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Abstract

The following describes application circuitry built with laser diode drivers by iC-Haus to operate the most com-
monly used Sanyo laser diodes in both CW and pulse mode.

Sanyo is a trademark of Sanyo Electric Co., Ltd.
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GENERAL INFORMATION

The advantages of integrated driver components as
opposed to discrete circuitry are obvious. Compared
to the typical suggestions for circuits integrated so-
lutions only require about one quarter of the compo-
nents, thus requiring less space, and are significantly
more reliable. Integrated drivers usually also have
a considerably higher degree of accuracy. Most dis-
crete solutions have just one specific basic function.
Temperature-stable voltage references (band-gap ref-
erences), for example, cannot be implemented dis-
cretely; ICs must be used for this purpose anyway.

In selecting suitable driver modules for a laser diode
the following criteria must be taken into consideration:

* Is a monitor diode present?

 Pin configuration (N, M or P type*)
» Maximum laser diode current

» Monitor current range

« CW or pulse operation

 Pulse frequency (range)

» Fixed or variable duty cycle

Laser diode drivers from iC-Haus have been designed
for operation with monitor diodes (regulation of the op-
tical output power = APC or automatic power control).
With the exception of iC-HK, an integrated monitor
diode is thus imperative.

Not every device supports all three pin configurations.

The maximum laser diode current determines the nec-
essary driving capability which each individual device
should have.

The monitor current within the required setup range
must also be able to be processed by the selected
driver device. Exceeding this permissible monitor cur-
rent range damages neither the laser diode nor the de-
vice; the control accuracy will, however, decrease and
the susceptibility to interference rise.

Figure 1 shows the monitor and laser current range
covered in CW operation.

* Also often referred to as types I, Il and Il1.
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Figure 1: Monitor / laser current range in CW oper-
ation

The operating mode (CW or pulse), pulse frequency
(fixed or variable) and duty cycle (fixed or variable) de-
termine whether a simple averaging control is sufficient
or whether each individual pulse has to be controlled
separately.

Figure 2 describes the frequency and laser current
range covered by iC-Haus laser diode drivers.
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Figure 2: Frequency / current range

The following examples are geared towards some of
the most commonly used Sanyo laser diodes.


http://www.ichaus.de
http://www.ichaus.de/product.php?prod=iC-HK/iC-HKB
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CW OPERATION

In plain CW operation an averaging control unit is to-
tally sufficient. Stability is provided when the optical
output signal does not exhibit any notable overshoot
for the set operating point when switched on.

DL-3147-260

The DL-3147-260 is a P-type laser diode with a max-

imum of 45mA at a maximum output power of 7 mW.
Here, either the Universal Laser Saver iC-WK/L can
be used (Figure 3) or, if the laser diode casing is to be
connected to ground for improved thermal dissipation
or easier assembly in a module, iC-WKP (Figure 4).
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Figure 3: iC-WK/L with a DL-3147-260

Dimensioning information for iC-WK/L

Cl: integration capacitor; value must be determined
empirically; size is sufficient if the optical output
does not exhibit any overshoot when switched on

CL: back-up capacitor, absolute value not critical; can
be increased for greater stability

CP: optional; only necessary with longer connections
between the driver output and laser diode

CV: blocking capacitor, absolute value not critical

RM: power setting: RM = 0.5V / Im, with Im = monitor
current of the laser diode with the required output

power.

Resistance RM, used to set the operating point, is al-
ways calculated according to the same principle, as
given in the following formulae:

V(MDA) _ Pror

IMnommaxy ~ Pset

RMmin = 1)

V(MDA Pron

IMnomy, ~ Pset

RMmax =

@)

where IMpom,,,, and IMpom,.., represent the monitor
current range at nominal output power Pyom, as given
in the laser diode data sheet, and Pget is the laser
power to be set.


http://www.ichaus.de/product.php?prod=iC-WK/iC-WKL
http://www.ichaus.de/product.php?prod=iC-WKP
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At 3mW output power and using the information given
in the DL-3147-260 and iC-WK/L data sheets this
amounts to:

0.5V  5mw
RMpin = 04mA * 3mW - 2083.3312
0.5V 5mwW
RMmax = 0.08mA * ImW 10416.67 12

