees sassn s rassanssnsssees 4V to 6V

VSS ....................................................................... —4V to 6V
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ML2003, ML2004

ELECTRICAL CHARACTERISTICS

Unless otherwise specified Ta = TN 10 Tmax, Voo = 5V H10%, Vs = -5V +10%, Data Word: ATTEN/GAIN = 1,

Other Bits = 0 (0dB Ideal Gain), C; = 100pF, R; = 6000), SCK = LATI = LATO = 0, dBm measurements use 600Q) as
reference load, digital timing measured at 1.4V.

TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN |NOTE 3| MAX | UNITS
Analog
AG Absolute gain accuracy 4 Vin = 8dBm, 1kHz -0.05 +0.05 dB
RG Relative gain accuracy 4 100000001 -.05 +.05 dB
000000000 -.05 +.05 dB
000000001 -.05 +.05 dB
All other gain settings -01 +0.1 dB
All values referenced to 100000000 gain
when ATTEN/GAIN =1, V|y = 8dBm
when ATTEN/GAIN = 0,
ViN = (8dBm - Ideal Gain) in dB
FR Frequency response 4 300-4000Hz -0.05 +0.05 dB
100-20,000 Hz =01 +).] dB
Relative to 1kHz
vOS Output Offset Voltage 4 Vin = 0, +24dB gain £100 mVy
ICN Idle Channel Naise 4 Vin = 0, +24dB gain, C msg. Weighted -6 0 dBrnc
5 ViN = 0, +24dB gain, 1kHz 450 900 [nv/v/Hz
HD Harmonic Distortion 4 ViN = 8dBm, 1kHz -60 dB
Measure 2nd, 3rd harmonic relative
to fundamental
sD Signal to Distortion 4 Vin = 8dBm, 1kHz. +60 dB
C msg. weighted
PSRR Power Supply Rejection 4 200mVy.p, TkHz sine, Vi = 0
on Vcc -60 —40 dB
on VSS -60 -40 dB
N Input Impedance, Vjy 4 1 Meg
VINR Input Voltage Range 4 £3.0 v
Vosw Output Voltage Swing 4 +3.0 v
Digital and DC
ViL Digital input Low Voltage 4 8 v
Viy Digital Input High Voltage 4 2.0 v
Vou Digital Output Low Voltage 4 loL = 2mA 4 v
Voh Digital Output High Voltage 4 lop = -TmA 40 v
Ing Input Current, SER/PAR 4 Vir = GND -5 =100 HA
InD input Current, All Digital 4 Vi = Vec 5 100 HA
inputs Except SER/PAR
lec Vee Supply Current 4 No output load, V) = GND, 4 mA
Vin= Ve, VIN=0
Iss Vs Supply Current 4 No output load, V) = GND, -4 mA
Vin = Voo, Vin= 0
lccp Vee Supply Current, 4 No output load, V|, = GND, 5 mA
Powerdown Mode Viq = Vee
lssp Vss Supply Current 4 Na output load, v, = GND, =1 mA
Powerdown Mode Vig = Ve
3-5
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ML2003, ML2004 ) -
ELECTRICAL CHARACTERISTICS (Continued)

Unless otherwise specified Ta = Tuin t© Tmaxs Voc = 5V £10%, Vss = -5V +10%, Data Word: ATTEN/GAIN =1,
Other Bits = 0 (0dB Ideal Gain), C = 100pF, R; = 600Q, SCK = LATI = LATO = 0, dBm measurements use 600Q) as
reference load, digital timing measured at 1.4V. C_ = 100pF or SOD.

TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN |NOTE 3| MAX | UNITS

AC Characteristics
tser Vour Settling Time 4 Vi = 0:185V. Change gain from -24 to 20 s

+24dB. Measure from LATI rising edge

to when Vg settles to within 0.05dB

of final value.
TgTEp Vour Step Response 4 Gain = +24dB. V|y = -0.185V to +0.185V 20 Us

step. Measured when Vo settles to

within 0.05dB of final value.
tscx SCK On/Off Period 4 250 ns
ts SID Data Setup Time 4 50 ns
ty SID Data Hold Time 4 50 ns
[1h) SOD Data Delay 4 0 125 ns
tipw LATI Pulse Width 4 50 ns
topw LATO Pulse width 4 50 ns
tis, tos LATI, LATO Setup Time 4 50 ns
tiy, ton | LATI, LATO Hold Time 5 50 ns
tpD SOD Parallel Load Delay 4 0 125 ns

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless
otherwise specified are measured with respect to ground.

