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Precision Wide Range (3 nA to 3 mA)

High-Side Current Mirror

ADL3313

FEATURES

Accurately mirrors input current (1:1 ratio) over 6 decades
Linearity 1% from 3 nA to 3 mA
Stable mirror input voltage

Voltage held 1V below supply using internal reference
or can be set externally

Adjustable input current limit
2.7V to 8 V single-supply operation
Miniature 8-lead LFCSP (2 mm x 3 mm)

APPLICATIONS

Optical power monitoring from a single photodiode
General voltage biasing with precision current monitoring
Voltage-to-current conversion

GENERAL DESCRIPTION

The ADL5315 is a wide input current range, precision high-side
current mirror featuring a stable and user-adjustable input
voltage. It is optimized for use with PIN photodiodes, but its
flexibility and wide operating range make it suitable for a broad
array of additional applications. Over the 3 nA to 3 mA range,
the current sourced from the INPT pin is accurately mirrored
with a 1:1 ratio and sourced from the IOUT output pin. In a
typical photodiode application, the output drives a current-
input logarithmic amplifier to produce a linear-in-dB output
representing the optical power incident upon the photodiode.
For linear voltage output, a single resistor to ground is all that is
required. The photodiode anode can be connected to a high
speed transimpedance amplifier for the extraction of the data
stream. The voltage at the INPT pin is temperature stable with
respect to the voltage at the VSET input pin, which it tracks. A
temperature stable reference voltage is provided at the SREF
pin, which, when tied to VSET, fixes the voltage at INPT 1.0 V
below VPOS. VSET can also be driven from an external source.
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Figure 1.

The VSET input has very low input current and can be driven
as low as the bottom rail, facilitating nonloading voltage-to-
current conversion as well as minimizing dark current in
photodiode applications.

The ADL5315 also features adjustable input current limiting
using an external resistor from RLIM to VPOS. The maximum
current sourced by INPT (and IOUT) can be set between 1 mA
and 16 mA, beyond which the voltage at INPT falls rapidly
from its setpoint. Connecting RLIM directly to VPOS provides
basic input short-circuit protection with the default current
limit of 16 mA typical.

The ADL5315 is available in a 2 mm x 3 mm, 8-lead LFCSP and
is specified for operation from —40°C to +85°C.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 www.analog.com
Fax:781.461.3113 © 2005 Analog Devices, Inc. All rights reserved.




ADL5315* Product Page Quick Links

Last Content Update: 08/30/2016

Comparable Parts &

View a parametric search of comparable parts

Evaluation Kits !
e ADLS5315 Evaluation Board

Documentation &
Data Sheet

* ADLS5315: Precision Wide-Range (3 nA - 3 mA) High-Side
Current Mirror Data Sheet

Reference Designs &
- CNO0S6

Reference Materials &
Technical Articles

* Log Amps and Directional Couplers Enable VSWR
Detection

Design Resources =

+ ADLS5315 Material Declaration
* PCN-PDN Information

* Quality And Reliability

+ Symbols and Footprints

Discussions &'
View all ADL5315 EngineerZone Discussions

Sample and Buy &~

Visit the product page to see pricing options

Technical Support &

Submit a technical question or find your regional support
number

* This page was dynamically generated by Analog Devices, Inc. and inserted into this data sheet. Note: Dynamic changes to
the content on this page does not constitute a change to the revision number of the product data sheet. This content may be

frequently modified.