It is prudent here to divide resistor RM into a fixed re-
sistor (RMpmin > RMsix = Pout,,,,) @nd a trimmer (RMyar)

for the setup process:

RMuin > RMgy =2k 2
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If the output power is to be set within a range of 3 to
5mW, for example, the following applies:

05V  5mwW
RMin = 5 2ma * 5mw ~ 12209
0.5v 5mw
RMna = =10416.670
max = 508 mA * 3mw 104166

RMumin > RMgy = 1.2k 2

3.15 v 7,J_,vcc VCCA,J_,S
0 7 | — | B L oom
jEVCC L& L& e —ELDA [T]E&EOHSDOK :
Immmﬂ 24V T t00F ST R
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PROTECTION
1 _
OVER CURRENT : MDK@‘i
OVER TEMP.

FEEDBACK MON.,

|
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MD LD

—0
|
I

GNDO _L

Figure 4: iC-WKP with a DL-3147-260

Dimensioning information for iC-WKP

Cl: integration capacitor; value must be determined
empirically; size is sufficient if the optical output
does not exhibit any overshoot when switched on

CLDA: back-up capacitor, absolute value not critical;
can be increased for greater stability

CM: optional; reduces susceptibility of spike detection
at pin MDK

CVCC: blocking capacitor, absolute value not critical

RL: reduces the power dissipation in the IC and im-
proves the stability of the control unit; absolute
value not critical provided LDA does not saturate

RM: power setting: RM = 1.24V / Im, with Im = mon-
itor current of the laser diode with the required
output power.
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Using the information given in the DL-3147-260 data
sheet RM is calculated as shown in Equations 1 and 2.

At 3mW this amounts to:

1.24vV 5mW

RMmin = m * m = 516667.(2
1.24v. 5mwW
RMmax = m * w =25833.3312

Division of resistor RM into a fixed resistor (RMp,in, >
RMsix = Pout,,) @nd a trimmer (RMya):

RMmin > RMﬁX =5.1kQ2

Rev Al, Page 6/16

If the output power is to be set within a range of 3 to
5mW, for example, the following applies:

1.24V 5mW
RMuin = 5 2ma * 5mw o100
1.24V 5mw
RMmax = 0.08MA * 3ImwW 25833.33 2

RMmin > RMyy =3k 2

DL-4148-021, DL-4148-031

DL-4148-021 and DL-4148-031 are N-type laser
diodes with a maximum of 80 mA at a maximum out-
put power of 12 and 10 mW respectively. Here, either
iC-WJ (Figure 5) or iC-WKN can be used. If the laser

diode casing is to be connected to ground for improved
thermal dissipation or easier assembly in a module, in
both cases the voltage must be supplied from -5V (Fig-
ure 6).
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Figure 5: DL-4148-021 or DL-4148-031 with iC-WJ
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Dimensioning information for iC-WJ

C1, C2: blocking capacitors, absolute value not criti-
cal

C3: optional; only necessary with longer connections
between the driver output and laser diode

Cl: integration capacitor; value must be determined
empirically; size is sufficient if the optical output
does not exhibit any overshoot when switched on

R1: reduces the power dissipation in the IC; output
KLD must not saturate!

RSET: power setting: RM = 1.22V / Im, with Im =
monitor current of the laser diode with the re-
quired output power.

Using the information given in the DL-4148-021 and
DL-4148-031 data sheets the following formulae are
calculated for RM in keeping with Equations 1 and 2:

_ V(SET) _Pron

RMpin = 3
min |mnommax PSEt ( )
V(ISET) Pnom
RM = Tk —— 4
max IMpom,;,  Pset @
At 8 mW this amounts to:
1.22v. 10mwW
RSETin = =3812.501

0.4mA "~ 8mw

Rev Al, Page 7/16

1.22v  10mW

RSETmax = 0.05mA * 8mwW

= 3050012

Division of resistor RSET into a fixed resistance
(RSETmin > RSETsx £ Pout,) and a trimmer
(RSETvar):

RSETmin > RSETjy = 3.6k

RSETmax — RSETsiy < RSETyar = 33k2

If the output power is to be set within a range of 5 to
10 mWw, for example, the following ratios apply:

1.22V  10mwW
1.22v 10mw
RSETmax = OmW:_ 4880002

0.05mA ~ 5mwW

RSETmin > RSETgy = 3k 2
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Figure 6: DL-4148-021 or DL-4148-031 with iC-WKN

Dimensioning information for iC-WKN

Cl: integration capacitor; value must be determined
empirically; size is sufficient if the optical output
does not exhibit any overshoot when switched on

CLDA: back-up capacitor, absolute value not critical;
can be increased for greater stability

CM: optional; reduces susceptibility of spike recogni-
tion at pin MDA

CVCC: blocking capacitor, absolute value not critical

RM: power setting: RM = 0.5V / Im, with Im = monitor
current of the laser diode with the required output
power.