Note 2: 0°C to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits
guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions.

Note 3: Typicals are parametric norm at 25°C.

Note 4: Parameter guaranteed and 100% production tested.

Note 5: Parameter guaranteed. parameters not 100% tested are not in outgoing quality level calculation.

TIMING DIAGRAM
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Figure 1. Serial Mode Timing Diagram
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ML2003, ML2004

‘TYPICAL PERFORMANCE CURVES
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Figure 2. Amplitude vs Frequency (Vin/Vour = .5VRms)
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ML2003, ML2004

TYPICAL PERFORMANCE CURVES (Continued)
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1.0 FUNCTIONAL DESCRIPTION

The ML2003 consists of a coarse gain stage, a fine gain
stage, an output buffer, and a serial/parallel digital
interface.

1.1 Gain Stages

The analog input, Vi, goes directly into the op amp
input in the coarse gain stage. The coarse gain stage
has a gain range of 0 to 22.5dB in 1.5dB steps.

The fine gain stage is cascaded onto the coarse section.
The fine gain stage has a gain range of 0 to 1.5dB in
0.1dB steps.

In addition, both sections can be programmed for
either gain or attenuation, thus doubling the effective
gain range.

The logarithmic steps in each gain stage are generated
by placing the input signal across a resistor string of 16
series resistors. Analog switches allow the voltage to be
tapped from the resistor string at 16 points. The resistors
are sized such that each output voltage is at the proper
logarithmic ratio relative to the input signal at the top
of the string. Attenuation is implemented by using the
resistor string as a simple voltage divider, and gain is
implemented by using the resistor string as a feedback
resistor around an internal op amp.

1.2 Gain Settings

Since the coarse and fine gain stages are cascaded, their
gains can be summed logarithmically. Thus, any gain
from -24dB to +24dB in 0.1dB steps can be obtained by

combining the coarse and fine gain settings to yield the
desired gain setting. The relationship between the
digital select bits and the corresponding analog gain
values is shown in Tables 1 and 2. Note that C3-C0
selects the coarse gain, F3-F0 selects the fine gain, and
ATTEN/GAIN selects either attenuation or gain.

1.3 Output Buffer

The final analog stage is the output buffer. This
amplifier has internal gain of 1 and is designed to
drive 600 ohms and 100pF loads. Thus, it is suitable
for driving a telephone hybrid circuit directly without
any external amplifier.

1.4 Power Supplies

The digital section is powered between Vcc and GND,
or 5 volts. The analog section is powered between Vcc
and Vss and uses AGND as the reference point, or +5
volts.

GND and AGND are totally isolated inside the device
to minimize coupling from the digital section into the
analog section. However, AGND and GND should be
tied together physically near the device and ideally
close to the common power supply ground
connection.

Typically, the power supply rejection of Ve and Vss
to the analog output is greater than -60dB at 1kHz. If
decoupling of the power supplies is still necessary in a
system, Ve and Vsg should be decoupled with
respect to AGND.

3-8 f#L Micro Linear



ML2003, ML2004

'FUNCTIONAL DESCRIPTION (Continued)

Table 1. Fine Gain Settings (C3-C0 = 0)

Table 2. Coarse Gain Settings (F3-F0 = 0)

Ideal Gain (dB)

Ideal Gain (dB)

F3 F2 F1 F0O ATTEN/GAIN =1 ATTEN/GAIN =0 C3 C2 C1 C0 ATITEN/GAIN=1 ATTEN/GAIN=10
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 -1 N 0 0 0 1 -1.5 1.5
0 0 1 0 -2 2 0 0 1 0 -3.0 3.0
0 0 1 1 -3 3 0 0 1 1 -4.5 4.5
0 1 0 0 -4 4 0 1 0 0 -6.0 6.0
0 1 0 1 -5 .5 0 1 0 1 -7.5 7.5
0 1 1 0 -6 B 0 1 1 0 -9.0 9.0
0 1 1 1 -7 o7 0 1 1 1 -10.5 10.5
1 0 0 0 -8 8 1 0 0 0 -12.0 12.0
1 0 0 1 -9 9 1 0 0 1 -13.5 135
1 0 1 0 -1.0 1.0 1 0 1 0 -15.0 15.0
1 0 1 1 -1.1 1.1 1 0 1 1 -16.5 16.5
1 1 0 0 -1.2 1.2 1 1 0 0 -18.0 18.0
1 1 0 1 -1.3 ' 1.3 1 1 0 1 -19.5 19.5
1 1 1 0 -1.4 1.4 1 1 1 0 -21.0 210
1 1 1 1 -1.5 1.5 1 1 1 1 -22.5 22,5