http://www.analog.com/parametricsearch/en/10766?doc=adl5315.pdf&p0=1&lsrc=pst
http://www.analog.com/parametricsearch/en/10766?doc=adl5315.pdf&p0=1&lsrc=pst
http://www.analog.com/adl5315/evalkits?doc=adl5315.pdf&p0=1&lsrc=ek
http://www.analog.com/adl5315/evalkits?doc=adl5315.pdf&p0=1&lsrc=ek
http://www.analog.com/adl5315/documentation?doc=adl5315.pdf&p0=1&lsrc=doc
http://www.analog.com/adl5315/documentation?doc=adl5315.pdf&p0=1&lsrc=doc
http://www.analog.com/adl5315/referencedesigns?doc=adl5315.pdf&p0=1&lsrc=rd
http://www.analog.com/adl5315/referencedesigns?doc=adl5315.pdf&p0=1&lsrc=rd
http://www.analog.com/adl5315/referencematerials?doc=adl5315.pdf&p0=1&lsrc=rm
http://www.analog.com/adl5315/referencematerials?doc=adl5315.pdf&p0=1&lsrc=rm
http://www.analog.com/adl5315/designsources?doc=adl5315.pdf&p0=1&lsrc=dr
http://www.analog.com/adl5315/designsources?doc=adl5315.pdf&p0=1&lsrc=dr
http://www.analog.com/adl5315/discussions?doc=adl5315.pdf&p0=1&lsrc=disc
http://www.analog.com/adl5315/discussions?doc=adl5315.pdf&p0=1&lsrc=disc
http://www.analog.com/adl5315/sampleandbuy?doc=adl5315.pdf&p0=1&lsrc=sb
http://www.analog.com/adl5315/sampleandbuy?doc=adl5315.pdf&p0=1&lsrc=sb
http://www.analog.com/support/technical-support.html?doc=adl5315.pdf&p0=1&lsrc=techs
http://www.analog.com/support/technical-support.html?doc=adl5315.pdf&p0=1&lsrc=techs

ADL5313

TABLE OF CONTENTS

Features w1 Noise Performance...........coviiniincncininnincicnnine.
APPLICALIONS....ceveeeiirieiiereieieiereteieeerees st ssesesseaesseaees 1 Mirror Response Time........cooveeeueinineccreininenccneieineecneienenes
Functional Block Diagram ..........cccccueicinininininicccisicinennenns 1 Input Current Limiting
General DeSCriPioN ......c.cucueueueeeureeceeeeersensenneiessesseseesesessessesens 1 APPLICALIONS. ..eovvereererairciereiseaeeeieeee e sesessessessesseseeseesessessessesnenne
Revision History ........ccoevevennne. 2 Average Power Monitoring
SPECHICALIONS......oeverveericii s 3 Translinear Log Amp Interfacing..........cccoccveveivinincicininnas
Absolute Maximum Ratings..................... 4 Extended Operating Range

ESD Caution 4 Using RLIM as a Secondary Monitor ...........cccceceecuecuvcuncuncnnes
Pin Configuration and Function Descriptions...........ccccccveueunee. 5 Characterization Methods ..........cccccocviniiinincncncncnccicicenes
Typical Performance Characteristics .........cocveuveureureeeccccuncunennenn. 6 Evaluation Board. ...
Theory of Operation ...........ccecveueuunee 9 Outline Dimensions

Bias Control Interface 9 Ordering Guide

REVISION HISTORY

10/05—Revision 0: Initial Version

Rev. 0| Page 2 of 20




ADL53135

SPECIFICATIONS

Vros =5V, Vser =4V, Iver = 3 pA, Ta = 25°C, unless otherwise noted.

Table 1.
Parameter Conditions Min Typ Max Unit
CURRENT MIRROR OUTPUT IOUT (Pin 8)
Current Gain from INPT to IOUT 0.99 1.00 1.01
Current Gain from INPT to IOUT —40°C < Ta < +85°C 0.97 1.00 1.03 A/A
Nonlinearity 3nA<lpp<3mA 0.25 1.00 %
Small Signal Bandwidth Iiner =3 NA 1 kHz
Iiner = 3 pA 1 MHz
Wideband Noise at IPDM Iinet = 3 YA, Cser=2.2 nF 20 nArms
Specified Output Voltage Range 0 Vros — 1 \Y%
lout X Rout Product Iner = 3 pA 900 Vv
MIRROR INPUT, VOLTAGE CONTROL INPT (Pin 1), VSET (Pin 2), SREF (Pin 3)
Specified Input Current Range, linet Flows from INPT pin 3n 3m A
Specified VSET Voltage Range 2.7V <Vpos< 6.5V 0 Vros — 1 Vv
6.5V <Vpos <8V Vpos — 6.5 Vpos — 1 \"
Incremental Gain from VSET to INPT 0.2V <Vsr<7.0V 0.98 1 1.02 VIV
Incremental Input Resistance at VSET Vser=4.0V >100 GQ
Input Bias Current at VSET Vser=4.0V <30 PA
SREF Voltage, Relative to Vros 2.7V <Vpos <8V -1.04 -1.0 -0.97 Vv
OVERCURRENT PROTECTION
INPT Current Limit Viner dropsto OV, Rum=0Q 16 mA
Viner drops to 0V, Rum = 3 kQ 6.4 8 9.6 mA
POWER SUPPLY VPOS (Pin 6)
Supply Voltage Range 2.7 8 Vv
Quiescent Current Iiner = 3 pA 1.8 2.2 mA
Iiner =3 MA 8.3 10.2 mA
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ADL5313

ABSOLUTE MAXIMUM RATINGS

Table 2.