Using the information given in the DL-4148-021 and
DL-4148-031 data sheets RM is calculated as shown
in Equations 1 and 2.

At 8 mW this amounts to:

05V  10mwW
RMin = —> " =1562.50
mn = 0 4mA " 8mw
05V  10mwW
RMmax = m =1250012

0.05mA ¥ 8mwW

Division of resistor RM into a fixed resistance (RMpin
> RMix = Pout,s) @nd a trimmer (RMyay):

RMmin > RMgy = 1.5k 2

RMmax - RMf|X § RMvar = 15kQ

If the output power is to be set within a range of 5 to
10 mW, for example, the following ratios apply:

05V  10mW
RMuin = 5 2ma * Tomw ~ 12204
R = OBV 10mW

0.05mA ~ 5mwW

RMmin > RMﬁX =1.2k
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DL-3149-057 the laser diode casing is to be connected to ground,
The DL-3149-057 is an N-type laser diode with a max- the voltage can also be supplied from -5V as with iC-
imum of 45 mA at a maximum output power of 7mW. WKN (see Figure 6).

Here, universal Laser Saver iC-WK/L can be used. If
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Figure 7: DL-3149-057 with iC-WK/L

Dimensioning information for iC-WK/L If the output power is to be set within a range of 3 to
Using the information given in the DL-3149-057 data 5 mW, for example, the following ratios apply:
sheet RM is calculated as shown in Equations 1 and 2.

At 3mW this amounts to: 0.5V 5mw
RMyin = 2o 5 oW o500
2mA 5mw
0.5V 5mw
_ 05V 5mW _ RMuax = 22V 2MW _ 1 666.67 02
RMmax = 05mA * 3IMW 1666.67 2 0.5mA 3mw

It is prudent here to divide resistor RM into a fixed re-
sistor (RMpin > RMgix = Pout,,,) @nd a trimmer (RMyay):

RMin > RMsy = 240 2
RMmin > RMﬁX =390

RMmax - RMﬁX S RMvar = 15kQ RMmax - RMﬂX S RMvar = 15k.(2


http://www.ichaus.de/product.php?prod=iC-WK/iC-WKL
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DL-3146-151, DL-3146-152

DL-3146-151 and DL-3146-152 are 405nm M-type
laser diodes with a maximum of 70 mA and 110 mA at
a maximum output power of 7 and 35 mW respectively.
The higher forward voltage (ca. 5.5V) and the neces-
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sary connection of the laser diode casing to ground for
improved thermal dissipation mean that only iC-WKM
can be used here (Figure 8). This device also permits
the operation of an M-type laser diode (whose casing
is connected to ground) from a single supply.

VCC/-\,J-‘S
]

_E\/CC T %S L‘ \—‘ %S h XZ JEVCCA
Two@mﬂ TRANSIENT 1 —_Fm@mﬂ
PROTECTION ek
‘ B MDA @5
OVER CURRENT n
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l) 0.25V 1
CI@
— D=1 — I
NG;E ' C _ ji
R
& | \A] K M L AP
FEEDBACK MON, o L
) | [HEMB‘MWGOK = CWMD@ ;
SNDO . oho AGND@3 7777777777777 - 188et
T 1
Figure 8: DL-3146-151 or DL-3146-152 with iC-WKM
Dimensioning information for iC-WKM
0.25vV 5mw
Cl: integration capacitor; value must be calculated RMmax = 5 05 ma * 3mw ~ 0959-3312

empirically; size is sufficient if the optical output
does not exhibit any overshoot when switched
on; larger values are necessary if CM is used

CM: optional; reduces sensitivity of spike recognition

at pin MDA
CVCC: blocking capacitor, absolute value not critical

CVCCA: back-up capacitor, absolute value not criti-
cal; can be increased for greater stability

RM: power setting: RM = 0.25V / Im, with Im = mon-

itor current of the laser diode with the required
output power.