1.5 Powerdown Mode

A powerdown mode can be selected with pin Pp.
When Ppy = 1, the device is powered down. In this
state, the power consumption is reduced by removing
power from the analog section and forcing the analog
output, Vour, to a high impedance state. While the
device is in powerdown mode, the digital section is still
functional and the current data word remains stored in
the latch when in serial mode. When Ppy = 0, the
device is in normal operation.

1.6 Digital Section

The ML2003 can be operated with a serial or parallel
interface. The SER/PAR pin selects the desired interface.
When SER/PAR = 1, the serial mode is selected. When

SER/PAR = 0, the parallel mode is selected. The ML2004
digital interface is serial only.

1.6.1 Serial Mode

Serial mode is selected by setting SER/PAR pin high.
The serial interface allows the gain settings to be set
from a serial data word.

The timing for the serial mode is shown in Figure 10.
The serial input data, SID, is loaded into a shift register
on rising edges of the shift clock, SCK. The data can be
paralle! loaded into a latch when the input latch signal,
LATI, is high. The LATI pulse must occur when SCK is
low. In this way, a new data word can be loaded into
the shift register without disturbing the existing data
word in the latch.

The parallel outputs of the latch control the
attenuation/gain setting. The order of the data word
bits in the latch is shown in Figure T1. Note that bit 0 is
the first bit of the data word clocked into the shift
register. Tables 1 and 2 describe how the data word
programs the gain.

The device also has the capability to read out the data
word stored in the latch. This can be done by parallel
loading the data from the latch back into the shift
register when the latch signal, LATO, is high. The LATO
pulse must occur when SCK is low. Then, the data
word can be shifted out of the shift register serially to
the output, SOD, on falling edges of the shift clock,
SCK.

The loading and reading of the data word can be done
continuously or in bursts. Since the shift register and latch
circuitry inside the device is static, there are no minimum
frequency requirements on the clocks or data pulses.
However, there is coupling (typically less than 100uV) of the
digital signals into the analog section. This coupling can be
minimized by clocking the data bursts in during noncritical
intervals or at a frequency outside the analog frequency
range.

1.6.2 Parallel Mode

The parallel mode is selected by setting SER/PAR pin
low. The parallel interface allows the gain settings to be
set with external switches or from a parallel
microprocessor interface.

In parallel mode, the shift register and latch are
bypassed and connections are made_directly to the gain
select bits with external pins ATTEN/GAIN, C3-C0, and
F3-F0. Tables 1 and 2 describe how these pins program
the gain. The pins ATTEN/GAIN, C3-C0, and F3-F0 have
internal pulldown resistors to GND. The typical value of
these pulldown resistors is 100kQ.
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FUNCTIONAL DESCRIPTION (Continued)
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Figure 10. Serial Mode Timing
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APPLICATIONS

ML2004 ML2020
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Figure 12. Typical Serial Interface
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Figure 14. Controfling Multiple M1.2020 and ML2004 With Only 3 Digital Lines
Using One Long Data Word
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APPLICATIONS (Continued)
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ML2003, ML2004

ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE
ML2003IP —40°C to 85°C Molded DIP (P18)
ML20031Q —40°C to 85°C Molded PCC (Q20)
ML2003CP 0°C to 70°C Molded DIP {P18)
ML2003CQ —40°C to 85°C Molded PCC (QQ20)
ML2004I1P —40°C to 85°C Molded DIP (P14)
ML2004CP 0°Cto 70°C Molded DIF (P14)
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To receive a price quote or to request a
product sample, call or send e-mail to your
local representative.

When sending e-mail, be sure to include the
Micro Linear part number and whether you
want a price quote or a sample in the subject
line.

(i.e. subject: Sample request - ML part#xxxx)

Click here to find your local representative
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