Parameter Rating Stresses above those listed under Absolute Maximum Ratings
Supply Voltage 8V may cause permanent damage to the device. This is a stress
Input Current at INPT 20 mA rating only; functional operation of the device at these or any
Internal Power Dissipation 500 mW other conditions above those indicated in the operational

B:n (Soldered Exposed Paddle) 80°C/W section of this specification is not implied. Exposure to absolute
Maximum Junction Temperature 125°C maximum rating conditions for extended periods may affect
Operating Temperature Range —40°Cto +85°C device reliability.

Storage Temperature Range —65°Cto +150°C

Lead Temperature (Soldering 60 sec) 300°C

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000V readily accumulate on
the human body and test equipment and can discharge without detection. Although this product features  JRYVLARGIH @
proprietary ESD protection circuitry, permanent damage may occur on devices subjected to high energy W“
electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid performance

. . . ESD SENSITIVE DEVICE
degradation or loss of functionality.
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ADL53135

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

INPT 1 M8 1ouT

VSET 2[] ADL5315H 7 NC

H TOPVIEW L
SREF 3 Hnot to Scale)] 6 VPOS

comm 4[] 5 RLIM

05694-002

NC = NO CONNECT
Figure 2. 8-Lead LFCSP

Table 3. Pin Function Descriptions

Pin No. | Mnemonic | Description

1 INPT Input Current. Pin sources current only.

2 VSET Sets Voltage at INPT (Gain = 1). Range 0V to Veos — 1.0 V for Vreos < 6.5 V. For Veos = 6.5 V range, Vros — 6.5 V to
Vros — 1 V. Optional shielding of INPT trace.

3 SREF Reference Voltage for VSET. Internally generated at Veos — 1.0 V through 20 kQ. Can be shorted to VSET for
standard mirror operation.

4 coOMM Analog Ground.

5 RLIM External Resistor to VPOS. Sets current limit at INPT from 1 mA to 16 mA. lum = 48 V/(Rum + 3 kQ).

6 VPOS Positive Supply (2.7 Vto 8.0V).

7 N/C Optional Shielding of IOUT Trace. No connection to die.

8 I0UT Output Current. Mirrors current at INPT with a gain of 1.0. Sources current only.

PADDLE Internally connected to COMM, solder to ground.
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ADL5313

TYPICAL PERFORMANCE CHARACTERISTICS

Vros =5V, Vser = Vsrer, Vour = 0V, Ta = 25°C, unless otherwise noted.
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ADL53135

THEORY OF OPERATION

The ADL5315 addresses the need for precision high-side
monitoring of photodiode current in fiber optic systems and is
useful in many nonoptical applications as well. It is optimized
for use with ADT’s family of translinear logarithmic amplifiers,
which take advantage of the wide input current range of the
ADL5315. This arrangement allows the anode of the photo-
diode to connect directly to a transimpedance amplifier for the
extraction of the data stream without the need for a separate
optical power monitoring tap. Figure 19 shows the basic
connections for the ADL5315.

ADL5315

MIRROR
CURRENT
OUTPUT

05694-023

Figure 19. Basic Connections

At the heart of the ADL5315 is a precision 1:1 current

mirror with a voltage following characteristic that provides an
adjustable bias voltage at the mirror input. This architecture
uses a JFET input amplifier to drive the bipolar mirror and
maintain stable Viver voltage, while offering very low leakage
current at the INPT pin. The current sourced by the low
impedance INPT pin is mirrored and sourced by the high
impedance IOUT pin.

BIAS CONTROL INTERFACE

The voltage at the INPT pin, Vier, is forced to be equal to the
voltage applied to VSET by the mirror-biasing loop. The Vser
voltage range extends down to ground, allowing the ADL5315
to be used as a voltage-to-current converter with a single resistor
from INPT to ground. This capability allows dark current to be
minimized in PIN photodiode systems by maintaining a small
voltage bias. The VSET control also allows Vixer to be set
approximately equal to the load voltage at IOUT. Balancing
the mirror voltages in this way provides inherently superior
linearity over the widest current range independent of the
supply voltage. Only leakage currents from the JFET op amp
and ESD devices remain as significant sources of nonlinearity
at very low currents. The voltage at VSET can also be used to
shield the highly sensitive INPT pin and its board trace from

leakage currents, because the two pins operate at approximately

the same potential. Care must be taken to provide a low noise
Vser signal, since voltage noise at VSET also appears at INPT
and is transformed by the input compensation network into
current noise.