Using the information given in the DL-3146-151 data
sheet RM is calculated as shown in Equations 1 and 2.

At 3 mW this amounts to:

. = 025V 5mwW
YT 0.2mA " 3mw

=2083.33(2

As the data sheet only gives the typical value for the
monitor current and no maximum value the division
of resistor RM into a fixed resistor (RMpjn > RMsy =
Pouts,) @nd a trimmer (RMygr) could be as follows:

RMtyp > RMﬁX =39012

If the output power is to be set within a range of 3 to
5mWw, for example, the following ratios apply:

025V 5mw
RMuyg = 2V = 12500
% =0 2mA *smw 20
RMyay = 222V OSMW _ ga33330

0.05mA * 3mwW


http://www.ichaus.de/product.php?prod=iC-WKM
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RMiyp > RMgx =240 (2 RMmax — RMgix < RMyar = 3.3k {2

RMmax — RMgix < RMyar =10k {2 If the output power is to be set within a range of 5 to
35mW, for example, the following ratios apply:
RM can be calculated using the information given in
the DL-3146-152 data sheet. 025V  35mwW
. m
RMmin = TmA * 35mw - 2°0%

At 25 mW this amounts to:

Ru. = 025V 35mW _ o
LmA - 2omW RMpy = 222V 3MW 1 oe000
mXT0.1mA 5mwW
025V  35mwW
= MW - 35000

RM =
maX = 0 1mA " 25mwW
RMin > RMg, =240
Division of resistor RM into a fixed resistance (RMmin min = T
> RMsix = Poutyey) @nd a trimmer (RMyar):

RMpmin > RMgy = 33002 RMmax — RMiix < RMyar = 22K 2
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Analogue modulation

With regard to all of the driver devices described
herein, in principle analog modulation (modulation
depth <« 100%) is possible up to a specific cutoff
frequency which is determined by the integration ca-
pacitor (CI). This can either be achieved through di-
rect modulation at the operating point adjusting resis-
tor (see Figures 9 and 10) or, with devices in the iC-
WK product range, at the second monitor current input
(Figure 11).
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Taking the operating point set using RSET (cf. Equa-
tions 3 and 4), the output power is calculated thus:

Pout = Pnom*Pmod )
V (ISET)—VMOD
Pour = Pnom*Pnom* ﬁ (6)
RSET

Parallel to this the output power for iC-WK is calculated
as shown in Figure 10.

O +5V
C3 —
ooE S 100 uF
LD MD _
R1
1 lenD K| o 120
] - ]
AMD
“TH I
CJ--{cwD | ]
CI WDOG i
22 nF N

| | L] L]

+5V
R2 L REF
10 kQ 4 VCC /\
VMOD — 1 liseT =15
0.15V — .
iC-WJ/WJZ —_
c2
RSET L 100nF
10 kQ

Figure 9: Analogue modulation in the iC-WJ product range
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Figure 10: Analogue modulation in the iC-WK product range
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Figure 11: Analogue modulation in the iC-WK product range using the second monitor input

Pin MDK is a current input. A controlled current sink is
thus ideal for modulation. If modulation occurs from a
voltage source (such as a D/A converter, for example),
the current- and temperature-dependent voltage at pin
MDK must be taken into consideration when calculat-

ing the percentage of modulation according to Equa-

tion 5.

Pout = Pnom * Pnom *

VMOD-V (MDK)

Rmod
V (MDA)
R1
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PULSE OPERATION

In pulse operation a distinction must be made between
devices with an averaging control unit, where only the
average optical output power is kept constant (iC-VJ
and iC-WJ products), and those with a peak optical
power control unit (iC-NZ), where each individual pulse
is controlled (with limitations).

As a matter of principle the averaging control unit re-
quires a fixed duty cycle. In addition the regulating con-
stant must be adjusted so that it tarries with the lowest
occurring pulse frequency which in general constitutes
a useful low pulse frequency of several 10kHz. For
frequencies below this the integration capacitor would
have to be disproportionately large which also consid-
erably increases the start-up time. However, CW-like
operation can be more or less achieved with the aid of
a watchdog (iC-WJ products) at low pulse frequencies.