The ADL5315 provides a setpoint reference pin, SREF,

which can be connected to VSET for standard 2-port

mirror operation. Vsrer is maintained 1.0 V below Veos over
temperature and is independent of input current. When using
SREEF to set the input voltage, a capacitor should be placed
between SREF and ground to filter noise from SREF as well

as improve power supply rejection over frequency. A value of
2.2 nF, for example, combined with the 20 kQ output resistance
at SREE, creates a pole at approximately 3 kHz.

The voltage at the SREF pin can be lowered to a desired fixed
value with the use of a single external resistor from SREF to
ground. Mismatch between on-chip and external resistors
limits the accuracy of the resultant voltage. In addition, internal
clamping to protect the precision bias limits the range. Figure 20
shows an equivalent circuit model of the SREF biasing. The
Schottky diode clamp protects the 50 pA current source when
SREF is pulled to ground. When Vsker is 1.2 V or higher, the

50 pA current flows to the SREF pin. The current is shunted
away and does not appear at the SREF pin for Vszer < 0.6 V.
The transition region is between 0.6 V and 1.2 V with a large
uncertainty in the pull-down current. It is recommended that a
2-resistor divider from VPOS (with no connection to SREF) or
another external bias be used to bias VREF in this transition
region.

Equations for the SREF voltage with an external pull-down Rexr
follow:

R
Vg = ——24— (Vs —1.0V), Voo 21.2V
SREF REXT +20kQ( POS ) SREF
R
Ve, =— "EXTI' y y Vs <06V
SREF REXT +20kQ POS SREF

where the 20 kQ) is the process-dependent internal resistor.

Vpos

\/
ADL5315 VSET
20k0 $

- SREF

sl

0.9v (¥) 50uA =F CseT 3 Rext

IH—C

05964-029

Figure 20. Model of SREF Bias Source with External Pull-Down
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ADL5313

The VSET control is intended primarily to provide a dc bias
voltage for the mirror input, but it is also well behaved in the
presence of the Vier transients. The rise time of Viwer is largely
independent of input current because the mirror is capable of
sourcing large currents to pull up the INPT pin. The fall time,
however, is inversely proportional to Iier because only Iver is
available to discharge the input compensation capacitor and
other parasitics (see Figure 11). The mirror output current can
vary significantly from zero to several milliamps until Vixer is

fully settled.

NOISE PERFORMANCE

The noise performance for the ADL5315, defined as the rms
noise current as a fraction of the output dc current, generally
improves with increasing signal current. This partially results
from the relationship between the quiescent collector current
and the shot noise in the bipolar transistors. At lower signal
current levels, the noise contribution from the JFET amplifier
and other voltage noise sources appearing at INPT contribute
significantly to the current noise. Filtering noise at VSET,
whether provided by SREF or generated externally, as well as
selecting optimal external compensation components on INPT,
minimizes the amount of current noise at IOUT generated by
the voltage noise at INPT.

MIRROR RESPONSE TIME

The response time of Iour to changes in Inwr is fundamentally a
function of input current, with small-signal bandwidth increasing
roughly in proportion to Imer (see Figure 10). The value of the
external compensating capacitor on INPT strongly affects the
Iour response time (as well as the Vser to Vixer fall time, as noted
in the Bias Control Interface section), although the value must
be chosen to maintain stability and prevent noise peaking.

INPUT CURRENT LIMITING

The ADL5315 provides a resistor-programmable input current
limit with a fixed maximum of 16 mA for the RLIM pin tied to
VPOS. The fixed maximum provides input short-circuit protection
to ground. The current limit is defined as the current that forces
Viner to 0 V (when using a current source on the INPT pin).
Resistor Rin between the VPOS and RLIM pins controls the
current limit according to

48V
Ry +3kQ

LM =

over an Ruwm range of 0 to 45 kQ, corresponding to 16 mA down
to 1 mA. Larger values of Ruwm can be used for currents below

1 mA (down to approximately 250 pA) with some degradation
in accuracy. See Figure 14 for more performance detail.
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ADL53135

APPLICATIONS

The ADL5315 is primarily designed for wide dynamic range
applications, simplifying power monitoring designs where
access is only permitted to the cathode of a PIN photodiode or
receiver module. Figure 22 shows a typical application where
the ADL5315 is used to provide an accurate bias to a PIN diode
while simultaneously mirroring the diode current to be
measured by a translinear logarithmic amplifier.