In this instance a certain pulse delay must be reckoned
with.

Here, peak optical power control is substantially more
flexible, permitting variable pulse widths and pulse fre-
guencies within broad margins. At low frequencies or
with long pulse intervals, however, pulse delays can be
caused by settling processes.

DL-3147-260

The DL-3147-260 is a P-type laser diode with a max-
imum of 45 mA; only iC-NZ can thus be used here for
pulse operation. The circuitry illustrated in Figure 12
enables pulse operation of a P-type laser diode with
up to 320 mA and up to three separately regulated out-
put levels.
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plEl

O——0—0—0

/
U

Current Monitor

‘LDAOK ‘HSIOV NSEN CLDA
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MDOK

CIOK
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Finite State Machine

|

Laser Driver

o [

NPDR TEMPOK

Safety Monitor Diode

VBG

and
Reference

SMD

SMD(0)

VBG
and
Reference

[ns]

Figure 12: DL-3147-260 in

pulse operation with iC-NZ

A detailed description of the setup procedure can be
found in the iC-NZ data sheet which also goes into de-
tail about the optional single-failure-proof feature of the
device.

DL-4148-021, DL-4148-031
DL-4148-021 and DL-4148-031 are N-type laser
diodes with a maximum of 80 mA. Depending on the

pulse frequency and duty cycle required, here either
iC-WJ (Figure 13) or iC-NZ (Figure 14) can be used.
In applications with a fixed pulse frequency, such as
light barriers, for example, iC-VJ is also a possible op-
tion (Figure 15).

Detailed instructions for dimensioning can be found in
the relevant data sheets.


http://www.ichaus.de/product.php?prod=iC-NZ
http://www.ichaus.de/product.php?prod=iC-WJ/iC-WJZ
http://www.ichaus.de/product.php?prod=iC-NZ
http://www.ichaus.de/product.php?prod=iC-VJ/iC-VJZ
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Figure 13: DL-4148-021 or DL-4148-031 in pulse operation with iC-WJ
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Figure 14: DL-4148-021 or DL-4148-031 in pulse operation with iC-NZ



APPLICATION NOTES preliminary @'HOUS

Operating Sanyo laser diodes with integrated drivers

Rev Al, Page 16/16

Sync DC Monitor 5V
o

R3 c3
10kQ 100nF
13 a 12’Jj
Ik il [l
=T =T = c4
MO i vee 100uF
DRIVER
OuTPUT DIVIDER R
Heo e
14 Q
o PR » AN
MD LD|
[ Ino Avp L1
15
TNPRE MONITOR 10
) (@D
@)
OSCILLATOR REFERENCE THE:SV;EE%\IOWN
3 o KLD []z

5 @ “ oo s

3
ol e v CVI .
m m 5] ] O}
5 11 9 7

R1 RSET c2

800Q 10kQ 100..470nF

}7

L

c1
100pF

Figure 15: DL-4148-021 or DL-4148-031 in pulse operation with iC-VJ

DL-3149-057 DL-3146-151, DL-3146-152

The DL-3149-057 is an N-type laser diode with a maxi- DL-3146-151 and DL-3146-152 are 405nm M-type

mum of 45 mA. Here the same applies as for DL-4148- laser diodes with a maximum of 70mA and 110 mA

021 and DL-4148-031. respectively. The considerably higher forward voltage
of ca. 5.5V means that only iC-NZ can be used here
(Figure 16). The laser diode is then powered sepa-
rately from a higher voltage.

5.12v

spis REGEN LENL LENM _ LENH
VoD Ik 0 =] O

a] ol
VDD J_‘ Lr‘
a

st Current Monitor

>

Laser Driver

‘LDAOK ‘RS\OV NSEN CLDA

NTREN
MDOK

Finite State Machine CIOK
LDKGND

INSEN

‘ NPDR ‘TEMPOK

Safety Monitor Diode

VBG VBG

and and
SMD Reference Reference

)]
1

Figure 16: DL-3146-151 and DL-3146-152 in pulse operation with iC-NZ
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IN NO EVENT THE AUTHOR WILL BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL
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