In this application, the ADL5315 sets the bias voltage on the
PIN diode. This voltage is delivered at the INPT pin and is
controlled by the voltage at the VSET pin. VSET is driven by
the on-board reference Visrer, which is equal to Veos — 1 V.

The input current, Iier, is precisely mirrored at a ratio of 1:1 to
the IOUT pin. This interface is optimized for use with any of
ADTs translinear logarithmic amplifiers (for example, the
AD8304 or AD8305) to offer a precise, wide dynamic range
measurement of the optical power incident upon the PIN.

If a linear voltage output is preferred at IOUT, a single external
resistor to ground is all that is necessary to perform the
conversion.

VSET
NODE VOLTAGES
Vsrer = Vpos - 1V

VSeT = VINPT

ILim = IMA — 16mA

ADL5315
VOLTAGE | | CURRENT
REFERENCE [ | LIMITING
4
g()corvnvl |
20k 3 CURRENT
MIRROR
H)—— 1:1
SREF VPOS

ALY ¥

PIN

g

Figure 22. Typical Application Using the ADL5315

Rim =48V _

AVERAGE POWER MONITORING

In applications where a modulated signal is incident upon the
photodiode, the average power of the signal can be measured.
Figure 21 shows the connections necessary for using the
ADL5315 in such a measurement system.

The value of the capacitor to ground should be selected to
eliminate errors due to modulation of the ADL5315 input
current.

ADL5315 Veos
o)
VOLTAGE | | CURRENT
REFERENCE [ | LIMITING
4 5
g()COMM | S
20kQ 2 CURRENT
MIRROR
3 1:1 O—
SREF VPOS
gCSET
VSET NC
®

IOUT LINEAR
(s VOLTAGE
IPD OouTPUT

v

DATA PATH

05694-010

Figure 21. Average Power Monitoring Using the ADL5315

Vpos

ke 9
ILim

RLim

THIS CONNECTION IS NOT NECESSARY,
BUT REDUCES ERRORS DUE TO LEAKAGE
CURRENTS AT LOW SIGNAL LEVELS.

OPTICAL
POWER

)

TRANSLINEAR LOG AMP
AD8304, AD8305, ETC.

05694-009
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ADL5313

TRANSLINEAR LOG AMP INTERFACING

The mirror current output, IOUT, of the ADL5315 is designed
to interface directly to an Analog Devices translinear
logarithmic amplifier, such as the AD8304, AD8305, or
ADL5306.

Figure 24 shows the basic connections necessary for interfacing
the ADL5315 to the AD8305. In this configuration, the designer
can use the full current mirror range of the ADL5315 for high
accuracy power monitoring.

The measured rms noise voltage at the output of the AD8305 vs.
the input current is shown in Figure 23, both for the AD8305 by
itself and in cascade with the ADL5315. The relatively low noise
produced by the ADL5315, combined with the additional noise
filtering inherent in the frequency response characteristics of
the AD8305, results in minimal degradation to the noise
performance of the AD8305.

ADL5315 Veos
Rim=48V 315 O

VOLTAGE CURRENT Itim

REFERENCE [ | LIMITING R
) . LIM
4 ) — L —
‘;( coMM | RLIM

I im = ImA — 16mA

4.7nF 2kQ

200kQ

Careful consideration should be made to the layout of the
circuit board in this configuration. Leakage current paths in the
board itself could lead to measurement errors at the output of
the translinear log amp, particularly when measuring the low
end of the ADL5315’s dynamic range. It is recommended that
when designing such an interface that a guard potential be used
to minimize this leakage. This can be done by connecting the
translinear log amp’s VSUM pin to the NC pin of the ADL5315,
with the VSUM guard trace running on both sides of the IOUT
trace. Additional details on using VSUM can be found in the
AD8304 or AD8305 data sheets. The VSET pin of the ADL5315
can be used in a similar fashion to guard the INPT trace.

5.5m |||
5.0m
4.5m \
4.0m
AD8305 AND
’Eu? 3.5m ADL5315 T[]
> 3.0m \((
"'Z) 2.5m
o \
Z  2.0m
N
1.5m
I \\
1.0m AD8305 ONLY \Y
0.5m m S -n
Y o
1n 10n 100n hm 10un 100p im §
NPT (A) g
Figure 23. Measured RMS Noise of AD8305 vs. AD8305
Cascaded with ADL5315
1
OUTPUT
2 Vour = 0.2 x LOGyq (Ippm/1nA)

20kQ 2 CURRENT
MIRROR
33— 11 o—
SREF VPOS
gCSET
VSET NC
@)
our L oo

Fm—====-\
=
5
Fwv—e

ADB8305 INPUT
COMPENSATION
NETWORK

DATA PATH

3V TO 12V

05694-011

Figure 24. Interfacing the ADL5315 to the AD8305 for High Accuracy PIN Power Monitoring

Rev. 0 | Page 12 of 20



http://www.analog.com/en/prod/0%2C2877%2CAD8304%2C00.html
http://www.analog.com/en/prod/0%2C2877%2CAD8305%2C00.html
http://www.analog.com/en/prod/0%2C2877%2CADL5306%2C00.html

ADL3313

EXTENDED OPERATING RANGE

The ADL5315 is specified over an input current range of 3 nA
to 3 mA, but the device remains fully functional over the full
eight decade range specified for ADT’s flagship translinear
logarithmic amplifier, the AD8304 (100 pA to 10 mA). Figure
25 and Figure 26 show the performance of the ADL5315 for this
extended operating range vs. various temperature and supply
conditions.

This extended dynamic range capability allows the ADL5315 to
be used in optical power measurement systems, precision test
equipment, or any other system that requires accurate, high
dynamic range current monitoring.

2.0 r

+25°C, +70°C, +85°C, [ I

15

1.0 [

0.5

LINEARITY (%)
o
[
lout (A)

204

100p in 10n  100n 1p 10p  100un im 10m
IIneT (A)

05694-030

Figure 25. Extended Operating Range of 100 pA to 10 mA for Multiple
Temperatures, Normalized to 25°C and Iiner = 3 UA
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et VS. lour ALL 'l
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0 ||||||\H .
10 & il |l | | A I"H 100
‘ IIH\IIIIIHI\i |||\HI|||||H\IIII|I"
L 05 N B o “I
N M ", Ll [ -
= B ~ ~
£ ol mas:i | RRMARI Z |||||\I 5
i SLhiim FRT AT 2
=z
S —05 i =
.
1.0 i N — Vpos = 2.7V, Vggr = Varer || 100
v Vpos =5V, Vgt =2V
—1.5 [ 8 . — Vpos =5V, Vegr = Vsrer || 1n
— Vpos =8V, Vggr =2V
L — Vpos =8V, Vet = Vsrer
—2.0 L 1 L 100p
100p 100n  1p  10p  100u  1m  10m

05694-031

IinpT (A)

Figure 26. Extended Operating Range of 100 pA to 10 mA for Multiple Supply
Conditions, Normalized to Veos = 5 V, Vser = Vsger and Iiner = 3 UA

USING RLIM AS A SECONDARY MONITOR

The RLIM pin can be used as a secondary linear output for
monitoring input currents near the upper end of the ADL5315
current range. The RLIM pin sinks a current approximately
equal to Inwe1/40. The voltage generated by this current through
the series combination of an internal 3 k(Q resistor and the
external Ruy is compared to a 1.2 V threshold and fed back to
the mirror bias to limit Inwr.

Figure 27 shows the equivalent circuit and one method for
using RLIM to form a Vser bias proportional to Ier, also
referred to as automatic photodiode biasing. This configuration
is useful in PIN photodiode systems to compensate for photo-
diode equivalent series resistance (ESR) while maintaining low
reverse bias at low signal levels to minimize dark current.
Choosing R2 >> Rum minimizes impact on Iuv and allows

the resistor ratio, R2/R1, to be calculated based on maximum
photodiode ESR using the following simplified equation.

R2 40 RPDmax

= , R2>>R,., RI=R3
RI R, LM

where Repmax is the maximum ESR of the photodiode.

For zero bias at zero input current, the sum of Ruv and R3 must
equal R1. For positive bias at zero input current, the sum of Ruu
and R3 should be greater than R1. The ratio of Vros to Vser
varies directly.

For example, choosing Rum = 1.82 kQ (10 mA Im),
R2 =100 kQ, and R1 = 18.2 kQ) compensates for photodiode
ESR up to 250 Q).

A simple low voltage drop current mirror with a load resistor
can replace the differential amplifier shown in Figure 27,
although the resulting input current limit is less accurate and
will vary with temperature.

Veos

{

VPOS
SRLIM

>0

RLIM

R13 R33 b3 (@) 12v

L
—I___:= MIRROR

- BIAS

05964-035

Figure 27. Providing Automatic Photodiode Voltage Biasing Using RLIM Pin
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0.6 T
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Figure 28. Vser Voltage vs. liver when
RLIM Is Configured for Automatic Photodiode Biasing
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0.4
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05694-037

NPT (MA)

Figure 29. Vser Voltage vs. liver when
RLIM Is Configured for Automatic Photodiode Biasing

Figure 28 and Figure 29 show the performance of the circuit in
Figure 27. The reverse bias across the photodiode is held at a
low value for small input currents to minimize dark current.
The Vser voltage increases in a linear manner at the higher input
currents to maintain accurate photodiode responsivity. The
minimum bias level for the configuration above is ~200 mV.

CHARACTERIZATION METHODS

During characterization, the ADL5315 was treated as a
precision 1:1 current mirror. To make accurate measurements
throughout the six-decade current range, calibrated Keithley
236 current sources were used to create and measure the test
currents. Measurements at low currents are very susceptible to
leakage to the ground plane. To minimize leakage on the
characterization board, the VSET pin is connected to traces that
buffer Viver from ground. These traces are connected to the
triax guard connector to provide buffering along the cabling.

The primary characterization setup shown in Figure 30 is used
to perform all static measurements, including mirror linearity
between Iner and Iour, Viner variation vs. Inver, supply current, and
Inver current limiting. Component selection of the characterization
board is similar to that of the evaluation board, except that triax
connectors are used instead of SMA. To measure pulse response,
noise, and small signal bandwidth, more specialized test setups
are used.

INPT KEITHLEY 236
ADL5315

CHARACTERIZATION BOARD

10UT KEITHLEY 236

VPOS VSET SREF COMM

DC SUPPLIES/DMM

05694-025

Figure 30. Primary Characterization Setup

The setup in Figure 31 is used to measure the output current
noise of the ADL5315. Batteries are used in numerous places to
minimize introduced noise and remove the uncertainty
resulting from the use of multiple dc supplies. In application,
properly bypassed dc supplies provide similar results. The load
resistor is chosen for each current to maximize signal-to-noise
ratio while maintaining measurement system bandwidth (when
combined with the low capacitance JFET buffer). The custom
LNA is used to overcome noise floor limitations in the
HP89410A signal analyzer.
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VPOS SREF VSET

ADL5315
+12V

INPT ’\k
Rinput FET BUFFER
LNA
RLoaD _

Qv = -12Vv

3 =
05694-028

Figure 32 shows the configuration used to measure the pulse
response of Ier to Iour. To create the test current pulse, Q1 is
used in a common base configuration with the Agilent 33250A
pulse generator. The output of the 33250A is a negative biased
square wave with an amplitude that results in a one decade

ADL5315
EVALUATION BOARD

TDS5104
OSCILLOSCOPE

05694-024

current step at Iour. AGILENT 33250A | | |
P pAGILENT 332508 DC SUPPLIES/DMM

Rc is chosen according to what current range is desired. For Figure 32. Configuration for Pulse Response of lier to lour
30 pA and lower, the AD8067 FET input op amp is used in a
transimpedance amplifier configuration to allow for viewing on

the TDS5104 oscilloscope. For signals greater than 30 pA, the ——— ADL5315 o' PULSE GENERATOR
ADA4899-1 replaced the AD8067 to avoid limiting the OSCILLOSCOPE EVALUATION BOARD

bandwidth of the ADL5315. ) NPT ouUT KEITHLEY 236
The configuration in Figure 33 is used to measure Vixer while N OCE VPOS SREF coum

Vser is pulsed. Q1 and Rc are used to generate the operating Re T T o
current on the INPT pin. An Agilent 33250A pulse generator is DC SUPPLIES/DMM 3

used on the VSET pin to create a 0.0 V to 4.0 V square wave.

Figure 33. Configuration for Pulse Response from Vserto Viner

The setup in Figure 34 was used to measure the small signal ac
response from Ier to Iour. The AD8138 differential amplifier
was used to couple the ac and dc signals together. The ac signal
was modulated to a depth of 5% of full scale over frequency.
The voltage across Rs sets the dc operating point of Iwer. The
values of Re are chosen to result in decade changes in Inwer. The
ADA4899-1 op amp is used as a transimpedance amplifier for
all current conditions.

NETWORK ANALYZER

OUTPUT R B

O O
POWER l

SPLITTER

A
O

INPT ADL5315 1oUT
EVALUATION BOARD

VPOS VSET SREF COMM

§5OQ | DC SUPPLIES/DMM

Figure 34. Configuration for Small-Signal AC Response

AD8138
EVAL BOARD

05694-027
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EVALUATION BOARD

ADLS5315
INPT 1out (8)
VSET NC (7)
SREF VPOS Vpos
2
01pF
() comm RLIM g
Figure 35. Evaluation Board Schematic (Rev. A)
Table 4. Evaluation Board (Rev. A) Configuration Options
Component Function Default Conditions
VPOS, GND Supply and ground connections. Not applicable
INPUT, L1, C4 Input Interface: The evaluation board is configured to accept an input current at the L1 =0Q (size 0805)
SMA connector labeled INPUT. Filtering of this current can be done using L1 and C4. C4 = open (size 00603)
R4, C3 Input Compensation. Provides essential HF compensation at the INPT pin. C3 =390 pF (size 0805)
R4 = 4.02 kQ (size 0402)
SREF, VSET, SW1, | INPT Bias Voltage. The dc voltage applied to VSET determines the voltage at INPT, SW1 = closed
R1, R6, R7 Vser = Viner. Connecting SREF to VSET sets the bias at INPT to be 1V below Vpos. R1 =100 Q (size 0402)
Opening SW1 allows for VSET to be driven externally via the SMA connector. R6 =R7 =0 Q (size 0402)
IOUT, R5 Output/Mirror Current Interface: The output current at the SMA connector labeled IOUT is R5 = open (size 0603)
equal to the value at INPT. R5 allows a resistor to be installed for applications where a
scaled voltage referenced to IPD is desirable instead of a current.
R2 Current Limiting. An external resistor to VPOS sets the current limit at INPT from R2 =10 kQ (size 0402)
1 mA to 16 mA. lum = 48 V/(Rum + 3 kQ). The evaluation board is configured such that
lum=3.7 mA.
C1,C2,R3 Supply Filtering/Decoupling. C1=0.01 yF (size 0402)
C2=0.1 uF (size 0603)
R3 =0 Q (size 0805)

THPOT t 1our

RT S Lo #5
H S TUANALOG
[ | v DEVICES
e AD53LS
it LFCse
= i EiaL
| l <, | 06 6 m
Figure 36. Component Side Layout Figure 37. Component Side Silkscreen
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OUTLINE DIMENSIONS

3.25 1.89
2.75 1.59 o4
T TT 1T T71 _f_ 0.60 U U U 0.30
:3;: H 2.25 0453 ulBOTTOMVIEV\ns__ IS
175 TOP VIEW 2.00 030 n
155 { H 1.75 T“‘ = 2B
® ) 0RN 0.10
T T TT TT T71 0.05
2.95
INDICAP'II'gé 575 0.50 BSC-—I I‘ J 0.25
255 E
1.00 1_2. MAX 0.80 MAX
0.85
089 I 0.05 MAX
i;i_ 0.02 NOM
sane” 92 || Loseer
018
Figure 38. 8-Lead Lead Frame Chip Scale Package [LFCSP_VD]
2 mm x 3 mm Body, Very Thin, Dual Lead
(CP-8-1)
Dimensions shown in millimeters
ORDERING GUIDE
Model Temperature Range Package Description Package Option Branding
ADL5315ACPZ-R7! -40°C to +85°C 8-Lead LFCSP_VD CP-8-1 Qo
ADL5315ACPZ-WP'- 2 -40°C to +85°C 8-Lead LFCSP_VD CP-8-1 Qo
ADL5315-EVAL Evaluation Board

' Z = Pb-free part.
2 WP = Waffle pack
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